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HUMAN CHROMOSOME 9 OPEN READING FRAME 72 (C9ORF72) iRNA AGENT
COMPOSITIONS AND METHODS OF USE THEREOF

RELATED APPLICATIONS
This application claims the benefit of priority to U.S. Provisional Application No. 63/196,791,

filed on June 4, 2021, the entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

Human chromosome 9 open reading frame 72 (C9orf72) is a protein encoded by the
c9orf72 gene. CYorf72 is found in many regions of the brain, such as the cerebral cortex, in the
cytoplasm of astrocytes and neurons as well as in presynaptic terminals.

Differential use of transcription alternative start and termination sites generates three sense
RNA transcripts from C90rf72 DNA. These encode two protein isoforms consisting of a long
isoform (isoform A) of approximately 54 kDa derived from variants 2 (NM_018325.4) and 3
(NM_001256054.2), and a short isoform (isoform B) of approximately 24 kDa derived from variant
1 (NM_145005.6) (see, e.g., Figure 1 of Barker, et al. (2017) Frontiers Cell Neurosci 11:1-15). In
addition to the sense RNA transcripts from C90rf72 DNA, there are repeat-containing antisense
RNA transcripts, which have been shown to be elevated in the brains of C90rf72 expansion-positive
patients. There are also non-repeat-containing sense and antisense RNA transcripts depending on the
location of the transcriptional start site.

The two alternatively used first exons of the C90rf72 gene are exons la and 1b (see, e.g.,
Figure 1 of Barker, et al., supra). A large GGGGCC (G4Cs) hexanucleotide repeat expansion (from
about 2-22 copies to 700-1600 copies) in the first intron of the C9orf72 gene between exons la and
1b has been shown to 1) interfere with the transcription of the non-repeat containing C90rf72
mRNA, thus decreasing the mRNA and protein levels of C9orf72, 2) generate toxic dipeptide repeat
proteins through RAN-initiated translation as well as 3) generate nuclear and cytoplasmic RNA foci,
both of which may be pathogenic and result in several neurodegenerative diseases with distinct
clinical features but common pathological features and genetic causes (Ling, et al. (2013) Neuron
79:416-438). Furthermore, the repeat-containing antisense RNA transcripts have been shown to
accumulate in nuclear and cytoplasmic RNA foci, as well as contribute to the expression of antisense
toxic dipeptide repeat proteins through RAN-initiated translation. In particular, the presence of a
hexanucleotide repeat expansion in the C90rf72 gene is the most common genetic cause of familial
and sporadic Amyotrophic lateral sclerosis (ALS), a devastating degenerative disease of motor
neurons in the brain and spinal cord. Indeed, C90rf72 mutation hexanucleotide repeat expansions are
present in approximately 40% of familial ALS and 8-10% of sporadic ALS subjects. Hexanucleotide
repeat expansion in the C9orf72 gene is also the most common familial cause of Frontotemporal
Dementia (FTD), the second most common form of presenile dementia after Alzheimer’s disease
which is characterized by behavioral and language deficits and manifests pathologically by neuronal

atrophy in the frontal and anterior temporal lobes in the brain. Huntington-Like Syndrome Due To
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C9o0rf72 Expansions, characterized by movement disorders, including dystonia, chorea, myoclonus,
tremor and rigidity, cognitive and memory impairment, early psychiatric disturbances and behavioral
problems, is also associated with hexanucleotide repeat expansion in the C9orf72 gene.

Although the functions of the C9orf72 protein are still being investigated, C9orf72 has
been shown to interact with and activate Rab proteins that are involved in regulating the
cytoskeleton, autophagy and endocytic transport. In addition, numerous cellular pathways have been
demonstrated to be misregulated in neurodegenerative diseases associated with C9orf72
hexanucleotide repeat expansion. For example, altered RNA processing has consistently appeared at
the forefront of research into C9orf72 disease. This includes bidirectional transcription of the repeat
sequence, accumulation of repeat RNA into nuclear foci sequestering specific RNA-binding proteins
(RBPs) and translation of RNA repeats into dipeptide repeat proteins (DPRs) by repeat-associated
non-AUG (RAN)-initiated translation. Additionally, disruptions in release of the C90rf72 RNA from
RNA polymerase II, translation in the cytoplasm and degradation have been shown to be disrupted
by C90rf72 hexanucleotide repeat expansion. Furthermore, several alterations have been identified
in the processing of the C90rf72 RNA itself, in terms of its transcription, splicing and localization
(see, e.g., Barker, et al., supra).

Irrespective of the mechanism, several groups have identified the presence of sense and
antisense C9orf72-containing foci as well as the presence of aberrant dipeptide-repeat (DPR)
proteins (poly(GA), poly(GR), poly(GP), poly(PA), and poly(PR)) produced from all reading frames
of either sense or antisense repeat-containing C9orf72 RNAs through repeat-associated non-AUG-
dependent (RAN) translation in several cell types in the nervous systems of subjects having a
COorf72-associated disease (Lagier-Tourenne, et al. (2013) Proc Natl Acad Sci USA
doi/10.1073/pnas.1318835110; Jiang, et al. (2016) Neuron 90:535-550). Furthermore, in mice with
one allele of C9orf72 inactivated no disease was observed but, in mice with both C90rf72 alleles
inactivated, splenomegaly, enlarged lymph nodes, and mild social interaction deficits, but no motor
dysfunction was observed. In addition, in mice expressing human C9rf72 RNAs with up to 450
GGGGCC repeats it was shown that hexanucleotide expansions caused age-, repeat-length-, and
expression- level-dependent accumulation of sense and antisense RNA-containing foci and
dipeptide-repeat proteins synthesized by AUG-independent translation, accompanied by loss of
hippocampal neurons, increased anxiety, and impaired cognitive function (Jiang, et al. (2016)
Neuron 90:535-550).

There is currently no cure for subjects having a C9orf72-associated disease, e.g., C9orf72
amyotrophic lateral sclerosis, C9orf72 frontotemporal dementia or Huntington’s disease, e.g.,
Huntington-Like Syndrome Due To C9orf72 Expansions, parkinsonism, olivopontocerebellar
degeneration, corticobasal syndrome, or Alzheimer’s disease, and treatments are only aimed at
alleviating the symptoms and improving the patient’s quality of life as the disease progresses.

Accordingly, there is a need in the art for agents that can selectively and efficiently inhibit
the expression of the C90rf72 gene, e.g., hexanucleotide-repeat-containing C9orf72 RNAs, for, e.g.,

the treatment of subjects having a C9orf72-associated disorder.
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BRIEF SUMMARY OF THE INVENTION

The present disclosure provides iRNA compositions, which effect the RNA-induced silencing
complex (RISC)-mediated cleavage of RNA transcripts of a C90rf72 gene, such as a C90rf72 gene
having an expanded GGGGCC (G4C») repeat. The C90rf72 RNA transcript may be within a cell, e.g.,
a cell within a subject, such as a human. The use of these iRNNAs enables the targeted degradation of
one or more RNAs of the corresponding gene (C90rf72 gene) in mammals.

The iRNAs of the invention have been designed to target a C90rf72 gene transcript, e.g., a
CY9orf72 gene transcript having an expanded GGGGCC hexanucleotide repeat in an intron of the gene.
The agents may target a mature C90rf72 mRNA (an mRNA having introns spliced out) or a sense or
antisense C9orf72 RNA containing a hexanucleotide-repeat (e.g., an RNA containing C90rf72 intron
1A). The described iRNAs may have one or more nucleotide modifications or combination of
nucleotide modifications that increase activity, delivery, and/or stability of the iRNAs.

The agents may target a sense strand of a mature C9rf72 mRNA (an mRNA having introns
spliced out) or a sense or antisense strand of a C90rf72 RNA containing a hexanucleotide-repeat (an
RNA containing C90rf72 intron 1A). In certain aspects of the invention, the RNAi agents of the
disclosure may target a C90rf72 sense and/or antisense RNA transcript containing a hexanucleotide-
repeat (an RNA containing C9orf72 intron 1A). Targeting a C90rf72 sense and/or antisense strand
RNA containing a hexanucleotide-repeat can inhibit expression of, or reduce the presence of, aberrant
dipeptide-repeat (DPR) proteins (poly(GA), poly(GR), poly(GP), poly(PA), and poly(PR)), which are
produced from all reading frames of either sense or antisense repeat-containing C9orf72 RNAs
through repeat-associated non-AUG-dependent (RAN) translation, in cells of the nervous systems of
subjects having a C9orf72-associated disease. In some embodiments, a combination of an RNA agent
targeting a C9orf72 sense strand RNA containing a hexanucleotide-repeat and an RNA agent targeting
a C9orf72 antisense strand RNA containing a hexanucleotide-repeat are provided together.

The iRNAs of the invention may decrease the levels of C90rf72 mature mRNA less than they
decrease the levels of C90rf72 RNA containing a hexanucleotide repeat. For example, the iRNAs of
the invention may decrease the levels of the C90rf72 mature mRNA by no more than about 50%, and
reduce the level of sense- and antisense-containing C9orf72 RNA foci, reduce the levels of one or
more aberrant dipeptide-repeat (DPR) proteins (poly(GA), poly(GR), poly(GP), poly(PA), and
poly(PR)), and/or decrease the levels of C9orf72 sense and/or antisense RNA containing a
hexanucleotide-repeat by more than about 50%. Without intending to be limited by theory, it is
believed that a combination or sub-combination of the foregoing properties and the specific target
sites, or the specific modifications in these iRNAs confer to the iRNAs of the invention improved
efficacy, stability, potency, durability, and safety.

In one aspect, the present invention provides double stranded ribonucleic acid (dsSRNA)
agents for knocking down a C9orf72 target RNA in a cell.

In one embodiment, the dsSRNA agents target a region of a C9orf72 target RNA containing a
hexanucleotide repeat, e.g., multiple contiguous copies of a GGGGCC or CCCCGG hexanucleotide
repeat. In some embodiments, the C9orf72 target RNA can be a sense C90rf72 RNA containing a
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hexanucleotide repeat, an antisense C90rf72 target RNA containing a hexanucleotide repeat, or a
combination of a sense C9rf72 RNA containing a hexanucleotide repeat and an antisense C9orf72
target RNA containing a hexanucleotide repeat.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA)
agent for inhibiting expression of C90rf72, wherein the dsRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein the sense strand comprises at least 15,
e.g., 15,16,17,18, 19, 20, 21, 22, or 23, contiguous nucleotides differing by no more than 3, e.g., 3,
2, 1, or 0, nucleotides from the nucleotide sequence of SEQ ID NO:13 and the antisense strand
comprises a nucleotide sequence comprising at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3 nucleotides from the corresponding portion of the
nucleotide sequence of SEQ ID NO:14; and wherein the sense strand or the antisense strand or both
the sense strand and the antisense strand comprises at least one modified nucleotide.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA)
agent for inhibiting expression of C90rf72, wherein the dsRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein the sense strand comprises at least 15,
e.g., 15,16,17,18, 19, 20, 21, 22, or 23, contiguous nucleotides differing by no more than 3, e.g., 3,
2, 1, or 0, nucleotides from the nucleotide sequence of SEQ ID NO:17, and the antisense strand
comprises a nucleotide sequence comprising at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3 nucleotides from the corresponding portion of the
nucleotide sequence of SEQ ID NO:18; and wherein the sense strand or the antisense strand or both
the sense strand and the antisense strand comprises at least one modified nucleotide.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA)
agent for inhibiting expression of C90rf72, wherein the dsRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein the sense strand comprises at least 15,
e.g., 15,16,17,18, 19, 20, 21, 22, or 23, contiguous nucleotides differing by no more than 3, e.g., 3,
2, 1, or 0, nucleotides from the nucleotide sequence of SEQ ID NO:19, and the antisense strand
comprises a nucleotide sequence comprising at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3 nucleotides from the corresponding portion of the
nucleotide sequence of SEQ ID NO:20; and wherein the sense strand or the antisense strand or both
the sense strand and the antisense strand comprises at least one modified nucleotide.

In one embodiment, an RNAI agent of the disclosure targets a C90rf72 antisense RNA
transcript in a region between the antisense RNA transcript start site and the 5’ end of exon 1B. In
another embodiment, an RNAI agent of the disclosure targets a C9orf72 antisense RNA transcript in a
region between the antisense RNA transcript start site and the hexanucleotide repeat. In another
embodiment, an RNAi agent of the disclosure targets a C90rf72 antisense RNA transcript in a region
between the antisense RNA transcript start site and the 3’ end of exon 1A. In another embodiment, an
RNA:I agent of the disclosure targets a C9orf72 antisense RNA transcript in a region between the
antisense RNA transcript start site and the 5’ end of exon 1A. In another embodiment, an RNAi agent

of the disclosure targets a C90rf72 antisense RNA transcript in a region between the antisense RNA
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transcript start site and 500 bases upstream of the 5’ end of exon 1A. In another embodiment, an
RNA:I agent of the disclosure targets a C9orf72 antisense RNA transcript in a region between the
antisense RNA transcript start site and 1000 bases upstream of the 5’ end of exon 1A. In another
embodiment, an RNAi agent of the disclosure targets a C90rf72 antisense RNA transcript in a region
between the antisense RNA transcript start site and 1500 bases upstream of the 5’ end of exon 1A. In
another embodiment, an RNAI agent of the disclosure targets a C9orf72 antisense RNA transcript in a
region between the antisense RNA transcript start site and 2000 bases upstream of the 5’ end of exon
1A.

In another embodiment, an RNAi agent of the disclosure targets a C90rf72 antisense RNA
transcript in a region between the 5’ end of exon 1B and the hexanucleotide repeat. In another
embodiment, an RNAi agent of the disclosure targets a C90rf72 antisense RNA transcript in a region
between the 5" end of exon 1B and the 3’ end of exon 1A. In another embodiment, an RNAi agent of
the disclosure targets a C9orf72 antisense RNA transcript in a region between the 5’ end of exon 1B
and the 5" end of exon 1A. In another embodiment, an RNAi agent of the disclosure targets a C90rf72
antisense RNA transcript in a region between the 5" end of exon 1B and 500 bases upstream of the 5'
end of exon 1A. In another embodiment, an RNAi agent of the disclosure targets a C9orf72 antisense
RNA transcript in a region between the 5 end of exon 1B and 1000 bases upstream of the 5’ end of
exon 1A. In another embodiment, an RNAi agent of the disclosure targets a C90rf72 antisense RNA
transcript in a region between the 5’ end of exon 1B and 1500 bases upstream of the 5" end of exon
1A. In another embodiment, an RNAi agent of the disclosure targets a C9orf72 antisense RNA
transcript in a region between the 5’ end of exon 1B and 2000 bases upstream of the 5" end of exon
1A.

In another embodiment, an RNAi agent of the disclosure targets a C90rf72 antisense RNA
transcript in a region between the hexanucleotide repeat and the 3’ end of exon 1A. In another
embodiment, an RNAi agent of the disclosure targets a C90rf72 antisense RNA transcript in a region
between the hexanucleotide repeat and the 5" end of exon 1A. In another embodiment, an RNAi agent
of the disclosure targets a C9orf72 antisense RNA transcript in a region between the hexanucleotide
repeat and 500 bases upstream of the 5’ end of exon 1A. In another embodiment, an RNAi agent of
the disclosure targets a C90rf72 antisense RNA transcript in a region between the hexanucleotide
repeat and 1000 bases upstream of the 5’ end of exon 1A. In another embodiment, an RNAi agent of
the disclosure targets a C90rf72 antisense RNA transcript in a region between the hexanucleotide
repeat and 1500 bases upstream of the 5’ end of exon 1A. In another embodiment, an RNAi agent of
the disclosure targets a C90rf72 antisense RNA transcript in a region between the hexanucleotide
repeat and 2000 bases upstream of the 5’ end of exon 1A.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA)
agent for inhibiting expression of C90rf72, wherein the dsRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein the sense strand comprises a nucleotide
sequence comprising at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23, contiguous nucleotides
differing by no more than 3 nucleotides from an mRNA target sequence of any one of Tables 4A-4G
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and 7A-7E; and the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the corresponding mRNA target sequence of any one of Tables 4A-4G and 7A-7E.

In certain embodiments, the sense strand or the antisense strand or both the sense strand and
the antisense strand is conjugated to one or more lipophilic moicties.

In one aspect, the present invention provides a combination of:

a) a double stranded ribonucleic acid (dsRNA) agent for inhibiting expression of C90rf72,
wherein the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded
region, wherein the sense strand comprises a nucleotide sequence comprising at least 15, e.g., 15, 16,
17,18, 19, 20, 21, 22, or 23, contiguous nucleotides differing by no more than 3 nucleotides from an
mRNA target sequence of any one of Tables 4A-4G; and the antisense strand comprises at least 15,
e.g., 15,16,17,18, 19, 20, 21, 22, or 23, contiguous nucleotides differing by no more than 3, e.g., 3,
2,1, or 0, nucleotides from the complement of the corresponding mRNA target sequence of any one
of Tables 4A-4G; and

b) a double stranded ribonucleic acid (dsRNA) agent for inhibiting expression of C90rf72,
wherein the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded
region, wherein the sense strand comprises a nucleotide sequence comprising at least 15, e.g., 15, 16,
17,18, 19, 20, 21, 22, or 23, contiguous nucleotides differing by no more than 3 nucleotides from an
mRNA target sequence of any one of Tables 7A-7E; and the antisense strand comprises at least 15,
e.g., 15,16,17,18, 19, 20, 21, 22, or 23, contiguous nucleotides differing by no more than 3, e.g., 3,
2,1, or 0, nucleotides from the complement of the corresponding mRNA target sequence of any one
of Tables 7A-7E.

In certain embodiments, the sense strand or the antisense strand or both the sense strand and
the antisense strand is conjugated to one or more lipophilic moicties.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 21; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 7A-7E.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous

nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 22; and
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b) a dsSRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 7A-7E.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 23; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 7A-7E.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 24; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 7A-7E.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 25; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 7A-7E.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein

the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
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wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 26; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 7A-7E.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 51; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 4A-4G.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 52; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 4A-4G.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 53; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the

complement of the any of the mRNA target sequence of any one of Tables 4A-4G.
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In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 54; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 4A-4G.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 55; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 4a-4g.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 56; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 4A-4G.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 57; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,

wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
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contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 4A-4G.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 58; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 4A-4G.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 59; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 4A-4G.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 60; and

b) a dsSRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 4A-4G.

In one aspect, the present invention provides a combination of:

a) a dsRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 61; and

b) dsRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein

the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
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wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 4A-4G.

In one aspect, the present invention provides a combination of:

a) dsRNA agent for inhibiting expression of a C9orf72 sense strand transcript, wherein the
dsRINA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the complement of SEQ ID NO: 62; and

b) dsRNA agent for inhibiting expression of a C9orf72 antisense strand transcript, wherein
the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 3, e.g., 3, 2, 1, or 0, nucleotides from the
complement of the any of the mRNA target sequence of any one of Tables 4A-4G.

In one aspect, the present invention provides a combination of a first dSRNA agent targeting a
C9orf72 antisense RNA transcript and a second dsRNA agent targeting a C9orf72 sense strand
transcript wherein,

a) the first dsSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446213; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285238;

b) the first dSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446213; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285234;

c) the first dsSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446246; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285238;

d) the first dSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446246; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285234;

¢) the first dsSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the

antisense sequence of AD-1446268; and the second dsRNA agent comprises an antisense strand
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comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285238;

f) the first dsSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446268; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285234.

In another aspect, the present invention provides a double stranded ribonucleic acid (dSRNA)
agent for inhibiting expression of C9o0rf72, wherein the dsRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein the sense strand or the antisense strand is a
sense strand or an antisense strand selected from the group consisting of any of the sense strands and
antisense strands in any one of Tables 2, 3, 10A, 10C, 11, and 12; and wherein the sense strand, the
antisense strand, or both the sense strand and the antisense strand comprises at least one modified
nucleotide.

In another aspect, the present invention provides a double stranded ribonucleic acid (dSRNA)
agent for inhibiting expression of C9o0rf72, wherein the dsRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein the sense strand comprises at least 15
contiguous nucleotides differing by no more than three nucleotides from nucleotides 27573296-
27573318; 27573314-27573336; 27573319-27573341; 27573562-27573584; 27573585-27573607;
27573592-27573614; 27573599-27573621; 27573608-27573630; 27573616-27573638; 27573619-
27573641; 27573622-27573644; 27573633-27573655; 27573690-27573712; or 27573717-27573739
of SEQ ID NO: 13; and wherein the sense strand, the antisense strand, or both the sense strand and the
antisense strand comprises at least one modified nucleotide.

In one embodiment, the sense strand or the antisense strand is a sense strand or an antisense
strand selected from the sense strand or antisense strand of a duplex selected from the group
consisting of AD-1446213.1; AD-1446217.1; AD-1446222.1; AD-1446234.1; AD-1446243.1; AD-
1446246.1; AD-1446252.1; AD-1446259.1; AD-1446265.1; AD-1446268.1; AD-1446271.1; AD-
1446279.1; AD-1446289.1; and AD-1446294.1.

In one embodiment, the sense strand or the antisense strand is a sense strand or an antisense
strand selected from the sense strand or antisense strand of a duplex selected from the group
consisting of AD-1446213.1; AD-1446246.1; and AD-1446268.1.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA)
agent for inhibiting expression of C9o0rf72, wherein the dsRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein the antisense strand comprises at least 15,
e.g., 15,16,17,18, 19, 20, 21, 22, or 23, contiguous nucleotides differing by no more than 3, e.g., 3,
2, 1, or 0, nucleotides from any one of the antisense nucleotide sequences in any one of Tables 5, 6,
10B, and 10D; and wherein the sense strand, the antisense strand, or both the sense strand and the

antisense strand comprises at least one modified nucleotide.
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In another aspect, the present invention provides a double stranded ribonucleic acid (dSRNA)
for inhibiting expression of c9orf72, wherein said dsSRNA comprises a sense strand and an antisense
strand forming a double stranded region, wherein the sense strand comprises at least 15, e.g., 15, 16,
17, 18, 19, 20, or 21, contiguous nucleotides differing by no more than three, e.g., 3,2, 1, or 0,
nucleotides from any one of the nucleotide sequence of nucleotides 1-23; 15-37; 33-55; 37-59; 59-81;
62-84; or 69-91 of SEQ ID NO: 1, and the antisense strand comprises at least 15, e.g., 15, 16, 17, 18,
19, 20, 21, 22, or 23, contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID
NO:5; andwherein the sense strand, the antisense strand, or both the sense strand and the antisense
strand comprises at least one modified nucleotide.

In one embodiment, the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21,
22, or 23, contiguous nucleotides differing by no more than three, e.g., 3, 2, 1, or 0, nucleotides from
any one of the antisense strand nucleotide sequences of a duplex selected from the group consisting of
AD-1446073.1; AD-1446075.1; AD-1285246.2; AD-1446084.1; AD-1446087.1; AD-1446090.1; and
AD-1446095.1.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) for
inhibiting expression of cQorf72, wherein said dsRNA comprises a sense strand and an antisense
strand forming a double stranded region, wherein the sense strand comprises at least 15, e.g., 15, 16,
17, 18, 19, 20, or 21, contiguous nucleotides differing by no more than three, e.g., 3,2, 1, or 0,
nucleotides from any one of the nucleotide sequence of nucleotides 5197-5219; 5213-5235; 5223-
5245; 5226-5248; 5227-5249; 5228-5250, 5229-5251, 5230-5252, 5231-5253, 5233-5255; 5235-5256,
5241-5263; 5245-5267; 5233-5255; 5248-5270; 5539-5561; 5547-5569; 5917-5939; 5936-5958;
5954-5976; 6008-6030; 6021-6043; 6036-6058; 6043-6065; or 6048-6070 of SEQ ID NO: 15, and the
antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23, contiguous
nucleotides from the corresponding nucleotide sequence of SEQ ID NO:16; and wherein the sense
strand, the antisense strand, or both the sense strand and the antisense strand comprises at least one
modified nucleotide.

In one embodiment, the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21,
22, or 23, contiguous nucleotides differing by no more than three, e.g., 3, 2, 1, or 0, nucleotides from
any one of the antisense strand nucleotide sequences of a duplex selected from the group consisting of
AD-1285231.1, AD-1285232.1, AD-1285233.1, AD-1285235.1, AD-1285237.1, AD-1285239.1,
AD-1285240.1, AD-1285242.1, AD-1285244.1; AD-1285238.1; AD-1285243.1; AD-1285234.1;
AD-1285241.1; AD-1285236.1; AD-1446111.1; AD-1446117.1; AD-1446147.1; AD-1446157.1;
AD-1446168.1; AD-1446180.1; AD-1446189.1; AD-1446196.1; AD-1446202.1; AD-1446205.1.

In one embodiment, the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21,
22, or 23, contiguous nucleotides differing by no more than three, e.g., 3, 2, 1, or 0, nucleotides from
any one of the antisense strand nucleotide sequences of a duplex selected from the group consisting of
AD-1285231.1, AD-1285232.1, AD-1285233.1, AD-1285234.1, AD-1285235.1, AD-1285236.1, AD-
1285237.1, AD-1285239.1, AD-1285240.1, AD-1285241.1, AD-1285242.1, AD-1285243.1, AD-
1446087.1, and AD-1446090.1.
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In one embodiment, the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21,
22, or 23, contiguous nucleotides differing by no more than three, e.g., 3, 2, 1, or 0, nucleotides from
any one of the antisense strand nucleotide sequences of a duplex selected from the group consisting of
AD-1285238.1 and AD-1285234.1.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) for
inhibiting expression of cQorf72, wherein the dSRNA comprises a sense strand and an antisense strand
forming a double stranded region, wherein the sense strand comprises at least 15, e.g., 15, 16, 17, 18,
19, 20, or 21, contiguous nucleotides differing by no more than three, e.g., 3, 2, 1, or 0, nucleotides
from any one of the nucleotide sequence of nucleotides 5015-5052; 5017-5040; 5032-5059; 5032-
5055; 5033-5055; 5035-5059; 5036-5059; 5058-5087; 5059-5087; 5059-5084; 5064-5087; 5197-
5222; 5213-5267; 5223-5252; 5229-5252; 5233-5263; 5516-5570; 5539-5565; 5539-5562; 5545-
5570; 5545-5569; 5593-5616; 5883-5950; 5917-5950; 5919-5950; 5923-5950; 5934-5977; 5934-
5957; 5938-5977; 5938-5965; 5938-5961; 5947-5977; 5947-5973; 5972-6001; 5973-5997; 6006-
6029; 6011-6070; 6011-6039; 6011-6038; 6015-6038; 6019-6045; 6019-6042; 6033-6070; 6035-
60635; 6035-6059; or 6040-6063 of SEQ ID NO: 15, and the antisense strand comprises at least 15,
e.g., 15,16,17,18, 19, 20, 21, 22, or 23, contiguous nucleotides from the corresponding nucleotide
sequence of SEQ ID NO:16; and wherein the sense strand, the antisense strand, or both the sense
strand and the antisense strand comprises at least one modified nucleotide.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) for
inhibiting expression of cQorf72, wherein the dSRNA comprises a sense strand and an antisense strand
forming a double stranded region, wherein the sense strand comprises at least 15, e.g., 15, 16, 17, 18,
19, 20, or 21, contiguous nucleotides differing by no more than three, e.g., 3, 2, 1, or 0, nucleotides
from any one of the nucleotide sequence of nucleotides 15-52; 17-40; 32-59; 32-55; 35-59; 36-59; 58-
87; 59-87; 59-84; or 64-87 of SEQ ID NO: 1, and the antisense strand comprises at least 15, e.g., 15,
16,17, 18, 19, 20, 21, 22, or 23, contiguous nucleotides from the corresponding nucleotide sequence
of SEQ ID NQO:5; and wherein the sense strand, the antisense strand, or both the sense strand and the
antisense strand comprises at least one modified nucleotide.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) for
inhibiting expression of cQorf72, wherein the dsSRNA comprises a sense strand and an antisense
strand forming a double stranded region, wherein the sense strand comprises at least 15, e.g., 15, 16,
17, 18, 19, 20, or 21, contiguous nucleotides differing by no more than three, e.g., 3,2, 1, or 0,
nucleotides from any one of the nucleotide sequence of nucleotides 27573296-27573584; 27573296-
27573575; 27573301-27573338; 27573318-27573342; 27573555-27573583; 27573581-27573607;
27573584-27573607; 27573588-27573671; 27573588-27573666; 27573588-27573624; 27573592-
27573624, 27573592-27573617; 27573598-27573624; 27573599-27573623; 27573606-27573655;
27573606-27573652; 27573606-27573647; 27573654-27573712; or 27573707-27573740 of SEQ ID
NO: 13, and the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,

contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID NO:14; and wherein
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the sense strand, the antisense strand, or both the sense strand and the antisense strand comprises at
least one modified nucleotide.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA)
agent for inhibiting expression of C9o0rf72, wherein the dsRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein the sense strand or the antisense strand is a
sense strand or an antisense strand selected from the group consisting of any of the sense strands and
antisense strands in any one of Table 8 and 9; and wherein the sense strand, the antisense strand, or
both the sense strand and the antisense strand comprises at least one modified nucleotide.

In one embodiment, the sense strand, the antisense strand, or both the sense strand and the
antisense strand is conjugated to one or more lipophilic moieties.

In one embodiment, the lipophilic moiety is conjugated to one or more internal positions in
the double stranded region of the dsSRNA agent.

In one embodiment, the lipophilic moiety is conjugated via a linker or carrier.

In one embodiment, the lipophilicity of the lipophilic moiety, measured by logKow, exceeds

In one embodiment, the hydrophobicity of the double-stranded RNAi agent, measured by the
unbound fraction in a plasma protein binding assay of the double-stranded RNAi agent, exceeds 0.2.

In one embodiment, the plasma protein binding assay is an electrophoretic mobility shift
assay using human serum albumin protein.

In some embodiments, the dSRNA agent comprises at least one modified nucleotide.

In one embodiment, no more than five of the sense strand nucleotides and no more than five
of the nucleotides of the antisense strand are unmodified nucleotides

In one embodiment, all of the nucleotides of the sense strand are modified nucleotides. In one
embodiment, all of the nucleotides of the antisense strand are modified nucleotides. In one
embodiment, all of the nucleotides of the sense strand and all of the nucleotides of the antisense strand
are modified nucleotides.

In one embodiment, at least one of the modified nucleotide is selected from the group
consisting of: a deoxy-nucleotide, a 3'-terminal deoxy-thymine (dT) nucleotide, a 2’-O-methyl
modified nucleotide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, a 2'-O-
hexadecyl modified nucleotide, a 2'-phosphate modified nucleotide, a 2'-5'-linked ribonucleotide (3'-
RNA), a locked nucleotide, an unlocked nucleotide, a conformationally restricted nucleotide, a
constrained ethyl nucleotide, an abasic nucleotide, an inverted abasic residue, a 2'-amino-modified
nucleotide, a 2'-O-allyl-modified nucleotide, 2'-C-alkyl-modified nucleotide, 2'-hydroxly-modified
nucleotide, a 2'-methoxyethyl modified nucleotide, a 2'-O-alkyl-modified nucleotide, a 2',3'-seco-
modified nucleotide, a morpholino nucleotide, a phosphoramidate, a non-natural base comprising
nucleotide, a tetrahydropyran modified nucleotide, a 1,5-anhydrohexitol modified nucleotide, a
cyclohexenyl modified nucleotide, a nucleotide comprising a 5'-phosphorothioate group, a nucleotide
comprising a 5'-methylphosphonate group, a nucleotide comprising a 5' phosphate or 5’ phosphate

mimic, a nucleotide comprising vinyl phosphonate, a glycol modified nucleic acid (GNA), a

15



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

nucleotide comprising glycol nucleic acid (GNA), a nucleotide comprising glycol nucleic acid S-
Isomer (S-GNA), a nucleotide comprising 2-hydroxymethyl-tetrahydrofurane-5-phosphate, a
nucleotide comprising 2'-deoxythymidine-3'-phosphate, a nucleotide comprising 2'-deoxyguanosine-
3'-phosphate, and a terminal nucleotide linked to a cholesteryl derivative and a dodecanoic acid
bisdecylamide group; and combinations thereof.

In one embodiment, the modified nucleotide is selected from the group consisting of a 2'-
deoxy-2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, 3'-terminal deoxy-thymine
nucleotides (dT), a 2'-O-hexadecyl modified nucleotide, a 2'-phosphate modified nucleotide, a glycol
modified nucleotide, a locked nucleotide, an abasic nucleotide, a 2’-amino-modified nucleotide, a 2'-
alkyl-modified nucleotide, a morpholino nucleotide, a phosphoramidate, and a non-natural base
comprising nucleotide.

In one embodiment, the modified nucleotide comprises a short sequence of 3'-terminal deoxy-
thymine nucleotides (dT).

In one embodiment, the modified nucleotides are independently selected from the group
consisting of: 2'-O-methyl modified nucleotide, GNA modified nucleotides, and 2'fluoro modified
nucleotides, 2'-phosphate modified nucleotide, 2'-O-hexadecyl modified nucleotide, and 2'-phosphate
modified nucleotide.

In one embodiment, substantially all of the modified nucleotides of the sense strand are
selected from the group consisting of 2'-O-methyl modified nucleotides and 2'-fluoro modified
nucleotides. In some embodiments, all of the modified nucleotides of the sense strand are selected
from the group consisting of 2'-O-methyl modified nucleotides and 2'-fluoro modified nucleotides.

In one embodiment, substantially all of the modified nucleotides of the antisense strand are
selected from the group consisting of 2'-O-methyl modified nucleotides, 2'-phosphate modified
nucleotides, glycol nucleic acid modified nucleotides and 2'-fluoro modified nucleotides. In some
embodiments, all of the modified nucleotides of the antisense strand are selected from the group
consisting of 2'-O-methyl modified nucleotides, 2'-phosphate modified nucleotides, glycol nucleic
acid modified nucleotides and 2'-fluoro modified nucleotides.

In one embodiment, substantially all of the modified nucleotides of the sense strand are
selected from the group consisting of 2'-O-methyl modified nucleotides, 2'-fluoro modified
nucleotides, 2'-O-hexadecyl modified nucleotides, and a glycol nucleic acid (GNA) modified
nucleotides. In some embodiments, all of the modified nucleotides of the sense strand are selected
from the group consisting of 2'-O-methyl modified nucleotides, 2'-fluoro modified nucleotides, -O-
hexadecyl modified nucleotides, and glycol nucleic acid (GNA) modified nucleotides.

In one embodiment, substantially all of the modified nucleotides of the antisense strand are
selected from the group consisting of 2'-O-methyl modified nucleotides, 2'-fluoro modified
nucleotides, 2'-phosphate modified nucleotides, and glycol nucleic acid (GNA) modified nucleotides.
In some embodiments, all of the modified nucleotides of the antisense strand are selected from the
group consisting of 2'-O-methyl modified nucleotides, 2'-fluoro modified nucleotides, 2'-phosphate

modified nucleotides, and glycol nucleic acid (GNA) modified nucleotides.
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In some embodiments, the dSRNA agent comprises at least one phosphorothioate
internucleotide linkage.

In one embodiment, the dsSRNA agent comprises 6-8 phosphorothioate internucleotide
linkages.

In one embodiment, the sense strand comprises at least one phosphorothioate or
methylphosphonate internucleotide linkage and the antisense strand comprises at least one
phosphorothioate or methylphosphonate internucleotide linkage.

In one embodiment, the sense strand comprises at least two phosphorothioate or
methylphosphonate internucleotide linkages.

In one embodiment, the antisense strand comprises at least two, at least three, or at least four
phosphorothioate or methylphosphonate internucleotide linkages.

In one embodiment, the at least one phosphorothioate or methylphosphonate internucleotide
linkage is at the 5'-terminus of one strand, at the 3'-terminus of one strand, or is at both the 5'-
terminus and the 3'-terminus of one strand.

In one embodiment, the at least one phosphorothioate or methylphosphonate internucleotide
linkage is at the 5'-terminus of the sense strand. In some embodiments, the sense strand comprises
two phosphorothioate internucleotide linkages at the 5'-terminus. In some embodiments, the sense
strand comprises one phosphorothioate internucleotide linkage at the 5'-terminus and one
phosphorothioate internucleotide linkage at the 3'-terminus. In some embodiments, the sense strand
comprises two phosphorothioate internucleotide linkages at the 5'-terminus and two phosphorothioate
internucleotide linkages at the 3'-terminus.

In one embodiment, the at least one phosphorothioate or methylphosphonate internucleotide
linkage is at both the 5' terminus and the 3' terminus of the antisense strand. In some embodiments,
the antisense strand comprises two phosphorothioate internucleotide linkages at the 5'-terminus and
two phosphorothioate internucleotide linkages at the 3'-terminus. In some embodiments, the antisense
strand comprises two phosphorothioate internucleotide linkages at the 5'-terminus and 1
phosphorothioate internucleotide linkage at the 3'-terminus. In some embodiments, the antisense
strand comprises three phosphorothioate internucleotide linkages at the 5'-terminus and one
phosphorothioate internucleotide linkage at the 3'-terminus. In some embodiments, the antisense
strand comprises three phosphorothioate internucleotide linkages at the 5'-terminus and two
phosphorothioate internucleotide linkages at the 3'-terminus.

In one embodiment, all of the modified nucleotides of the sense strandare selected from the
group consisting of 2'-O-methyl modified nucleotides, 2'-O-hexadecyl modified nucleotides, and 2'-
fluoro modified nucleotides, all of the modified nucleotides of the antisense strand are selected from
the group consisting of 2’-O-methyl modified nucleotides, 2'-phosphate modified nucleotides, glycol
nucleic acid modified nucleotides, and 2'-fluoro modified nucleotides, the sense strand comprises two
phosphorothioate internucleotide linkages at the 5'-terminus, and the antisense strand comprises two
phosphorothioate internucleotide linkages at the 5'-terminus and two phosphorothioate internucleotide

linkages or a vinyl-phosphonate at the 3'-terminus.
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In one embodiment, the sense strand is no more than 30 nucleotides in length. In another
embodiment, the antisense strand is no more than 30 nucleotides in length. In one embodiment, the
sense strand and the antisense strand are each independently no more than 30 nucleotides in length.

In one embodiment, at least one strand comprises a 3'-overhang of at least 1 nucleotide. In
another embodiment, at least one strand comprises a 3"-overhang of at least 2 nucleotides. In one
embodiment, the antisense strand comprises the 3'-overhang.

The double stranded region may be 15-30 nucleotide pairs in length; 17-23 nucleotide pairs in
length; 17-25 nucleotide pairs in length; 23-27 nucleotide pairs in length; 19-21 nucleotide pairs in
length; 21-23 nucleotide pairs in length, or 17, 18, 19, 20, 21, 22, or 23 nucleotide pairs in length. In
some embodiments, the double stranded region is 20 nucleotides in length. In some embodiments, the
double stranded region is 21 nucleotides in length.The double stranded region may have 0, 1, 2, or 3
mismatches.

The sense strand and the antisense strand may each be independently 17-30 nucleotides, 17-
25, 19-30 nucleotides; 19-25 nucleotides; 19-23 nucleotides; or 21-23 nucleotides in length, or 19, 20,
21, 22, or 23 nucleotides in length. In some embodiments, the sense strand is 20 nucleotides in length.
In some embodiments, the antisense strand is 22 nucleotides in length. In some embodiments, the
sense strand is 23 nucleotides in length. In some embodiments, the antisense strand is 21 nucleotides
in length. In some embodiments, the sense strand is 23 nucleotides in length and the antisense strand
is 21 nucleotides in length. In some embodiments the sense strand is 23 nucleotides in length and
contains inverted abasic residues at the 3’ and 5’ terminal nucleotide positions.

In one embodiment, the region of complementarity is at least 17 nucleotides in length. In
other embodiments, the region of complementarity is 19-30 nucleotides in length; 19-25 nucleotides
in length; or 21-23 nucleotides in length.

In one embodiment, the region of complementarity is at least 85% complementary to a
sequence between the start of exon 1A and the start of exon 2 of the C90rf72 gene. In some
embodiments, the antisense strand comprises a sequence of 15-25 contiguous nucleotides having at
least 85% complementarity to a sequence of 15-25 contiguous nucleotides present in the sequence
between the start of exon 1A and the start of exon 2 of the C90rf72 target RNA. In other
embodiments, the region of complementarity is at least 90% complementary to a sequence between
the start of exon 1A and the start of exon 2 of the C90rf72 target RNA. In one embodiment, the
region of complementarity is at least 95% complementary to a sequence between the start of exon 1A
and the start of exon 2 of the C9orf72 target RNA. In some embodiments, the region of
complementarity is 100% complementary to a sequence between the start of exon 1A and the start of
exon 2 of the C9orf72 target RNA. In some embodiments, the region of complementarity is 100%
complementary to a sequence between the end of exon 1A and the start of the hexanucleotide repeat
region of the C9o0rf72 target RNA.

In one embodiment, the region of complementarity is at least 85% complementary to a
sequence between the end of exon 1A and the start of hexanucleotide repeat in intron 1A of the

CY9o0rf72 gene. In some embodiments, the antisense strand comprises a sequence of 15-25 contiguous
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nucleotides having at least 85% complementarity to a sequence of 15-25 contiguous nucleotides
present in the sequence between the end of exon 1A and the start of hexanucleotide repeat in intron
1A of the C90rf72 target RNA. In other embodiments, the region of complementarity is at least 90%
complementary to a sequence between the end of exon 1A and the start of hexanucleotide repeat in
intron 1A of the C90rf72 target RNA. In one embodiment, the region of complementarity is at least
95% complementary to a sequence between the end of exon 1A and the start of hexanucleotide repeat
in intron 1A of the C90rf72 target RNA. In some embodiments, the region of complementarity is
100% complementary to a sequence between the end of exon 1A and the start of hexanucleotide
repeat in intron 1A of the C90rf72 target RNA.

In some embodiments of the compositions and methods of the invention, an RNAi agent
further comprises one or more lipophilic moieties. The lipophilic moiety conjugated RNAi agents are
advantageous for the in vivo delivery of nucleic acids, as well as compositions suitable for in vivo
therapeutic use, as described herein. In one embodiment, one or more lipophilic moieties are
conjugated to one or more internal positions on at least one strand. The lipophilic moiety can be
conjugated to the internal positions via a linker or carrier. In some embodiments, the lipophilic
moiety facilitates or improves delivery of the RNAI agent to a neuronal cell or a cell in a neuronal
tissue.

In one embodiment, the internal position can be any position except the terminal two
positions from each end of the at least one strand.

In another embodiment, the internal position can be any position except the terminal three
positions from each end of the at least one strand.

In one embodiment, the internal position excludes a cleavage site region of the sense strand.

In one embodiment, the internal position can be any position except positions 9-12, counting
from the 5'-end of the sense strand.

In another embodiment, the internal position can be any position except positions 11-13,
counting from the 3'-end of the sense strand.

In one embodiment, the internal position excludes a cleavage site region of the antisense
strand.

In one embodiment, the internal positioncan be any position except positions 12-14, counting
from the 5’-end of the antisense strand.

In one embodiment, the internal positioncan be any position except positions 11-13 on the
sense strand, counting from the 3'-end, and positions 12-14 on the antisense strand, counting from the
S'-end.

In one embodiment, the one or more lipophilic moieties are conjugated to one or more of the
internal positions selected from the group consisting of positions 4-8 and 13-18 on the sense strand,
and positions 6-10 and 15-18 on the antisense strand, counting from the 5' end of each strand.

In another embodiment, the one or more lipophilic moieties are conjugated to one or more of
the internal positions selected from the group consisting of positions 5, 6, 7, 15, and 17 on the sense

strand, and positions 15 and 17 on the antisense strand, counting from the 5'-end of each strand.
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In one embodiment, the internal positions in the double stranded region exclude a cleavage
site region of the sense strand.

In one embodiment, the sense strand is 21 nucleotides in length, the antisense strand is 23
nucleotides in length, and the lipophilic moiety is conjugated to position 21, position 20, position 15,
position 1, position 7, position 6, or position 2 of the sense strand or position 16 of the antisense
strand, counting from the 5'-end.

In one embodiment, the lipophilic moiety is conjugated to position 21, position 20, position
15, position 1, or position 7 of the sense strand.

In another embodiment, the lipophilic moiety is conjugated to position 21, position 20, or
position 15 of the sense strand, counting from the 5'-end.

In yet another embodiment, the lipophilic moiety is conjugated to position 20 or position 15
of the sense strand, counting from the 5'-end.

In one embodiment, the lipophilic moiety is conjugated to position 16 of the antisense strand,
counting from the 5'-end.

In one embodiment, the lipophilic moiety is an aliphatic, alicyclic, or polyalicyclic compound.

In one embodiment, the lipophilic moiety is selected from the group consisting of lipid,
cholesterol, retinoic acid, cholic acid, adamantane acetic acid, 1-pyrene butyric acid,
dihydrotestosterone, 1,3-bis-O(hexadecyl)glycerol, geranyloxyhexyanol, hexadecylglycerol, borneol,
menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid, O3-(oleoyl)lithocholic acid,
03-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine.

In one embodiment, the lipophilic moiety contains a saturated or unsaturated C4-C30
hydrocarbon chain, and an optional functional group selected from the group consisting of hydroxyl,
amine, carboxylic acid, sulfonate, phosphate, thiol, azide, alkenyl, and alkynyl. In one embodiment,
the the lipophilic moiety contains a C6-C30 alkyl, a C6-C30 alkenyl, or a C6-C30 alkynyl.

In one embodiment, the lipophilic moiety contains a saturated or unsaturated C6-C18
hydrocarbon chain. In one embodiment, the lipophilic moiety contains a saturated or unsaturated C6,
C7, C8, €9, C10, C11, C12, C13, C15, C15, C16, C17, or C18 hydrocarbon chain. An unsaturated
C6-C18 can be a monounsaturated C6-C18 or a polyunsaturated C6-C18.

In one embodiment, the lipophilic moiety contains a saturated or unsaturated C16
hydrocarbon chain. In one embodiment, the the lipophilic moiety contains a C16 alkyl, a C16 alkenyl,
or a C16 alkynyl. An unsaturated C16 can be a monounsaturated C16 or a polyunsaturated C16.

In one embodiment, the saturated or unsaturated C16 hydrocarbon chain is conjugated to
position 6, counting from the 5'-end of the strand.

In one embodiment, the lipophilic moiety is conjugated via a carrier that replaces one or more
nucleotide(s) in the internal position(s) or the double stranded region.

In one embodiment, the carrier is a cyclic group selected from the group consisting of
pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl,

[1,3]dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl,

20



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl; or is an acyclic moiety based on a
serinol backbone or a diethanolamine backbone.

In one embodiment, the lipophilic moiety is conjugated to the double-stranded iRNA agent
via a linker containing an ether, thioether, urea, carbonate, amine, amide, maleimide-thioether,
disulfide, phosphodiester, sulfonamide linkage, a product of a click reaction, or carbamate.

In one embodiment, the lipophilic moiety is conjugated to a nucleobase, sugar moiety, or
internucleosidic linkage.

In one embodiment, the lipophilic moiety or targeting ligand is conjugated via a bio-cleavable
linker selected from the group consisting of DNA, RNA, disulfide, amide, functionalized
monosaccharides or oligosaccharides of galactosamine, glucosamine, glucose, galactose, mannose,
and combinations thereof.

In one embodiment, the 3’ end of the sense strand is protected via an end cap which is a cyclic
group having an amine, said cyclic group being selected from the group consisting of pyrrolidinyl,
pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [1,3]dioxolanyl,
oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonyl,
tetrahydrofuranyl, and decalinyl.

In one embodiment, the dsSRNA agent further comprises a tareting ligand that targets a
neuronal cell, a cell in a neuronal tissue, or a cell in a central nervous system tissue.

In one embodiment, the dsSRNA agent further comprises a targeting ligand that targets a liver
tissue.

In one embodiment, the targeting ligand is a GalNAc conjugate.

In one embodiment, the dsSRNA agent further comprises a terminal, chiral modification
occurring at the first internucleotide linkage at the 3’ end of the antisense strand, having the linkage
phosphorus atom in Sp configuration, a terminal, chiral modification occurring at the first
internucleotide linkage at the 5’ end of the antisense strand, having the linkage phosphorus atom in Rp
configuration, and a terminal, chiral modification occurring at the first internucleotide linkage at the
5" end of the sense strand, having the linkage phosphorus atom in either Rp configuration or Sp
configuration.

In another embodiment, the dsSRNA agent further comprises a terminal, chiral modification
occurring at the first and second internucleotide linkages at the 3’ end of the antisense strand, having
the linkage phosphorus atom in Sp configuration, a terminal, chiral modification occurring at the first
internucleotide linkage at the 5’ end of the antisense strand, having the linkage phosphorus atom in Rp
configuration, and a terminal, chiral modification occurring at the first internucleotide linkage at the
5" end of the sense strand, having the linkage phosphorus atom in either Rp or Sp configuration.

In yet another embodiment, the dSRNA agent further comprises a terminal, chiral
modification occurring at the first, second and third internucleotide linkages at the 3’ end of the
antisense strand, having the linkage phosphorus atom in Sp configuration, a terminal, chiral
modification occurring at the first internucleotide linkage at the 5’ end of the antisense strand, having

the linkage phosphorus atom in Rp configuration, and a terminal, chiral modification occurring at the
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first internucleotide linkage at the 5’ end of the sense strand, having the linkage phosphorus atom in
either Rp or Sp configuration.

In another embodiment, the dsSRNA agent further comprises a terminal, chiral modification
occurring at the first, and second internucleotide linkages at the 3’ end of the antisense strand, having
the linkage phosphorus atom in Sp configuration, a terminal, chiral modification occurring at the
third internucleotide linkages at the 3" end of the antisense strand, having the linkage phosphorus atom
in Rp configuration, a terminal, chiral modification occurring at the first internucleotide linkage at the
5" end of the antisense strand, having the linkage phosphorus atom in Rp configuration, and a
terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense
strand, having the linkage phosphorus atom in either Rp or Sp configuration.

In another embodiment, the dsSRNA agent further comprises a terminal, chiral modification
occurring at the first, and second internucleotide linkages at the 3’ end of the antisense strand, having
the linkage phosphorus atom in Sp configuration, a terminal, chiral modification occurring at the
first, and second internucleotide linkages at the 5 end of the antisense strand, having the linkage
phosphorus atom in Rp configuration, and a terminal, chiral modification occurring at the first
internucleotide linkage at the 5 end of the sense strand, having the linkage phosphorus atom in either
Rp or Sp configuration.

In one embodiment, the dsSRNA agent further comprises a phosphate or phosphate mimic at
the 5'-end of the antisense strand.

In one embodiment, the phosphate mimic is a 5'-vinyl phosphonate (VP).

In one embodiment, the base pair at the 1 position of the 5’-end of the antisense strand of the
duplex is an AU base pair.

In one embodiment, the sense strand has a total of 21 nucleotides and the antisense strand has
a total of 23 nucleotides.

In one embodiment, the dsRNA agent inhibits expression of the C90rf72 target RNA
comprising the hexanucleotide repeat by at least 10%, at least 20%, at least 30%, at least 40%, at least
50%, or at least 60% within 24-48 hours after administration to a cell expressing the C90rf72 target
RNA comprising the hexanucleotide repeat.

In one embodiment, the dsSRNA agent selectively inhibits expression of the C90rf72 target
RNA comprising the hexanucleotide repeat relative to expression of a mature C90rf72 messenger
RNA.

In one embodiment, the dSRNA agent inhibits expression of the mature C9orf72 messenger
RNA by less than 50%, less than 40%, less than 30%, less than 20%, or less than 10% within 24-48
hours after administration to a cell expressing the mature C9orf72 messenger RNA.

In one embodiment, the dsSRNA agent reduces (poly(GA), poly(GR), poly(GP), poly(PA), and
poly(PR) dipeptide repeat protein synthesis within 24-48 hours after administration to a cell
expressing the C9orf72 target RNA comprising the hexanucleotide repeat. In some embodiments, the

dsRNA agent reduces dipeptide repeat protein synthesis by at least 10%, at least 20%, at least 30%, at
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least 40%, at least 50%, at least 60%, at least 70%, or at least 80% within 24-48 hours after
administration to the cell.

The present invention also provides cells and pharmaceutical compositions for inhibiting
expression of a gene encoding C9orf72 comprising the dsRNA agents of the invention, such.

In one embodiment, the dsSRNA agent is in an unbuffered solution, such as saline or water.

In another embodiment, the dsSRNA agent is in a buffer solution, such as a buffer solution
comprising acetate, citrate, prolamine, carbonate, or phosphate or any combination thereof; or
phosphate buffered saline (PBS).

The present invention further provides a composition comprising two or more, e.g., 2, 3, or 4,
dsRNA agents for inhibiting expression of C9orf72.

In one embodiment, the composition comprises a first dSSRNA agent targeting a sense strand
of C9orf72 (an exon or intron of C90rf72) and a seond dsRNA agent targeting an antisense strand of
C9orf72 (an exon or intron of C90rf72).

In some embodiments, suitable agents targeting a sense strand of C90rf72 for use in the
compositions of the invention comprising two or more dsRNA agents comprise a sense strand and an
antisense strand, forming a double stranded region, and selected from the group consisting of

a) a sense strand comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the nucleotide sequence of SEQ ID NO:1 and an antisense strand comprising a
nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:5,

b) a sense strand comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the nucleotide sequence of SEQ ID NO:15 and an antisense strand comprising a
nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:16,

c) an antisense strand comprising at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from any one of the antisense nucleotide sequences in any one of Tables 5, 6,
10B, and 10D; and wherein the sense strand, the antisense strand, or both the sense strand and the
antisense strand is conjugated to one or more lipophilic moieties;

d) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 1-23; 15-37; 33-55; 37-
59; 59-81; 62-84, or 69-91 of SEQ ID NO: 1, and an antisense strand comprising at least 15
contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID NO:5;

e) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 5197-5219; 5213-5235;
5223-5245, 5226-5248; 5227-5249, 5228-5250, 5229-5251, 5230-5252, 5231-5253, 5233-5255;
5235-5256, 5241-5263; 5245-5267; 5233-5255; 5248-5270; 5539-5561; 5547-5569; 5917-5939;
5936-5958; 5954-5976; 6008-6030; 6021-6043; 6036-6058; 6043-6065; or 6048-6070 of SEQ ID
NO: 15, and an antisense strand comprising at least 15 contiguous nucleotides from the corresponding

nucleotide sequence of SEQ ID NO:16;
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f) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 5015-5052; 5017-5040;
5032-5059; 5032-5055; 5033-5055; 5035-5059; 5036-5059; 5058-5087; 5059-5087; 5059-5084;
5064-5087; 5197-5222; 5213-5267; 5223-5252; 5229-5252; 5233-5263; 5516-5570; 5539-5565;
5539-5562; 5545-5570; 5545-5569; 5593-5616; 5883-5950; 5917-5950; 5919-5950; 5923-5950;
5934-5977; 5934-5957; 5938-5977; 5938-5965; 5938-5961; 5947-5977; 5947-5973; 5972-6001;
5973-5997; 6006-6029; 6011-6070; 6011-6039; 6011-6038; 6015-6038; 6019-6045; 6019-6042;
6033-6070; 6035-6065; 6035-6059; or 6040-6063 of SEQ ID NO: 15, and an antisense strand
comprising at least 15 contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID
NO:16;

2) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 15-52; 17-40; 32-59;
32-55; 35-59; 36-59; 58-87; 59-87; 59-84; or 64-87 of SEQ ID NO: 1, and an antisense strand
comprising at least 15 contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID
NO:5; and

h) an antisense strand comprising at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from any one of the antisense nucleotide sequences in any one of Tables 8
and 9,

wherein the sense strand, the antisense strand, or both the sense strand and the antisense
strand comprises at least one modified nucleotide.

In certain embodiments, suitable agents targeting a sense strand of C90rf72, e.g, of a C90rf72
exon or intron sense sequence, for use in the compositions of the invention comprising two or more
dsRNA agents such as those dsSRNA agents disclosed in PCT Publication No. WO 2021/119226, the
entire contents of which are incorporated herein by reference.

In certain embodiments, suitable agents targeting an antisense strand of C9orf72 for use in the
compositions of the invention comprising two or more dsRNA agents comprise a sense strand and an
antisense strand, forming a double stranded region, and selected from the group consisting of

a) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO:13 and an antisense strand comprising
a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:14,

b) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO: 17 and an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:18,

c) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO: 19 and an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more

than 3 nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:20,
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d) an antisense comprising a nucleotide sequence selected from the group consisting of
any of the antisense strand nucleotide sequences in any one of Tables 2, 3, 10A, 10C, 11, and 12; and

e) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from nucleotides 27573296-27573318; 27573314-27573336; 27573319-
27573341; 27573562-27573584; 27573585-27573607; 27573592-27573614; 27573599-27573621;
27573608-27573630; 27573616-27573638; 27573619-27573641; 27573622-27573644; 27573633
27573655; 27573690-27573712; or 27573717-27573739 of SEQ ID NO: 13;

f) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 27573296-27573584;
27573296-27573575; 27573301-27573338; 27573318-27573342; 27573555-27573583; 27573581-
27573607; 27573584-27573607; 27573588-27573671; 27573588-27573666; 27573588-27573624;
27573592-27573624; 27573592-27573617; 27573598-27573624; 27573599-27573623; 27573606-
27573655; 27573606-27573652; 27573606-27573647; 27573654-27573712; or 27573707-27573740
of SEQ ID NO: 13, and an antisense strand comprising at least 15 contiguous nucleotides from the
corresponding nucleotide sequence of SEQ ID NO:14,

wherein the sense strand, the antisense strand, or both the sense strand and the antisense
strand comprises at least one modified nucleotide.

In one aspect, the present invention provides a composition comprising two or more double
stranded ribonucleic acid (dsRNA) agents for inhibiting expression of C90rf72,

wherein each dsRNA agent independently comprises a sense strand and an antisense strand
forming a double stranded region,

wherein a first dSRNA agent targeting the antisense strand of C90rf72 is selected from the
group consisting of

a) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID NO: 13
and an antisense strand comprising a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the corresponding portion of the nucleotide
sequence of SEQ ID NO:14,

b) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO: 17 and an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:18,

c) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO: 19 and an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:20,

d) a dsRNA agent comprising an antisense strand comprising a nucleotide sequence
selected from the group consisting of any of the antisense strand nucleotide sequences in any one of

Tables 2, 3, 10A, 10C, 11, and 12;
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e) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than three nucleotides from nucleotides 27573296-27573318;
27573314-27573336; 27573319-27573341; 27573562-27573584; 27573585-27573607; 27573592-
27573614; 27573599-27573621; 27573608-27573630; 27573616-27573638; 27573619-27573641;
27573622-27573644; 27573633-27573655; 27573690-27573712; or 27573717-27573739 of SEQ ID
NO: 13; and

f) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than three nucleotides from any one of the nucleotide sequence of
nucleotides 27573296-27573584; 27573296-27573575; 27573301-27573338; 27573318-27573342;
27573555-27573583; 27573581-27573607; 27573584-27573607; 27573588-27573671; 27573588-
27573666; 27573588-27573624; 27573592-27573624; 27573592-27573617; 27573598-27573624;
27573599-27573623; 27573606-27573655; 27573606-27573652; 27573606-27573647; 27573654
27573712; or 27573707-27573740 of SEQ ID NO: 13, and an antisense strand comprising at least 15
contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID NO:14; and

wherein a second dsRNA agent targeting the sense strand of C9orf72 is selected from the
group consisting of

a) a sense strand comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the nucleotide sequence of SEQ ID NO:1 and an antisense strand comprising a
nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:5,

b) a sense strand comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the nucleotide sequence of SEQ ID NO:15 and an antisense strand comprising a
nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:16,

c) a dsRNA agent comprising an antisense strand comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from any one of the antisense nucleotide
sequences in any one of Tables 5, 6, 10B, and 10D;

d) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than three nucleotides from any one of the nucleotide sequence of
nucleotides 1-23; 15-37; 33-55; 37-59; 59-81, 62-84, 69-91 of SEQ ID NO: 1, and an antisense strand
comprising at least 15 contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID
NO:5;

e) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than three nucleotides from any one of the nucleotide sequence of
nucleotides 5197-5219; 5213-5235; 5223-5245, 5226-5248; 5227-5249, 5228-5250, 5229-5251,
5230-5252, 5231-5253, 5233-5255; 5235-5256, 5241-5263; 5245-5267; 5233-5255; 5248-5270;
5539-5561; 5547-5569; 5917-5939; 5936-5958; 5954-5976; 6008-6030; 6021-6043; 6036-6058;
6043-6065; or 6048-6070 of SEQ ID NQO: 15, and an antisense strand comprising at least 15

contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID NO:16;
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f) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than three nucleotides from any one of the nucleotide sequence of
nucleotides 5015-5052; 5017-5040; 5032-5059; 5032-5055; 5033-5055; 5035-5059; 5036-5059;
5058-5087; 5059-5087; 5059-5084; 5064-5087; 5197-5222; 5213-5267; 5223-5252; 5229-5252;
5233-5263; 5516-5570; 5539-5565; 5539-5562; 5545-5570; 5545-5569; 5593-5616; 5883-5950;
5917-5950; 5919-5950; 5923-5950; 5934-5977; 5934-5957; 5938-5977; 5938-5965; 5938-5961;
5947-5977; 5947-5973; 5972-6001; 5973-5997; 6006-6029; 6011-6070; 6011-6039; 6011-6038;
6015-6038; 6019-6045; 6019-6042; 6033-6070; 6035-6065; 6035-6059; or 6040-6063 of SEQ ID
NO: 15, and an antisense strand comprising at least 15 contiguous nucleotides from the corresponding
nucleotide sequence of SEQ ID NO:16;

g) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than three nucleotides from any one of the nucleotide sequence of
nucleotides 15-52; 17-40; 32-59; 32-55; 35-59; 36-59; 58-87; 59-87; 59-84; or 64-87 of SEQ ID NO:
1, and an antisense strand compriing at least 15 contiguous nucleotides from the corresponding
nucleotide sequence of SEQ ID NO:5; and

h) a dsRNA agent comprising an antisense strand comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from any one of the antisense nucleotide
sequences in any one of Tables 8§ and 9; and

wherein the sense strand of the first dSRNA, the antisense strand of the first dSRNA, both the
sense strand and the antisense strand of the first dSRNA, the sense strand of the second dsRNA, the
antisense strand of the second dsRNA, and/or both the sense strand and the antisense strand of the
second dsRNA comprises at least one modified nucleotide.

In one embodiment, the sense strand or the antisense strand is a sense strand or an antisense
strand selected from the sense strand or antisense strand of a duplex selected from the group
consisting of AD-1446213.1; AD-1446217.1; AD-1446222.1; AD-1446234.1; AD-1446243.1; AD-
1446246.1; AD-1446252.1; AD-1446259.1; AD-1446265.1; AD-1446268.1; AD-1446271.1; AD-
1446279.1; AD-1446289.1; and AD-1446294.1.

In one embodiment, the sense strand or the antisense strand is a sense strand or an antisense
strand selected from the sense strand or antisense strand of a duplex selected from the group
consisting of AD-1446213.1; AD-1446246.1; and AD-1446268.1.

In one embodiment, the antisense strand comprises at least 15 contiguous nucleotides
differing by no more than three, two or one nucleotides from any one of the antisense strand
nucleotide sequences and/or the sense strand nucleotide sequences of a duplex selected from the
group consisting of AD-1446073.1; AD-1446075.1; AD-1285246.2; AD-1446084.1; AD-1446087.1;
AD-1446090.1, and AD1446095.1.

In one embodiment, the antisense strand comprises at least 15 contiguous nucleotides
differing by no more than three, two or one nucleotides from any one of the antisense strand
nucleotide sequences and/or the sense strand nucleotide sequences of a duplex selected from the

group consisting of AD-1285231.1, AD-1285232.1, AD-1285233.1, AD-1285235.1, AD-1285237.1,
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AD-1285239.1, AD-1285240.1, AD-1285242.1, AD-1285244.1; AD-1285238.1; AD-1285234.1;
AD-1285243.1; AD-1285241.1; AD-1285236.1; AD-1446111.1; AD-1446117.1; AD-1446147.1;
AD-1446157.1; AD-1446168.1; AD-1446180.1; AD-1446189.1; AD-1446196.1; AD-1446202.1;
AD-1446205.1.

In one embodiment, the antisense strand comprises at least 15 contiguous nucleotides
differing by no more than three, two or one nucleotides from any one of the antisense strand
nucleotide sequences and/or the sense strand nucleotide sequences of a duplex selected from the
group consisting of AD-1285238.1 and AD-1285234.1.

In one embodiment, the antisense strand of the first dSRNA agent comprises at least 15
contiguous nucleotides differing by no more than three, two or one nucleotides from any one of the
antisense strand nucleotide sequences and or the sense strand nucleotide sequences of a duplex
selected from the group consisting of AD-1446213.1, AD-1446246.1, and AD-1446268.1; and the
antisense strand of the second dsRNA agent comprises at least 15 contiguous nucleotides differing by
no more than three, two or one nucleotides from any one of the antisense strand nucleotide sequences
and/or the sense strand nucleotide sequences of a duplex selected from the group consisting of AD-
1285238.1 and AD-1285234.1.

In one embodiment, a) the first dsSRNA agent comprises an antisense strand comprising a
nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the antisense sequence of AD-1446213; and the second dsRNA agent comprises an
antisense strand comprising a nucleotide sequence comprising at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from the antisense sequence of AD-1285238;

b) the first dSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446213; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285234;

c) the first dsSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446246; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285238;

d) the first dSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446246; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285234;

¢) the first dsSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the

antisense sequence of AD-1446268; and the second dsRNA agent comprises an antisense strand
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comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285238;

f) the first dsSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446268; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285234.

In another embodiment, a) the first dSSRNA agent comprises the antisense strand and/or the
sense strand of AD-1446213 and the second dsRNA agent comprises the antisense strand and/or the
sense strand of AD-1285238;

b) the first dSRNA agent comprises the antisense strand and/or the sense strand of AD-
1446213 and the second dsRNA agent comprises the antisense strand and/or the sense strand of AD-
1285234;

c) the first dsSRNA agent comprises the antisense strand and/or the sense strand of AD-
1446246 and the second dsRNA agent comprises the antisense strand and/or the sense strand of AD-
1285238;

d) the first dSRNA agent comprises the antisense strand and/or the sense strand of AD-
1446246 and the second dsRNA agent comprises the antisense strand and/or the sense strand of AD-
1285234;

e) the first dsSRNA agent comprises the antisense strand and/or the sense strand of AD-
1446268 and the second dsRNA agent comprises the antisense strand and/or the sense strand of AD-
1285238; or

f) the first dsSRNA agent comprises the antisense strand and/or the sense strand of AD-
1446268 and the second dsRNA agent comprises the antisense strand and/or the sense strand of AD-
1285234.

In one emdobiment, the sense strand, the antisenses strand, or both the sense strand and the
antisense strand is conjugated to one or more lipophilic moieties.

In one embodiment, the lipophilic moiety is conjugated to one or more internal positions in
the double stranded region of the first dsSRNA agent, the second dsRNA agent or both the first and
second dsRNA agent.

In one embodiment, the lipophilic moiety is conjugated to the first dSSRNA agent, the second
dsRNA agent or both the first and second dsSRNA agent via a linker or carrier.

In one embodiment, lipophilicity of the lipophilic moiety, measured by logKow, conjugated
to the first dsSRNA agent, the second dsRNA agent or both the first and second dsRNA agent exceeds

0.
In one embodiment, the hydrophobicity of the first dSSRNA agent, the second dsRNA agent or

both the first and the second dsRNA agents, measured by the unbound fraction in a plasma protein

binding assay of the dsSRNA agent, exceeds (.2.
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In one embodiment, the plasma protein binding assay is an electrophoretic mobility shift
assay using human serum albumin protein.

In one embodiment, the first dSSRNA agent, the second dsRNA agent or both the first and
seond dsRNA agents comprise at least one modified nucleotide.

In one embodiment, no more than five of the sense strand nucleotides and no more than five
of the antisense strand nucleotides of the first dSSRNA agent, the second dsRNA agent or both the first
and second dsRNA agent are unmodified nucleotides.

In one embodiment, all of the nucleotides of the sense strand and all of the nucleotides of the
antisense strand of the first dSSRNA agent, the second dsRNA agent or both the first and second
dsRNA agent are modified nucleotides.

In one embodiment, at least one of the modified nucleotides is selected from the group
consisting of a deoxy-nucleotide, a 3'-terminal deoxy-thymine (dT) nucleotide, a 2'-O-methyl
modified nucleotide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, a 2'-O-
hexadecyl nucleotide, a 2'-phosphate nulcoeitde, a locked nucleotide, an unlocked nucleotide, a
conformationally restricted nucleotide, a constrained ethyl nucleotide, an abasic nucleotide, an
inverted abasic residue, a 2'-amino-modified nucleotide, a 2'-O-allyl-modified nucleotide, 2'-C-alkyl-
modified nucleotide, 2'-hydroxy-modified nucleotide, a 2'-methoxyethyl modified nucleotide, a 2'-O-
alkyl-modified nucleotide, 2',3'-seco-modified nucleotide, a morpholino nucleotide, a
phosphoramidate, a non-natural base comprising nucleotide, a tetrahydropyran modified nucleotide, a
1,5-anhydrohexitol modified nucleotide, a cyclohexenyl modified nucleotide, a nucleotide comprising
a 5'-phosphorothioate group, a nucleotide comprising a 5'-methylphosphonate group, a nucleotide
comprising a 5’ phosphate or 5’ phosphate mimic, a nucleotide comprising vinyl phosphonate, a glycol
modified nucleic acid (GNA), a nucleotide comprising adenosine-glycol nucleic acid (GNA), a
nucleotide comprising thymidine-glycol nucleic acid (GNA) S-Isomer, a nucleotide comprising 2-
hydroxymethyl-tetrahydrofuran-5-phosphate, a nucleotide comprising 2'-deoxythymidine-
3'phosphate, a nucleotide comprising 2'-deoxyguanosine-3'-phosphate, and a terminal nucleotide
linked to a cholesteryl derivative and a dodecanoic acid bisdecylamide group; and combinations
thereof.

In one embodiment, the modified nucleotide is selected from the group consisting of a 2'-
deoxy-2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, 3'-terminal deoxy-thymine
nucleotides (dT), a locked nucleotide, 2'-O-hexadecyl nucleotide, a 2'-phosphate nucleotide, a glycol
nucleotide, a vinyl-phosphonate nucleotide, an abasic nucleotide, a 2'-amino-modified nucleotide, a
2'-alkyl-modified nucleotide, a morpholino nucleotide, a phosphoramidate, and a non-natural base
comprising nucleotide.

In one embodiment, the modified nucleotide comprises a short sequence of 3'-terminal deoxy-

thymine nucleotides (dT).

30



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

In one embodiment, the modified nucleotides are independently selected from the group
consisting of: 2"-O-methyl modified nucleotides, GNA modified nucleotides, 2'-O-hexadecyl
modified nucleotides, 2'-phosphate modified nucleotides, vinyl-phosphonate modified nucleotides,
and 2'fluoro modified nucleotides.

In one embodiment, the first dSSRNA agent, the second dsRNA agent or both the first and
second dsRNA agents comprise at least one phosphorothioate internucleotide linkage.

In one embodiment, the first dSSRNA agent, the second dsRNA agent or both the first and
second dsRNA agents comprise 6-8 phosphorothioate internucleotide linkages.

In one embodiment, each strand of the first dSRNA agent, the second dsRNA agent or both
the first and second dsRNA agents is no more than 30 nucleotides in length.

In one embodiment, at least one strand of the first dSRNA agent, the second dsRNA agent or
both the first and second dsRNA agents comprises a 3' overhang of at least 1 nucleotide.

In one embodiment, at least one strand of the first dSRNA agent, the second dsRNA agent or
both the first and second dsRNA agents comprise a 3" overhang of at least 2 nucleotides.

In one embodiment, the double stranded region of the first dASRNA agent, the second dsRNA
agent or both the first and second dsRNA agent is 15-30 nucleotide pairs in length.

In one embodiment, the double stranded region of the first dASRNA agent, the second dsRNA
agent or both the first and second dsRNA agent is 17-23 nucleotide pairs in length.

In one embodiment, the double stranded region of the first dASRNA agent, the second dsRNA
agent or both the first and second dsRNA agents is 17-25 nucleotide pairs in length.

In one embodiment, the double stranded region of the first dASRNA agent, the second dsRNA
agent or both the first and second dsRNA agents is 23-27 nucleotide pairs in length.

In one embodiment, the double stranded region of the first dASRNA agent, the second dsRNA
agent or both the first and second dsRNA agents is 19-21 nucleotide pairs in length.

In one embodiment, the double stranded region of the first dASRNA agent, the second dsRNA
agent or both the first and second dsRNA agents is 21-23 nucleotide pairs in length.

In one embodiment, each strand of the first dSRNA agent, the second dsRNA agent or both
the first and second dsRNA agents is 19-30 nucleotides in length.

In one embodiment, each strand of the first dSRNA agent, the second dsRNA agent or both
the first and second dsRNA agents is 19-23 nucleotides in length.

In one embodiment, each strand of the first dSRNA agent, the second dsRNA agent or both
the first and second dsRNA agents is 21-23 nucleotides in length.

In one embodiment, the one or more lipophilic moieties are conjugated to one or more
internal positions on at least one strand of the first dSRNA agent, the second dsRNA agent or both the

first and second dsRNA agents via a linker or carrier.
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In one embodiment, the internal positions of the first dSRNA agent, the second dsRNA agent
or both the first and second dsRNA agents include any positions except the terminal two positions
from each end of the at least one strand.

In one embodiment, the internal positions of the first dSRNA agent, the second dsRNA agent
or both the first and second dsRNA agents include any positions except the terminal three positions
from each end of the at least one strand.

In one embodiment, the internal positions of the first dSRNA agent, the second dsRNA agent
or both the first and second dsSRNA agents exclude a cleavage site region of the sense strand.

In one embodiment, the internal positions of the first dSRNA agent, the second dsRNA agent
or both the first and second dsRNA agents include any positions except positions 9-12, counting from
the 5'-end of the sense strand.

In one embodiment, the internal positions of the first dSRNA agent, the second dsRNA agent
or both the first and second dsRNA agents include any positions except positions 11-13, counting
from the 3'-end of the sense strand.

In one embodiment, the internal positions of the first dSRNA agent, the second dsRNA agent
or both the first and second dsSRNA agents exclude a cleavage site region of the antisense strand.

In one embodiment, the internal positions of the first dSRNA agent, the second dsRNA agent
or both the first and second dsSRNA agents include any positions except positions 12-14, counting
from the 5’-end of the antisense strand.

In one embodiment, the internal positions of the first dSRNA agent, the second dsRNA agent
or both the first and second dsRNA agents include any positions except positions 11-13 on the sense
strand, counting from the 3'-end, and positions 12-14 on the antisense strand, counting from the 5'-
end.

In one embodiment, the one or more lipophilic moieties are conjugated to one or more of the
internal positions of the first dSRNA agent, the second dsRNA agent or both the first and second
dsRNA agents selected from the group consisting of positions 4-8 and 13-18 on the sense strand, and
positions 6-10 and 15-18 on the antisense strand, counting from the 5’ end of each strand.

In one embodiment, the one or more lipophilic moieties are conjugated to one or more of the
internal positions of the first dSRNA agent, the second dsRNA agent or both the first and second
dsRNA agents selected from the group consisting of positions 5, 6, 7, 15, and 17 on the sense strand,
and positions 15 and 17 on the antisense strand, counting from the 5'-end of each strand.

In one embodiment, the internal positions in the double stranded region of the first dSSRNA
agent, the second dsRINA agent or both the first and second dsSRNA agents exclude a cleavage site
region of the sense strand.

In one embodiment, the sense strand is 21 nucleotides in length, the antisense strand is 23

nucleotides in length, and the lipophilic moiety is conjugated to position 21, position 20, position 15,
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position 1, position 7, position 6, or position 2 of the sense strand or position 16 of the antisense
strand, counting from the 5'-end.

In one embodiment, the lipophilic moiety is conjugated to the first dSSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents at position 21, position 20, position 15,
position 1, or position 7 of the sense strand, counting from the 5'-end.

In one embodiment, the lipophilic moiety is conjugated to the first dSSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents at position 21, position 20, or position 15 of
the sense strand, counting from the 5'-end.

In one embodiment, the lipophilic moiety is conjugated to the first dSSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents at position 20 or position 15 of the sense
strand, counting from the 5'-end.

In one embodiment, the lipophilic moiety is conjugated to the first dSSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents at position 16 of the antisense strand,
counting from the 5'-end.

In one embodiment, the lipophilic moiety conjugated to the first dSSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents is an aliphatic, alicyclic, or polyalicyclic
compound.

In one embodiment, the lipophilic moiety is selected from the group consisting of lipid,
cholesterol, retinoic acid, cholic acid, adamantane acetic acid, 1-pyrene butyric acid,
dihydrotestosterone, 1,3-bis-O(hexadecyl)glycerol, geranyloxyhexyanol, hexadecylglycerol, borneol,
menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid, O3-(oleoyl)lithocholic acid,
03-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine.

In one embodiment, the lipophilic moiety contains a saturated or unsaturated C4-C30
hydrocarbon chain, and an optional functional group selected from the group consisting of hydroxyl,
amine, carboxylic acid, sulfonate, phosphate, thiol, azide, and alkyne.

In one embodiment, the lipophilic moiety contains a saturated or unsaturated C6-C18
hydrocarbon chain.

In one embodiment, the lipophilic moiety contains a saturated or unsaturated C16
hydrocarbon chain.

In one embodiment, the saturated or unsaturated C16 hydrocarbon chain is conjugated to
position 6, counting from the 5'-end of the strand.

In one embodiment, the lipophilic moiety is conjugated to the first dSSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents via a carrier that replaces one or more
nucleotide(s) in the internal position(s) or the double stranded region.

In one embodiment, the carrier is a cyclic group selected from the group consisting of
pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl,

[1,3]dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl,
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quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl; or is an acyclic moiety based on a
serinol backbone or a diethanolamine backbone.

In one embodiment, the lipophilic moiety is conjugated to the double-stranded iRNA agent of
the first dSRNA agent, the second dsRINA agent or both the first and second dsSRNA agents via a
linker containing an ether, thioether, urea, carbonate, amine, amide, maleimide-thioether, disulfide,
phosphodiester, sulfonamide linkage, a product of a click reaction, or carbamate.

In one embodiment, the lipophilic moiety is conjugated to a nucleobase, sugar moiety, or
internucleosidic linkage of the first dSRNA agent, the second dsRNA agent or both the first and
second dsRNA agents.

In one embodiment, the lipophilic moiety or targeting ligand is conjugated to the first dSRNA
agent, the second dsRINA agent or both the first and second dsRNA agents via a bio-cleavable linker
selected from the group consisting of DNA, RNA, disulfide, amide, functionalized monosaccharides
or oligosaccharides of galactosamine, glucosamine, glucose, galactose, mannose, and combinations
thereof.

In one embodiment, the 3" end of the sense strand the first dSSRNA agent, the second dsRNA
agent or both the first and second dsRNA agents is protected via an end cap which is a cyclic group
having an amine, said cyclic group being selected from the group consisting of pyrrolidinyl,
pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [1,3]dioxolanyl,
oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonyl,
tetrahydrofuranyl, and decalinyl.

In one embodiment, the first dSSRNA agent, the second dsRNA agent or both the first and
second dsRNA agents further comprises a targeting ligand that targets a neuronal cell, a cell in a
neuronal tissue, or a cell in a central nervous system tissue, or a liver tissue.

In one embodiment, the targeting ligand is a GalNAc conjugate.

In one embodiment, the first dSSRNA agent, the second dsRNA agent or both the first and
second dsRNA agents further comprises
a terminal, chiral modification occurring at the first internucleotide linkage at the 3’ end of the
antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense
strand, having the linkage phosphorus atom in either Rp configuration or Sp configuration.

In one embodiment, the first dSSRNA agent, the second dsRNA agent or both the first and
second dsRNA agents further comprises
a terminal, chiral modification occurring at the first and second internucleotide linkages at the 3’ end

of the antisense strand, having the linkage phosphorus atom in Sp configuration,
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a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense
strand, having the linkage phosphorus atom in either Rp or Sp configuration.

In one embodiment, the first dSSRNA agent, the second dsRNA agent or both the first and
second dsRNA agents further comprises
a terminal, chiral modification occurring at the first, second and third internucleotide linkages at the
3" end of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense
strand, having the linkage phosphorus atom in either Rp or Sp configuration.

In one embodiment, the first dSSRNA agent, the second dsRNA agent or both the first and
second dsRNA agents further comprises
a terminal, chiral modification occurring at the first, and second internucleotide linkages at the 3’ end
of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the third internucleotide linkages at the 3’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense
strand, having the linkage phosphorus atom in either Rp or Sp configuration.

In one embodiment, the first dSSRNA agent, the second dsRNA agent or both the first and
second dsRNA agents further comprises
a terminal, chiral modification occurring at the first, and second internucleotide linkages at the 3’ end
of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first, and second internucleotide linkages at the 5" end
of the antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense
strand, having the linkage phosphorus atom in either Rp or Sp configuration.

In one embodiment, the the first dSRNA agent, the second dsRNA agent or both the first and
second dsRNA agents further comprises a phosphate or phosphate mimic at the 5-end of the antisense
strand.

In one embodiment, the phosphate mimic is a 5'-vinyl phosphonate (VP).

In one embodiment, the base pair at the 1 position of the 5’-end of the antisense strand of the
duplex of the first dsSRNA agent, the second dsRNA agent or both the first and second dsRNA agents

is an AU base pair.
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In one embodiment, the sense strand is 21 nucleotides in length and the antisense strand is 23
nucleotides in length.

The present invention also provides cells comprising a composition of the invention.

In some embodiments, the compositions of the invention are pharmaceutical compositions

and, in some embodiments, comprise a lipid formulation.

In one aspect, the present invention provides a method of reducing the level of one or more
C9orf72 RNA transcripts, such as a C9orf72 RNA containing a hexanucleotide-repeat, such as a
C9orf72 gene comprising multiple contiguous copies of a hexanucleotide repeat, in a cell, e.g., a
neuron, such as a motor neuron, the method comprising contacting the cell with a dSRNA agent of the
invention, two or more, e.g., 2, 3, or 4, dsSRNA agents of the invention, a composition comprising two
or more, e.g., 2, 3, or 4, dsSRNA agents for inhibiting expression of one or more C9orf72 RNA
transcripts, e.g., a first dsSRNA agent targeting a C90rf72 sense transcript (an exon or intron of
C90rf72) and a seond dsRNA agent targeting an C9orf72 antisense transcript (an exon or intron of
C90rf72) as described herein, or a pharmaceutical composition of the invention, thereby inhibiting
expression of the C90rf72 gene in the cell.

In another aspect, the present invention provides methods of reducing dipeptide repeat protein
synthesis or dipeptide repeat protein aggregates in a cell. The methods include introducing into the
cell a dsRNA agent ot the invention, two or more, e.g., 2, 3, or 4, dsRNA agents of the invention, a
composition comprising two or more, e.g., 2, 3, or 4, dsSRNA agents for inhibiting expression of one
or more C9orf72 RNA transcripts, e.g., a first dSRNA agent targeting a C9orf72 sense transcript (an
exon or intron of C90rf72) and a second dsRNA agent targeting a C9orf72 antisense transcript (an
exon or intron of C90rf72) as described herein, or a pharmaceutical composition of the invention,
thereby reducing dipeptide repeat protein synthesis or dipeptide repeat protein aggregates in the cell.

In another aspect, the present invention provides methods of reducing accumulation or
aggregation of poly(glycine-alanine) peptides, poly(glycine-proline) peptides, poly(glycine-arginine)
peptides, poly(alanine-proline) peptides, or poly(proline-arginine) peptides in a cell. The methods
include introducing into the cell a dsSRNA agent of the invention, two or more, e.g., 2, 3, or 4, dsSRNA
agents of the invention, a composition comprising two or more, e.g., 2, 3, or 4, dSRNA agents for
inhibiting expression of C90rf72, e.g., a first dSRNA agent targeting a C9orf72 sense transcript (an
exon or intron of C90rf72) and a seond dsRNA agent targeting a C9orf72 antisense transcript (an
exon or intron of C90rf72) as described herein, or a pharmaceutical composition of the invention,
thereby reducing accumulation or aggregation of poly(glycine-alanine) peptides, poly(glycine-proline)
peptides, poly(glycine-arginine) peptides, poly(alanine-proline) peptides, or poly(proline-arginine)
peptides in the cell.

In another aspect, the present invention provides methods of reducing repeat-length-
dependent formation of C90rf72 RNA foci in a cell. The methods include introducing into the cell a
dsRNA agent of the invention, two or more, e.g., 2, 3, or 4, dSRNA agents of the invention, a

composition comprising two or more, e.g., 2, 3, or 4, dsRNA agents for inhibiting expression of
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CY90rf72, e.g., afirst dsSRNA agent targeting a C9orf72 sense transcript (an exon or intron of C9orf72)
and a seond dsRNA agent targeting a C90rf72 antisense transcript (an exon or intron of C90rf72) as
described herein, or a pharmaceutical composition of the invention, thereby reducing repeat-length-
dependent formation of C90rf72 RNA foci in the cell.

In another aspect, the present invention provides methods of reducing nuclear and/or
cytoplasmic sense and/or antisense C90rf72 RNA foci in a cell. The methods include introducing into
the cell a dsRINA agent of the invention, two or more, e.g., 2, 3, or 4, dsRNA agents of the invention,
a composition comprising two or more, e.g., 2, 3, or 4, dSRNA agents for inhibiting expression of
CY90rf72, e.g., afirst dsSRNA agent targeting a C9orf72 sense transcript (an exon or intron of C9orf72)
and a seond dsRNA agent targeting a C90rf72 antisense transcript (an exon or intron of C90rf72) as
described herein, or a pharmaceutical composition of the invention, thereby reducing nuclear and/or
cytoplasmic sense and/or antisense C90rf72 RNA foci in the cell.

In one embodiment, cell is within a subject.

In one embodiment, the subject is a human.

In one embodiment, the subject has or is at risk of developing a C9orf72-associated disorder,
such as a C90rf72-hexanucleotide-repeat-expansion-associated disease, condition, or disorder.

In one embodiment, the C9orf72-associated disorder is selected from the group consisting of
C9orf72 amyotrophic lateral sclerosis, frontotemporal dementia, Hungtinton’s disease Huntington-
Like Syndrome Due To C9orf72 hexanucletoide repeat expansions, parkinsonism,
olivopontocerebellar degeneration, corticobasal syndrome, and Alzheimer’s disease.

In one embodiment, ontacting the cell with the dSRNA agent inhibits the levels of sense
and/or antisense hexanucleotide-repeat-containing C9orf72 RNA transcripts by at least 50%, 60%,
70%, 80%, 90%, or 95%.

In one embodiment, inhibiting the levels of sense and/or antisense hexanucleotide-repeat-
containing C9orf72 RNA transcripts decreases the level of one or more aberrant dipeptide-repeat
(DPR) proteins selected from the group consisting of poly(glycine-alanine), poly(glycine-arginine),
poly(glycine-proline), poly(proline-alanine), and poly(proline-arginine) by at least 50%, 60%, 70%,
&0%., 90%, or 95%.

In one embodiment, contacting the cell with the dSRNA agent inhibits the expression of
C90rf72 mRNA by no more than 50%, 40%, 30%, 20%, 10% or 5%.

In one embodiment, the dsRNA agent inhibits expression of a C9orf72 target mRNA
comprising the hexanucleotide repeat by at least 10%, at least 20%, at least 30%, at least 40%, at least
50%, or at least 60% within 24-48 hours after administration to a cell expressing the C90rf72 target
RNA comprising the hexanucleotide repeat.

In some embodiments, the dsSRNA agent selectively inhibits expression of a C90rf72 target
RNA comprising the hexanucleotide repeat relative to expression of a mature C90rf72 messenger
RNA. In other embodiments, the dSRNA agent inhibits expression of a mature C90rf72 messenger
RNA by less than 50%, less than 40%, less than 30%, less than 20%, or less than 10% within 24-48

hours after administration to a cell expressing the mature C9orf72 messenger RNA.
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In some some embodiments, the dSRNA agent reduces dipeptide repeat (poly(GA), poly(GR),
poly(GP), poly(PA), and/or poly(PR)) protein synthesis or dipeptide repeat (poly(GA), poly(GR),
poly(GP), poly(PA), and/or poly(PR)) protein aggregates in the cell.

In some embodiments, the dSRNA agent reduces nuclear and/or cytoplasmic sense and/or
antisense C9orf72 RNA foci in the cell.

In one embodiment, inhibiting expression of C90rf72 decreases C9orf72 protein level in
serum of the subject by no more than 50%, 40%, 30%, 20%, 10% or 5%.

In some embodiments, the dsSRNA agent reduces dipeptide repeat (poly(GA), poly(GR),
poly(GP), poly(PA), and/or poly(PR)) protein synthesis or dipeptide repeat (poly(GA), poly(GR),
poly(GP), poly(PA), and/or poly(PR)) protein aggregates by at least 10%, at least 20%, at least 30%,
at least 40%, at least 50%, at least 60%, at least 70%, or at least 80% within 24-48 hours after
administration to the cell.

In one aspect, the present invention provides methods of treating a subject having a disorder
that would benefit from knocking down a target C9orf72 RNA, such as a C90rf72-hexanucleotide-
repeat-expansion-associated disease, condition, or disorder, comprising administering to the subject a
therapeutically effective amount of a dsSRNA agent of the invention, two or more, e.g., 2, 3, or 4,
dsRNA agents of the invention, a composition comprising two or more, e.g., 2, 3, or 4, dsSRNA agents
for inhibiting expression of one or more C9orf72 RNAs, e.g., a first dSRNA agent targeting a
C90rf72 sense strand transcript (an exon or intron of C90rf72) and a seond dsRNA agent targeting a
C9orf72 antisense strand transcript (an exon or intron of C90rf72) as described herein, or a
pharmaceutical composition of the invention, thereby treating the subject having the disorder that
would benefit from reduction in C90rf72 expression.

In another aspect, the present invention provides a method of preventing at least one symptom
in a subject having a disorder that would benefit from reduction in expression of a C9orf72 RNA
containing a hexanucleotide repeat expansion, such as a C9orf72-hexanucleotide-repeat-expansion-
associated disease, condition, or disorder, comprising administering to the subject a prophylactically
effective amount of a dsRNA agent of the invention, two or more, e.g., 2, 3, or 4, dsRNA agents of
the invention, a composition comprising two or more, e.g., 2, 3, or 4, dsSRNA agents for inhibiting
expression of C9orf72, e.g., a first dASRNA agent targeting a C90rf72 sense strand transcript (an exon
or intron of C90rf72) and a seond dsRNA agent targeting a C90rf72 antisense strand transcript (an
exon or intron of C90rf72) as described herein, or a pharmaceutical composition of the invention,
thereby preventing at least one symptom in the subject having the disorder that would benefit from
reduction in C9orf72 expression.

In one embodiment, the methods include administering a first dSSRNA agent targeting a sense
strand of C90rf72 (an exon or intron of C90rf72) and a seond dsRNA agent targeting an antisense
strand of C9orf72 (an exon or intron of C90rf72).

In some embodiments, suitable agents targeting a sense strand of C90rf72 for use in the
methods of the invention comprising two or more dsRNA agents comprise a sense strand and an

antisense strand forming a double stranded region selected from the group consisting of
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a) a sense strand comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the nucleotide sequence of SEQ ID NO:1 and an antisense strand comprising a
nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:5,

b) a sense strand comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the nucleotide sequence of SEQ ID NO:15 and an antisense strand comprising a
nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:16,

c) an antisense strand comprising at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from any one of the antisense nucleotide sequences in any one of Tables 5, 6,
10B, and 10D;

d) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 1-23; 15-37; 33-55; 37-
59; 59-81; 62-84, or 69-91 of SEQ ID NO: 1, and an antisense strand comprising at least 15
contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID NO:5;

e) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 5197-5219; 5213-5235;
5223-5245; 5226-5248; 5227-5249; 5228-5250, 5229-5251, 5230-5252, 5231-5253, 5235-5256,
5241-5263; 5245-5267; 5233-5255; 5248-5270; 5539-5561; 5547-5569; 5917-5939; 5936-5958;
5954-5976; 6008-6030; 6021-6043; 6036-6058; 6043-6065; or 6048-6070 of SEQ ID NO: 15, and an
antisense strand comprising at least 15 contiguous nucleotides from the corresponding nucleotide
sequence of SEQ ID NO:16;

f) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 5015-5052; 5017-5040;
5032-5059; 5032-5055; 5033-5055; 5035-5059; 5036-5059; 5058-5087; 5059-5087; 5059-5084;
5064-5087; 5197-5222; 5213-5267; 5223-5252; 5229-5252; 5233-5263; 5516-5570; 5539-5565;
5539-5562; 5545-5570; 5545-5569; 5593-5616; 5883-5950; 5917-5950; 5919-5950; 5923-5950;
5934-5977; 5934-5957; 5938-5977; 5938-5965; 5938-5961; 5947-5977; 5947-5973; 5972-6001;
5973-5997; 6006-6029; 6011-6070; 6011-6039; 6011-6038; 6015-6038; 6019-6045; 6019-6042;
6033-6070; 6035-6065; 6035-6059; or 6040-6063 of SEQ ID NO: 15, and an antisense strand
comprising at least 15 contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID
NO:16;

2) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 15-52; 17-40; 32-59;
32-55; 35-59; 36-59; 58-87; 59-87; 59-84; or 64-87 of SEQ ID NO: 1, and an antisense strand
comprising at least 15 contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID

NO:5; and
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h) an antisense strand comprising at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from any one of the antisense nucleotide sequences in any one of Tables 8
and 9,

wherein the sense strand, the antisense strand, or both the sense strand and the antisense
strand comprises at least one modified nucleotide.

In certain embodiments, suitable agents targeting a sense strand of C90rf72, e.g, of a C90rf72
exon or intron sense sequence, for use in the methods of the invention comprising two or more
dsRNA agents are those dsRNA agents disclosed in PCT Publication No. WO 2021/119226, the entire
contents of which are incorporated herein by reference.

In certain embodiments, suitable agents targeting an antisense strand of C9orf72 for use in the
methods of the invention comprising two or more dsRNA agents comprise a sense strand an an
antisense strand forming a double stranded region selected from the group consisting of

a) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO:13 and an antisense strand comprising
a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:14,

b) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO:17, and an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:18,

c) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO:19, and an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:20,

d) an antisense comprising a nucleotide sequence selected from the group consisting of
any of the antisense strand nucleotide sequences in any one of Tables 2, 3, 10C, 10B, 11, and 12; and

e) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from nucleotides 27573296-27573318; 27573314-27573336; 27573319-
27573341; 27573562-27573584; 27573585-27573607; 27573592-27573614; 27573599-27573621;
27573608-27573630; 27573616-27573638; 27573619-27573641; 27573622-27573644; 27573633
27573655; 27573690-27573712; or 27573717-27573739 of SEQ ID NO: 13;

f) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 27573296-27573584;
27573296-27573575; 27573301-27573338; 27573318-27573342; 27573555-27573583; 27573581-
27573607; 27573584-27573607; 27573588-27573671; 27573588-27573666; 27573588-27573624;
27573592-27573624; 27573592-27573617; 27573598-27573624; 27573599-27573623; 27573606-
27573655; 27573606-27573652; 27573606-27573647; 27573654-27573712; or 27573707-27573740
of SEQ ID NO: 13, and an antisense strand comprising at least 15 contiguous nucleotides from the

corresponding nucleotide sequence of SEQ ID NO:14,
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wherein the sense strand, the antisense strand, or both the sense strand and the antisense
strand comprises at least one modified nucleotide.

In one embodiment, the sense strand, the antisense strand, or both the sense strand and the
antisense strand is conjugated to one or more lipophilic moieties.

In one embodiment, the disorder is a C9orf72-associated disorder.

In one embodiment, the C9orf723-associated disorder is selected from the group consisting of
C9orf72 amyotrophic lateral sclerosis, frontotemporal dementia, Huntington’s disease Huntington-
Like Syndrome Due To C9orf72 Expansions, parkinsonism, olivopontocerebellar degeneration,
corticobasal syndrome, and Alzheimer’s disease.

In one embodiment, the subject is human.

In one embodiment, the administration of the agent to the subject causes a decrease in
C9orf72 protein accumulation.

In some embodiments, the method reduces dipeptide repeat protein synthesis or reduces
dipeptide repeat protein aggregates in the subject. In some embodiments, the method decreases
expression of a C9orf72 target RNA comprising a hexanucleotide repeat comprising multiple
contiguous copies of SEQ ID NO: 1 in the subject.

In one embodiment, administration of the agent to the subject causes a decrease in the level of
one or more dipeptide-repeat (DPR) proteins selected from the group consisting of poly(glycine-
alanine), poly(glycine-arginine), poly(glycine-proline), poly(proline-alanine), and poly(proline-
arginine).

In one embodiment, the level of one or more aberrant dipeptide-repeat (DPR) proteins is
decreased by more than 50%, 60%, 70%, 80%, 90%, or 95%.

In one embodiment, the level of poly(glycine-alanine) and/or poly(glycine-proline) is
decreased by more than 50%, 60%, 70%, 80%, 90%, or 95%.

In one embodiment, the dsSRNA agent is administered to the subject at a dose of about
0.01 mg/kg to about 50 mg/kg.

In one embodiment, the dsSRNA agent is administered to the subject subcutaneously.

In another embodiment, the dsSRNA agent is administered to the subject intrathecally.

In yet another embodiment, the dSRNA agent is administered to the subject
intracerebroventricularly.

In one embodiment, the methods of the invention further comprise determining the level of
C9orf72 in a sample(s) from the subject.

In one embodiment, the level of C9orf72 in the subject sample(s) is a C9orf72 protein level in
a blood, serum, or cerebrospinal fluid sample(s).

In one embodiment, the methods of the invention further comprise administering to the
subject an additional therapeutic agent.

In one aspect, the present invention provides a kit comprising any one or more of the dsSRNA
agents of the invention, a composition of the invention, or a pharmaceutical composition of the

invention.
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In another aspect, the present invention provides a vial comprising any one or more of the
dsRNA agents of the invention, a compostion of the invention, or a pharmaceutical composition of the
invention.

In yet another aspect, the present invention provides a syringe comprising any one or more of
the dsRNA agents of the invention, a composition of the invention, or a pharmaceutical composition
of the invention.

In one embodiment, the RNAI agent is a pharmaceutically acceptable salt thereof.
“Pharmaceutically acceptable salts” of each of RNAi agents herein include, but are not limited to, a
sodium salt, a calcium salt, a lithium salt, a potassium salt, an ammonium salt, a magnesium salt, an
mixtures thereof. One skilled in the art will appreciate that the RNAi agent, when provided as a
polycationic salt having one cation per free acid group of the optionally modified phosophodiester
backbone and/or any other acidic modifications (e.g., 5'-terminal phosphonate groups). For example,
an oligonucleotide of “n” nucleotides in length contains n-1 optionally modified phosophodiesters, so
that an oligonucleotide of 21 nt in length may be provided as a salt having up to 20 cations (e.g, 20
sodium cations). Similarly, an RNAi agentshaving a sense strand of 21 nt in length and an antisense
strand of 23 nt in length may be provided as a salt having up to 42 cations (e.g, 42 sodium cations).

In the preceding example, where the RNAi agent also includes a 5'-terminal phosphate or a 5'-
terminal vinylphosphonate group, the RNAi agent may be provided as a salt having up to 44 cations

(e.g, 44 sodium cations).

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a graph showing the results of a single dose screen in Cos-7 cells of the indicated
agents at 10 nM, 1 nM, or 0.1 nM final concentration.

Figure 2 is a graph showing the results of a subset of the agents from Fiure 1 selected for
further analysis based on the single dose screen in Cos-7 cells at 10 nM, 1 nM, or 0.1 nM final
concentration.

Figure 3 is a graph showing the results of a single dose screen in Cos-7 cells of the indicated
agents at 10 nM, 1 nM, or 0.1 nM final concentration.

Figure 4 is a graph showing the results of a subset of the agents from Fiure 3 selected for
further analysis based on the single dose screen in Cos-7 cells at 10 nM, 1 nM, or 0.1 nM final
concentration.

Figures 5A-5B are graphs depicting the effect of duplexes of interest on the accumulation of
C90rf72 RNA. Embryonic stem cells carrying an approximately 300X G4C2 repeat expansion were
clectroporated with 1uM of two different dsSRNA agents targeting sense RNA (solid dark bars) or two
different dsRNA agents targeting antisense RNA (white bars) transcribed from the region of the
C9o0rf72 gene between exon 1A and the repeat expansion, or a combination of the sense RNA
targeting siRNA-1 (AD1285238.1) and one of each antisense targeting siRNA (hatched bars).
Knockdown of transcripts that contain sequences derived from the region of the C9orf72 gene

between exon 1A and the repeat expansion (Figure SA) was assayed by RT-qPCR with an assay that

42



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

detects sequence from this region. Note that this assay detects predominantly sense RNA because the
antisense RNA level is one-eighth that of the sense RNA. C90rf72 spliced mRNA (Figure 5B) was
assayed by RT-qPCR with an assay that recognizes RNAs that contain sequences that span the
junction of exons 2 and 3. Data were normalized to the average of two control samples (black bars)
treated with the vehicle, artificial cerebral spinal fluid (aCSF).

Figure 6A-6C are western slot blots (Figure 6A) and graphs of the quantification of the blots
(Figures 6B and 6C) depicting the effect of duplexes of interest on the levels of dipeptide repeat
proteins. Embryonic stem cells carrying an approximately 300X G4C2 repeat expansion were
clectroporated with 1uM of two different dsSRNA agents targeting the sense RNA (solid dark bars,
Figures 6B-6C), antisense RNA (white bars, Figures 6B-6C), or in combination as in Figure 5
(hatched bars, Figures 6B-6C). Levels of dipeptide repeat proteins following knockdown were
assayed with antibodies against poly(GlyAla) (right panel Figure 6A) and poly(GlyPro) (left panel
Figure 6A). Relative proteins levels for poly(GlyPro) (Figure 6B) and poly(GlyAla) (Figure 6C)
following siRNA treatment were quantitated and normalized to samples treated with aCSF.

Figure 7 is a graph depicting the percent C91f72 mRNA remaining following intrathecal
administration of a single 3 mg/kg dose of the indicated duplexes or PBS.

Figure 8 is a graph depicting the use of Nanostring probes for mapping of the transcription

start site in C9orf72 antisense RNA.

DETAILED DESCRIPTION OF THE INVENTION

The present disclosure provides RNAi compositions, which affect the RNA-induced silencing
complex (RISC)-mediated cleavage of RNA transcripts of a C90rf72 gene, such as a C90rf72 gene
having an expanded GGGGCC (G4C5) repeat. The C9rf72 gene may be within a cell, e.g., a cell
within a subject, such as a human. The use of these iRNAs enables the targeted degradation of RNAs
of the corresponding gene (C90rf72 gene) in mammals.

The iRNAs of the invention have been designed to target a C90rf72 target RNA, e.g., a
C9orf72 target RNA having an expanded GGGGCC hexanucleotide repeat in an intron of the gene.
The agents may target a mature C90rf72 mRNA (an mRNA having the introns spliced out) or a
C9orf7 mRNA precursor (an mRNA containing introns). In certain aspects of the invention, the
RNAI agents of the disclosure may target a C9orf72 sense and/or antisense RNA transcript containing
a hexanucleotide-repeat (an RNA containing C90rf72 intron 1A). Targeting a C90rf72 sense and/or
antisense strand RNA containing a hexanucleotide-repeat can inhibit expression of or reduce the
presence of aberrant dipeptide-repeat (DPR) proteins (poly(GA), poly(GR), poly(GP), poly(PA), and
poly(PR)), which are produced from all reading frames of either sense or antisense repeat-containing
C9o0rf72 RNAs through repeat-associated non-AUG-dependent (RAN) translation, in cells of the
nervous systems of subjects having a C9orf72-associated disease. In some embodiments, a
combination of an RNA agent targeting a C90rf72 sense strand RNA containing a hexanucleotide-
repeat and an RNA agent targeting a C9orf72 antisense strand RNA containing a hexanucleotide-

repeat are provided together.
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The described iRNAs may have one or more nucleotide modifications or combination of
nucleotide modifications that increase activity, delivery, and/or stability of the iRNAs.

In some embodiments, the iRNAs of the invention inhibit the expression of the C90rf72 gene
(e.g., mature mRNA) by no more than about 50%, and reduce the level of sense- and antisense-
containing C9orf72 RNA foci, reduce the level of one or more aberrant dipeptide-repeat (DPR)
proteins (poly(GA), poly(GR), poly(GP), poly(PA), and poly(PR)), and/or decrease the expression of
the C90rf72 sense and/or antisense RNA containing a hexanucleotide-repeat by more than about 50%.
. Without intending to be limited by theory, it is believed that a combination or sub-combination of
the foregoing properties and the specific target sites, or the specific modifications in these iRNAs
confer to the iRNAs of the invention improved efficacy, stability, potency, durability, and safety.

Accordingly, the present disclosure also provides methods of using the RNAi compositions of
the disclosure, including, compositions comprising one or more, e.g., 2, 3, or 4, dsSRNA agents of the
invention, for knocking down or inhibiting the expression of one or more C90rf72 RNAs or for
treating a subject having a disorder that would benefit from knocking down or inhibiting the
expression of one or more C9orf72 RNAs, e.g., a C9orf72-associated disease, for example, a discase
associated with an expanded GGGGCC hexanucleotide repeat in an intron of the C9orf72 gene, such
as C9orf72 amyotrophic lateral sclerosis, frontotemporal dementia, or Huntington’s disease, e.g.,
Huntington-Like Syndrome Due To C9orf72 Expansions, parkinsonism, olivopontocerebellar
degeneration, corticobasal syndrome, or Alzheimer’s disease.

The RN A agents of the disclosure include an RNA strand (the antisense strand) having a
region which is about 30 nucleotides or less in length, e.g., 15-30, 15-29, 15-28, 15-27, 15-26, 15-25,
15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-
24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21,
19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-
27, 21-26, 21-25, 21-24, 21-23, or 21-22 nucleotides in length, which region is substantially
complementary to at least part of an target RNA transcript of a C9orf72 gene, e.g., a C90rf72 intron.
In certain embodiments, the RNAi agents of the disclosure include an RNA strand (the antisense
strand) having a region which is about 21-23 nucleotides in length, which region is substantially
complementary to at least part of an target RNA transcript of a C90rf72 gene, e.g., a C9orf72 intron.

As the presence of sense and antisense C9orf72-containing foci as well as the presence of
aberrant dipeptide-repeat (DPR) proteins (poly(GA), poly(GR), poly(GP), poly(PA), and poly(PR))
produced from all reading frames of either sense or antisense repeat-containing C9orf72 RNAs
through repeat-associated non-AUG-dependent (RAN) translation have been identified in several cell
types in the nervous systems of subjects having a C9orf72-associated disease (Lagier-Tourenne, et al.
(2013) Proc Natl Acad Sci USA doi/10.1073/pnas.1318835110; Jiang, et al. (2016), in certain aspects
of the invention, the RNAi agents of the disclosure include an RNA strand (the antisense strand)
having a region which is about 30 nucleotides or less in length, e.g., 15-30, 15-29, 15-28, 15-27, 15-
26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26,
18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-
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22,19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29,
21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 nucleotides in length, which region is substantially
complementary to at least part of a target RNA transcript of a C90rf72 gene, e.g., a C9orf72 intron. In
certain embodiments, the RNAi agents of the disclosure include an RNA strand (the antisense strand)
having a region which is about 21-23 nucleotides in length, which region is substantially
complementary to at least part of an target RNA transcript of a C90rf72 gene, e.g., a C9orf72 intron.

In certain embodiments, the RNAi agents of the disclosure include an RNA strand (the
antisense strand) which can include longer lengths, for example up to 66 nucleotides, e.g., 36-66, 26-
36, 25-36, 31-60, 22-43, 27-53 nucleotides in length with a region of at least 19 contiguous
nucleotides that is substantially complementary to at least a part of an mRNA transcript of a C90rf72
gene. These RNAI agents with the longer length antisense strands preferably include a second RNA
strand (the sense strand) of 20-60 nucleotides in length wherein the sense and antisense strands form a
duplex of 18-30 contiguous nucleotides.

The use of these RNAi agents enables the targeted degradation of target RNAs of a C90rf72
gene in mammals. Thus, methods and compositions including these RNAi agents are useful for
treating a subject who would benefit by knockdown of a target C90rf72 RNA, a reduction in normal
C9orf72 protein and/or or a reduction of the pathogenic dipeptide repeat proteins that are generated
from the pathogenic hexnucleotide repeat expansion, such as a subject having a C9orf72-associated
disease, such as C9orf72 amyotrophic lateral sclerosis, frontotemporal dementia, Huntington’s
disease, e.g., Huntington-Like Syndrome Due To C9orf72 Expansions, parkinsonism,
olivopontocerebellar degeneration, corticobasal syndrome, or Alzheimer’s disease.

The following detailed description discloses how to make and use compositions containing
RNAI agents to inhibit the expression of a C90rf72 gene, as well as compositions and methods for
treating subjects having diseases and disorders that would benefit from inhibition or reduction of the

expression of the genes.

L Definitions

In order that the present disclosure may be more readily understood, certain terms are first
defined. In addition, it should be noted that whenever a value or range of values of a parameter are
recited, it is intended that values and ranges intermediate to the recited values are also intended to be
part of this disclosure.

The articles “a” and “an” are used herein to refer to one or to more than one (i.e., to at least
one) of the grammatical object of the article. By way of example, “an element” means one element or
more than one element, e.g., a plurality of elements.

The term "including"” is used herein to mean, and is used interchangeably with, the phrase
"including but not limited to". The term "or" is used herein to mean, and is used interchangeably with,
the term "and/or," unless context clearly indicates otherwise.

The term “about” is used herein to mean within the typical ranges of tolerances in the art. For

example, “about” can be understood as about 2 standard deviations from the mean. In certain
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embodiments, about means +10%. In certain embodiments, about means +5%. When about is present
before a series of numbers or a range, it is understood that “about” can modify each of the numbers in
the series or range.

The term “at least” prior to a number or series of numbers is understood to include the
number adjacent to the term “at least”, and all subsequent numbers or integers that could logically be
included, as clear from context. For example, the number of nucleotides in a nucleic acid molecule
must be an integer. For example, “at least 18 nucleotides of a 21 nucleotide nucleic acid molecule”
means that 18, 19, 20, or 21 nucleotides have the indicated property. When at least is present before a
series of numbers or a range, it is understood that “at least” can modify each of the numbers in the
series or range.

As used herein, “no more than” or “less than” is understood as the value adjacent to the
phrase and logical lower values or integers, as logical from context, to zero. For example, a duplex
with an overhang of “no more than 2 nucleotides” has a 2, 1, or 0 nucleotide overhang. When “no
more than” is present before a series of numbers or a range, it is understood that “no more than” can
modify each of the numbers in the series or range.

As used herein, methods of detection can include determination that the amount of analyte
present is below the level of detection of the method.

In the event of a conflict between an indicated target site and the nucleotide sequence for a
sense or antisense strand, the indicated sequence takes precedence.

In the event of a conflict between a chemical structure and a chemical name, the chemical
structure takes precedence.

Compositions or methods “comprising” or “including” one or more recited elements may
include other elements not specifically recited. For example, a composition that “comprises” or
“includes” a protein may contain the protein alone or in combination with other ingredients. The
transitional phrase “consisting essentially of” means that the scope of a claim is to be interpreted to
encompass the specified elements recited in the claim and those that do not materially affect the basic
and novel characteristic(s) of the claimed invention. Thus, the term “consisting essentially of”” when
used in a claim of this invention is not intended to be interpreted to be equivalent to “comprising.”

“Optional” or “optionally” means that the subsequently described event or circumstance may
or may not occur and that the description includes instances in which the event or circumstance occurs
and instances in which the event or circumstance does not.

The term “C9o0rf72” gene, also known as “C9orf72-SMCR8 Complex Subunit,” Guanine
Nucleotide Exchange C9orf72,” “Chromosome 9 Open Reading Frame 72, ”Protein C9o0rf72,”
“DENNL72,” “FTDALS1,” “ALSFTD”, and “FTDALS,” refers to the gene encoding the well-known
protein involved in the regulation of endosomal trafficking, C9orf72. The C9orf72 protein has been
shown to interact with Rab proteins that are involved in autophagy and endocytic transport. Expansion
of a GGGGCC repeat from about 2 to about 22 copies to about 700 to about 1600 copies in the
intronic sequence between alternate 5’ exons in transcripts from this gene is associated with C9orf72

amyotrophic lateral sclerosis, frontotemporal dementia, Huntington’s disease, e.g., Huntington-Like
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Syndrome Due To C9orf72 Expansions, parkinsonism, olivopontocerebellar degeneration,
corticobasal syndrome, or Alzheimer’s disease. Alternative splicing results in multiple transcript
variants encoding different isoforms.

Exemplary nucleotide and amino acid sequences of C9orf72 can be found, for example, at
GenBank Accession No. NM_001256054.2 (Homo sapiens C9orf72, SEQ ID NO:1, reverse
complement SEQ ID NO:5; GenBank Accession No.: XM_005581570.2 (Macaca fascicularis
COorf72, SEQ ID NO:2, reverse complement SEQ ID NO:6); GenBank Accession No.
NM_001081343.2 (Mus musculus C9orf72, SEQ ID NO:3, reverse complement SEQ ID NO:7); and
GenBank Accession No.: NM_001007702.1 (Rattus norvegicus C9orf72, SEQ ID NO:4, reverse
complement SEQ ID NO:8).

Additional nucleotide and amino acid sequences of human C9orf72 can be found, for
example, at GenBank Accession No. NM_145005.6, transcript variant 1 (SEQ ID NO:9, reverse
complement SEQ ID NO:10); and NM_018325.5, transcript variant 2 (SEQ ID NO:11, reverse
complement SEQ ID NO:12).

The nucleotide sequence of the genomic region of human chromosome 9 harboring the
CY9o0rf72 gene may be found in, for example, the Genome Reference Consortium Human Build 38
(also referred to as Human Genome build 38 or GRCh38) available at GenBank. The nucleotide
sequence of the genomic region of human chromosome 9 harboring the C90rf72 gene may also be
found at, for example, GenBank Accession No. NC_000009.12 (SEQ ID NO:13 provides nucleotides
27546546..27573866 of the assembly of chromosome 9, reverse complement SEQ ID NO:14),. The
nucleotide sequence of the human C90rf72 gene may be found in, for example, GenBank Accession
No. NG_031977.1 (SEQ ID NO:15, reverese complement, SEQ ID NO:16).

SEQ ID NO:13 provides nucleotides 27546546..27573866 of the assembly of chromosome 9
(NC_000009.12). It will be understood when a range for a target sequence within SEQ ID NO:13 is
provided, the nucleotide position range corresponds the nucleotide positions of the assembly of
chromosome 9, e.g., nucleotides 27573086-27573106 of SEQ ID NO:13 refers to the nucleotide
positions within the assembly of human chromosome 9, for which SEQ ID NO:13 provides
nucleotides at positions 27546546..27573866.

Further examples of C9orf72 sequences can be found in publicly available databases, for
example, GenBank, OMIM, and UniProt.

Additional information on C9orf72 can be found, for example, at
www.ncbi.nlm.nih.gov/gene/203228.The term C9orf72 as used herein also refers to variations of the
C9orf72 gene including variants provided in the clinical variant database, for example, at
www.ncbi.nlm.nih.gov/clinvar/?term=NM_001256054.2.

The entire contents of each of the foregoing GenBank Accession numbers and the Gene
database numbers are incorporated herein by reference as of the date of filing this application.

As used herein, “target sequence” refers to a contiguous portion of the nucleotide sequence of
an RNA molecule formed during the transcription of a C9orf72 gene, such as a sense or antisense

C90rf72 RNA molecule, including mRNA that is a product of RNA processing of a primary
47



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

transcription product. In one embodiment, the target portion of the sequence will be at least long
enough to serve as a substrate for RNAi-directed cleavage at or near that portion of the nucleotide
sequence of an mRNA molecule formed during the transcription of a C9orf72 gene. In one
embodiment, the target sequence is within the protein coding region of a C9orf72 gene. In another
embodiment, the target sequence is within an intron, e.g., the intron between exons 1A and 1B, of a
CY9orf72 gene. In one embodiment, the target sequence is a sense C9orf72 RNA molecule. In another
embodiment, the target sequence is an antisense C90rf72 RNA molecule. In one embodiment, the
target sequence comprises a transcription start site, e.g., a transcription start site for an antisense
C90rf72 RNA molecule, e.g., about 171 bp downstream of the 3’ end fo the exon 1B coding DNA, or
approximately 270 bp downstream of the GGGGCC hexanucleotide repeat expansion, e.g., nucleotide
5607 of NG_031977 (SEQ ID NO:15). In some embodiments, the target sequence comprises a region
between the transcription start site and exon 1A, e.g., nucleotides 5001-5607, 5026-5607, 5127-5607,
or 5130-5607 of NG_031977 (SEQ ID NO: 15). Exons 1A and 1B correspond to positions 5001-5158
and 5386-5436 of NG_031977. In some embodiments, the target sequence comprises a region
starting from the transcription start site, extending through the hexanucleotide repeat expansion
region, and at least about 200 bp, about 500 bp, about 900 bp, about 1200 bp, or about 1500 bp, or
about 2000 bp out into the 5 flanking sequence of the C9orf72 gene. It is understood that if the
nucleotide sequence of a target sequence is provided as, e.g., a cDNA or genomic sequence or the
reverse complement of a cDNA or genomic sequence, e.g., SEQ ID NOs:1-20, the “Ts” are “Us” in
the corresponding mRINA sequence.

A CY9orf72 mRNA (target C9orf72 RNA) is an RNA transcribed from a C90rf72 gene, either
a sense strand or an antisense strand transcribed message. A C9orf72 RNA includes C9orf72 mature
mRNA, a C9orf72 precursor RNA, or any portions thereof (e.g., spliced out intronic regions or
alternatively spliced RNAs). C90rf72 mature mRNA is C90rf72 mRNA in which the introns have
been removed (spliced out) and from which C9orf72 protein is translated. C9orf72 precursor RNA is
C90rf72 RNA in which at least 1 intron, particularly the first intron (intron 1), has not been removed.

A C9orf72 protein includes any protein expressed from a C9orf72 RNA. A C9orf72 protein
includes the protein expressed from C9orf72 mature RNA, as well as dipeptide repeat proteins (e.g.,
poly(glycine-alanine), poly(glycine-proline), poly(glycine-arginine), poly(alanine-proline), and
poly(proline-arginine)) resulting from repeat-associated non-AUG (AUG) translation from C9orf72
RNAs containing hexanucleotide repeats.

A C9orf72 target RNA may include C9orf72 RNA having a hexanucleotide repeat expansion.
The hexanucleotide repeat expansion includes, but is not limited to, multiple contiguous copies of
SEQ ID NO: 1 or a sequence having at least 90% identity to multiple contiguous copies of SEQ ID
NO: 1. The C9o0rf72 target RNA includes, but is not limited to, C90rf72 sense and antisense RNA
transcripts having a hexanucleotide repeat expansion. The C90rf72 target RNA can be, for example,
one with a pathogenic hexanucleotide repeat expansion (having, for example, at least about 30, at least

about 35, at least about 40, at least about 50, at least about 60, at least about 70, at least about 80, at
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least about 100, at least about 200, at least about 300, at least about 400, or at least about 500 copies
of the hexanucleotide repeat).

The target sequence may be about 15-30 nucleotides in length. For example, the target
sequence can be from about 15-30 nucleotides, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-
22,15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22,
18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-
29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25,
21-24, 21-23, or 21-22 nucleotides in length. In certain embodiments, the target sequence is 19-23
nucleotides in length, optionally 21-23 nucleotides in length. Ranges and lengths intermediate to the
above recited ranges and lengths are also contemplated to be part of the disclosure.

As used herein, the term “strand comprising a sequence” refers to an oligonucleotide
comprising a chain of nucleotides that is described by the sequence referred to using the standard
nucleotide nomenclature.

“G,” “C A “T”, and “U” each generally stand for a nucleotide that contains guanine,
cytosine, adenine, thymidine, and uracil as a base, respectively in the context of a modified or
unmodified nucleotide. However, it will be understood that the term “ribonucleotide” or “nucleotide”
can also refer to a modified nucleotide, as further detailed below, or a surrogate replacement moiety
(see, e.g., Table 1). The skilled person is well aware that guanine, cytosine, adenine, thymidine, and
uracil can be replaced by other moieties without substantially altering the base pairing properties of an
oligonucleotide comprising a nucleotide bearing such replacement moiety. For example, without
limitation, a nucleotide comprising inosine as its base can base pair with nucleotides containing
adenine, cytosine, or uracil. Hence, nucleotides containing uracil, guanine, or adenine can be replaced
in the nucleotide sequences of dSRNA featured in the disclosure by a nucleotide containing, for
example, inosine. In another example, adenine and cytosine anywhere in the oligonucleotide can be
replaced with guanine and uracil, respectively to form G-U Wobble base pairing with the target
mRNA. Sequences containing such replacement moieties are suitable for the compositions and
methods featured in the disclosure.

The terms “iRNA”, “RNAi agent,” “iRNA agent,” “RNA interference agent” as used
interchangeably herein, refer to an agent that contains RNA as that term is defined herein, and which
mediates the targeted cleavage of an RNA transcript via an RNA-induced silencing complex (RISC)
pathway. RNA interference (RNAI) is a process that directs the sequence-specific degradation of
mRNA. RNAi knocks down (i.e., reduces the amount of) or modulates (i.e., inhibits) the expression
of C9orf72, a C9orf72-related transcript, or a C9orf72-related peptide (e.g., a dipeptide repeat) in a
cell, e.g., a cell within a subject, such as a mammalian subject.

In one embodiment, an RNAi agent of the disclosure includes a single stranded RNAI that
interacts with a target RNA sequence, e.g., a C90rf72 target mRNA sequence (either a sense or an
antisense RNA transcript sequence), to direct the cleavage of the target RNA. Without wishing to be
bound by theory it is believed that long double stranded RNA introduced into cells is broken down

into double-stranded short interfering RNAs (siRNAs) comprising a sense strand and an antisense
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strand by a Type III endonuclease known as Dicer (Sharp et al. (2001) Genes Dev. 15:485). Dicer, a
ribonuclease-III-like enzyme, processes these dsRNA into 19-23 base pair short interfering RNAs
with characteristic two base 3’ overhangs (Bernstein, et al., (2001) Nature 409:363). These siRNAs
are then incorporated into an RNA-induced silencing complex (RISC) where one or more helicases
unwind the siRNA duplex, enabling the complementary antisense strand to guide target recognition
(Nykanen, et al., (2001) Cell 107:309). Upon binding to the appropriate target mRNA, one or more
endonucleases within the RISC cleave the target to induce silencing (Elbashir, et al., (2001) Genes
Dev. 15:188). Thus, in one aspect the disclosure relates to a single sttanded RNA (ssRNA) (the
antisense strand of a siRNA duplex) generated within a cell and which promotes the formation of a
RISC complex to effect silencing of the target gene, i.e., a C90rf72 gene. Accordingly, the term
“siRNA” is also used herein to refer to an RNAI as described above.

In another embodiment, the RNAi agent may be a single-stranded RNA that is introduced into
a cell or organism to inhibit a target mRNA. Single-stranded RNAi agents bind to the RISC
endonuclease, Argonaute 2, which then cleaves the target mRNA. The single-stranded siRNAs are
generally 15-30 nucleotides and are chemically modified. The design and testing of single-stranded
RNAs are described in U.S. Patent No. 8,101,348 and in Lima ez al., (2012) Cell 150:883-894, the
entire contents of each of which are hereby incorporated herein by reference. Any of the antisense
nucleotide sequences described herein may be used as a single-stranded siRNA as described herein or
as chemically modified by the methods described in Lima et al., (2012) Cell 150:883-894.

In another embodiment, a “RNAi agent” for use in the compositions and methods of the
disclosure is a double stranded RNA and is referred to herein as a “double stranded RNAi agent,”
“double stranded RNA (dsRNA) molecule,” “dsRNA agent,” or “dsRNA”. The term “dsRNA” refers
to a complex of ribonucleic acid molecules, having a duplex structure comprising two anti-parallel
and substantially complementary nucleic acid strands, referred to as having “sense” and “antisense”
orientations with respect to a target RNA, i.e., either a sense strand of a C90rf72 gene or an antisense
strand of a C9orf72 gene. In some embodiments of the disclosure, a double stranded RNA (dsRNA)
triggers the degradation of a target RNA, e.g., an mRNA, through a post-transcriptional gene-
silencing mechanism referred to herein as RNA interference or RNAI.

The dsRINA agents described herein can differ from (i.e., do not include) antisense
oligonucleotides (ASOs) or gapmer antisense oligonucleotides (ASOs).

In some embodiments, any of the disclosed antisense oligonucleotide sequences described
herein can be used alone as an ASQO, ribozyme. The ASO can comprise 16-20 contiguous nucleotides
from any of the described antisense oligonucleotide sequences. In some embodiments, an ASO targets
the same region of a target RNA as any of the described dsRNAs. An ASO can down regulate a target
by inducing RNase H endonuclease cleavage of a target RNA, by steric hindrance of ribosomal
activity, by inhibiting 5" cap formation, or by altering splicing. The ASO can be a gapmer or a
morpholino. A “Gapmer” is oligonucleotide comprising an internal region having a plurality of
nucleosides that support RNase H cleavage positioned between external regions having one or more

nucleosides, wherein the nucleosides comprising the internal region are chemically distinct from the
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nucleoside or nucleosides comprising the external regions. The internal region may be referred to as
the “gap” and the external regions may be referred to as the “wings.” A gapmer can have 5 and 3’
wings each having 2-6 nucleotides and a gap having 7-12 nucleotides. A gapmer can have a 3-10-3
configuration or a 5-10-5 configuration. All of the nucleotides of a gapmer can have phosphorothioate
linkages, optionally with one or more chiral mesyl-phosphoramidate or methylphosponate linked
nucleotides. The wing nucleotides can be, but are not limited to 2'-O-methoxyethyl (2'-MOE)
modified nucleotides, LNA modified nucleotides, cET modified nucleotides or combinations thereof.
The gap nucleotides can be deoxyribonucleotides. Any cytosine nucleotides in an ASO may be
methyl-cytosines.

In general, a dSRNA molecule can include ribonucleotides, but as described in detail herein,
cach or both strands can also include one or more non-ribonucleotides, e.g., a deoxyribonucleotide, a
modified nucleotide. In addition, as used in this specification, an “RNAi agent” may include
ribonucleotides with chemical modifications; an RNAi agent may include substantial modifications at
multiple nucleotides. As used herein, the term “modified nucleotide” refers to a nucleotide having,
independently, a modified sugar moiety, a modified internucleotide linkage, or a modified nucleobase.
Thus, the term modified nucleotide encompasses substitutions, additions or removal of, e.g., a
functional group or atom, to internucleoside linkages, sugar moieties, or nucleobases. The
modifications suitable for use in the agents of the disclosure include all types of modifications
disclosed herein or known in the art. Any such modifications, as used in a siRNA type molecule, are
encompassed by “RNAI agent” for the purposes of this specification and claims.

In certain embodiments of the instant disclosure, inclusion of a deoxy-nucleotide if present
within an RNAIi agent can be considered to constitute a modified nucleotide.

The duplex region may be of any length that permits specific degradation of a desired target
RNA through a RISC pathway, and may range from about 15-36 base pairs in length, for example,
about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, or 36 base pairs
in length, such as about 15-30, 15-29, 15-2§, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20,
15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-
30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27,
20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or
21-22 base pairs in length. In certain embodiments, the duplex region is 19-21 base pairs in length,
e.g., 21 base pairs in length. Ranges and lengths intermediate to the above recited ranges and lengths
are also contemplated to be part of the disclosure.

The two strands forming the duplex structure may be different portions of one larger RNA
molecule, or they may be separate RNA molecules. Where the two strands are part of one larger
molecule, and therefore are connected by an uninterrupted chain of nucleotides between the 3'-end of
one strand and the 5'-end of the respective other strand forming the duplex structure, the connecting
RNA chain is referred to as a “hairpin loop.” A hairpin loop can comprise at least one unpaired
nucleotide. In some embodiments, the hairpin loop can comprise at least 4, at least 5, at least 6, at

least 7, at least 8, at least 9, at least 10, at least 20, at least 23 or more unpaired nucleotides or
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nucleotides not directed to the target site of the dsSRNA. In some embodiments, the hairpin loop can be
10 or fewer nucleotides. In some embodiments, the hairpin loop can be 8 or fewer unpaired
nucleotides. In some embodiments, the hairpin loop can be 4-10 unpaired nucleotides. In some
embodiments, the hairpin loop can be 4-8 nucleotides.

Where the two substantially complementary strands of a dsSRNA are comprised by separate
RNA molecules, those molecules need not, but can be covalently connected. In certain embodiments
where the two strands are connected covalently by means other than an uninterrupted chain of
nucleotides between the 3'-end of one strand and the 5’-end of the respective other strand forming the
duplex structure, the connecting structure is referred to as a “linker” (though it is noted that certain
other structures defined elsewhere herein can also be referred to as a “linker’””). The RNA strands may
have the same or a different number of nucleotides. The maximum number of base pairs is the number
of nucleotides in the shortest strand of the dsSRNA minus any overhangs that are present in the duplex.
In addition to the duplex structure, an RNAi may comprise one or more nucleotide overhangs. In one
embodiment of the RNAi agent, at least one strand comprises a 3" overhang of at least 1 nucleotide. In
another embodiment, at least one strand comprises a 3’ overhang of at least 2 nucleotides, e.g., 2, 3, 4,
5,6,7,9,10, 11, 12, 13, 14, or 15 nucleotides. In other embodiments, at least one strand of the RNAi
agent comprises a 5’ overhang of at least 1 nucleotide. In certain embodiments, at least one strand
comprises a 5’ overhang of at least 2 nucleotides, e.g., 2, 3,4,5,6,7,9, 10,11, 12,13, 14, or 15
nucleotides. In still other embodiments, both the 3" and the 5’ end of one strand of the RNAi agent
comprise an overhang of at least 1 nucleotide.

In one embodiment, an RNAi agent of the disclosure is a dsSRNA, each strand of which
independently comprises 19-23 nucleotides, that interacts with a target RNA sequence, e.g., a C90rf72
target mRNA sequence, to direct the cleavage of the target RNA.

In some embodiments, an iRNA of the invention is a dSRNA of 24-30 nucleotides that
interacts with a target RNA sequence, e.g., a C90rf72 target mRNA sequence, to direct the cleavage
of the target RNA.

As used herein, the term “nucleotide overhang” refers to at least one unpaired nucleotide that
protrudes from the duplex structure of an RNAIi agent, e.g., a dsRNA. For example, when a 3'-end of
one strand of a dsSRNA extends beyond the 5'-end of the other strand, or vice versa, there is a
nucleotide overhang. A dsRNA can comprise an overhang of at least one nucleotide; alternatively, the
overhang can comprise at least two nucleotides, at least three nucleotides, at least four nucleotides, at
least five nucleotides or more. A nucleotide overhang can comprise or consist of a
nucleotide/nucleoside analog, including a deoxynucleotide/nucleoside. The overhang(s) can be on the
sense strand, the antisense strand or any combination thereof. Furthermore, the nucleotide(s) of an
overhang can be present on the 5'-end, 3'-end or both ends of either an antisense or sense strand of a
dsRNA.

In one embodiment, the antisense strand of a dsSRNA has a 1-10 nucleotide, e.g., a 1, 2, 3, 4,
5,6,7,8,9, or 10 nucleotide, overhang at the 3"-end or the 5'-end. In one embodiment, the sense

strand of a dsRNA has a 1-10 nucleotide, e.g., a 1, 2, 3,4, 5, 6,7, 8, 9, or 10 nucleotide, overhang at
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the 3'-end or the 5'-end. In another embodiment, one or more of the nucleotides in the overhang is
replaced with a nucleoside thiophosphate.

In certain embodiments, the antisense strand of a dsSRNA has a 1-10 nucleotide, e.g., 0-3, 1-3,
2-4,2-5,4-10, 5-10,e.g.,21,2,3,4,5,6,7, 8,9, or 10 nucleotide, overhang at the 3'-end or the 5'-
end. In one embodiment, the sense strand of a dsSRNA has a 1-10 nucleotide, e.g.,a1,2,3,4,5,6,7,
8, 9, or 10 nucleotide, overhang at the 3'-end or the 5'-end. In another embodiment, one or more of the
nucleotides in the overhang is replaced with a nucleoside thiophosphate.

In certain embodiments, the overhang on the sense strand or the antisense strand, can include
extended lengths longer than 10 nucleotides, e.g., 1-30 nucleotides, 2-30 nucleotides, 10-30
nucleotides, or 10-15 nucleotides in length. In certain embodiments, an extended overhang is on the
sense strand of the duplex. In certain embodiments, an extended overhang is present on the 3’end of
the sense strand of the duplex. In certain embodiments, an extended overhang is present on the 5'end
of the sense strand of the duplex. In certain embodiments, an extended overhang is on the antisense
strand of the duplex. In certain embodiments, an extended overhang is present on the 3’ end of the
antisense strand of the duplex. In certain embodiments, an extended overhang is present on the 5’ end
of the antisense strand of the duplex. In certain embodiments, one or more of the nucleotides in the
overhang is replaced with a nucleoside thiophosphate. In certain embodiments, the overhang includes
a self-complementary portion such that the overhang is capable of forming a hairpin structure that is
stable under physiological conditions.

In certain embodiments, at least one end of at least one strand is extended beyond a duplex
targeting region, including structures where one of the strands includes a thermodynamically -
stabilizing tetraloop structure (see, e.g., U.S. Patent Nos. 8,513,207 and 8,927,705, as well as
W02010033225, the entire contents of each of which are incorporated by reference herein). Such
structures may include single-stranded extensions (on one or both sides of the molecule)as well as
double-stranded extensions.

In certain embodiments, the 3’ end of the sense strand and the 5’ end of the antisense strand
are joined by a polynucleotide sequence comprising ribonucleotides, deoxyribonucleotides or both,
optionally wherein the polynucleotide sequence comprises a tetraloop sequence. In certain
embodiments, the sense strand is 25-35 nucleotides in length.

A tetraloop may contain ribonucleotides, deoxyribonucleotides, modified nucleotides, and
combinations thereof. Typically, a tetraloop has 4 to 5 nucleotides. In some embodiments, the loop
comprises a sequence set forth as GAAA. In some embodiments, at least one of the nucleotide of the
loop (GAAA) comprises a nucleotide modification. In some embodiments, the modified nucleotide
comprises a 2'-modification. In some embodiments, the 2 '-modification is a modification selected
from the group consisting of 2'-aminoethyl, 2'-fluoro, 2’-O-methyl, 2'-O-methoxyethyl, 2'-
aminodiethoxymethanol, 2'- adem, and 2'-deoxy-2'-fhioro- -d-arabinonucleic acid. In some
embodiments, all of the nucleotides of the loop are modified. In some embodiments, the G in the
GAAA sequence comprises a 2'-OH. In some embodiments, each of the nucleotides in the GAAA

sequence comprises a 2'-O-methyl modification. In some embodiments, each of the A in the GAAA
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sequence comprises a 2'-OH and the G in the GAAA sequence comprises a 2'-O-methyl modification.
In preferred embodiments, In some embodiments, each of the A in the GAAA sequence comprises a
2'-O-methoxyethyl (MOE) modification and the G in the GAAA sequence comprises a 2'-O-methyl
modification; or each of the A in the GAAA sequence comprises a 2'-adem modification and the G in
the GAAA sequence comprises a 2'-O-methyl modification. See, e.g., PCT Publication No. WO
2020/206350, the entire contents of which are incorporated herein by reference.

An exemplary 2" adem modified nucleotide is shown below:

The terms “blunt” or “blunt ended” as used herein in reference to a dsSRNA mean that there
are no unpaired nucleotides or nucleotide analogs at a given terminal end of a dsRNA, i.e., no
nucleotide overhang. One or both ends of a dsSRNA can be blunt. Where both ends of a dSRNA are
blunt, the dsSRINA is said to be blunt ended. To be clear, a “blunt ended” dsRNA is a dSRNA that is
blunt at both ends, i.e., no nucleotide overhang at either end of the molecule. Most often such a
molecule will be double stranded over its entire length.

The term “antisense strand” or "guide strand” of an RNAi agent refers to the strand of the
RNAI agent, e.g., a dSRNA, which includes a region that is substantially complementary to a target
sequence, e.g., a C9orf72 mRNA.

As used herein, the term “region of complementarity” refers to the region on the antisense
strand that is substantially complementary to a sequence, for example a target sequence, e.g., a
C9o0rf72 nucleotide sequence, as defined herein. Where the region of complementarity is not fully
complementary to the target sequence, the mismatches can be in the internal or terminal regions of the
molecule. Generally, the most tolerated mismatches are in the terminal regions, e.g., within 5, 4, 3, or
2 nucleotides of the 5'- or 3'-terminus of the RNAi agent. In some embodiments, a double stranded
RNA agent of the invention includes a nucleotide mismatch in the antisense strand. In some
embodiments, the antisense strand of the double stranded RNA agent of the invention includes no
more than 4 mismatches with the target mRNA, e.g., the antisense strand includes 4, 3, 2, 1, or 0
mismatches with the target mRNA. In some embodiments, the antisense strand double stranded RNA

agent of the invention includes no more than 4 mismatches with the sense strand, e.g., the antisense
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strand includes 4, 3, 2, 1, or 0 mismatches with the sense strand. In some embodiments, a double
stranded RNA agent of the invention includes a nucleotide mismatch in the sense strand. In some
embodiments, the sense strand of the double stranded RNA agent of the invention includes no more
than 4 mismatches with the antisense strand, e.g., the sense strand includes 4, 3, 2, 1, or 0 mismatches
with the antisense strand. In some embodiments, the nucleotide mismatch is, for example, within 5, 4,
3 nucleotides from the 3'-end of the iRNA. In another embodiment, the nucleotide mismatch is, for
example, in the 3'-terminal nucleotide of the iRNA agent. In some embodiments, the mismatch(s) is
not in the seed region.

Thus, an RNAi agent as described herein can contain one or more mismatches to the target
sequence. In one embodiment, an RNAi agent as described herein contains no more than 3
mismatches (i.e., 3, 2, 1, or 0 mismatches). In one embodiment, an RNAi agent as described herein
contains no more than 2 mismatches. In one embodiment, an RNAi agent as described herein contains
no more than 1 mismatch. In one embodiment, an RNAi agent as described herein contains 0
mismatches. In certain embodiments, if the antisense strand of the RNAi agent contains mismatches
to the target sequence, the mismatch can optionally be restricted to be within the last 5 nucleotides
from either the 5'- or 3'-end of the region of complementarity. For example, in such embodiments, for
a 23 nucleotide RNAi agent, the strand which is complementary to a region of a C90rf72 gene,
generally does not contain any mismatch within the central 13 nucleotides. The methods described
herein or methods known in the art can be used to determine whether an RNAi agent containing a
mismatch to a target sequence is effective in inhibiting the expression of a C90rf72 gene.
Consideration of the efficacy of RNAi agents with mismatches in inhibiting expression of a C9orf72
gene is important, especially if the particular region of complementarity in a C90rf72 gene is known
to have polymorphic sequence variation within the population. In some embodiments, the RNAi agent
contains a single nucleotide mismatch with the target sequence wherein the mismatch occurs that the
3" or 5" terminus of the RNAi agent. The mismatch can be in the antisense strand, the sense strand or
both the sense strand and the antisense strand. For an RNAi agent having a 3' or 5’ terminal mismatch
with the target RNA in both the sense strand and the antisense strand, the terminal nucleotides of the
sense and antisense strand can for a base pair. Thus, for any of the described antisense or sense
sequences disclosed herein, a 5’ or 3' nucleotide may be substituted for a nucleotide that forms a
mismatch with the target RNA.

As used herein, “substantially all of the nucleotides are modified” are largely but not wholly
modified and can include not more than 5, 4, 3, 2, or 1 unmodified nucleotides.

The term “sense strand” or "passenger strand" of an RNAi agent refers to the strand of the
RNAI agent that includes a region that is substantially complementary to a region of the antisense
strand as that term is defined herein.

As used herein, the term “cleavage region” refers to a region that is located immediately
adjacent to the cleavage site. The cleavage site is the site on the target at which cleavage occurs. In
some embodiments, the cleavage region comprises three bases on either end of, and immediately

adjacent to, the cleavage site. In some embodiments, the cleavage region comprises two bases on
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cither end of, and immediately adjacent to, the cleavage site. In some embodiments, the cleavage site
specifically occurs at the site bound by nucleotides 10 and 11 of the antisense strand, and the cleavage
region comprises nucleotides 11, 12 and 13.

As used herein, and unless otherwise indicated, the term “complementary,” when used to
describe a first nucleotide sequence in relation to a second nucleotide sequence, refers to the ability of
an oligonucleotide or polynucleotide comprising the first nucleotide sequence to hybridize and form a
duplex structure under certain conditions with an oligonucleotide or polynucleotide comprising the
second nucleotide sequence, as will be understood by the skilled person. Such conditions can, for
example, be stringent conditions, where stringent conditions can include: 400 mM NacCl, 40 mM
PIPES pH 6.4, 1 mM EDTA, 50°C or 70°C for 12-16 hours followed by washing (see, e.g.,
“Molecular Cloning: A Laboratory Manual, Sambrook, et al. (1989) Cold Spring Harbor Laboratory
Press). Other conditions, such as physiologically relevant conditions as can be encountered inside an
organism, can apply. The skilled person will be able to determine the set of conditions most
appropriate for a test of complementarity of two sequences in accordance with the ultimate application
of the hybridized nucleotides.

Complementary sequences within an RNAi agent, e.g., within a dsRNA as described herein,
include base-pairing of the oligonucleotide or polynucleotide comprising a first nucleotide sequence
to an oligonucleotide or polynucleotide comprising a second nucleotide sequence over the entire
length of one or both nucleotide sequences. Such sequences can be referred to as “fully
complementary” with respect to each other herein. However, where a first sequence is referred to as
“substantially complementary” with respect to a second sequence herein, the two sequences can be
fully complementary, or they can form one or more, but generally not more than 5, 4, 3 or 2
mismatched base pairs upon hybridization for a duplex up to 30 base pairs, while retaining the ability
to hybridize under the conditions most relevant to their ultimate application, e.g., inhibition of gene
expression via a RISC pathway. However, where two oligonucleotides are designed to form, upon
hybridization, one or more single stranded overhangs, such overhangs shall not be regarded as
mismatches with regard to the determination of complementarity. For example, a dsSRNA comprising
one oligonucleotide 21 nucleotides in length and another oligonucleotide 23 nucleotides in length,
wherein the longer oligonucleotide comprises a sequence of 21 nucleotides that is fully
complementary to the shorter oligonucleotide, can yet be referred to as “fully complementary” for the
purposes described herein.

“Complementary” sequences, as used herein, can also include, or be formed entirely from,
non-Watson-Crick base pairs or base pairs formed from non-natural and modified nucleotides, in so
far as the above requirements with respect to their ability to hybridize are fulfilled. Such non-Watson-
Crick base pairs include, but are not limited to, G:U Wobble or Hoogstein base pairing.

The terms “complementary,” “fully complementary” and “substantially complementary”
herein can be used with respect to the base matching between the sense strand and the antisense strand
of a dsSRNA, or between the antisense strand of an RNAi agent and a target sequence, as will be

understood from the context of their use.
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As used herein, a polynucleotide that is “substantially complementary to at least part of” an
RNA transcript refers to a polynucleotide that is substantially complementary to a contiguous portion
of the RNA transcript of interest (e.g., a C90rf72 RNA, cither sense strand or antisense strand). For
example, a polynucleotide is complementary to at least a part of a C9orf72 RNA if the sequence is
substantially complementary to a non-interrupted portion of an RNA.

Accordingly, in some embodiments, the antisense polynucleotides disclosed herein are fully
complementary to the target C9orf72 sequence. In other embodiments, the antisense polynucleotides
disclosed herein are substantially complementary to the target C90rf72 sequence and comprise a
contiguous nucleotide sequence which is at least 80% complementary over its entire length to the
equivalent region of the nucleotide sequence of any one of SEQ ID NOs:1-4,9, 11, 13, 15, 17 and 19
such as about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about
96%, about 97%, about 98%, or about 99% complementary.

As described above, the large GGGGCC (G4C2) hexanucleotide repeat expansion in the first
intron of the C90rf72 gene between exons la and 1b and to be pathogenic can be bidirectionally
transcribed. Accordingly, in some embodiments, antisense polynucleotides are disclosed herein that
are complementary to the either strand of the C9orf72 gene. In other embodiments, the antisense
polynucleotides disclosed herein are substantially complementary to the target C9orf72 sequence and
comprise a contiguous nucleotide sequence which is at least 80% complementary over its entire
length to the equivalent region of the nucleotide sequence of any one of SEQ ID NOs: 5-8, 10, 12, 14,
16, 18 or 20, such as about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, or about 99% complementary.

In some embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to a fragment of a target C90rf72 sequence and comprise a contiguous nucleotide
sequence which is at least 80% complementary over its entire length to a fragment of SEQ ID NO:13
selected from the group of nucleotides 27573296-27573318; 27573314-27573336; 27573319-
27573341; 27573562-27573584; 27573585-27573607; 27573592-27573614; 27573599-27573621;
27573608-27573630; 27573616-27573638; 27573619-27573641; 27573622-27573644; 27573633
27573655; 27573690-27573712; and 27573717-27573739 of SEQ ID NO:13, such as about 85%,
about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, or about 99% complementary.

In some embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to a fragment of a target C90rf72 sequence and comprise a contiguous nucleotide
sequence which is at least 80% complementary over its entire length to a fragment of SEQ ID NO:1,
such as nucleotides 1-23; 15-37; 33-55; 37-59; 62-84, or 69-91 of SEQ ID NO:1, such as about 85%,
about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, or about 99% complementary. Ranges intermediate to the above recited ranges are also
contemplated to be part of the disclosure.

In some embodiments, the antisense polynucleotides disclosed herein are substantially

complementary to a fragment of a target C90rf72 sequence and comprise a contiguous nucleotide
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sequence which is at least 80% complementary over its entire length to a fragment of SEQ ID NO:15,
such as nucleotides 5197-5219; 5223-5245; 5226-5248;5227-5249; 5233-5255; 5248-5270; 5539-
5561; 5547-5569; 5917-5939; 5936-5958; 5954-5976; 6008-6030; 6021-6043; 6036-6058; 6043-
6065; and 6048-6070 of SEQ ID NO:15, such as about 85%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or about 99% complementary.
Ranges intermediate to the above recited ranges are also contemplated to be part of the disclosure.

In some embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to a fragment of a target C90rf72 sequence and comprise a contiguous nucleotide
sequence which is at least 80% complementary over its entire length to a fragment of SEQ ID NO:15,
such as nucleotides 5015-5052; 5017-5040; 5032-5059; 5032-5055; 5033-5055; 5035-5059; 5036-
5059; 5058-5087; 5059-5087; 5059-5084; 5064-5087; 5197-5222; 5213-5267; 5223-5252; 5229-
5252; 5233-5263; 5516-5570; 5539-5565; 5539-5562; 5545-5570; 5545-5569; 5593-5616; 5883-
5950; 5917-5950; 5919-5950; 5923-5950; 5934-5977; 5934-5957; 5938-5977; 5938-5965; 5938-
5961; 5947-5977; 5947-5973; 5972-6001; 5973-5997; 6006-6029; 6011-6070; 6011-6039; 6011-
6038; 6015-6038; 6019-6045; 6019-6042; 6033-6070; 6035-6065; 6035-6059; or 6040-6063 of SEQ
ID NO:15, such as about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, or about 99% complementary. Ranges intermediate to the
above recited ranges are also contemplated to be part of the disclosure.

In some embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to a fragment of a target C90rf72 sequence and comprise a contiguous nucleotide
sequence which is at least 80% complementary over its entire length to a fragment of SEQ ID NO:1,
such as nucleotides 15-52; 17-40; 32-59; 32-55; 35-59; 36-59; 58-87; 59-87; 59-84; or 64-87 of SEQ
ID NO:1, such as about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, or about 99% complementary. Ranges intermediate to the above
recited ranges are also contemplated to be part of the disclosure.

In some embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to a fragment of a target C90rf72 sequence and comprise a contiguous nucleotide
sequence which is at least 80% complementary over its entire length to a fragment of SEQ ID NO:13,
such as nucleotides 27573296-27573584; 27573296-27573575; 27573301-27573338; 27573318-
27573342; 27573555-27573583; 27573581-27573607; 27573584-27573607; 27573588-27573671;
27573588-27573666; 27573588-27573624; 27573592-27573624; 27573592-27573617; 27573598-
27573624; 27573599-27573623; 27573606-27573655; 27573606-27573652; 27573606-27573647;
27573654-27573712; or 27573707-27573740 of SEQ ID NO:13, such as about 85%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or
about 99% complementary. Ranges intermediate to the above recited ranges are also contemplated to
be part of the disclosure.

In other embodiments, the sense polynucleotides disclosed herein are substantially
complementary to the target C9orf72 sequence and comprise a contiguous nucleotide sequence which

is at least about 80% complementary over its entire length to any one of the sense strand nucleotide

58



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

sequences in any one of any one of Tables 2, 3, 10A, 10C, 11, or 12, or a fragment of any one of the
sense strand nucleotide sequences in any one of Tables 2, 3, 10A, 10C, 11, or 12 such as about 85%,
about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99%, or 100% complementary.

In other embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to the target C9orf72 sequence and comprise a contiguous nucleotide sequence which
is at least about 80% complementary over its entire length to any one of the sense strand nucleotide
sequences in any one of any one of Tables 5, 6, 10B, or 10D or a fragment of any one of the sense
strand nucleotide sequences in any one of Tables 5, 6, 10B, or 10D such as about 85%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about
99%, or 100% complementary.

In certain embodiments, the sense and antisense strands are selected from any one of duplexes
AD-1446213.1; AD-1446217.1; AD-1446222.1; AD-1446234.1; AD-1446243.1; AD-1446246.1;
AD-1446252.1; AD-1446259.1; AD-1446265.1; AD-1446268.1; AD-1446271.1; AD-1446279.1;
AD-1446289.1; and AD-1446294.1.

In certain embodiments, the sense and antisense strands are selected from any one of duplexes
AD-1446213.1; AD-1446246.1; and AD-1446268.1.

In certain embodiments, the sense and antisense strands are selected from any one of duplexes
AD-1446073.1; AD-1446075.1; AD-1285246.2; AD-1446084.1; AD-1446087.1; AD-1446090.1, and
AD-1446095.1.

In certain embodiments, the sense and antisense strands are selected from any one of duplexes
AD-1446087.1 and AD-1446090.1.

In certain embodiments, the sense and antisense strands are selected from any one of duplexes
AD-1285238.1; and AD-1285234.1.

In certain embodiments, the sense and antisense strands are selected from any one of duplexes
AD-1285231.1, AD-1285232.1, AD-1285233.1, AD-1285235.1, AD-1285237.1, AD-1285239.1,
AD-1285240.1, AD-1285242.1, AD-1285244.1; AD-1285243.1; AD-1285241.1; AD-1285236.1;
AD-1446111.1; AD-1446117.1; AD-1446147.1; AD-1446157.1; AD-1446168.1; AD-1446180.1;
AD-1446189.1; AD-1446196.1; AD-1446202.1; AD-1446205.1.

In certain embodiments, the sense and antisense strands are selected from any one of duplexes
AD-1285231.1, AD-1285232.1, AD-1285233.1, AD-1285234.1, AD-1285235.1, AD-1285236.1, AD-
1285237.1, AD-1285239.1, AD-1285240.1, AD-1285241.1, AD-1285242.1, and AD-1285243.1.

In other embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to the target C9orf72 sequence and comprise a contiguous nucleotide sequence which
is at least about 80% complementary over its entire length to any one of the sense strand nucleotide
sequences in any one of any one of Tables 8 or 9, or a fragment of any one of the sense strand

nucleotide sequences in any one of Tables 8 or 9, such as about 85%, about 90%, about 91%, about
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92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or 100%
complementary.

As used herein, the phrase “inhibiting expression of C9orf72,” includes inhibiting the
expression of a mature C9orf72 mRNA, knocking down or inhibiting the expression or reducing the
level of a C90rf72 RNA containing a hexanucleotide-repeat in an intron, knocking down or inhibiting
the expression or reducing the level of an antisense strand of a C90rf72 RNA containing a
hexanucleotide-repeat. Knocking down or inhibiting the expression or reducing the level of a
C90rf72 RNA containing a hexanucleotide-repeat includes inhibiting production of sense and
antisense C9orf72-containing foci and/or inhibiting production of aberrant dipeptide-repeat (DPR)
proteins (e.g., poly(glycine-alanine) or poly(GA) peptides, poly(glycine-proline) or poly(GP)
peptides, poly(glycine-arginine) or poly(GR) peptides, poly(alanine-proline) or poly(PA) peptides, or
poly(proline-arginine) or poly(PR) peptides). In some embodiments, the repeat-length-dependent
formation of RNA foci, the sequestration of specific RNA-binding proteins, or the accumulation or
aggregation of poly(glycine-alanine) peptides, poly(glycine-proline) peptides, poly(glycine-arginine)
peptides, poly(alanine-proline) peptides, or poly(proline-arginine) peptides is inhibited or decreased
by more than 50%, e.g., more than 55%, more than 60%, more than 65%, more than 70%, more than
75%, more than 80%, more than 85%, more than 90%, or more than 95%, and the expression of
COYorf72 mature RNA is inhibited by less than 50%, e.g., less than 45%, less than 40%, less than 35%,
less than 30%, less than 25%, less than 20%, less than 15%, less than 10% or less than 5%.

In one embodiment, at least partial suppression of the expression of a C9orf72 gene, is
assessed by a reduction of the amount of a C90rf72 RNA, e.g., sense RNA transcript, antisense RNA
transcript, total C9orf72 RNA transript, sense C9orf72 repeat-containing RNA transcript, and/or
antisense C9orf72 repeat-containing RNA transcript, which can be isolated from or detected in a first
cell or group of cells in which a C907f72 gene is transcribed and which has or have been treated such
that the expression of a C9orf72 gene is inhibited, as compared to a second cell or group of cells
substantially identical to the first cell or group of cells but which has or have not been so treated

(control cells). The degree of inhibition may be expressed in terms of:

{(RNA in control cells) — (RNA in treated cells)

X 100%
RNA in control cells

The phrase “contacting a cell with an RNAi agent,” such as a dsRNA, as used herein, includes
contacting a cell by any possible means. Contacting a cell with an RNAi agent includes contacting a
cell in vitro with the RNAIi agent or contacting a cell in vivo with the RNAIi agent. The contacting may
be done directly or indirectly. Thus, for example, the RNAi agent may be put into physical contact
with the cell by the individual performing the method, or alternatively, the RNAi agent may be put
into a situation that will permit or cause it to subsequently come into contact with the cell.

Contacting a cell in vitro may be done, for example, by incubating the cell with the RNAi
agent. Contacting a cell in vivo may be done, for example, by injecting the RNAi agent into or near

the tissue where the cell is located, or by injecting the RNAi agent into another area, e.g., the central
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nervous system (CNS), optionally via intrathecal, intravitreal or other injection, or to the bloodstream
or the subcutaneous space, such that the agent will subsequently reach the tissue where the cell to be
contacted is located. For example, the RNAi agent may contain or be coupled to a ligand, e.g., a
lipophilic moiety or moieties as described below and further detailed, e.g., in PCT/US2019/031170,
which is incorporated herein by reference, that directs or otherwise stabilizes the RNAi agent at a site
of interest, e.g., the CNS. Combinations of in vitro and in vivo methods of contacting are also
possible. For example, a cell may also be contacted in vitro with an RNAi agent and subsequently
transplanted into a subject.

In one embodiment, contacting a cell with an RNAi agent includes “introducing” or
“delivering the RNAI agent into the cell” by facilitating or effecting uptake or absorption into the cell.
Absorption or uptake of an RNAi agent can occur through unaided diffusive or active cellular
processes, or by auxiliary agents or devices. Introducing an RNAi agent into a cell may be in vitro or
in vivo. For example, for in vivo introduction, an RNAIi agent can be injected into a tissue site or
administered systemically. In vitro introduction into a cell includes methods known in the art such as
clectroporation and lipofection. Further approaches are described herein below or are known in the
art.

The term “lipophile” or “lipophilic moiety” broadly refers to any compound or chemical
moiety having an affinity for lipids. One way to characterize the lipophilicity of the lipophilic moiety
is by the octanol-water partition coefficient, logKqw, where Koy is the ratio of a chemical’s
concentration in the octanol-phase to its concentration in the aqueous phase of a two-phase system at
equilibrium. The octanol-water partition coefficient is a laboratory-measured property of a substance.
However, it may also be predicted by using coefficients attributed to the structural components of a
chemical which are calculated using first-principle or empirical methods (see, for example, Tetko et
al., J. Chem. Inf. Comput. Sci. 41:1407-21 (2001), which is incorporated herein by reference in its
entirety). It provides a thermodynamic measure of the tendency of the substance to prefer a non-
aqueous or oily milieu rather than water (i.e. its hydrophilic/lipophilic balance). In principle, a
chemical substance is lipophilic in character when its logK,w exceeds 0. Typically, the lipophilic
moiety possesses a logK.w exceeding 1, exceeding 1.5, exceeding 2, exceeding 3, exceeding 4,
exceeding 5, or exceeding 10. For instance, the logKew of 6-amino hexanol, for instance, is predicted
to be approximately 0.7. Using the same method, the logK,w of cholesteryl N-(hexan-6-ol) carbamate
is predicted to be 10.7.

The lipophilicity of a molecule can change with respect to the functional group it carries. For
instance, adding a hydroxyl group or amine group to the end of a lipophilic moiety can increase or
decrease the partition coefficient (e.g., logKew) value of the lipophilic moiety.

Alternatively, the hydrophobicity of the double-stranded RNAi agent, conjugated to one or
more lipophilic moieties, can be measured by its protein binding characteristics. For instance, in
certain embodiments, the unbound fraction in the plasma protein binding assay of the double-stranded

RNAI agent could be determined to positively correlate to the relative hydrophobicity of the double-
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stranded RNAi agent, which could then positively correlate to the silencing activity of the double-
stranded RNAi agent.

In one embodiment, the plasma protein binding assay determined is an electrophoretic
mobility shift assay (EMSA) using human serum albumin protein. An exemplary protocol of this
binding assay is illustrated in detail in, e.g., PCT/US2019/031170. The hydrophobicity of the double-
stranded RNAi agent, measured by fraction of unbound siRNA in the binding assay, exceeds 0.15,
exceeds 0.2, exceeds 0.25, exceeds 0.3, exceeds 0.35, exceeds 0.4, exceeds 0.45, or exceeds 0.5 for an
enhanced in vivo delivery of siRNA.

Accordingly, conjugating the lipophilic moieties to the internal position(s) of the double-
stranded RNAi agent provides optimal hydrophobicity for the enhanced in vivo delivery of siRNA. In
some embodiments, the lipophilic moiety facilitates or improves delivery of the RNAi agent to a
neuronal cell, or a cell in a neuronal tissue, or a cell in a central nervous system tissue.

The term “lipid nanoparticle” or “LNP” is a vesicle comprising a lipid layer encapsulating a
pharmaceutically active molecule, such as a nucleic acid molecule, e.g., an RNAi agent or a plasmid
from which an RNAI agent is transcribed. LNPs are described in, for example, U.S. Patent Nos.
6,858,225, 6,815,432, 8,158,601, and 8,058,069, the entire contents of which are hereby incorporated
herein by reference.

As used herein, a “subject” is an animal, such as a mammal, including a primate (such as a
human, a non-human primate, e.g., a monkey, and a chimpanzee), or a non-primate (such as a rat, or a
mouse). In a preferred embodiment, the subject is a human, such as a human being treated or assessed
for a disease, disorder, or condition that would benefit from reduction in levels of target C9orf72
RNA; a human at risk for a disease, disorder, or condition that would benefit from reduction in levels
of target C9orf72 RNA; a human having a disease, disorder, or condition that would benefit from
reduction in C9orf72 expression; or human being treated for a disease, disorder, or condition that
would benefit from reduction in C90rf72 expression as described herein. In some embodiments, the
subject is a female human. In other embodiments, the subject is a male human. In one embodiment,
the subject is an adult subject. In one embodiment, the subject is a pediatric subject. In another
embodiment, the subject is a juvenile subject, i.e., a subject below 20 years of age.

As used herein, the terms “treating” or “treatment” refer to a beneficial or desired result
including, but not limited to, alleviation or amelioration of one or more signs or symptoms associated
with expression of a C9orf72 hexanucleotide repeat expansion transcript or a dipeptide repeat product
thereof, e.g., C9orf72-associated diseases, such as C9orf72-associated disease. "Treatment” can also
mean prolonging survival as compared to expected survival in the absence of treatment.

The term “lower” in the context of the level of C90rf72 in a subject or a disease marker or
symptom refers to a statistically significant decrease in such level. The decrease can be, for example,
at least 10%, 15%, 20%, 25%, 30%, %, 40%, 45%, 50%, 55%. 60%, 65%, 70%, 715%, 80%, 85%.
90%, 95%, or more. In certain embodiments, a decrease is at least 20%. In certain embodiments, the
decrease is at least 50% in a disease marker, e.g., the level of sense- or antisense-containing foci

and/or the level of aberrant dipeptide repeat protein, e.g., a decrease of 50%, 55%, 60%, 65%, 70%,
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75%, 80%., 85%, 90%, 95%, or more. In some embodiments, a decrease is no more than 50% for
COorf72 protein and/or C9orf72 mRNA level, e.g., no more than 50%, 45%, 40%, 35%, 30%, 25%,
20%, 15%, 10%, or 5%. “Lower” in the context of the level of C9orf72 in a subject is preferably
down to a level accepted as within the range of normal for an individual without such disorder. In
certain embodiments, “lower” is the decrease in the difference between the level of a marker or
symptom for a subject suffering from a disease and a level accepted within the range of normal for an
individual, e.g., the level of decrease in bodyweight between an obese individual and an individual
having a weight accepted within the range of normal.

As used herein, “prevention” or “preventing,” when used in reference to a disease, disorder,
or condition thereof, that would benefit from a reduction in expression of a C90rf72 hexanucleotide
repeat expansion transcript or a dipeptide product thereof, refers to a reduction in the likelihood that a
subject will develop a symptom associated with such a disease, disorder, or condition, e.g., a symptom
of a C9orf72-associated disease. The failure to develop a disease, disorder, or condition, ot the
reduction in the development of a symptom associated with such a disease, disorder, or condition
(e.g., by at least about 10% on a clinically accepted scale for that disease or disorder), or the
exhibition of delayed symptoms delayed (e.g., by days, weeks, months or years) is considered
cffective prevention.

As used herein, the term “C9orf72-associated disease” or “C9orf72-associated disorder”
includes any disease or disorder that would benefit from reduction in the expression and/or activity of
C90rf72 hexanucleotide repeat expansion transcript. Exemplary C9orf72-associated diseases include
those diseases in which subjects carry a hexanucleotide repeat (GGGCC) expansion in the intron
between exons la and 1b in the C90rf72 gene, e.g., amyotrophic lateral sclerosis, frontotemporal
dementia, Huntington’s disease, e.g., Huntington-Like Syndrome Due To C9o0rf72 Expansions,
parkinsonism, olivopontocerebellar degeneration, corticobasal syndrome, or Alzheimer’s disease.

Normal G4C2 repeats are ~25 units or less, and high penetrance disease alleles are typically
greater than ~60 repeat units, ranging up to more than 4,000 units; rarely, repeats between 47 and 60
segregate with disease in families. A repeat-primed PCR assay is typically used to detect smaller
expansions (<80), but accurately sizing larger repeats requires other techniques (e.g. Southern blot
hybridization) that provides an estimate of length.

Subjects having a GGGGCC (or G4C2) hexanucleotide expansion in an intron of the C90rf72
gene can present as amyotrophic lateral sclerosis (ALS) or frontotemporal dementia (FTD) even in the
same family and, therefore, the neurodegeneration associated with this expansion is referred to herein
as “C9orf72 Amyotrophic lateral sclerosis /frontotemporal dementia” or C9orf72 ALS/FTD.” Itis an
autosomal dominant disease and is the most common form of familial ALS, accounting for about a
third of ALS families and 5-10% of sporadic cases in an ALS clinic. It is also a common cause of
FTD, explaining about one fourth of familial FTD. Age of symptom onset ranges from 30 to 70 years
of age with a mean onset in the late 50s. C9orf72-mediated ALS most often resembles typical ALS,
can be bulbar or limb onset, can progress rapidly (though not always) and can be associated with later

cognitive symptoms. Thus, C9orf72-mediated ALS is evaluated and treated just as in any ALS
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patient. The pattern of C9orf72-mediated FTD most commonly is behavioral variant FTD, with the
full range of behavioral and cognitive symptoms including disinhibition, apathy and executive
dysfunction. Less commonly, C9orf72-mediated FTD presents semantic variant primary progressive
aphasia (PPA) or nonfluent variant PPA, and, very rarely, can resemble corticobasal syndrome,
progressive supranuclear palsy or an HD-like syndrome. Occasionally parkinsonian features are seen
in C9orf72-mediated ALS or FTD.

Subjects may exhibit frontotemporal lobar degeneration (FTLD) characterized by progressive
changes in behavior, executive dysfunction, and/or language impairment. Of the three FTLD clinical
syndromes, behavioral variant FTD (bvFTD) is most often, but not exclusively, present. It is
characterized by progressive behavioral impairment and a decline in executive function with
predominant frontal lobe atrophy on brain MRI. Motor neuron disease, including upper or lower
motor neuron dysfunction (or both) that may or may not fulfill criteria for the full ALS phenotype
may also be present. Some degree of parkinsonism, which is present in many individuals with
C9orf72-associated bvFTD, is typically of the akinetic-rigid type without tremor, and is levodopa
unresponsive.

Huntington's disease-like syndromes (HD-like syndromes, or HDL syndromes) are a family
of inherited neurodegenerative diseases that closely resemble Huntington's disease (HD) in that they
typically produce a combination of chorea, cognitive decline or dementia and behavioral or
psychiatric problems.

Subjects having Huntington disease-like syndrome due to C9orf72 expansions are
characterized as having movement disorders, including dystonia, chorea, myoclonus, tremor and
rigidity. Associated features are also cognitive and memory impairment, early psychiatric
disturbances and behavioral problems. The mean age at onset is about 43 years (range 8—60). Early
psychiatric and behavioral problems (including depression, apathy, obsessive behavior, and
psychosis) are common. Cognitive symptoms present as executive dysfunction. Movement disorders
are prominent: Parkinsonian features and pyramidal features may also be present. "Therapeutically
effective amount," as used herein, is intended to include the amount of an RNA{ agent that, when
administered to a subject having a C9orf72-associated disease, is sufficient to effect treatment of the
disease (e.g., by diminishing, ameliorating, or maintaining the existing disease or one or more
symptoms of disease). The "therapeutically effective amount” may vary depending on the RNAi
agent, how the agent is administered, the disease and its severity and the history, age, weight, family
history, genetic makeup, the types of preceding or concomitant treatments, if any, and other individual
characteristics of the subject to be treated.

“Prophylactically effective amount,” as used herein, is intended to include the amount of an
RNAI agent that, when administered to a subject having a C9orf72-associated disorder, is sufficient to
prevent or ameliorate the disease or one or more symptoms of the disease. Ameliorating the disease
includes slowing the course of the disease or reducing the severity of later-developing disease. The
"prophylactically effective amount" may vary depending on the RNAi agent, how the agent is

administered, the degree of risk of disease, and the history, age, weight, family history, genetic
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makeup, the types of preceding or concomitant treatments, if any, and other individual characteristics
of the patient to be treated.

A "therapeutically-effective amount” or “prophylactically effective amount” also includes an
amount of an RNAi agent that produces some desired local or systemic effect at a reasonable
benefit/risk ratio applicable to any treatment. An RNAi agent employed in the methods of the present
disclosure may be administered in a sufficient amount to produce a reasonable benefit/risk ratio
applicable to such treatment.

The phrase "pharmaceutically acceptable"” is employed herein to refer to those compounds,
materials (including salts), compositions, or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of human subjects and animal subjects
without excessive toxicity, itritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.

The phrase "pharmaceutically-acceptable carrier” as used herein means a pharmaceutically-
acceptable material, composition or vehicle, such as a liquid or solid filler, diluent, excipient,
manufacturing aid (e.g., lubricant, talc magnesium, calcium or zinc stearate, or steric acid), or solvent
encapsulating material, involved in carrying or transporting the subject compound from one organ, or
portion of the body, to another organ, or portion of the body. Each carrier must be "acceptable” in the
sense of being compatible with the other ingredients of the formulation and not injurious to the
subject being treated. Some examples of materials which can serve as pharmaceutically-acceptable
carriers include: (1) sugars, such as lactose, glucose and sucrose; (2) starches, such as corn starch and
potato starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl cellulose, ethyl
cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7) lubricating agents,
such as magnesium state, sodium lauryl sulfate and talc; (8) excipients, such as cocoa butter and
suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn
oil and soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as glycerin, sorbitol,
mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate; (13) agar; (14)
buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid; (16)
pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20) pH buffered
solutions; (21) polyesters, polycarbonates or polyanhydrides; (22) bulking agents, such as
polypeptides and amino acids (23) serum component, such as serum albumin, HDL and LDL; and
(22) other non-toxic compatible substances employed in pharmaceutical formulations.

The term “sample,” as used herein, includes a collection of similar fluids, cells, or tissues
isolated from a subject, as well as fluids, cells, or tissues present within a subject. Examples of
biological fluids include blood, serum and serosal fluids, plasma, cerebrospinal fluid, ocular fluids,
lymph, urine, saliva, and the like. Tissue samples may include samples from tissues, organs or
localized regions. For example, samples may be derived from particular organs, parts of organs, or
fluids or cells within those organs. In certain embodiments, samples may be derived from the brain
(e.g., whole brain or certain segments of brain, e.g., striatum, or certain types of cells in the brain,

such as, e.g., neurons and glial cells (astrocytes, oligodendrocytes, microglial cells)). In some
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embodiments, a “sample derived from a subject” refers to blood drawn from the subject or plasma or
serum derived therefrom. In further embodiments, a “sample derived from a subject” refers to brain
tissue (or subcomponents thereof) or retinal tissue (or subcomponents therecof) derived from the

subject

I1. RNAi Agents of the Disclosure

As described elsewhere herein, mutations in C9orf72 have been linked to familial
frontotemporal dementia (FTD) and amyotrophic lateral sclerosis (ALS). The mutations are the result
of expansion of G4C2 (SEQ ID NO: 1) hexanucleotide repeats located within the intron between exon
1A and exon 1B of the C90rf72 gene. The hexanucleotide repeats may be translated through a non-
AUG-initiated mechanism. Accumulation of the repeat expansion-containing RNA (target RNA) or
translation of the repeat sequences may cause or contribute to FI'D and/or ALS or disease symptoms
associated with FT'D and/or ALS.

Accordingly, the present invention provides dsSRNA agents that selectively and efficiently
decrease expression of C9orf72-related expression products, RNA and/or translated polypeptides,
associated with the hexanucleotide repeat expansions. In some embodiments, the dsSRNA agents
target (e.g., selectively target) the hexanucleotide-repeat-containing RNA (target RNA) and knock
down the target RNA and polypeptides expressed from the hexanucleotide-repeat-containing RNA.
The dsRNA agents may be used in methods for therapeutic treatment and/or prevention of signs or
symptoms associated with FTD and/or ALS, including, but not limited to, repeat-length-dependent
formation of RNA foci, sequestration of specific RNA-binding proteins, and accumulation and
aggregation of dipeptide repeat proteins (e.g., poly(glycine-alanine), poly(glycine-proline),
poly(glycine-arginine), poly(alanine-proline), and poly(proline-arginine)) resulting from repeat-
associated non-AUG (AUGQG) translation in neurons. The dsRNA agents may be used in methods for
therapeutic treatment and/or prevention of signs or symptoms associated with FI'D and/or ALS,
including, but not limited to, signs and symptoms of motor neuron disease and signs and symptoms of
dementia. Signs and symptoms of motor neuron disease can include, for example, tripping, dropping
things, abnormal fatigue of the arms and/or legs, slurred speech, muscle cramps and twitches,
uncontrollable periods of laughing or crying, and trouble breathing. Signs and symptoms of dementia
can include, for example, behavioral changes, personality changes, speech and language problems,
and movement-related problems. Such methods comprise administration of one or more dsRNA
agents as described herein to a subject (e.g., a human or animal subject).

The dsRINA agents described herein may stop or reduce the accumulation of repeat-containing
C90rf72 RNA (e.g., assayed as RNA foci) and thereby prevent the synthesis of dipeptide repeat
proteins by RAN translation.

In some embodiments, the dsSRNA agents of the invention target mature C90rf72 mRNAs
(i.e., mRNAs in which introns have been spliced out). In other embodiments, the dsSRNA agents of

the invention target C9orf72 RNAs containing an intron, such as intron 1A (i.e., sense or antisense
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RNAs in which introns have not been spliced out, RNA regions spliced out of a precursor mRNA, or
alternatively spliced RNAs).

A dsRNA includes two RNA strands that are complementary and hybridize to form a duplex
structure under conditions in which the dsSRNA will be used. In some embodiments, one strand of a
dsRNA (the antisense strand) includes a region of complementarity that is substantially
complementary, and generally fully complementary, to a target sequence. The target sequence can be
derived from the sequence of an RNA formed during the expression of a C9orf72 gene. The other
strand (the sense strand) includes a region that is complementary to the antisense strand, such that the
two strands hybridize and form a duplex structure when combined under suitable conditions. In some
embodiments, one strand of a dSRNA (the sense strand) includes a region of complementarity that is
substantially complementary, and generally fully complementary, to a target sequence derived from
the antisense sequence of an RNA formed during the expression of a C9orf72 gene. The other strand
(the antisense strand) includes a region that is complementary to the sense strand, such that the two
strands hybridize and form a duplex structure when combined under suitable conditions. As described
clsewhere herein and as known in the art, the complementary sequences of a dsSRNA can also be
contained as self-complementary regions of a single nucleic acid molecule, as opposed to being on
separate oligonucleotides.

Generally, the duplex structure is 15 to 30 base pairs in length, e.g., 15-29, 15-28, 15-27, 15-
26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26,
18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-
22,19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29,
21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 base pairs in length. In certain preferred
embodiments, the duplex structure is 18 to 25 base pairs in length, e.g., 18-25, 18-24, 18-23, 18-22,
18-21, 18-20, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-25, 20-24,20-23, 20-22, 20-21, 21-25, 21-
24, 21-23, 21-22, 22-25, 22-24, 22-23, 23-25, 23-24 or 24-25 base pairs in length, for example, 19-21
base pairs in length. Ranges and lengths intermediate to the above recited ranges and lengths are also
contemplated to be part of the disclosure.

Similarly, the region of complementarity to the target sequence is 15 to 30 nucleotides in
length, e.g., 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-
17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28,
19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-
24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 nucleotides
in length, for example 19-23 nucleotides in length or 21-23 nucleotides in length. Ranges and lengths
intermediate to the above recited ranges and lengths are also contemplated to be part of the disclosure.

In some embodiments, the duplex structure is 19 to 30 base pairs in length. Similarly, the
region of complementarity to the target sequence is 19 to 30 nucleotides in length.

In some embodiments, the dSRNA is 15 to 23 nucleotides in length, 19 to 23 nucleotides in
length, or 25 to 30 nucleotides in length. In general, the dsSRNA is long enough to serve as a substrate

for the Dicer enzyme. For example, it is well known in the art that dsSRNAs longer than about 21-23
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nucleotides can serve as substrates for Dicer. As the ordinarily skilled person will also recognize, the
region of an RNA targeted for cleavage will most often be part of a larger RNA molecule, often an
mRNA molecule. Where relevant, a “part” of an mRNA target is a contiguous sequence of an mRNA
target of sufficient length to allow it to be a substrate for RNAi-directed cleavage (i.e., cleavage
through a RISC pathway).

One of skill in the art will also recognize that the duplex region is a primary functional
portion of a dsRNA, e.g., a duplex region of about 15 to 36 base pairs, e.g., 15-36, 15-35, 15-34, 15-
33, 15-32, 15-31, 15-30, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19,
15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-
29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26,
20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22
base pairs, for example, 19-21 base pairs. Thus, in one embodiment, to the extent that it becomes
processed to a functional duplex, of e.g., 15-30 base pairs, that targets a desired RNA for cleavage, an
RNA molecule or complex of RNA molecules having a duplex region greater than 30 base pairs is a
dsRNA. Thus, an ordinarily skilled artisan will recognize that in one embodiment, a miRNA is a
dsRNA. In another embodiment, a dSRNA is not a naturally occurring miRNA. In another
embodiment, an RNAi agent useful to target C90rf72 expression is not generated in the target cell by
cleavage of a larger dsRNA.

A dsRNA as described herein can further include one or more single-stranded nucleotide
overhangs e.g., 1, 2, 3, or 4 nucleotides. A nucleotide overhang can comprise or consist of a
nucleotide/nucleoside analog, including a deoxynucleotide/nucleoside. The overhang(s) can be on the
sense strand, the antisense strand or any combination thereof. Furthermore, the nucleotide(s) of an
overhang can be present on the 5'-end, 3'-end or both ends of either an antisense or sense strand of a
dsRNA.

A dsRNA can be synthesized by standard methods known in the art. Double stranded RNAi
compounds of the invention may be prepared using a two-step procedure. First, the individual strands
of the double stranded RNA molecule are prepared separately. Then, the component strands are
annealed. The individual strands of the siRNA compound can be prepared using solution-phase or
solid-phase organic synthesis or both. Organic synthesis offers the advantage that the oligonucleotide
strands comprising unnatural or modified nucleotides can be easily prepared. Similarly, single-
stranded oligonucleotides of the invention can be prepared using solution-phase or solid-phase
organic synthesis or both.

Regardless of the method of synthesis, the siRNA preparation can be prepared in a solution
(e.g., an aqueous or organic solution) that is appropriate for formulation. For example, the siRNA
preparation can be precipitated and redissolved in pure double-distilled water, and lyophilized. The
dried siRNA can then be resuspended in a solution appropriate for the intended formulation process.

In certain embodiments, the dSRNA agents of the invention target a C9orf72 target RNA
comprising a hexanucleotide repeat comprising multiple contiguous copies, for example, a C90rf72

target RNA with a pathogenic hexanucleotide repeat expansion (having, for example, at least about
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30, at least about 35, at least about 40, at least about 50, at least about 60, at least about 70, at least
about 80, at least about 100, at least about 200, at least about 300, at least about 400, or at least about
500 copies of the hexanucleotide repeat).

In one aspect, a dsRNA of the disclosure includes at least two nucleotide sequences, a sense
sequence and an antisense sequence. The sense strand sequence for C90rf72 may be selected from the
group of sequences provided in any one of Tables 2, 3, 5, 6, §, 9, 10A, 10B, 10C, 10D, 11, and 12 and
the corresponding nucleotide sequence of the antisense strand of the sense strand may be selected
from the group of sequences of any one of Tables 2, 3, 5, 6, 8, 9, 10A, 10B, 10C, 10D, 11, and 12. In
this aspect, one of the two sequences is complementary to the other of the two sequences, with one of
the sequences being substantially complementary to a sequence of an RNA generated in the
expression of a C9orf72 gene locus. As such, in this aspect, a dsSRNA will include two
oligonucleotides, where one oligonucleotide is described as the sense strand (passenger strand) in any
one of Tables 2, 3, 5, 6, 8, 910A, 10B, 10C, 10D, 11, and 12 and the second oligonucleotide is
described as the corresponding antisense strand (guide strand) of the sense strand in any one of Tables
2,3,5,6,8,9,10A, 10B, 10C, 10D, 11, and 12.

In one embodiment, the substantially complementary sequences of the dsRNA are contained
on separate oligonucleotides. In another embodiment, the substantially complementary sequences of
the dsRNA are contained on a single oligonucleotide.

It will be understood that, although the sequences in Tables 2 and 5 are described as modified
or conjugated sequences, the RNA of the RNAIi agent of the disclosure e.g., a dSRNA of the
disclosure, may comprise any one of the sequences set forth in any one of Tables 2, 3, 5, 6, 8, 9, 10A,
10B, 10C, 10D, 11, and 12 that is un-modified, un-conjugated, or modified or conjugated differently
than described therein.

The skilled person is well aware that dsSRNAs having a duplex structure of about 20 to 23
base pairs, e.g., 21, base pairs have been hailed as particularly effective in inducing RNA interference
(Elbashir et al., (2001) EMBO J., 20:6877-6888). However, others have found that shorter or longer
RNA duplex structures can also be effective (Chu and Rana (2007) RNA 14:1714-1719; Kim et al.
(2005) Nat Biotech 23:222-226) . In the embodiments described above, by virtue of the nature of the
oligonucleotide sequences provided herein, dsSRNAs described herein can include at least one strand
of a length of minimally 21 nucleotides. It can be reasonably expected that shorter duplexes minus
only a few nucleotides on one or both ends can be similarly effective as compared to the dsRNAs
described above. Hence, dsRINAs having a sequence of at least 15, 16, 17, 18, 19, 20, or more
contiguous nucleotides derived from one of the sequences provided herein, and differing in their
ability to inhibit the expression of a C90rf72 gene by not more than 10, 15, 20, 25, or 30 % inhibition
from a dsRNA comprising the full sequence using the in vitro assay with, e.g., Be(2)c cells and a 10
nM concentration of the RNA agent and the PCR assay as provided in the examples herein, are
contemplated to be within the scope of the present disclosure.

In addition, the RNAs described herein identify a site(s) in a C9orf72 transcript that is

susceptible to RISC-mediated cleavage. As such, the present disclosure further features RNAi agents
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that target within this site(s). As used herein, an RNAi agent is said to target within a particular site of
an RNA transcript if the RNA{ agent promotes cleavage of the transcript anywhere within that
particular site. Such an RNAi agent will generally include at least about 15 contiguous nucleotides,
preferably at least 19 nucleotides, from one of the sequences provided herein coupled to additional
nucleotide sequences taken from the region contiguous to the selected sequence in a C90rf72 gene.

The dsRNA agents disclosed herein inhibit expression of the C9orf72 target RNA comprising
the hexanucleotide repeat. Inhibiting expression includes any level of inhibition (e.g., partial
inhibition of expression). For example, the dSRNA agents may inhibit expression of the C90rf72
target RNA comprising the hexanucleotide repeat by at least about 10%, at least about 20%, at least
about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at least
about 80%, or at least about 90% (or to a point where the C9orf72 target RNA is undetectable). For
example, these levels of inhibition can be within 24-48 hours after administration to a cell expressing
the C9o0rf72 target RNA comprising the hexanucleotide repeat. The decrease can be, for example,
relative to the cell before treatment with dsSRNA agent or relative to a control cell that was not treated
with the dSRNA agent.

The dsRNA agents disclosed herein may also, for example, selectively reduce the level of or
inhibit expression of the C90rf72 target RNA comprising the intronic hexanucleotide repeat relative to
expression of a mature C9orf72 messenger RNA. A mature C9orf72 messenger RNA in this context
is a C9orf72 RNA transcript that has been spliced and processed. A mature C9orf72 messenger RNA
consists exclusively of exons and has all introns removed. A dsRNA agent may selectively inhibit
expression of the C9orf72 target RNA comprising the intronic hexanucleotide repeat relative to
expression of a mature C90rf72 messenger RNA if the relative decrease in expression of the C9orf72
target RNA is greater than the relative decrease in expression of a mature C90rf72 messenger RNA
after administration of the dsRNA agent to a cell expressing the C90rf72 target RNA. For example,
dsRNA agents may inhibit expression of the mature C90rf72 messenger RNA by less than about 50%,
less than about 40%, less than about 30%, less than about 20%, less than about 10%, or less than
about 5% (or, for example, does not have any statistically significant or functionally significant effect
on expression). For example, these levels of inhibition can be within 24-48 hours after administration
to a cell expressing the mature C90rf72 messenger RNA.

The dsRINA agents disclosed herein can also, for example, reduce dipeptide repeat protein
synthesis or dipeptide repeat protein levels in a cell (e.g., within 24-48 hours after administration to
the cell). For example, the dsSRNA agent may reduce dipeptide repeat protein synthesis or dipeptide
repeat protein levels by at least about 10%, at least about 20%, at least about 30%, at least about 40%,
at least about 50%, at least about 60%, at least about 70%, at least about 80%, or at least about 90%.
The decrease can be, for example, relative to the cell before treatment with dsSRNA agent or relative to
a control cell that was not treated with the dsSRNA agent.

According to certain aspects of the invention, an iRNA agent may be designed to target a
hotspot region of any of the target RNAs described herein, including any identified portions of a

target RNA (e.g., a particular exon). As used herein, a hotspot region may refer to an approximately
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19-200, 19-150, 19-100, 19-75, 19-50, 21-200, 21-150, 21-100, 21-75, 21-50, 50-200, 50-150, 50-
100, 50-75, 75-200, 75-150, 75-100, 100-200, or 100-150 nucleotide region of a target RNA sequence
for which targeting using RNAIi agents provides an observably higher probability of efficacious
silencing relative to targeting other regions of the same target RNA. According to certain aspects of
the invention, a hotspot region may comprise a limited region of the target RNA, and in some cases, a
substantially limited region of the target, including for example, less than half of the length of the
target RNA, such as about 5%, 10%, 15%, 20%, 25%, or 30% of the lenth of the target RNA.
Conversely, the other regions against which a hotspot is compared may cumulatively comprise at least
a majority of the length of the target RNA. For example, the other regions may cumulatively comprise
at least about 60%, or at least about 70%, or at least about 80%, or at least about 90%, or at least
about 95% of the length of the target RNA.

Compared regions of the target RNA may be empirically evaluated for identification of
hotspots using efficacy data obtained from in vitro or in vivo screening assays. For example, RNAi
agents targeting various regions that span a target RNA may be compared for frequency of efficacious
iRNA agents (e.g., the amount by which target gene expression is inhibited, such as measured by
mRNA expression or protein expression) that bind each region. In general, a hotspot can be
recognized by observing clustering of multiple efficacious RNAi agents that bind to a limited region
of the RNA target. A hotspot may be sufficiently characterized as such by observing efficacy of
iRNA agents which cumulatively span at least about 60% of the target region identified as a hotspot,
such as about 70%, about 80%, about 90%, or about 95% or more of the length of the region,
including both ends of the region (i.e. at least about 60%, 70%, 80%, 90%, or 95% or more of the
nucleotides within the region, including the nucleotides at each end of the region, were targeted by an
iRNA agent). According to some aspects of the invention, an iRNA agent which demonstrates at least
about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% inhibition over the region (e.g., no
more than about 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, or 5% mRNA remaining) may
be identified as efficacious.

Amenibility to targeting of RNA regions may also be assessed using quantitative comparison
of inhibition measurements across different regions of a defined size (e.g, 25, 30, 40, 50, 60, 70, 80,
90, or 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 nts). For example, an average level of
inhibition may be determined for each region and the averages of each region may be compared. The
average level of inhibition within a hotspot region may be substantially higher than the average of
averages for all evaluated regions. According to some aspects, the average level of inhibition in a
hotspot region may be at least about 10%, 20%, 30%, 40%, or 50% higher than the average of
averages. According to some aspects, the average level of inhibition in a hotspot region may be at
least about 1.0, 1.1, 1.2, 1.3, 1.4, 1.5 1.6, 1.7, 1.8. 1.9, or 2.0 standard deviations above the average of
averages. The average level of inhibition may be higher by a statistically significant (e.g., p < 0.05)
amount. According to some aspects, each inhibition measurement within a hotspot region may be
above a threshold amount (e.g., at or below a threshold amount of mRNA remaining). According to

some aspects, each inhibition measurement within the region may be substantially higher than an
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average of all inhibition measurements across all the measured regions. For example, each inhibition
measurement in a hotspot region may be at least about 10%, 20%, 30%, 40%, or 50% higher than the
average of all inhibition measurements. According to some aspects, cach inhibition measurement
may be at least about 1.0, 1.1, 1.2, 1.3,1.4, 1.5 1.6, 1.7, 1.8. 1.9, or 2.0 standard deviations above the
average of all inhibition measurements. Each inhibition measurement may be higher by a statistically
significant (e.g., p < 0.05) amount than the average of all inhibition measurements. A standard for
evaluating a hotspot may comprise various combinations of the above standards where compatible
(e.g., an average level of inhibition of at least about a first amount and having no inhibition
measurements below a threshold level of a second amount, lesser than the first amount).

It is therefore expressly contemplated that any iRNA agent, including the specific exemplary
iRNA agents described herein, which targets a hotspot region of a target RNA, may be preferably
selected for inducing RNA interference of the target mRINA as targeting such a hotspot region is
likely to exhibit a robust inhibitory response relative to targeting a region which is not a hotspot
region. RNAI agents targeting target sequences that substantially overlap (e.g., by at least about 70%,
75%, 80%, 85%, 90%, 95% of the target sequence length) or, preferably, that reside fully within the
hotspot region may be considered to target the hotspot region. Hotspot regions of the RNA target(s)
of the instant invention may include any region for which the data disclosed herein demonstrates
higher frequency of targeting by efficacious RNAi agents, including by any of the standards described
clsewhere herein, whether or not the range(s) of such hotspot region(s) are explicitly specified.

In various embodiments, a dsSRNA agent of the present invention targets a hotspot region.. In
one embodiment, the hotspot region comprises the nucleotide sequence of any one of the sequences
selected from SEQ ID Nos. 21-47 and 51-93. In another embodiment, the hotspot region comprises
nucleotides 220-256, 220-266, 200-290 of SEQ ID NO: 13.

I11. Modified RNAi Agents of the Disclosure

In one embodiment, the nucleotide of the RNAI agent of the disclosure e.g., a dsSRNA, is un-
modified, and does not comprise, e.g., chemical modifications or conjugations known in the art and
described herein. In preferred embodiments, the nucleotide of an RNAi agent of the disclosure, e.g., a
dsRNA, is chemically modified to enhance stability or other beneficial characteristics. In certain
embodiments of the disclosure, substantially all of the nucleotides of an RNAi agent of the disclosure
are modified. In other embodiments of the disclosure, all of the nucleotides of an RNAi agent of the
disclosure are modified. RNAi agents of the disclosure in which “substantially all of the nucleotides
are modified” are largely but not wholly modified and can include not more than 5, 4, 3, 2, or
unmodified nucleotides. In still other embodiments of the disclosure, RNAi agents of the disclosure
can include not more than 5, 4, 3, 2 or 1 modified nucleotides.

The nucleic acids featured in the disclosure can be synthesized or modified by methods well
established in the art, such as those described in “Current protocols in nucleic acid chemistry,”
Beaucage, S.L. et al. (Edrs.), John Wiley & Sons, Inc., New York, NY, USA, which is hercby

incorporated herein by reference. Modifications include, for example, end modifications, e.g., 5'-end
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modifications (phosphorylation, conjugation, inverted linkages) or 3'-end modifications (conjugation,
DNA nucleotides, inverted linkages, efc.); base modifications, e.g., replacement with stabilizing
bases, destabilizing bases, or bases that base pair with an expanded repertoire of partners, removal of
bases (abasic nucleotides), or conjugated bases; sugar modifications (e.g., at the 2'-position or 4'-
position) or replacement of the sugar; or backbone modifications, including modification or
replacement of the phosphodiester linkages. Specific examples of RNAi agents useful in the
embodiments described herein include, but are not limited to, RNAs containing modified backbones
or no natural internucleoside linkages. RNAs having modified backbones include, among others,
those that do not have a phosphorus atom in the backbone. For the purposes of this specification, and
as sometimes referenced in the art, modified RNAs that do not have a phosphorus atom in their
internucleoside backbone can also be considered to be oligonucleosides. In some embodiments, a
modified RNAi agent will have a phosphorus atom in its internucleoside backbone.

Modified RNA backbones include, for example, phosphorothioates, chiral phosphorothioates,
phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters, methyl and other alkyl
phosphonates including 3'-alkylene phosphonates and chiral phosphonates, phosphinates,
phosphoramidates including 3'-amino phosphoramidate and aminoalkylphosphoramidates,
thionophosphoramidates, thionoalkylphosphonates, thionoalkylphosphotriesters, and
boranophosphates having normal 3'-5" linkages, 2'-5'-linked analogs of these, and those having
inverted polarity wherein the adjacent pairs of nucleoside units are linked 3'-5" to 5'-3" or 2'-5' to 5'-2".
Various salts, mixed salts and free acid forms are also included. In some embodiments of the
invention, the dsRNA agents of the invention are in a free acid form. In other embodiments of the
invention, the dsRNA agents of the invention are in a salt form. In one embodiment, the dSRNA
agents of the invention are in a sodium salt form. In certain embodiments, when the dsRNA agents of
the invention are in the sodium salt form, sodium ions are present in the agent as counterions for
substantially all of the phosphodiester and/or phosphorothioate groups present in the agent. Agents in
which substantially all of the phosphodiester and/or phosphorothioate linkages have a sodium
counterion include not more than 5, 4, 3, 2, or 1 phosphodiester and/or phosphorothioate linkages
without a sodium counterion. In some embodiments, when the dsRNA agents of the invention are in
the sodium salt form, sodium ions are present in the agent as counterions for all of the phosphodiester
and/or phosphorothioate groups present in the agent.

Representative U.S. patents that teach the preparation of the above phosphorus-containing
linkages include, but are not limited to, U.S. Patent Nos. 3,687,808; 4,469,863; 4,476,301; 5,023,243;
5,177,195; 5,188,897 5,264,423; 5,276,019; 5,278,302; 5,286,717; 5,321,131; 5,399,676; 5,405.,939;
5.453,496; 5,455,233; 5,466,677; 5.476,925; 5,519,126; 5,536,821; 5,541,316; 5,550,111; 5,563,253;
5,571,799; 5,587,361; 5,625,050; 6,028,188; 6,124,445; 6,160,109; 6,169,170; 6,172,209; 6, 239,265;
6.277,603; 6,326,199; 6,346,614; 6,444,423; 6,531,590; 6,534,639; 6,608,035; 6,683,167; 6,858,715;
6.867,294; 6,878,805; 7,015,315; 7,041,816; 7,273,933; 7,321,029; and US Pat RE39464, the entire

contents of each of which are hereby incorporated herein by reference.
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Modified RNA backbones that do not include a phosphorus atom therein have backbones that
are formed by short chain alkyl or cycloalkyl internucleoside linkages, mixed heteroatoms and alkyl
or cycloalkyl internucleoside linkages, or one or more short chain heteroatomic or heterocyclic
internucleoside linkages. These include those having morpholino linkages (formed in part from the
sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and sulfone backbones;
formacetyl and thioformacetyl backbones; methylene formacetyl and thioformacetyl backbones;
alkene containing backbones; sulfamate backbones; methyleneimino and methylenehydrazino
backbones; sulfonate and sulfonamide backbones; amide backbones; and others having mixed N, O, S
and CH> component parts.

Representative U.S. patents that teach the preparation of the above oligonucleosides include,
but are not limited to, U.S. Patent Nos. 5,034,506; 5,166,315; 5,185,444, 5,214,134, 5,216,141,
5,235,033; 5,64,562; 5,264,564; 5,405,938; 5,434,257; 5,466,677; 5,470,967; 5,489,677; 5,541,307;
5,561,225; 5,596,086; 5,602,240; 5,608,046; 5,610,289; 5,618,704; 5,623,070; 5,663,312; 5,633,360;
5,677,437; and, 5,677,439, the entire contents of each of which are hereby incorporated herein by
reference.

In other embodiments, suitable RNA mimetics are contemplated for use in RNAi agents, in
which both the sugar and the internucleoside linkage, i.e., the backbone, of the nucleotide units are
replaced with novel groups. The base units are maintained for hybridization with an appropriate
nucleic acid target compound. One such oligomeric compound, a RNA mimetic that has been shown
to have excellent hybridization properties, is referred to as a peptide nucleic acid (PNA). In PNA
compounds, the sugar backbone of an RNA is replaced with an amide containing backbone, in
particular an aminoethylglycine backbone. The nucleobases are retained and are bound directly or
indirectly to aza nitrogen atoms of the amide portion of the backbone. Representative U.S. patents that
teach the preparation of PNA compounds include, but are not limited to, U.S. Patent Nos. 5,539,082;
5,714,331; and 5,719,262, the entire contents of each of which are hereby incorporated herein by
reference. Additional PNA compounds suitable for use in the RNAi agents of the disclosure are
described in, for example, in Nielsen et al., Science, 1991, 254, 1497-1500.

Some embodiments featured in the disclosure include RNAs with phosphorothioate
backbones and oligonucleosides with heteroatom backbones, and in particular --CH»>--NH--CHa»-, --
CH,--N(CH3)--O--CH,--[known as a methylene (methylimino) or MMI backbone], --CH»--O--
N(CH3)--CH3z--, --CH3--N(CH3)--N(CH3)--CH3>-- and --N(CH3)--CH»--CHs--[wherein the native
phosphodiester backbone is represented as --O--P--O--CHs--] of the above-referenced U.S. Patent No.
5,489,677, and the amide backbones of the above-referenced U.S. Patent No. 5,602,240. In some
embodiments, the RNAs featured herein have morpholino backbone structures of the above-
referenced US5,034,506.

Modified RNAs can also contain one or more substituted sugar moieties. The RNAIi agents,
e.g., dsSRNAs, featured herein can include one of the following at the 2'-position: OH; F; O-, S-, or N-
alkyl; O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl, alkenyl and
alkynyl can be substituted or unsubstituted C; to Cyo alkyl or C; to Cyo alkenyl and alkynyl.
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Exemplary suitable modifications include O[(CH>),O] wCH3, O(CH>)..OCH3, O(CH>).NH,, O(CH>)
+CHjs, O(CH»),ONH>, and O(CH»),ON[(CH,),CH3)]>, where n and m are from 1 to about 10. In other
embodiments, dSRNAs include one of the following at the 2’ position: C; to Cio lower alkyl,
substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCHs, OCN, Cl, Br, CN, CF;,
OCF;, SOCHs3, SO2CHs, ONO», NO», N3, NH», heterocycloalkyl, heterocycloalkaryl,
aminoalkylamino, polyalkylamino, substituted silyl, an RNA cleaving group, a reporter group, an
intercalator, a group for improving the pharmacokinetic properties of an RNAi agent, or a group for
improving the pharmacodynamic properties of an RNAi agent, and other substituents having similar
properties. In some embodiments, the modification includes a 2'-methoxyethoxy (2'-O--
CH>CH>OCH3, also known as 2'-O-(2-methoxyethyl) or 2'-MOE) (Martin et al., Helv. Chim. Acta,
1995, 78:486-504) i.e., an alkoxy-alkoxy group. Another exemplary modification is 2'-
dimethylaminooxyethoxy, i.e., a O(CH2),ON(CH3), group, also known as 2'-DMAOE, as described in
examples herein below, and 2'-dimethylaminoethoxyethoxy (also known in the art as 2'-O-
dimethylaminoethoxyethyl or 2'-DMAEOE), i.e., 2'-O--CH;--O--CH»--N(CHa). Further exemplary
modifications include : 5'-Me-2'-F nucleotides, 5'-Me-2'-OMe nucleotides, 5'-Me-2'-
deoxynucleotides, (both R and S isomers in these three families); 2'-alkoxyalkyl; and 2'-NMA (N-
methylacetamide).

Other modifications include 2'-methoxy (2'-OCH3), 2'-aminopropoxy (2'-OCH,CH>CH>NH>),
2'-0-hexadecyl, and 2'-fluoro (2'-F). Similar modifications can also be made at other positions on the
RNA of an RNAI agent, particularly the 3’ position of the sugar on the 3' terminal nucleotide or in 2'-
5" linked dsRNAs and the 5' position of 5’ terminal nucleotide. RNAi agents can also have sugar
mimetics such as cyclobutyl moieties in place of the pentofuranosyl sugar. Representative U.S.
patents that teach the preparation of such modified sugar structures include, but are not limited to,
U.S. Pat. Nos. 4,981,957; 5,118,800; 5,319,080; 5,359,044; 5,393,878; 5,446,137; 5,466,786;
5,514,785; 5,519,134 5,567,811, 5.576,427; 5,591,722; 5,597,909; 5,610,300; 5,627,053; 5,639,873;
5,646,265; 5,658,873; 5,670,633; and 5,700,920, certain of which are commonly owned with the
instant application. The entire contents of each of the foregoing are hereby incorporated herein by
reference.

An RNAI agent of the disclosure can also include nucleobase (often referred to in the art
simply as “base”) modifications or substitutions. As used herein, “unmodified” or “natural”
nucleobases include the purine bases adenine (A) and guanine (G), and the pyrimidine bases thymine
(T), cytosine (C) and uracil (U). Modified nucleobases include other synthetic and natural nucleobases
such as 5-methylcytosine (5-me-C), 5-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-
aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine, 2-propyl and other alkyl
derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, S-halouracil and
cytosine, 5-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, S-uracil (pseudouracil),
4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl anal other 8-substituted adenines and
guanines, 5-halo, particularly 5-bromo, 5-trifluoromethyl and other 5-substituted uracils and

cytosines, 7-methylguanine and 7-methyladenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine
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and 7-daazaadenine and 3-deazaguanine and 3-deazaadenine. Further nucleobases include those
disclosed in U.S. Pat. No. 3,687,808, those disclosed in Modified Nucleosides in Biochemistry,
Biotechnology and Medicine, Herdewijn, P. ed. Wiley-VCH, 2008; those disclosed in The Concise
Encyclopedia Of Polymer Science And Engineering, pages 858-859, Kroschwitz, J. L, ed. John Wiley
& Sons, 1990, these disclosed by Englisch et al., (1991) Angewandte Chemie, International Edition,
30:613, and those disclosed by Sanghvi, Y S., Chapter 15, dSRNA Research and Applications, pages
289-302, Crooke, S. T. and Lebleu, B., Ed., CRC Press, 1993. Certain of these nucleobases are
particularly useful for increasing the binding affinity of the oligomeric compounds featured in the
disclosure. These include 5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and 0-6
substituted purines, including 2-aminopropyladenine, 5-propynyluracil and S-propynylcytosine. 5-
methylcytosine substitutions have been shown to increase nucleic acid duplex stability by 0.6-1.2 °C
(Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., Eds., dSRNA Research and Applications, CRC Press,
Boca Raton, 1993, pp. 276-278) and are exemplary base substitutions, even more particularly when
combined with 2'-O-methoxyethyl sugar modifications.

Representative U.S. patents that teach the preparation of certain of the above noted modified
nucleobases as well as other modified nucleobases include, but are not limited to, the above noted
U.S. Patent Nos. 3,687,808, 4,845,205; 5,130,30; 5,134,066; 5,175,273; 5,367,066; 5,432,272;
5,457,187; 5,459,255, 5,484,908; 5,502,177; 5,525,711; 5,552,540; 5,587,469; 5,594,121, 5,596,091;
5.614,617; 5,681,941; 5,750,692; 6,015,886; 6,147,200; 6,166,197; 6,222,025; 6,235,887; 6,380,368;
6,528,640; 6,639,062; 6,617,438; 7,045,610; 7,427,672; and 7,495,088, the entire contents of each of
which are hereby incorporated herein by reference.

An RNAI agent of the disclosure can also be modified to include one or more locked nucleic
acids (LNA). A locked nucleic acid is a nucleotide having a modified ribose moiety in which the
ribose moiety comprises an extra bridge connecting the 2' and 4’ carbons. This structure effectively
"locks" the ribose in the 3'-endo structural conformation. The addition of locked nucleic acids to
siRNAs has been shown to increase siRNA stability in serum, and to reduce off-target effects (Elmen,
J. et al., (2005) Nucleic Acids Research 33(1):439-447; Mook, OR. et al., (2007) Mol Canc Ther
6(3):833-843; Grunweller, A. et al., (2003) Nucleic Acids Research 31(12):3185-3193).

An RNAI agent of the disclosure can also be modified to include one or more bicyclic sugar
moieties. A “bicyclic sugar” is a furanosyl ring modified by the bridging of two atoms. A “bicyclic
nucleoside” (“BNA”) is a nucleoside having a sugar moiety comprising a bridge connecting two
carbon atoms of the sugar ring, thereby forming a bicyclic ring system. In certain embodiments, the
bridge connects the 4'-carbon and the 2'-carbon of the sugar ring. Thus, in some embodiments an
agent of the disclosure may include one or more locked nucleic acids (LNA). A locked nucleic acid is
a nucleotide having a modified ribose moiety in which the ribose moiety comprises an extra bridge
connecting the 2' and 4' carbons. In other words, an LNA is a nucleotide comprising a bicyclic sugar
moiety comprising a 4'-CH2-0O-2' bridge. This structure effectively "locks" the ribose in the 3'-endo
structural conformation. The addition of locked nucleic acids to siRNAs has been shown to increase

siRINA stability in serum, and to reduce off-target effects (Elmen, J. et al., (2005) Nucleic Acids
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Research 33(1):439-447; Mook, OR. et al., (2007) Mol Canc Ther 6(3):833-843; Grunweller, A. et
al., (2003) Nucleic Acids Research 31(12):3185-3193). Examples of bicyclic nucleosides for use in
the polynucleotides of the disclosure include without limitation nucleosides comprising a bridge
between the 4’ and the 2’ ribosyl ring atoms. In certain embodiments, the antisense polynucleotide
agents of the disclosure include one or more bicyclic nucleosides comprising a 4 to 2’ bridge.
Examples of such 4' to 2’ bridged bicyclic nucleosides, include but are not limited to 4'-(CH2)—0-2'
(LNA); 4'-(CH2)—S-2"; 4'-(CH2)2—0-2' (ENA); 4'-CH(CH3)—0-2' (also referred to as
“constrained ethyl” or “cEt”) and 4’-CH(CH20OCH3)—0-2' (and analogs thereof; see, e.g., U.S. Pat.
No. 7,399,845); 4'-C(CH3)(CH3)—O0-2' (and analogs thereof; see e.g., US Patent No. 8,278,283); 4'-
CH2—N(OCH3)-2' (and analogs thereof; see e.g., US Patent No. 8,278,425); 4'-CH2—0O—N(CH3)-
2' (see, e.g., U.S. Patent Publication No. 2004/0171570); 4'-CH2—N(R)—O0-2’, wherein R is H, C1-
C12 alkyl, or a protecting group (see, e.g., U.S. Pat. No. 7,427,672); 4'-CH2—C(H)(CH3)-2' (see,
e.g., Chattopadhyaya et al., J. Org. Chem., 2009, 74, 118-134); and 4'-CH2—C(=CH2)-2' (and
analogs thereof; see, e.g., US Patent No. 8,278,426). The entire contents of cach of the foregoing are
hereby incorporated herein by reference.

Additional representative US Patents and US Patent Publications that teach the preparation of
locked nucleic acid nucleotides include, but are not limited to, the following: US Patent Nos.
6,268,490; 6,525,191; 6,670,461, 6,770,748; 6,794,499; 6,998,484; 7,053,207; 7,034,133;7,084,125;
7,399,845; 7,427,672; 7,569,686; 7,741,457, 8,022,193; 8,030,467, 8,278,425; 8,278,426; 8,278,283;
US 2008/0039618; and US 2009/0012281, the entire contents of each of which are hereby
incorporated herein by reference.

Any of the foregoing bicyclic nucleosides can be prepared having one or more stereochemical
sugar configurations including for example a-L-ribofuranose and B-D-ribofuranose (see WO
99/14226).

An RNAI agent of the disclosure can also be modified to include one or more constrained
cthyl nucleotides. As used herein, a "constrained ethyl nucleotide" or "cEt" is a locked nucleic acid
comprising a bicyclic sugar moiety comprising a 4'-CH(CH3)-O-2' bridge. In one embodiment, a
constrained ethyl nucleotide is in the S conformation referred to herein as “S-cEt.”

An RNAI agent of the disclosure may also include one or more “conformationally restricted
nucleotides” (“CRN"). CRN are nucleotide analogs with a linker connecting the C2'and C4' carbons
of ribose or the C3 and -C5' carbons of ribose. CRN lock the ribose ring into a stable conformation
and increase the hybridization affinity to mRNA. The linker is of sufficient length to place the oxygen
in an optimal position for stability and affinity resulting in less ribose ring puckering.

Representative publications that teach the preparation of certain of the above noted CRN
include, but are not limited to, US 2013/0190383; and WO 2013/036868, the entire contents of each
of which are hereby incorporated herein by reference.

In some embodiments, an RNAi agent of the disclosure comprises one or more monomers
that are UNA (unlocked nucleic acid) nucleotides. UNA is unlocked acyclic nucleic acid, wherein any

of the bonds of the sugar has been removed, forming an unlocked "sugar” residue. In one example,
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UNA also encompasses monomer with bonds between C1'-C4' have been removed (i.e. the covalent
carbon-oxygen-carbon bond between the C1' and C4' carbons). In another example, the C2'-C3’ bond
(i.e. the covalent carbon-carbon bond between the C2' and C3' carbons) of the sugar has been
removed (see Nuc. Acids Symp. Series, 52, 133-134 (2008) and Fluiter et al., Mol. Biosyst., 2009, 10,
1039 hereby incorporated by reference).

Representative U.S. publications that teach the preparation of UNA include, but are not
limited to, 1US8,314,227; and US Patent Publication Nos. 2013/0096289; 2013/0011922; and
2011/0313020, the entire contents of each of which are hereby incorporated herein by reference.

Potentially stabilizing modifications to the ends of RNA molecules can include N-
(acetylaminocaproyl)-4-hydroxyprolinol (Hyp-C6-NHAc), N-(caproyl-4-hydroxyprolinol (Hyp-C6),
N-(acetyl-4-hydroxyprolinol (Hyp-NHAc), thymidine-2'-O-deoxythymidine (ether), N-
(aminocaproyl)-4-hydroxyprolinol (Hyp-C6-amino), 2-docosanoyl-uridine-3'- phosphate, inverted 2'-
deoxy-modified ribonucleotide, such as inverted dT(idT), inverted dA (idA), and inverted abasic 2'-
deoxyribonucleotide (iAb) and others. Disclosure of this modification can be found in WO
2011/005861.

In one example, the 3’ or 5’ terminal end of a oligonucleotide is linked to an inverted 2'-
deoxy-modified ribonucleotide, such as inverted dT(idT), inverted dA (idA), or a inverted abasic 2'-
deoxyribonucleotide (iAb). In one particular example, the inverted 2'-deoxy-modified ribonucleotide
is linked to the 3'end of an oligonucleotide, such as the 3'-end of a sense strand described herein,
where the linking is via a 3'-3' phosphodiester linkage or a 3'-3'-phosphorothioate linkage.

In another example, the 3'-end of a sense strand is linked via a 3'-3'-phosphorothioate linkage
to an inverted abasic ribonucleotide (iAb). In another example, the 3'-end of a sense strand is linked
via a 3'-3'-phosphorothioate linkage to an inverted dA (idA).

In another example, the 5'-end of a sense strand is linked via a 3'-3'-phosphorothioate linkage
to an inverted abasic ribonucleotide (iAb). In another example, the 5'-end of a sense strand is linked
via a 3'-3'-phosphorothioate linkage to an inverted dA (idA).

In another example, the 3'- and 5'-ends of a sense strand are linked via a 3'-3'-
phosphorothioate linkages to inverted abasic ribonucleotides (iAb). In another example, the 3'- and 5'-
ends of a sense strand are linked via a 3'-3'-phosphorothioate linkages to inverted dAs (idA).

In one particular example, the inverted 2'-deoxy-modified ribonucleotide is linked to the
3’end of an oligonucleotide, such as the 3'-end of a sense strand described herein, where the linking is
via a 3'-3' phosphodiester linkage or a 3'-3'-phosphorothioate linkage.

In another example, the 3'-terminal nucleotides of a sense strand is an inverted dA (idA) and
is linked to the preceding nucleotide via a 3'-3'- linkage (e.g., 3'-3'-phosphorothioate linkage).

Other modifications of an RNAi agent of the disclosure include a 5’ phosphate or 5" phosphate
mimic, e.g., a 5'-terminal phosphate or phosphate mimic on the antisense strand of an RNAi agent.
Suitable phosphate mimics are disclosed in, for example US 2012/0157511, the entire contents of

which are incorporated herein by reference.
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A. Modified RNAi agents Comprising Motifs of the Disclosure

In certain aspects of the disclosure, the double-stranded RNAi agents of the disclosure include
agents with chemical modifications as disclosed, for example, in WO 2013/075035, the entire
contents of which are incorporated herein by reference. As shown herein and in WO 2013/075035, a
superior result may be obtained by introducing one or more motifs of three identical modifications on
three consecutive nucleotides into a sense strand or antisense strand of an RNAi agent, particularly at
or near the cleavage site. In some embodiments, the sense strand and antisense strand of the RNAi
agent may otherwise be completely modified. The introduction of these motifs interrupts the
modification pattern, if present, of the sense or antisense strand. The RNAi agent may be optionally
conjugated with a lipophilic ligand, e.g., a C16 ligand, for instance on the sense strand. The RNAIi
agent may be optionally modified with a (S)-glycol nucleic acid (GNA) modification, for instance on
one or more residues of the antisense strand. The resulting RNAi agents present superior gene
silencing activity.

Accordingly, the disclosure provides double stranded RNAi agents capable of inhibiting the
expression of a target gene (i.e., a C90rf72 gene) in vivo. The RNAI agent comprises a sense strand
and an antisense strand. Each strand of the RNAi agent may be 15-30 nucleotides in length. For
example, each strand may be 16-30 nucleotides in length, 17-30 nucleotides in length, 25-30
nucleotides in length, 27-30 nucleotides in length, 17-23 nucleotides in length, 17-21 nucleotides in
length, 17-19 nucleotides in length, 19-25 nucleotides in length, 19-23 nucleotides in length, 19-21
nucleotides in length, 21-25 nucleotides in length, or 21-23 nucleotides in length. In certain
embodiments, each strand is 19-23 nucleotides in length.

The sense strand and antisense strand typically form a duplex double stranded RNA
(“dsRNA”), also referred to herein as an “RNAi agent.” The duplex region of an RNAi agent may be
15-30 nucleotide pairs in length. For example, the duplex region can be 16-30 nucleotide pairs in
length, 17-30 nucleotide pairs in length, 27-30 nucleotide pairs in length, 17 - 23 nucleotide pairs in
length, 17-21 nucleotide pairs in length, 17-19 nucleotide pairs in length, 19-25 nucleotide pairs in
length, 19-23 nucleotide pairs in length, 19- 21 nucleotide pairs in length, 21-25 nucleotide pairs in
length, or 21-23 nucleotide pairs in length. In another example, the duplex region is selected from 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, and 27 nucleotides in length. In preferred embodiments, the
duplex region is 19-21 nucleotide pairs in length.

In one embodiment, the RNAi agent may contain one or more overhang regions or capping
groups at the 3'-end, 5'-end, or both ends of one or both strands. The overhang can be 1-6 nucleotides
in length, for instance 2-6 nucleotides in length, 1-5 nucleotides in length, 2-5 nucleotides in length,
1-4 nucleotides in length, 2-4 nucleotides in length, 1-3 nucleotides in length, 2-3 nucleotides in
length, or 1-2 nucleotides in length. In preferred embodiments, the nucleotide overhang region is 2
nucleotides in length. The overhangs can be the result of one strand being longer than the other, or the
result of two strands of the same length being staggered. The overhang can form a mismatch with the

target mMRNA or it can be complementary to the gene sequences being targeted or can be another
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sequence. The first and second strands can also be joined, e.g., by additional bases to form a hairpin,
or by other non-base linkers.

In one embodiment, the nucleotides in the overhang region of the RNAi agent can each
independently be a modified or unmodified nucleotide including, but no limited to 2'-sugar modified,
such as, 2-F, 2'-O-methyl, thymidine (T), and any combinations thereof.

For example, TT can be an overhang sequence for either end on either strand. The overhang
can form a mismatch with the target mRNA or it can be complementary to the gene sequences being
targeted or can be another sequence.

The 5'- or 3'- overhangs at the sense strand, antisense strand or both strands of the RNAi
agent may be phosphorylated. In some embodiments, the overhang region(s) contains two nucleotides
having a phosphorothioate between the two nucleotides, where the two nucleotides can be the same or
different. In one embodiment, the overhang is present at the 3'-end of the sense strand, antisense
strand, or both strands. In one embodiment, this 3'-overhang is present in the antisense strand. In one
embodiment, this 3'-overhang is present in the sense strand.

The RNAI agent may contain only a single overhang, which can strengthen the interference
activity of the RNAI, without affecting its overall stability. For example, the single-stranded overhang
may be located at the 3'-terminal end of the sense strand or, alternatively, at the 3'-terminal end of the
antisense strand. The RNAi may also have a blunt end, located at the 5'-end of the antisense strand (or
the 3'-end of the sense strand) or vice versa. Generally, the antisense strand of the RNAI has a
nucleotide overhang at the 3'-end, and the 5'-end is blunt. While not wishing to be bound by theory,
the asymmetric blunt end at the 5'-end of the antisense strand and 3'-end overhang of the antisense
strand favor the guide strand loading into RISC process.

In one embodiment, the RNAI agent is a double ended bluntmer of 19 nucleotides in length,
wherein the sense strand contains at least one motif of three 2'-F modifications on three consecutive
nucleotides at positions 7, 8, 9 from the 5'end. The antisense strand contains at least one motif of three
2'-O-methyl modifications on three consecutive nucleotides at positions 11, 12, 13 from the 5'end.

In another embodiment, the RNAi agent is a double ended bluntmer of 20 nucleotides in
length, wherein the sense strand contains at least one motif of three 2'-F modifications on three
consecutive nucleotides at positions 8, 9, 10 from the 5’ end. The antisense strand contains at least one
motif of three 2'-O-methyl modifications on three consecutive nucleotides at positions 11, 12, 13 from
the 5’ end.

In yet another embodiment, the RNAi agent is a double ended bluntmer of 21 nucleotides in
length, wherein the sense strand contains at least one motif of three 2'-F modifications on three
consecutive nucleotides at positions 9, 10, 11 from the 5’ end. The antisense strand contains at least
one motif of three 2'-O-methyl modifications on three consecutive nucleotides at positions 11, 12, 13
from the 5' end.

In one embodiment, the RNAi agent comprises a 21 nucleotide sense strand and a 23
nucleotide antisense strand, wherein the sense strand contains at least one motif of three 2'-F

modifications on three consecutive nucleotides at positions 9, 10, 11 from the 5’ end; the antisense
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strand contains at least one motif of three 2'-O-methyl modifications on three consecutive nucleotides
at positions 11, 12, 13 from the 5' end, wherein one end of the RNAi agent is blunt, while the other
end comprises a 2 nucleotide overhang. Preferably, the 2 nucleotide overhang is at the 3'-end of the
antisense strand. When the 2 nucleotide overhang is at the 3'-end of the antisense strand, there may be
two phosphorothioate internucleotide linkages between the terminal three nucleotides, wherein two of
the three nucleotides are the overhang nucleotides, and the third nucleotide is a paired nucleotide next
to the overhang nucleotide. In one embodiment, the RNAi agent additionally has two
phosphorothioate internucleotide linkages between the terminal three nucleotides at both the 5'-end of
the sense strand and at the 5'-end of the antisense strand. In one embodiment, every nucleotide in the
sense strand and the antisense strand of the RNAI agent, including the nucleotides that are part of the
motifs are modified nucleotides. In one embodiment each residue is independently modified with a 2'-
O-methyl or 3'-fluoro, e.g., in an alternating motif. Optionally, the RNAi agent further comprises a
ligand (e.g., a lipophilic ligand, optionally a C16 ligand).

In one embodiment, the RNAi agent comprises a sense and an antisense strand, wherein the
sense strand is 25-30 nucleotide residues in length, wherein starting from the 5’ terminal nucleotide
(position 1) positions 1 to 23 of the first strand comprise at least 8 ribonucleotides; the antisense
strand is 36-66 nucleotide residues in length and, starting from the 3’ terminal nucleotide, comprises at
least 8 ribonucleotides in the positions paired with positions 1- 23 of sense strand to form a duplex;
wherein at least the 3 ' terminal nucleotide of antisense strand is unpaired with sense strand, and up to
6 consecutive 3' terminal nucleotides are unpaired with sense strand, thereby forming a 3’ single
stranded overhang of 1-6 nucleotides; wherein the 5’ terminus of antisense strand comprises from 10-
30 consecutive nucleotides which are unpaired with sense strand, thereby forming a 10-30 nucleotide
single stranded 5" overhang; wherein at least the sense strand 5’ terminal and 3' terminal nucleotides
are base paired with nucleotides of antisense strand when sense and antisense strands are aligned for
maximum complementarity, thereby forming a substantially duplexed region between sense and
antisense strands; and antisense strand is sufficiently complementary to a target RNA along at least 19
ribonucleotides of antisense strand length to reduce target gene expression when the double stranded
nucleic acid is introduced into a mammalian cell; and wherein the sense strand contains at least one
motif of three 2'-F modifications on three consecutive nucleotides, where at least one of the motifs
occurs at or near the cleavage site. The antisense strand contains at least one motif of three 2'-O-
methyl modifications on three consecutive nucleotides at or near the cleavage site.

In one embodiment, the RNAi agent comprises sense and antisense strands, wherein the
RNAI agent comprises a first strand having a length which is at least 25 and at most 29 nucleotides
and a second strand having a length which is at most 30 nucleotides with at least one motif of three 2'-
O-methyl modifications on three consecutive nucleotides at position 11, 12, 13 from the 5’ end;
wherein the 3’ end of the first strand and the 5’ end of the second strand form a blunt end and the
second strand is 1-4 nucleotides longer at its 3’ end than the first strand, wherein the duplex region
which is at least 25 nucleotides in length, and the second strand is sufficiently complementary to a

target mRNA along at least 19 nucleotide of the second strand length to reduce target gene expression
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when the RNAI agent is introduced into a mammalian cell, and wherein dicer cleavage of the RNAi
agent preferentially results in an siRNA comprising the 3’ end of the second strand, thereby reducing
expression of the target gene in the mammal. Optionally, the RNAi agent further comprises a ligand.

In one embodiment, the sense strand of the RNAi agent contains at least one motif of three
identical modifications on three consecutive nucleotides, where one of the motifs occurs at the
cleavage site in the sense strand.

In one embodiment, the antisense strand of the RNAi agent can also contain at least one motif
of three identical modifications on three consecutive nucleotides, where one of the motifs occurs at or
near the cleavage site in the antisense strand.

For an RNAI agent having a duplex region of 17-23 nucleotide in length, the cleavage site of
the antisense strand is typically around the 10, 11 and 12 positions from the 5'-end. Thus the motifs of
three identical modifications may occur at the 9, 10, 11 positions; 10, 11, 12 positions; 11, 12, 13
positions; 12, 13, 14 positions; or 13, 14, 15 positions of the antisense strand, the count starting from
the 1* nucleotide from the 5'-end of the antisense strand, or, the count starting from the 1* paired
nucleotide within the duplex region from the 5'-end of the antisense strand. The cleavage site in the
antisense strand may also change according to the length of the duplex region of the RNAi from the
S'-end.

The sense strand of the RNAi agent may contain at least one motif of three identical
modifications on three consecutive nucleotides at the cleavage site of the strand; and the antisense
strand may have at least one motif of three identical modifications on three consecutive nucleotides at
or near the cleavage site of the strand. When the sense strand and the antisense strand form a dsRNA
duplex, the sense strand and the antisense strand can be so aligned that one motif of the three
nucleotides on the sense strand and one motif of the three nucleotides on the antisense strand have at
least one nucleotide overlap, i.e., at least one of the three nucleotides of the motif in the sense strand
forms a base pair with at least one of the three nucleotides of the motif in the antisense strand.
Alternatively, at least two nucleotides may overlap, or all three nucleotides may overlap.

In one embodiment, the sense strand of the RNAi agent may contain more than one motif of
three identical modifications on three consecutive nucleotides. The first motif may occur at or near the
cleavage site of the strand and the other motifs may be a wing modification. The term “wing
modification” herein refers to a motif occurring at another portion of the strand that is separated from
the motif at or near the cleavage site of the same strand. The wing modification is either adjacent to
the first motif or is separated by at least one or more nucleotides. When the motifs are immediately
adjacent to each other then the chemistry of the motifs are distinct from each other and when the
motifs are separated by one or more nucleotide than the chemistries can be the same or different. Two
or more wing modifications may be present. For instance, when two wing modifications are present,
cach wing modification may occur at one end relative to the first motif which is at or near cleavage
site or on either side of the lead motif.

Like the sense strand, the antisense strand of the RNAi agent may contain more than one

motif of three identical modifications on three consecutive nucleotides, with at least one of the motifs
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occurring at or near the cleavage site of the strand. This antisense strand may also contain one or more
wing modifications in an alignment similar to the wing modifications that may be present on the sense
strand.

In one embodiment, the wing modification on the sense strand or antisense strand of the
RNAI agent typically does not include the first one or two terminal nucleotides at the 3'-end, 5'-end or
both ends of the strand.

In another embodiment, the wing modification on the sense strand or antisense strand of the
RNAI agent typically does not include the first one or two paired nucleotides within the duplex region
at the 3'-end, 5'-end or both ends of the strand.

When the sense strand and the antisense strand of the RNAi agent each contain at least one
wing modification, the wing modifications may fall on the same end of the duplex region, and have an
overlap of one, two or three nucleotides.

When the sense strand and the antisense strand of the RNAi agent each contain at least two
wing modifications, the sense strand and the antisense strand can be so aligned that two modifications
cach from one strand fall on one end of the duplex region, having an overlap of one, two or three
nucleotides; two modifications each from one strand fall on the other end of the duplex region, having
an overlap of one, two or three nucleotides; two modifications one strand fall on each side of the lead
motif, having an overlap of one, two, or three nucleotides in the duplex region.

In one embodiment, the RNAi agent comprises mismatch(es) with the target, within the
duplex, or combinations thereof. The mismatch may occur in the overhang region or the duplex
region. The base pair may be ranked on the basis of their propensity to promote dissociation or
melting (e.g., on the free energy of association or dissociation of a particular pairing, the simplest
approach is to examine the pairs on an individual pair basis, though next neighbor or similar analysis
can also be used). In terms of promoting dissociation: A:U is preferred over G:C; G:U is preferred
over G:C; and I:C is preferred over G:C (I=inosine). Mismatches, e.g., non-canonical or other than
canonical pairings (as described elsewhere herein) are preferred over canonical (A:T, A:U, G:C)
pairings; and pairings which include a universal base are preferred over canonical pairings.

In one embodiment, the RNAi agent comprises at least one of the first 1, 2, 3, 4, or 5 base
pairs within the duplex regions from the 5'- end of the antisense strand independently selected from
the group of: A:U, G:U, I:C, and mismatched pairs, e.g., non-canonical or other than canonical
pairings or pairings which include a universal base, to promote the dissociation of the antisense strand
at the 5'-end of the duplex.

In one embodiment, the nucleotide at the 1 position within the duplex region from the 5-end
in the antisense strand is selected from the group consisting of A, dA, dU, U, and dT. Alternatively, at
least one of the first 1, 2 or 3 base pair within the duplex region from the 5'- end of the antisense
strand is an AU base pair. For example, the first base pair within the duplex region from the 5'- end of
the antisense strand is an AU base pair.

In another embodiment, the nucleotide at the 3'-end of the sense strand is deoxy-thymine

(dT). In another embodiment, the nucleotide at the 3'-end of the antisense strand is deoxy-thymine
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(dT). In one embodiment, there is a short sequence of deoxy-thymine nucleotides, for example, two
dT nucleotides on the 3'-end of the sense or antisense strand.

In one embodiment, the sense strand sequence may be represented by formula (I):

5" np-Na-(X X X )i-Np-Y Y Y -Np«(Z Z Z )i-Na1ng 3’ @

wherein:

i and j are each independently O or 1;

p and q are each independently 0-6;

each N, independently represents an oligonucleotide sequence comprising 0-25 modified
nucleotides, each sequence comprising at least two differently modified nucleotides;

each Ny independently represents an oligonucleotide sequence comprising 0-10 modified
nucleotides;

cach n, and nq independently represent an overhang nucleotide;

wherein Nb and Y do not have the same modification; and

XXX, YYY and ZZZ each independently represent one motif of three identical modifications
on three consecutive nucleotides. Preferably YY'Y is all 2'-F modified nucleotides.

In one embodiment, the N, or Ny, comprise modifications of alternating pattern.

In one embodiment, the YYY motif occurs at or near the cleavage site of the sense strand. For
example, when the RNAi agent has a duplex region of 17-23 nucleotides in length, the YYY motif
can occur at or the vicinity of the cleavage site (e.g.: can occur at positions 6,7,8,7,8,9,8,9, 10,9,
10, 11,10, 11,12 or 11, 12, 13) of - the sense strand, the count starting from the 1% nucleotide, from
the 5'-end; or optionally, the count starting at the 1* paired nucleotide within the duplex region, from
the 5'-end.

In one embodiment, iis 1 andjis 0, oriis 0 andjis 1, or both i and j are 1. The sense strand
can therefore be represented by the following formulas:

5' 1p-Na-YYY-Ny-ZZZ-N.-ng 3' (Ib);

5" np-Na-XXX-Np-YYY-Na-nq 3" (Ic); or

5" np-Na-XXX-Np-YYY-Np-ZZZ-N,-ng 3" (1d).

When the sense strand is represented by formula (Ib), Ny, represents an oligonucleotide
sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides.

Each N, independently can represent an oligonucleotide sequence comprising 2-20, 2-15, or
2-10 modified nucleotides.

When the sense strand is represented as formula (Ic), Ny represents an oligonucleotide
sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N, can
independently represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the sense strand is represented as formula (Id), each Ny independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Preferably, Ny
is0,1, 2, 3, 4,5 or 6. Each N, can independently represent an oligonucleotide sequence comprising 2-

20, 2-15, or 2-10 modified nucleotides.
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Each of X, Y and Z may be the same or different from each other.

In other embodiments, i is 0 and j is 0, and the sense strand may be represented by the
formula:

5" np-Na-YYY- Nong 3’ (Ia).

When the sense strand is represented by formula (Ia), each N, independently can represent an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

In one embodiment, the antisense strand sequence of the RNAi may be represented by
formula (II):

5" ng-Na'-(ZZ'"ZW-Np'-Y'Y'Y'-Np'-(X'X'X)-N'amnp' 3 (ID

wherein:

k and [ are each independently O or 1;

p’ and q’ are each independently 0-6;
each N,' independently represents an oligonucleotide sequence comprising 0-25 modified nucleotides,
cach sequence comprising at least two differently modified nucleotides;
each Ny independently represents an oligonucleotide sequence comprising 0-10 modified nucleotides;
each np' and ng' independently represent an overhang nucleotide;
wherein Ny’ and Y’ do not have the same modification;
and X'X'X', Y'Y'Y' and Z'Z'Z’ each independently represent one motif of three identical
modifications on three consecutive nucleotides.

In one embodiment, the N,’ or Ny’ comprise modifications of alternating pattern.

The Y'Y'Y' motif occurs at or near the cleavage site of the antisense strand. For example,
when the RNAi agent has a duplex region of 17-23nucleotidein length, the Y'Y'Y' motif can occur at
positions 9, 10, 11;10, 11, 12; 11, 12, 13; 12, 13, 14 ; or 13, 14, 15 of the antisense strand, with the
count starting from the 1* nucleotide, from the 5'-end; or optionally, the count starting at the 1* paired
nucleotide within the duplex region, from the 5'-end. Preferably, the Y'Y'Y' motif occurs at positions
11,12, 13.

In one embodiment, Y'Y'Y' motif is all 2'-OMe modified nucleotides.

In one embodiment, kis 1 and1is 0, orkisOandlis 1, or both k and 1 are 1.

The antisense strand can therefore be represented by the following formulas:

5" ng-Na'-Z'Z'Z'-Ny-Y'Y'Y'-N,'-ny 3*  (Ilb);

5" ng-Na-Y'Y'Y'-Ny/'-X'X'X"1np 3" (llc); or

5" ng-Na'- Z'Z'Z'-Ny'-Y'Y'Y'-Np'- X'X'X'-N,"-ny 3" (IId).

When the antisense strand is represented by formula (IIb), Ny represents an oligonucleotide
sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N’
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the antisense strand is represented as formula (Ilc), Ny’ represents an oligonucleotide

sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N’
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independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the antisense strand is represented as formula (Ild), each Ny’ independently represents
an oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides.
Each N.’ independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10
modified nucleotides. Preferably, Ny is 0, 1, 2, 3, 4, 5 or 6.

In other embodiments, k is 0 and 1 is 0 and the antisense strand may be represented by the
formula:

S"npy-Na-Y’'Y’Y’- No-ng 3" (Ia).

When the antisense strand is represented as formula (Ila), each N’ independently represents
an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

Each of X', Y' and Z' may be the same or different from each other.

Each nucleotide of the sense strand and antisense strand may be independently modified with
LNA, 1,5-anhydrohexitol (HNA), cyclohexenyl (CeNA), 2’-methoxyethyl, 2’-O-methyl, 2'-O-allyl, 2'-
C- allyl, 2'-hydroxyl, or 2'-fluoro. For example, each nucleotide of the sense strand and antisense
strand is independently modified with 2'-O-methyl or 2'-fluoro. Each X, Y, Z, X', Y' and 7', in
particular, may represent a 2’-O-methyl modification or a 2'-fluoro modification.

In one embodiment, the sense strand of the RNAi agent may contain YY'Y motif occurring at
9, 10 and 11 positions of the strand when the duplex region is 21 nt, the count starting from the 1*
nucleotide from the 5'-end, or optionally, the count starting at the 1*' paired nucleotide within the
duplex region, from the 5'-end; and Y represents 2'-F modification. The sense strand may additionally
contain XXX motif or ZZZ motifs as wing modifications at the opposite end of the duplex region; and
XXX and ZZZ each independently represents a 2'-OMe modification or 2'-F modification.

In one embodiment the antisense strand may contain Y'Y'Y' motif occurring at positions 11,
12, 13 of the strand, the count starting from the 1% nucleotide from the 5'-end, or optionally, the count
starting at the 1% paired nucleotide within the duplex region, from the 5'-end; and Y' represents 2'-O-
methyl modification. The antisense strand may additionally contain X'X'X" motif or Z'Z'Z' motifs as
wing modifications at the opposite end of the duplex region; and X'X'X' and Z'Z'Z' each
independently represents a 2'-OMe modification or 2'-F modification.

The sense strand represented by any one of the above formulas (Ia), (Ib), (Ic), and (Id) forms a
duplex with a antisense strand being represented by any one of formulas (Ila), (IIb), (IIc), and (IId),
respectively.

Accordingly, the RNAi agents for use in the methods of the disclosure may comprise a sense

strand and an antisense strand, each strand having 14 to 30 nucleotides, the RNAi duplex represented

by formula (III):
sense: 5 1np-Na-(X X X)i-No- Y Y Y -Ny«(Z Z Z)j-Nang 3'
antisense: 3" 1p -Ny -(X*X'X)-Np -Y'Y'Y'-Ny, (Z'Z'2")-N, -ng 5’
{11
wherein:
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i,], k, and | are each independently O or 1;

p. P’ q, and q' are each independently 0-6;

each N, and N, independently represents an oligonucleotide sequence comprising 0-25
modified nucleotides, each sequence comprising at least two differently modified nucleotides;

each N, and N, independently represents an oligonucleotide sequence comprising 0-10
modified nucleotides;

wherein

cach ny’, np, ng’, and ng, each of which may or may not be present, independently represents
an overhang nucleotide; and

XXX, YYY, 277, X'X'X', Y'Y'Y', and Z'Z'Z’ each independently represent one motif of
three identical modifications on three consecutive nucleotides.

In one embodiment, iis O and jis Q; oriis 1 and jis O; oriis 0 and j is 1; or both i and j are 0;
or both i and j are 1. In another embodiment, kis O and lis O; orkis 1 andlis O; kis O and lis 1; or
both k and 1 are 0; or both k and 1 are 1.

Exemplary combinations of the sense strand and antisense strand forming an RNAi duplex
include the formulas below:

5'np-Na-Y Y Y -Np-ng 3'

3 1, -N.-Y'Y'Y' -Nang 5

(Ia)
S'np-Na-YYY -Ny-ZZ7Z -Nang 3'
3 1y -N.-Y'Y'Y'-N, -Z'2Z'Z-Nang 5’
(I1Ib)
S'np-Na- X X X -Np-Y Y Y - No-ng 3’
3" np Ny -X'X'X'-Ny -Y'Y'Y'-N, -ng 5'
(Ilc)
S'np-Ng-X XX -Np-YYY -Np-ZZZ -Nang 3'
3" np Ny -X'X'X'-Ny -Y'Y'Y'-Ny -Z2'Z'Z/-N,-ng 5'
I1d)

When the RNAi agent is represented by formula (Illa), each N, independently represents an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RNAIi agent is represented by formula (IlIb), each Ny independently represents an
oligonucleotide sequence comprising 1-10, 1-7, 1-5 or 1-4 modified nucleotides. Each N,
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the RNAI agent is represented as formula (Illc), each Ny, Ny’ independently represents
an oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or Omodified nucleotides.
Each N, independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10

modified nucleotides.
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When the RNAI agent is represented as formula (Illd), each Ny, Ny’ independently represents
an oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides.
Each N,, N, independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10
modified nucleotides. Each of N,, N,’, N, and Ny, independently comprises modifications of
alternating pattern.

In one embodiment, when the RNAi agent is represented by formula (IIId), the N,
modifications are 2’-O-methyl or 2’-fluoro modifications. In another embodiment, when the RNAi
agent is represented by formula (ITId), the N, modifications are 2’-O-methyl or 2’-fluoro modifications
and np' >0 and at least one np' is linked to a neighboring nucleotide a via phosphorothioate linkage. In
yet another embodiment, when the RNAi agent is represented by formula (I11d), the N, modifications
are 2’-O-methyl or 2’-fluoro modifications , n,’ >0 and at least one n,' is linked to a neighboring
nucleotide via phosphorothioate linkage, and the sense strand is conjugated to one or more C16 (or
related) moieties attached through a bivalent or trivalent branched linker (described below). In another
embodiment, when the RNAI agent is represented by formula (I11d), the N, modifications are 2’-O-
methyl or 2’-fluoro modifications , n,’ >0 and at least one n,' is linked to a neighboring nucleotide via
phosphorothioate linkage, the sense strand comprises at least one phosphorothioate linkage, and the
sense strand is conjugated to one or more lipophilic, e.g., C16 (or related) moieties, optionally
attached through a bivalent or trivalent branched linker.

In one embodiment, when the RNAi agent is represented by formula (I1la), the N,
modifications are 2’-O-methyl or 2’-fluoro modifications , ny,’ >0 and at least one ny' is linked to a
neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at least one
phosphorothioate linkage, and the sense strand is conjugated to one or more lipophilic, e.g., C16 (or
related) moieties attached through a bivalent or trivalent branched linker.

In one embodiment, the RNAi agent is a multimer containing at least two duplexes
represented by formula (I11), (IlTa), (I1Ib), (Illc), and (I1Id), wherein the duplexes are connected by a
linker. The linker can be cleavable or non-cleavable. Optionally, the multimer further comprises a
ligand. Each of the duplexes can target the same gene or two different genes; or each of the duplexes
can target same gene at two different target sites.

In one embodiment, the RNAI agent is a multimer containing three, four, five, six or more
duplexes represented by formula (III), (Illa), (I1Ib), (Illc), and (11Id), wherein the duplexes are
connected by a linker. The linker can be cleavable or non-cleavable. Optionally, the multimer further
comprises a ligand. Each of the duplexes can target the same gene or two different genes; or each of
the duplexes can target same gene at two different target sites.

In one embodiment, two RNAi agents represented by formula (III), (I1la), (ILIb), (Illc), and
(Illd) are linked to each other at the 5’ end, and one or both of the 3’ ends and are optionally
conjugated to to a ligand. Each of the agents can target the same gene or two different genes; or each
of the agents can target same gene at two different target sites.

Various publications describe multimeric RNAi agents that can be used in the methods of the

disclosure. Such publications include WO2007/091269, W02010/141511, W02007/117686,
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W02009/014887, and WO2011/031520; and US 7858769, the entire contents of each of which are
hereby incorporated herein by reference.

In certain embodiments, the compositions and methods of the disclosure include a vinyl
phosphonate (VP) modification of an RNAi agent as described herein. In exemplary embodiments, a

vinyl phosphonate of the disclosure has the following structure:

In exemplary embodiments, a 5° vinyl phosphonate modified nucleotide of the disclosure has

the structure:

RS'= 0
A0 R
R
OH

wherein X is O or S;

R is hydrogen, hydroxy, fluoro, or Ciz0alkoxy (e.g., methoxy or n-hexadecyloxy);

R” is =C(H)-P(O)(OH); and the double bond between the C5’ carbon and R is in the E or Z
orientation (e.g., E orientation); and

B is a nucleobase or a modified nucleobase, optionally where B is adenine, guanine, cytosine,

thymine, or uracil.

In one embodiment, R¥ is =C(H)-P(O)(OH); and the double bond between the C5’ carbon
and RS’ is in the E orientation. In another embodiment, R is methoxy and R is =C(H)-P(O)(OH),
and the double bond between the C5’ carbon and RS’ is in the E orientation. In another embodiment,
X is S, R is methoxy, and R% is =C(H)-P(O)(OH); and the double bond between the C5’ carbon and
RS’ is in the E orientation.

A vinyl phosphonate of the instant disclosure may be attached to either the antisense or the
sense strand of a dsSRNA of the disclosure. In certain preferred embodiments, a vinyl phosphonate of
the instant disclosure is attached to the antisense strand of a dsRNA, optionally at the 5’ end of the
antisense strand of the dsRNA.

Vinyl phosphate modifications are also contemplated for the compositions and methods of the
instant disclosure. An exemplary vinyl phosphate structure is:

> - ——— :
3\30\‘ \ \.}
S

H
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Another exemplary vinyl phosphate structure includes the preceding structure, where RS’ is =C(H)-
OP(O)(OH)» and the double bond between the C5” carbon and R5’ is in the E or Z orientation (e.g., E

orientation).

i. Thermally Destabilizing Modifications

In certain embodiments, a dSRNA molecule can be optimized for RNA interference by
incorporating thermally destabilizing modifications in the seed region of the antisense strand (i.e., at
positions 2-9 of the 5'-end of the antisense strand) to reduce or inhibit off-target gene silencing. It has
been discovered that dsSRNAs with an antisense strand comprising at least one thermally destabilizing
modification of the duplex within the first 9 nucleotide positions, counting from the 5' end, of the
antisense strand have reduced off-target gene silencing activity. Accordingly, in some embodiments,
the antisense strand comprises at least one (e.g., one, two, three, four, five or more) thermally
destabilizing modification of the duplex within the first 9 nucleotide positions of the 5’ region of the
antisense strand. In some embodiments, one or more thermally destabilizing modification(s) of the
duplex is/are located in positions 2-9, or preferably positions 4-8, from the 5'-end of the antisense
strand. In some further embodiments, the thermally destabilizing modification(s) of the duplex is/are
located at position 6, 7 or 8 from the 5'-end of the antisense strand. In still some further embodiments,
the thermally destabilizing modification of the duplex is located at position 7 from the 5’-end of the
antisense strand. The term “thermally destabilizing modification(s)” includes modification(s) that
would result with a dSRNA with a lower overall melting temperature (Tm) (preferably a Tm with one,
two, three or four degrees lower than the Tm of the dsRNA without having such modification(s). In
some embodiments, the thermally destabilizing modification of the duplex is located at position 2, 3,
4, 5 or 9 from the 5'-end of the antisense strand.

The thermally destabilizing modifications can include, but are not limited to, abasic
modification; mismatch with the opposing nucleotide in the opposing strand; and sugar modification
such as 2'-deoxy modification or acyclic nucleotide, e.g., unlocked nucleic acids (UNA) or glycol
nucleic acid (GNA; and 2’'-5'-linked ribonucleotides (“3'-RNA”)).

Exemplified abasic modifications include, but are not limited to the following:

Wherein R = H, Me, Et or OMe; R’ = H, Me, Et or OMe; R” = H, Me, Et or OMe
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wherein B is a modified or unmodified nucleobase.

Exemplified sugar modifications include, but are not limited to the following:

O
\ \ \f‘\NH
N ‘oko ; N o
(I) e} R (I) R
2'-deoxy unlocked nucleic acid glycol nucleic acid
R=H, OH, O-alkyl

R= H, OH, O-alkyl

e
1% o] Cﬁ*
m =2
NH R
LA ¢ "

\‘o—,,,,_,(N © b4 o % 07 o0&}
R unlocked nucleic acid —w w
? R=H, OH, CH3, CH,CH3, O-alkyl, NH,, NHMe, NMe, 0 R o
' R'=H, OH, CH3, CH,CHg, O-alkyl, NH,, NHMe, NMe, i !

glycol nucleic acid R" =H, OH, CH3, CH,CH,, O-alkyl, NH,, NHMe, NMe,
R=H, OH, O-alkyl R"=H,
H,

R = H, methyl, ethyl
OH, CH3, CH,CH,, O-alkyl, NH,, NHMe, NMe,

R"™ = H, OH, CH,, CH,CHj, O-alkyl, NH,, NHMe, NMe,

wherein B is a modified or unmodified nucleobase.

In some embodiments the thermally destabilizing modification of the duplex is selected from
10 the group consisting of:
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wherein B is a modified or unmodified nucleobase and the asterisk on each structure represents either
R, S or racemic.
In some embodiments the thermally destabilizing modification of the duplex is selected from

5  the group consisting of'

B
LN lF:I

o/\cf
¥ OH Oy

wherein B is a modified or unmodified nucleobase and the asterisk represents either R, S or racemic
(e.g. ).
The term "acyclic nucleotide” refers to any nucleotide having an acyclic ribose sugar, for
10 example, where any of bonds between the ribose carbons (e.g., C1'-C2', C2'-C3’, C3'-C4', C4'-04', or
C1'-04") is absent or at least one of ribose carbons or oxygen (e.g., C1', C2', C3', C4' or O4') are

independently or in combination absent from the nucleotide. In some embodiments, acyclic nucleotide
|

o o o
o B o B B 5 J}J{O B
] \
S ﬂ«a
R R2 O O
R2 —
0 o R 0O R g R

is8 , , T , P or , Wherein B
is a modified or unmodified nucleobase, R! and R? independently are H, halogen, ORs, or alkyl; and
15 Rsis H, alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar). The term “UNA” refers to unlocked
acyclic nucleic acid, wherein any of the bonds of the sugar has been removed, forming an unlocked
"sugar” residue. In one example, UNA also encompasses monomers with bonds between C1'-C4’
being removed (i.e. the covalent carbon-oxygen-carbon bond between the C1' and C4' carbons). In
another example, the C2'-C3' bond (i.e. the covalent carbon-carbon bond between the C2' and C3'
20  carbons) of the sugar is removed (see Mikhailov et. al., Tetrahedron Letters, 26 (17): 2059 (1985);
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and Fluiter ef al., Mol. Biosyst., 10: 1039 (2009), which are hereby incorporated by reference in their
entirety). The acyclic derivative provides greater backbone flexibility without affecting the Watson-
Crick pairings. The acyclic nucleotide can be linked via 2'-5' or 3'-5" linkage.

The term ‘GNA’ refers to glycol nucleic acid which is a polymer similar to DNA or RNA but
differing in the composition of its “backbone” in that is composed of repeating glycerol units linked

by phosphodiester bonds:

0 B
O
Oy, . /
~
/o
. B
“1
JVVVZ\)N
(RIGNA

The thermally destabilizing modification of the duplex can be mismatches (i.e.,
noncomplementary base pairs) between the thermally destabilizing nucleotide and the opposing
nucleotide in the opposite strand within the dsRNA duplex. Exemplary mismatch base pairs include
G:G, G:A, G:U, GT, A:A, A:C, C:C, C:U, C.T, U:U, T:T, U:T, or a combination thereof. Other
mismatch base pairings known in the art are also amenable to the present invention. A mismatch can
occur between nucleotides that are either naturally occurring nucleotides or modified nucleotides, i.e.,
the mismatch base pairing can occur between the nucleobases from respective nucleotides
independent of the modifications on the ribose sugars of the nucleotides. In certain embodiments, the
dsRNA molecule contains at least one nucleobase in the mismatch pairing that is a 2'-deoxy
nucleobase; e.g., the 2'-deoxy nucleobase is in the sense strand.

In some embodiments, the thermally destabilizing modification of the duplex in the seed
region of the antisense strand includes nucleotides with impaired W-C H-bonding to complementary

base on the target mRINA, such as:
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More examples of abasic nucleotide, acyclic nucleotide modifications (including UNA and
GNA), and mismatch modifications have been described in detail in WO 2011/133876, which is
herein incorporated by reference in its entirety.

The thermally destabilizing modifications may also include universal base with reduced or abolished
capability to form hydrogen bonds with the opposing bases, and phosphate modifications.

In some embodiments, the thermally destabilizing modification of the duplex includes
nucleotides with non-canonical bases such as, but not limited to, nucleobase modifications with
impaired or completely abolished capability to form hydrogen bonds with bases in the opposite strand.
These nucleobase modifications have been evaluated for destabilization of the central region of the
dsRNA duplex as described in WO 2010/0011895, which is herein incorporated by reference in its

entirety. Exemplary nucleobase modifications are:

0
N NH NfN /NfN
4 4 < |
<N IN/) <hll |N/) \ N/)\NHZ

swwaan

inosine nebularine 2-aminopurine
F
NO F
NO, 2 N CH,
a 7\ ¢ N
PN N N CH; ¢
e | | | N
2,4_ ] ] ] AN
difluorotoluene 5-nitroindole 3-nitropyrrole 4-Fluoro-6- 4-Methylbenzimidazole

methylbenzimidazole
In some embodiments, the thermally destabilizing modification of the duplex in the seed
region of the antisense strand includes one or more o-nucleotide complementary to the base on the

target mRNA, such as:

oy H o]
YN o YN o = o N
O ., i o S NH, %"‘NWO o [T NH
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wherein R is H, OH, OCHs, F, NH,, NHMe, NMe; or O-alkyl.
Exemplary phosphate modifications known to decrease the thermal stability of dsSRNA

duplexes compared to natural phosphodiester linkages are:

0 o) o) 0 o)
P

é [}
| | | | | |
O=FI’—SH 0= | —CH;, O:IID—CHZ—COOH O:FI’—R O:IID—NH—R O:IID—O-R
. ? Q Q Q .
R = alkyl

The alkyl for the R group can be a Ci-Csalkyl. Specific alkyls for the R group include, but are
not limited to methyl, ethyl, propyl, isopropyl, butyl, pentyl and hexyl.

As the skilled artisan will recognize, in view of the functional role of nucleobases is defining
specificity of an RNAIi agent of the disclosure, while nucleobase modifications can be performed in
the various manners as described herein, e.g., to introduce destabilizing modifications into an RNAi
agent of the disclosure, e.g., for purpose of enhancing on-target effect relative to off-target effect, the
range of modifications available and, in general, present upon RNAI agents of the disclosure tends to
be much greater for non-nucleobase modifications, e.g., modifications to sugar groups or phosphate
backbones of polyribonucleotides. Such modifications are described in greater detail in other sections
of the instant disclosure and are expressly contemplated for RNAi agents of the disclosure, either
possessing native nucleobases or modified nucleobases as described above or elsewhere herein.

In addition to the antisense strand comprising a thermally destabilizing modification, the
dsRNA can also comprise one or more stabilizing modifications. For example, the dsSRNA can
comprise at least two (e.g., two, three, four, five, six, seven, eight, nine, ten or more) stabilizing
modifications. Without limitations, the stabilizing modifications all can be present in one strand. In
some embodiments, both the sense and the antisense strands comprise at least two stabilizing
modifications. The stabilizing modification can occur on any nucleotide of the sense strand or
antisense strand. For instance, the stabilizing modification can occur on every nucleotide on the sense
strand or antisense strand; each stabilizing modification can occur in an alternating pattern on the
sense strand or antisense strand; or the sense strand or antisense strand comprises both stabilizing
modification in an alternating pattern. The alternating pattern of the stabilizing modifications on the
sense strand may be the same or different from the antisense strand, and the alternating pattern of the
stabilizing modifications on the sense strand can have a shift relative to the alternating pattern of the
stabilizing modifications on the antisense strand.

In some embodiments, the antisense strand comprises at least two (e.g., two, three, four, five,
six, seven, eight, nine, ten or more) stabilizing modifications. Without limitations, a stabilizing
modification in the antisense strand can be present at any positions. In some embodiments, the
antisense comprises stabilizing modifications at positions 2, 6, 8, 9, 14, and 16 from the 5'-end. In
some other embodiments, the antisense comprises stabilizing modifications at positions 2, 6, 14, and
16 from the 5'-end. In still some other embodiments, the antisense comprises stabilizing modifications

at positions 2, 14, and 16 from the 5'-end.
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In some embodiments, the antisense strand comprises at least one stabilizing modification
adjacent to the destabilizing modification. For example, the stabilizing modification can be the
nucleotide at the 5'-end or the 3'-end of the destabilizing modification, i.e., at position -1 or +1 from
the position of the destabilizing modification. In some embodiments, the antisense strand comprises a
stabilizing modification at each of the 5'-end and the 3'-end of the destabilizing modification, i.e.,
positions -1 and +1 from the position of the destabilizing modification.

In some embodiments, the antisense strand comprises at least two stabilizing modifications at
the 3'-end of the destabilizing modification, i.e., at positions +1 and +2 from the position of the
destabilizing modification.

In some embodiments, the sense strand comprises at least two (e.g., two, three, four, five, six,
seven, eight, nine, ten or more) stabilizing modifications. Without limitations, a stabilizing
modification in the sense strand can be present at any positions. In some embodiments, the sense
strand comprises stabilizing modifications at positions 7, 10, and 11 from the 5"-end. In some other
embodiments, the sense strand comprises stabilizing modifications at positions 7, 9, 10, and 11 from
the 5'-end. In some embodiments, the sense strand comprises stabilizing modifications at positions
opposite or complimentary to positions 11, 12, and 15 of the antisense strand, counting from the 5'-
end of the antisense strand. In some other embodiments, the sense strand comprises stabilizing
modifications at positions opposite or complimentary to positions 11, 12, 13, and 15 of the antisense
strand, counting from the 5'-end of the antisense strand. In some embodiments, the sense strand
comprises a block of two, three, or four stabilizing modifications.

In some embodiments, the sense strand does not comprise a stabilizing modification in
position opposite or complimentary to the thermally destabilizing modification of the duplex in the
antisense strand.

Exemplary thermally stabilizing modifications include, but are not limited to, 2'-fluoro
modifications. Other thermally stabilizing modifications include, but are not limited to, LNA.

In some embodiments, the dSRNA of the disclosure comprises at least four (e.g., four, five,
six, seven, eight, nine, ten, or more) 2'-fluoro nucleotides. Without limitations, the 2'-fluoro
nucleotides all can be present in one strand. In some embodiments, both the sense and the antisense
strands comprise at least two 2'-fluoro nucleotides. The 2'-fluoro modification can occur on any
nucleotide of the sense strand or antisense strand. For instance, the 2'-fluoro modification can occur
on every nucleotide on the sense strand or antisense strand; each 2'-fluoro modification can occur in
an alternating pattern on the sense strand or antisense strand; or the sense strand or antisense strand
comprises both 2'-fluoro modifications in an alternating pattern. The alternating pattern of the 2'-
fluoro modifications on the sense strand may be the same or different from the antisense strand, and
the alternating pattern of the 2'-fluoro modifications on the sense strand can have a shift relative to the
alternating pattern of the 2'-fluoro modifications on the antisense strand.

In some embodiments, the antisense strand comprises at least two (e.g., two, three, four, five,
six, seven, eight, nine, ten, or more) 2'-fluoro nucleotides. Without limitations, a 2'-fluoro

modification in the antisense strand can be present at any positions. In some embodiments, the
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antisense comprises 2'-fluoro nucleotides at positions 2, 6, 8, 9, 14, and 16 from the 5'-end. In some
other embodiments, the antisense comprises 2'-fluoro nucleotides at positions 2, 6, 14, and 16 from
the 5'-end. In still some other embodiments, the antisense comprises 2'-fluoro nucleotides at positions
2, 14, and 16 from the 5'-end.

In some embodiments, the antisense strand comprises at least one 2'-fluoro nucleotide
adjacent to the destabilizing modification. For example, the 2'-fluoro nucleotide can be the nucleotide
at the 5'-end or the 3'-end of the destabilizing modification, i.e., at position -1 or +1 from the position
of the destabilizing modification. In some embodiments, the antisense strand comprises a 2'-fluoro
nucleotide at each of the 5'-end and the 3'-end of the destabilizing modification, i.e., positions -1 and
+1 from the position of the destabilizing modification.

In some embodiments, the antisense strand comprises at least two 2'-fluoro nucleotides at the
3'-end of the destabilizing modification, i.e., at positions +1 and +2 from the position of the
destabilizing modification.

In some embodiments, the sense strand comprises at least two (e.g., two, three, four, five, six,
seven, eight, nine, ten or more) 2'-fluoro nucleotides. Without limitations, a 2'-fluoro modification in
the sense strand can be present at any positions. In some embodiments, the antisense comprises 2'-
fluoro nucleotides at positions 7, 10, and 11 from the 5'-end. In some other embodiments, the sense
strand comprises 2'-fluoro nucleotides at positions 7, 9, 10, and 11 from the 5'-end. In some
embodiments, the sense strand comprises 2'-fluoro nucleotides at positions opposite or complimentary
to positions 11, 12, and 15 of the antisense strand, counting from the 5'-end of the antisense strand. In
some other embodiments, the sense strand comprises 2'-fluoro nucleotides at positions opposite or
complimentary to positions 11, 12, 13, and 15 of the antisense strand, counting from the 5'-end of the
antisense strand. In some embodiments, the sense strand comprises a block of two, three or four 2'-
fluoro nucleotides.

In some embodiments, the sense strand does not comprise a 2'-fluoro nucleotide in position
opposite or complimentary to the thermally destabilizing modification of the duplex in the antisense
strand.

In some embodiments, the dSRNA molecule of the disclosure comprises a 21 nucleotides (nt)
sense strand and a 23 nucleotides (nt) antisense, wherein the antisense strand contains at least one
thermally destabilizing nucleotide, where the at least one thermally destabilizing nucleotide occurs in
the seed region of the antisense strand (i.e., at position 2-9 of the 5'-end of the antisense strand),
wherein one end of the dsRNA is blunt, while the other end is comprises a 2 nt overhang, and wherein
the dsRNA optionally further has at least one (e.g., one, two, three, four, five, six or all seven) of the
following characteristics: (i) the antisense comprises 2, 3, 4, 5 or 6 2'-fluoro modifications; (ii) the
antisense comprises 1, 2, 3, 4 or 5 phosphorothioate internucleotide linkages; (iii) the sense strand is
conjugated with a ligand; (iv) the sense strand comprises 2, 3, 4 or 5 2'-fluoro modifications; (v) the
sense strand comprises 1, 2, 3, 4 or 5 phosphorothioate internucleotide linkages; (vi) the dSRNA
comprises at least four 2'-fluoro modifications; and (vii) the dsSRNA comprises a blunt end at 5'-end of

the antisense strand. Preferably, the 2 nt overhang is at the 3'-end of the antisense.
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In some embodiments, the dSRNA molecule of the disclosure comprising a sense and
antisense strands, wherein: the sense strand is 25-30 nucleotide residues in length, wherein starting
from the 5’ terminal nucleotide (position 1), positions 1 to 23 of said sense strand comprise at least 8
ribonucleotides; antisense strand is 36-66 nucleotide residues in length and, starting from the 3’
terminal nucleotide, at least 8 ribonucleotides in the positions paired with positions 1- 23 of sense
strand to form a duplex; wherein at least the 3' terminal nucleotide of antisense strand is unpaired with
sense strand, and up to 6 consecutive 3’ terminal nucleotides are unpaired with sense strand, thereby
forming a 3’ single stranded overhang of 1-6 nucleotides; wherein the 5’ terminus of antisense strand
comprises from 10-30 consecutive nucleotides which are unpaired with sense strand, thereby forming
a 10-30 nucleotide single stranded 5' overhang; wherein at least the sense strand 5' terminal and 3’
terminal nucleotides are base paired with nucleotides of antisense strand when sense and antisense
strands are aligned for maximum complementarity, thereby forming a substantially duplexed region
between sense and antisense strands; and antisense strand is sufficiently complementary to a target
RNA along at least 19 ribonucleotides of antisense strand length to reduce target gene expression
when said double stranded nucleic acid is introduced into a mammalian cell; and wherein the
antisense strand contains at least one thermally destabilizing nucleotide, where at least one thermally
destabilizing nucleotide is in the seed region of the antisense strand (i.e. at position 2-9 of the 5'-end
of the antisense strand). For example, the thermally destabilizing nucleotide occurs between positions
opposite or complimentary to positions 14-17 of the 5'-end of the sense strand, and wherein the
dsRNA optionally further has at least one (e.g., one, two, three, four, five, six or all seven) of the
following characteristics: (i) the antisense comprises 2, 3, 4, 5, or 6 2'-fluoro modifications; (ii) the
antisense comprises 1, 2, 3, 4, or 5 phosphorothioate internucleotide linkages; (iii) the sense strand is
conjugated with a ligand; (iv) the sense strand comprises 2, 3, 4, or 5 2'-fluoro modifications; (v) the
sense strand comprises 1, 2, 3, 4, or 5 phosphorothioate internucleotide linkages; and (vi) the dsRNA
comprises at least four 2'-fluoro modifications; and (vii) the dSRNA comprises a duplex region of 12-
30 nucleotide pairs in length.

In some embodiments, the dSRNA molecule of the disclosure comprises a sense and antisense
strands, wherein said dsSRNA molecule comprises a sense strand having a length which is at least 25
and at most 29 nucleotides and an antisense strand having a length which is at most 30 nucleotides
with the sense strand comprises a modified nucleotide that is susceptible to enzymatic degradation at
position 11 from the 5’ end, wherein the 3’ end of said sense strand and the 5’ end of said antisense
strand form a blunt end and said antisense strand is 1-4 nucleotides longer at its 3’ end than the sense
strand, wherein the duplex region which is at least 25 nucleotides in length, and said antisense strand
is sufficiently complementary to a target mRNA along at least 19 nt of said antisense strand length to
reduce target gene expression when said dsSRNA molecule is introduced into a mammalian cell, and
wherein dicer cleavage of said dsRNA preferentially results in an siRNA comprising said 3' end of
said antisense strand, thereby reducing expression of the target gene in the mammal, wherein the
antisense strand contains at least one thermally destabilizing nucleotide, where the at least one

thermally destabilizing nucleotide is in the seed region of the antisense strand (i.e. at position 2-9 of
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the 5'-end of the antisense strand), and wherein the dsRNA optionally further has at least one (e.g.,
one, two, three, four, five, six or all seven) of the following characteristics: (i) the antisense comprises
2,3,4,5, or 6 2'-fluoro modifications; (ii) the antisense comprises 1, 2, 3, 4, or 5 phosphorothioate
internucleotide linkages; (iii) the sense strand is conjugated with a ligand; (iv) the sense strand
comprises 2, 3, 4, or 5 2'-fluoro modifications; (v) the sense strand comprises 1, 2, 3, 4, or 5
phosphorothioate internucleotide linkages; and (vi) the dsSRNA comprises at least four 2'-fluoro
modifications; and (vii) the dSRNA has a duplex region of 12-29 nucleotide pairs in length.

In some embodiments, every nucleotide in the sense strand and antisense strand of the dSRNA
molecule may be modified. Each nucleotide may be modified with the same or different modification
which can include one or more alteration of one or both of the non-linking phosphate oxygens or of
one or more of the linking phosphate oxygens; alteration of a constituent of the ribose sugar, e.g., of
the 2" hydroxyl on the ribose sugar; wholesale replacement of the phosphate moiety with “dephospho”
linkers; modification or replacement of a naturally occurring base; and replacement or modification of
the ribose-phosphate backbone.

As nucleic acids are polymers of subunits, many of the modifications occur at a position
which is repeated within a nucleic acid, e.g., a modification of a base, or a phosphate moiety, or a
non-linking O of a phosphate moiety. In some cases, the modification will occur at all of the subject
positions in the nucleic acid but in many cases it will not. By way of example, a modification may
only occur at a 3" or 5' terminal position, may only occur in a terminal region, e.g., at a position on a
terminal nucleotide or in the last 2, 3, 4, 5, or 10 nucleotides of a strand. A modification may occur in
a double strand region, a single strand region, or in both. A modification may occur only in the double
strand region of an RNA or may only occur in a single strand region of an RNA. E.g., a
phosphorothioate modification at a non-linking O position may only occur at one or both termini, may
only occur in a terminal region, e.g., at a position on a terminal nucleotide or in the last 2, 3, 4, 5, or
10 nucleotides of a strand, or may occur in double strand and single strand regions, particularly at
termini. The 5’ end or ends can be phosphorylated.

It may be possible, e.g., to enhance stability, to include particular bases in overhangs, or to
include modified nucleotides or nucleotide surrogates, in single strand overhangs, e.g.,ina 5" or 3’
overhang, or in both. E.g., it can be desirable to include purine nucleotides in overhangs. In some
embodiments all or some of the bases in a 3’ or 5’ overhang may be modified, e.g., with a
modification described herein. Modifications can include, e.g., the use of modifications at the 2’
position of the ribose sugar with modifications that are known in the art, e.g., the use of
deoxyribonucleotides, 2'-deoxy-2'-fluoro (2'-F) or 2'-O-methyl modified instead of the ribosugar of
the nucleobase, and modifications in the phosphate group, e.g., phosphorothioate modifications.
Overhangs need not be homologous with the target sequence.

In some embodiments, each residue of the sense strand and antisense strand is independently
modified with LNA, HNA, CeNA, 2'-methoxyethyl, 2'- O-methyl, 2'-O-allyl, 2'-C- allyl, 2'-deoxy, or
2'-fluoro. The strands can contain more than one modification. In some embodiments, each residue of

the sense strand and antisense strand is independently modified with 2'-O-methyl or 2'-fluoro. It is to
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be understood that these modifications are in addition to the at least one thermally destabilizing
modification of the duplex present in the antisense strand.

At least two different modifications are typically present on the sense strand and antisense
strand. Those two modifications may be the 2'-deoxy, 2'- O-methyl or 2'-fluoro modifications, acyclic
nucleotides or others. In some embodiments, the sense strand and antisense strand each comprises two
differently modified nucleotides selected from 2'-O-methyl or 2'-deoxy. In some embodiments, each
residue of the sense strand and antisense strand is independently modified with 2'-O-methyl
nucleotide, 2'-deoxy nucleotide, 2 -deoxy-2'-fluoro nucleotide, 2'-O-N-methylacetamido (2'-O-NMA)
nucleotide, a 2’-O-dimethylaminoethoxyethyl (2'-O-DMAEOE) nucleotide, 2'-O-aminopropyl (2'-O-
AP) nucleotide, or 2'-ara-F nucleotide. Again, it is to be understood that these modifications are in
addition to the at least one thermally destabilizing modification of the duplex present in the antisense
strand.

In some embodiments, the dSRNA molecule of the disclosure comprises modifications of an
alternating pattern, particular in the B1, B2, B3, B1’, B2’, B3’, B4’ regions. The term “alternating
motif” or “alternative pattern” as used herein refers to a motif having one or more modifications, each
modification occurring on alternating nucleotides of one strand. The alternating nucleotide may refer
to one per every other nucleotide or one per every three nucleotides, or a similar pattern. For example,
if A, B and C each represent one type of modification to the nucleotide, the alternating motif can be
“ABABABABABAB...,” “AABBAABBAABB...,” “AABAABAABAAB...,”
“AAABAAABAAAB...,” “AAABBBAAABBB...,” or “ABCABCABCABC...,” etc.

The type of modifications contained in the alternating motif may be the same or different. For
example, if A, B, C, D each represent one type of modification on the nucleotide, the alternating
pattern, i.e., modifications on every other nucleotide, may be the same, but each of the sense strand or
antisense strand can be selected from several possibilities of modifications within the alternating motif
such as “ABABAB...”, “ACACAC...” “BDBDBD...” or “CDCDCD...,” etc.

In some embodiments, the dSRNA molecule of the disclosure comprises the modification
pattern for the alternating motif on the sense strand relative to the modification pattern for the
alternating motif on the antisense strand is shifted. The shift may be such that the modified group of
nucleotides of the sense strand corresponds to a differently modified group of nucleotides of the
antisense strand and vice versa. For example, the sense strand when paired with the antisense strand in
the dsRNA duplex, the alternating motif in the sense strand may start with “ABABAB” from 5'-3' of
the strand and the alternating motif in the antisense strand may start with “BABABA” from 3'-5" of
the strand within the duplex region. As another example, the alternating motif in the sense strand may
start with “AABBAABB” from 5'-3’ of the strand and the alternating motif in the antisense strand
may start with “BBAABBAA” from 3'-5' of the strand within the duplex region, so that there is a
complete or partial shift of the modification patterns between the sense strand and the antisense

strand.
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In one particular example, the alternating motif in the sense strand is “ABABAB” from 5'-3'
of the strand, where each A is an unmodified ribonucleotide and each B is a 2'-Omethyl modified
nucleotide.

In one particular example, the alternating motif in the sense strand is “ABABAB” from 5'-3'
of the strand, where each A is an 2'-deoxy-2'-fluoro modified nucleotide and each B is a 2'-Omethyl
modified nucleotide.

In another particular example, the alternating motif in the antisense strand is “BABABA”
from 3'-5'of the strand, where each A is a 2'-deoxy-2'-fluoro modified nucleotide and each B is a 2'-
Omethyl modified nucleotide.

In one particular example, the alternating motif in the sense strand is “ABABAB” from 5'-3'
of the strand and the alternating motif in the antisense strand is “BABABA” from 3'-5'of the strand,
where each A is an unmodified ribonucleotide and each B is a 2'-Omethyl modified nucleotide.

In one particular example, the alternating motif in the sense strand is “ABABAB” sfrom 5'-3'
of the strand and the alternating motif in the antisense strand is “BABABA” from 3'-5'of the strand,
where each A is a 2'-deoxy-2'-fluoro modified nucleotide and each B is a 2'-Omethyl modified
nucleotide.

The dsRNA molecule of the disclosure may further comprise at least one phosphorothioate or
methylphosphonate internucleotide linkage. The phosphorothioate or methylphosphonate
internucleotide linkage modification may occur on any nucleotide of the sense strand or antisense
strand or both in any position of the strand. For instance, the internucleotide linkage modification may
occur on every nucleotide on the sense strand or antisense strand; each internucleotide linkage
modification may occur in an alternating pattern on the sense strand or antisense strand; or the sense
strand or antisense strand comprises both internucleotide linkage modifications in an alternating
pattern. The alternating pattern of the internucleotide linkage modification on the sense strand may be
the same or different from the antisense strand, and the alternating pattern of the internucleotide
linkage modification on the sense strand may have a shift relative to the alternating pattern of the
internucleotide linkage modification on the antisense strand.

In some embodiments, the dSRNA molecule comprises the phosphorothioate or
methylphosphonate internucleotide linkage modification in the overhang region. For example, the
overhang region comprises two nucleotides having a phosphorothioate or methylphosphonate
internucleotide linkage between the two nucleotides. Internucleotide linkage modifications also may
be made to link the overhang nucleotides with the terminal paired nucleotides within duplex region.
For example, at least 2, 3, 4, or all the overhang nucleotides may be linked through phosphorothioate
or methylphosphonate internucleotide linkage, and optionally, there may be additional
phosphorothioate or methylphosphonate internucleotide linkages linking the overhang nucleotide with
a paired nucleotide that is next to the overhang nucleotide. For instance, there may be at least two
phosphorothioate internucleotide linkages between the terminal three nucleotides, in which two of the
three nucleotides are overhang nucleotides, and the third is a paired nucleotide next to the overhang

nucleotide. Preferably, these terminal three nucleotides may be at the 3'-end of the antisense strand.
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In some embodiments, the sense strand of the dsSRNA molecule comprises 1-10 blocks of two
to ten phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3,4, 5,6, 7,
8,9,10,11, 12, 13, 14, 15, or 16 phosphate internucleotide linkages, wherein one of the
phosphorothioate or methylphosphonate internucleotide linkages is placed at any position in the
oligonucleotide sequence and the said sense strand is paired with an antisense strand comprising any
combination of phosphorothioate, methylphosphonate and phosphate internucleotide linkages or an
antisense strand comprising either phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dSRNA molecule comprises two blocks of
two phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3, 4, 5, 6, 7, §,
9,10,11,12,13, 14, 15, 16, 17, or 18 phosphate internucleotide linkages, wherein one of the
phosphorothioate or methylphosphonate internucleotide linkages is placed at any position in the
oligonucleotide sequence and the said antisense strand is paired with a sense strand comprising any
combination of phosphorothioate, methylphosphonate and phosphate internucleotide linkages or an
antisense strand comprising either phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dSRNA molecule comprises two blocks of
three phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3,4, 5, 6, 7,
8,9,10,11, 12, 13, 14, 15, or 16 phosphate internucleotide linkages, wherein one of the
phosphorothioate or methylphosphonate internucleotide linkages is placed at any position in the
oligonucleotide sequence and the said antisense strand is paired with a sense strand comprising any
combination of phosphorothioate, methylphosphonate and phosphate internucleotide linkages or an
antisense strand comprising either phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dSRNA molecule comprises two blocks of
four phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3,4, 5, 6, 7,
8,9,10, 11, 12, 13, or 14 phosphate internucleotide linkages, wherein one of the phosphorothioate or
methylphosphonate internucleotide linkages is placed at any position in the oligonucleotide sequence
and the said antisense strand is paired with a sense strand comprising any combination of
phosphorothioate, methylphosphonate and phosphate internucleotide linkages or an antisense strand
comprising either phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dSRNA molecule comprises two blocks of
five phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3,4, 5, 6,7, 8,
9, 10, 11, or 12 phosphate internucleotide linkages, wherein one of the phosphorothioate or
methylphosphonate internucleotide linkages is placed at any position in the oligonucleotide sequence
and the said antisense strand is paired with a sense strand comprising any combination of
phosphorothioate, methylphosphonate and phosphate internucleotide linkages or an antisense strand
comprising either phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dSRNA molecule comprises two blocks of
six phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3,4, 5,6, 7, 8,
9, or 10 phosphate internucleotide linkages, wherein one of the phosphorothioate or

methylphosphonate internucleotide linkages is placed at any position in the oligonucleotide sequence
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and the said antisense strand is paired with a sense strand comprising any combination of
phosphorothioate, methylphosphonate and phosphate internucleotide linkages or an antisense strand
comprising either phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dSRNA molecule comprises two blocks of
seven phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3,4, 5,6, 7,
or 8 phosphate internucleotide linkages, wherein one of the phosphorothioate or methylphosphonate
internucleotide linkages is placed at any position in the oligonucleotide sequence and the said
antisense strand is paired with a sense strand comprising any combination of phosphorothioate,
methylphosphonate and phosphate internucleotide linkages or an antisense strand comprising either
phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dSRNA molecule comprises two blocks of
eight phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3,4, 5, or 6
phosphate internucleotide linkages, wherein one of the phosphorothioate or methylphosphonate
internucleotide linkages is placed at any position in the oligonucleotide sequence and the said
antisense strand is paired with a sense strand comprising any combination of phosphorothioate,
methylphosphonate and phosphate internucleotide linkages or an antisense strand comprising either
phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dSRNA molecule comprises two blocks of
nine phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3, or 4
phosphate internucleotide linkages, wherein one of the phosphorothioate or methylphosphonate
internucleotide linkages is placed at any position in the oligonucleotide sequence and the said
antisense strand is paired with a sense strand comprising any combination of phosphorothioate,
methylphosphonate and phosphate internucleotide linkages or an antisense strand comprising either
phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the dSRNA molecule of the disclosure further comprises one or more
phosphorothioate or methylphosphonate internucleotide linkage modification within 1-10 of the
termini position(s) of the sense or antisense strand. For example, at least 2, 3,4, 5,6, 7, 8,9, or 10
nucleotides may be linked through phosphorothioate or methylphosphonate internucleotide linkage at
one end or both ends of the sense or antisense strand.

In some embodiments, the dSRNA molecule of the disclosure further comprises one or more
phosphorothioate or methylphosphonate internucleotide linkage modification within 1-10 of the
internal region of the duplex of each of the sense or antisense strand. For example, at least 2, 3, 4, 5,
6,7, 8,9, or 10 nucleotides may be linked through phosphorothioate methylphosphonate
internucleotide linkage at position 8-16 of the duplex region counting from the 5'-end of the sense
strand; the dsRINA molecule can optionally further comprise one or more phosphorothioate or
methylphosphonate internucleotide linkage modification within 1-10 of the termini position(s).

In some embodiments, the dSRNA molecule of the disclosure further comprises one to five
phosphorothioate or methylphosphonate internucleotide linkage modification(s) within position 1-5

and one to five phosphorothioate or methylphosphonate internucleotide linkage modification(s) within
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position 18-23 of the sense strand (counting from the 5'-end), and one to five phosphorothioate or
methylphosphonate internucleotide linkage modification at positions 1 and 2 and one to five within
positions 18-23 of the antisense strand (counting from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification within position 1-5 and one phosphorothioate
or methylphosphonate internucleotide linkage modification within position 18-23 of the sense strand
(counting from the 5'-end), and one phosphorothioate internucleotide linkage modification at
positions 1 and 2 and two phosphorothioate or methylphosphonate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and one phosphorothioate
internucleotide linkage modification within position 18-23 of the sense strand (counting from the 5'-
end), and one phosphorothioate internucleotide linkage modification at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and two phosphorothioate
internucleotide linkage modifications within position 18-23 of the sense strand (counting from the 5'-
end), and one phosphorothioate internucleotide linkage modification at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and two phosphorothioate
internucleotide linkage modifications within position 18-23 of the sense strand (counting from the 5'-
end), and one phosphorothioate internucleotide linkage modification at positions 1 and 2 and one
phosphorothioate internucleotide linkage modification within positions 18-23 of the antisense strand
(counting from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification within position 1-5 and one phosphorothioate
internucleotide linkage modification within position 18-23 of the sense strand (counting from the 5'-
end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification within position 1-5 and one within position 18-
23 of the sense strand (counting from the 5'-end), and two phosphorothioate internucleotide linkage
modification at positions 1 and 2 and one phosphorothioate internucleotide linkage modification

within positions 18-23 of the antisense strand (counting from the 5'-end).

104



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

In some embodiments, the dSRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification within position 1-5 (counting from the 5'-end)
of the sense strand, and two phosphorothioate internucleotide linkage modifications at positions 1 and
2 and one phosphorothioate internucleotide linkage modification within positions 18-23 of the
antisense strand (counting from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 (counting from the 5'-end)
of the sense strand, and one phosphorothioate internucleotide linkage modification at positions 1 and
2 and two phosphorothioate internucleotide linkage modifications within positions 18-23 of the
antisense strand (counting from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and one within position
18-23 of the sense strand (counting from the 5’-end), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and one phosphorothioate internucleotide linkage
modification within positions 18-23 of the antisense strand (counting from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and one phosphorothioate
internucleotide linkage modification within position 18-23 of the sense strand (counting from the 5'-
end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and one phosphorothioate
internucleotide linkage modification within position 18-23 of the sense strand (counting from the 5'-
end), and one phosphorothioate internucleotide linkage modification at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications at position 1 and 2, and two phosphorothioate
internucleotide linkage modifications at position 20 and 21 of the sense strand (counting from the 5'-
end), and one phosphorothioate internucleotide linkage modification at positions 1 and one at position
21 of the antisense strand (counting from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification at position 1, and one phosphorothioate
internucleotide linkage modification at position 21 of the sense strand (counting from the 5’-end), and
two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications at positions 20 and 21 the antisense strand

(counting from the 5'-end).
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In some embodiments, the dSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications at position 1 and 2, and two phosphorothioate
internucleotide linkage modifications at position 21 and 22 of the sense strand (counting from the 5'-
end), and one phosphorothioate internucleotide linkage modification at positions 1 and one
phosphorothioate internucleotide linkage modification at position 21 of the antisense strand (counting
from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification at position 1, and one phosphorothioate
internucleotide linkage modification at position 21 of the sense strand (counting from the 5’-end), and
two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications at positions 21 and 22 the antisense strand
(counting from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications at position 1 and 2, and two phosphorothioate
internucleotide linkage modifications at position 22 and 23 of the sense strand (counting from the 5'-
end), and one phosphorothioate internucleotide linkage modification at positions 1 and one
phosphorothioate internucleotide linkage modification at position 21 of the antisense strand (counting
from the 5'-end).

In some embodiments, the dSRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification at position 1, and one phosphorothioate
internucleotide linkage modification at position 21 of the sense strand (counting from the 5’-end), and
two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications at positions 23 and 23 the antisense strand
(counting from the 5'-end).

In some embodiments, compound of the disclosure comprises a pattern of backbone chiral
centers. In some embodiments, a common pattern of backbone chiral centers comprises at least 5
internucleotidic linkages in the Sp configuration. In some embodiments, a common pattern of
backbone chiral centers comprises at least 6 internucleotidic linkages in the Sp configuration. In some
embodiments, a common pattern of backbone chiral centers comprises at least 7 internucleotidic
linkages in the Sp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises at least 8 internucleotidic linkages in the Sp configuration. In some embodiments, a
common pattern of backbone chiral centers comprises at least 9 internucleotidic linkages in the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at least
10 internucleotidic linkages in the Sp configuration. In some embodiments, a common pattern of
backbone chiral centers comprises at least 11 internucleotidic linkages in the Sp configuration. In
some embodiments, a common pattern of backbone chiral centers comprises at least 12
internucleotidic linkages in the Sp configuration. In some embodiments, a common pattern of
backbone chiral centers comprises at least 13 internucleotidic linkages in the Sp configuration. In

some embodiments, a common pattern of backbone chiral centers comprises at least 14
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internucleotidic linkages in the Sp configuration. In some embodiments, a common pattern of
backbone chiral centers comprises at least 15 internucleotidic linkages in the Sp configuration. In
some embodiments, a common pattern of backbone chiral centers comprises at least 16
internucleotidic linkages in the Sp configuration. In some embodiments, a common pattern of
backbone chiral centers comprises at least 17 internucleotidic linkages in the Sp configuration. In
some embodiments, a common pattern of backbone chiral centers comprises at least 18
internucleotidic linkages in the Sp configuration. In some embodiments, a common pattern of
backbone chiral centers comprises at least 19 internucleotidic linkages in the Sp configuration. In
some embodiments, a common pattern of backbone chiral centers comprises no more than §
internucleotidic linkages in the Rp configuration. In some embodiments, a common pattern of
backbone chiral centers comprises no more than 7 internucleotidic linkages in the Rp configuration. In
some embodiments, a common pattern of backbone chiral centers comprises no more than 6
internucleotidic linkages in the Rp configuration. In some embodiments, a common pattern of
backbone chiral centers comprises no more than 5 internucleotidic linkages in the Rp configuration. In
some embodiments, a common pattern of backbone chiral centers comprises no more than 4
internucleotidic linkages in the Rp configuration. In some embodiments, a common pattern of
backbone chiral centers comprises no more than 3 internucleotidic linkages in the Rp configuration. In
some embodiments, a common pattern of backbone chiral centers comprises no more than 2
internucleotidic linkages in the Rp configuration. In some embodiments, a common pattern of
backbone chiral centers comprises no more than 1 internucleotidic linkages in the Rp configuration. In
some embodiments, a common pattern of backbone chiral centers comprises no more than §
internucleotidic linkages which are not chiral (as a non-limiting example, a phosphodiester). In some
embodiments, a common pattern of backbone chiral centers comprises no more than 7 internucleotidic
linkages which are not chiral. In some embodiments, a common pattern of backbone chiral centers
comprises no more than 6 internucleotidic linkages which are not chiral. In some embodiments, a
common pattern of backbone chiral centers comprises no more than 5 internucleotidic linkages which
are not chiral. In some embodiments, a common pattern of backbone chiral centers comprises no more
than 4 internucleotidic linkages which are not chiral. In some embodiments, a common pattern of
backbone chiral centers comprises no more than 3 internucleotidic linkages which are not chiral. In
some embodiments, a common pattern of backbone chiral centers comprises no more than 2
internucleotidic linkages which are not chiral. In some embodiments, a common pattern of backbone
chiral centers comprises no more than 1 internucleotidic linkages which are not chiral. In some
embodiments, a common pattern of backbone chiral centers comprises at least 10 internucleotidic
linkages in the Sp configuration, and no more than 8 internucleotidic linkages which are not chiral. In
some embodiments, a common pattern of backbone chiral centers comprises at least 11
internucleotidic linkages in the Sp configuration, and no more than 7 internucleotidic linkages which
are not chiral. In some embodiments, a common pattern of backbone chiral centers comprises at least
12 internucleotidic linkages in the Sp configuration, and no more than 6 internucleotidic linkages

which are not chiral. In some embodiments, a common pattern of backbone chiral centers comprises
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at least 13 internucleotidic linkages in the Sp configuration, and no more than 6 internucleotidic
linkages which are not chiral. In some embodiments, a common pattern of backbone chiral centers
comprises at least 14 internucleotidic linkages in the Sp configuration, and no more than 5
internucleotidic linkages which are not chiral. In some embodiments, a common pattern of backbone
chiral centers comprises at least 15 internucleotidic linkages in the Sp configuration, and no more than
4 internucleotidic linkages which are not chiral. In some embodiments, the internucleotidic linkages in
the Sp configuration are optionally contiguous or not contiguous. In some embodiments, the
internucleotidic linkages in the Rp configuration are optionally contiguous or not contiguous. In some
embodiments, the internucleotidic linkages which are not chiral are optionally contiguous or not
contiguous.

In some embodiments, compound of the disclosure comprises a block is a stereochemistry
block. In some embodiments, a block is an Rp block in that each internucleotidic linkage of the block
is Rp. In some embodiments, a 5'-block is an Rp block. In some embodiments, a 3'-block is an Rp
block. In some embodiments, a block is an Sp block in that each internucleotidic linkage of the block
is Sp. In some embodiments, a 5'-block is an Sp block. In some embodiments, a 3'-block is an Sp
block. In some embodiments, provided oligonucleotides comprise both Rp and Sp blocks. In some
embodiments, provided oligonucleotides comprise one or more Rp but no Sp blocks. In some
embodiments, provided oligonucleotides comprise one or more Sp but no Rp blocks. In some
embodiments, provided oligonucleotides comprise one or more PO blocks wherein each
internucleotidic linkage in a natural phosphate linkage.

In some embodiments, compound of the disclosure comprises a 5'-block is an Sp block
wherein each sugar moiety comprises a 2'-F modification. In some embodiments, a 5'-block is an Sp
block wherein each of internucleotidic linkage is a modified internucleotidic linkage and each sugar
moiety comprises a 2'-F modification. In some embodiments, a 5'-block is an Sp block wherein each
of internucleotidic linkage is a phosphorothioate linkage and each sugar moiety comprises a 2'-F
modification. In some embodiments, a 5'-block comprises 4 or more nucleoside units. In some
embodiments, a 5'-block comprises 5 or more nucleoside units. In some embodiments, a 5'-block
comprises 6 or more nucleoside units. In some embodiments, a 5'-block comprises 7 or more
nucleoside units. In some embodiments, a 3'-block is an Sp block wherein each sugar moiety
comprises a 2'-F modification. In some embodiments, a 3'-block is an Sp block wherein each of
internucleotidic linkage is a modified internucleotidic linkage and each sugar moiety comprises a 2'-F
modification. In some embodiments, a 3'-block is an Sp block wherein each of internucleotidic
linkage is a phosphorothioate linkage and each sugar moiety comprises a 2'-F modification. In some
embodiments, a 3'-block comprises 4 or more nucleoside units. In some embodiments, a 3'-block
comprises 5 or more nucleoside units. In some embodiments, a 3'-block comprises 6 or more
nucleoside units. In some embodiments, a 3'-block comprises 7 or more nucleoside units.

In some embodiments, compound of the disclosure comprises a type of nucleoside in a region
or an oligonucleotide is followed by a specific type of internucleotidic linkage, e.g., natural phosphate

linkage, modified internucleotidic linkage, Rp chiral internucleotidic linkage, Sp chiral
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internucleotidic linkage, etc. In some embodiments, A is followed by Sp. In some embodiments, A is
followed by Rp. In some embodiments, A is followed by natural phosphate linkage (PO). In some
embodiments, U is followed by Sp. In some embodiments, U is followed by Rp. In some
embodiments, U is followed by natural phosphate linkage (PO). In some embodiments, C is followed
by Sp. In some embodiments, C is followed by Rp. In some embodiments, C is followed by natural
phosphate linkage (PO). In some embodiments, G is followed by Sp. In some embodiments, G is
followed by Rp. In some embodiments, G is followed by natural phosphate linkage (PO). In some
embodiments, C and U are followed by Sp. In some embodiments, C and U are followed by Rp. In
some embodiments, C and U are followed by natural phosphate linkage (PO). In some embodiments,
A and G are followed by Sp. In some embodiments, A and G are followed by Rp.

In some embodiments, the antisense strand comprises phosphorothioate internucleotide
linkages between nucleotide positions 21 and 22, and between nucleotide positions 22 and 23,
wherein the antisense strand contains at least one thermally destabilizing modification of the duplex
located in the seed region of the antisense strand (i.e., at position 2-9 of the 5'-end of the antisense
strand), and wherein the dsRNA optionally further has at least one (e.g., one, two, three, four, five,
six, seven or all eight) of the following characteristics: (i) the antisense comprises 2, 3, 4, 5 or 6 2'-
fluoro modifications; (ii) the antisense comprises 3, 4 or 5 phosphorothioate internucleotide linkages;
(iii) the sense strand is conjugated with a ligand; (iv) the sense strand comprises 2, 3, 4 or 5 2'-fluoro
modifications; (v) the sense strand comprises 1, 2, 3, 4 or 5 phosphorothioate internucleotide linkages;
(vi) the dsRNA comprises at least four 2'-fluoro modifications; (vii) the dsSRNA comprises a duplex
region of 12-40 nucleotide pairs in length; and (viii) the dsSRNA has a blunt end at 5'-end of the
antisense strand.

In some embodiments, the antisense strand comprises phosphorothioate internucleotide linkages
between nucleotide positions 1 and 2, between nucleotide positions 2 and 3, between nucleotide
positions 21 and 22, and between nucleotide positions 22 and 23, wherein the antisense strand
contains at least one thermally destabilizing modification of the duplex located in the seed region of
the antisense strand (i.e., at position 2-9 of the 5'-end of the antisense strand), and wherein the dsSRNA
optionally further has at least one (e.g., one, two, three, four, five, six, seven or all eight) of the
following characteristics: (i) the antisense comprises 2, 3, 4, 5 or 6 2'-fluoro modifications; (ii) the
sense strand is conjugated with a ligand; (iii) the sense strand comprises 2, 3, 4 or 5 2'-fluoro
modifications; (iv) the sense strand comprises 1, 2, 3, 4 or 5 phosphorothioate internucleotide
linkages; (v) the dsSRNA comprises at least four 2'-fluoro modifications; (vi) the dSRNA comprises a
duplex region of 12-40 nucleotide pairs in length; (vii) the dsSRNA comprises a duplex region of 12-40
nucleotide pairs in length; and (viii) the dsSRNA has a blunt end at 5'-end of the antisense strand.

In some embodiments, the sense strand comprises phosphorothioate internucleotide linkages
between nucleotide positions 1 and 2, and between nucleotide positions 2 and 3, wherein the antisense
strand contains at least one thermally destabilizing modification of the duplex located in the seed
region of the antisense strand (i.e., at position 2-9 of the 5'-end of the antisense strand), and wherein

the dsRNA optionally further has at least one (e.g., one, two, three, four, five, six, seven or all eight)
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of the following characteristics: (i) the antisense comprises 2, 3, 4, 5 or 6 2'-fluoro modifications; (ii)
the antisense comprises 1, 2, 3, 4 or 5 phosphorothioate internucleotide linkages; (iii) the sense strand
is conjugated with a ligand; (iv) the sense strand comprises 2, 3, 4 or 5 2'-fluoro modifications; (v) the
sense strand comprises 3, 4 or 5 phosphorothioate internucleotide linkages; (vi) the dSRNA comprises
at least four 2'-fluoro modifications; (vii) the dsSRNA comprises a duplex region of 12-40 nucleotide
pairs in length; and (viii) the dsRNA has a blunt end at 5’-end of the antisense strand.

In some embodiments, the sense strand comprises phosphorothioate internucleotide linkages
between nucleotide positions 1 and 2, and between nucleotide positions 2 and 3, the antisense strand
comprises phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, between
nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and between nucleotide
positions 22 and 23, wherein the antisense strand contains at least one thermally destabilizing
modification of the duplex located in the seed region of the antisense strand (i.e., at position 2-9 of the
5'-end of the antisense strand), and wherein the dsSRNA optionally further has at least one (e.g., one,
two, three, four, five, six or all seven) of the following characteristics: (i) the antisense comprises 2, 3,
4, 5 or 6 2'-fluoro modifications; (ii) the sense strand is conjugated with a ligand; (iii) the sense strand
comprises 2, 3, 4 or 5 2'-fluoro modifications; (iv) the sense strand comprises 3, 4 or 5
phosphorothioate internucleotide linkages; (v) the dsSRNA comprises at least four 2'-fluoro
modifications; (vi) the dsSRNA comprises a duplex region of 12-40 nucleotide pairs in length; and (vii)
the dsRNA has a blunt end at 5"-end of the antisense strand.

In some embodiments, the dSRNA molecule of the disclosure comprises mismatch(es) with
the target, within the duplex, or combinations thereof. The mismatch can occur in the overhang region
or the duplex region. The base pair can be ranked on the basis of their propensity to promote
dissociation or melting (e.g., on the free energy of association or dissociation of a particular pairing,
the simplest approach is to examine the pairs on an individual pair basis, though next neighbor or
similar analysis can also be used). In terms of promoting dissociation: A:U is preferred over G:C; G:U
is preferred over G:C; and I:C is preferred over G:C (I=inosine). Mismatches, e.g., non-canonical or
other than canonical pairings (as described elsewhere herein) are preferred over canonical (A:T, A:U,
G:C) pairings; and pairings which include a universal base are preferred over canonical pairings.

In some embodiments, the dSRNA molecule of the disclosure comprises at least one of the
first 1, 2, 3, 4, or 5 base pairs within the duplex regions from the 5'- end of the antisense strand can be
chosen independently from the group of: A:U, G:U, I:C, and mismatched pairs, e.g., non-canonical or
other than canonical pairings or pairings which include a universal base, to promote the dissociation
of the antisense strand at the 5’-end of the duplex.

In some embodiments, the nucleotide at the 1 position within the duplex region from the 5'-
end in the antisense strand is selected from the group consisting of A, dA, dU, U, and dT.
Alternatively, at least one of the first 1, 2 or 3 base pair within the duplex region from the 5'- end of
the antisense strand is an AU base pair. For example, the first base pair within the duplex region from

the 5'- end of the antisense strand is an AU base pair.
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It was found that introducing 4'-modified or 5'-modified nucleotide to the 3'-end of a
phosphodiester (PO), phosphorothioate (PS), or phosphorodithioate (PS2) linkage of a dinucleotide at
any position of single stranded or double stranded oligonucleotide can exert steric effect to the
internucleotide linkage and, hence, protecting or stabilizing it against nucleases.

In some embodiments, 5'-modified nucleoside is introduced at the 3'-end of a dinucleotide at
any position of single stranded or double stranded siRNA. For instance, a 5'-alkylated nucleoside may
be introduced at the 3'-end of a dinucleotide at any position of single stranded or double stranded
siRNA. The alkyl group at the 5’ position of the ribose sugar can be racemic or chirally pure R or §
isomer. An exemplary 5'-alkylated nucleoside is 5'-methyl nucleoside. The 5'-methyl can be either
racemic or chirally pure R or S isomer.

In some embodiments, 4'-modified nucleoside is introduced at the 3'-end of a dinucleotide at
any position of single stranded or double stranded siRNA. For instance, a 4'-alkylated nucleoside may
be introduced at the 3'-end of a dinucleotide at any position of single stranded or double stranded
siRNA. The alkyl group at the 4’ position of the ribose sugar can be racemic or chirally pure R or §
isomer. An exemplary 4'-alkylated nucleoside is 4'-methyl nucleoside. The 4'-methyl can be either
racemic or chirally pure R or S isomer. Alternatively, a 4'-O-alkylated nucleoside may be introduced
at the 3'-end of a dinucleotide at any position of single stranded or double stranded siRNA. The 4'-O-
alkyl of the ribose sugar can be racemic or chirally pure R or S isomer. An exemplary 4'-O-alkylated
nucleoside is 4'-O-methyl nucleoside. The 4’-O-methyl can be either racemic or chirally pure R or §
isomer.

In some embodiments, 5'-alkylated nucleoside is introduced at any position on the sense
strand or antisense strand of a dsRNA, and such modification maintains or improves potency of the
dsRNA. The 5'-alkyl can be either racemic or chirally pure R or S isomer. An exemplary 5'-alkylated
nucleoside is 5'-methyl nucleoside. The 5'-methyl can be either racemic or chirally pure R or S isomer.

In some embodiments, 4'-alkylated nucleoside is introduced at any position on the sense
strand or antisense strand of a dsRNA, and such modification maintains or improves potency of the
dsRNA. The 4'-alkyl can be either racemic or chirally pure R or S isomer. An exemplary 4'-alkylated
nucleoside is 4'-methyl nucleoside. The 4'-methyl can be either racemic or chirally pure R or S isomer.

In some embodiments, 4'-O-alkylated nucleoside is introduced at any position on the sense
strand or antisense strand of a dsRNA, and such modification maintains or improves potency of the
dsRNA. The 5'-alkyl can be either racemic or chirally pure R or S isomer. An exemplary 4'-O-
alkylated nucleoside is 4'-O-methyl nucleoside. The 4'-O-methyl can be either racemic or chirally
pure R or S isomer.

In some embodiments, the dSRNA molecule of the disclosure can comprise 2'-5' linkages
(with 2'-H, 2'-OH and 2'-OMe and with P=0 or P=S). For example, the 2'-5' linkages modifications
can be used to promote nuclease resistance or to inhibit binding of the sense to the antisense strand, or
can be used at the 5’ end of the sense strand to avoid sense strand activation by RISC.

In another embodiment, the dsSRNA molecule of the disclosure can comprise L sugars (e.g., L

ribose, L-arabinose with 2'-H, 2'-OH and 2'-OMe). For example, these L. sugars modifications can be
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used to promote nuclease resistance or to inhibit binding of the sense to the antisense strand, or can be
used at the 5’ end of the sense strand to avoid sense strand activation by RISC.

Various publications describe multimeric siRNA which can all be used with the dsRNA of the
disclosure. Such publications include WO2007/091269, US 7858769, W02010/141511,
W02007/117686, W02009/014887, and W02011/031520 which are hereby incorporated by their
entirely.

As described in more detail below, the RNAIi agent that contains conjugations of one or more
carbohydrate moieties to an RNAi agent can optimize one or more properties of the RNAi agent. In
many cases, the carbohydrate moiety will be attached to a modified subunit of the RNAi agent. For
example, the ribose sugar of one or more ribonucleotide subunits of a dsSRINA agent can be replaced
with another moiety, e.g., a non-carbohydrate (preferably cyclic) carrier to which is attached a
carbohydrate ligand. A ribonucleotide subunit in which the ribose sugar of the subunit has been so
replaced is referred to herein as a ribose replacement modification subunit (RRMS). A cyclic carrier
may be a carbocyclic ring system, i.e., all ring atoms are carbon atoms, or a heterocyclic ring system,
i.e., one or more ring atoms may be a heteroatom, e.g., nitrogen, oxygen, sulfur. The cyclic carrier
may be a monocyclic ring system, or may contain two or more rings, e.g. fused rings. The cyclic
carrier may be a fully saturated ring system, or it may contain one or more double bonds.

The ligand may be attached to the polynucleotide via a carrier. The carriers include (i) at least
one “backbone attachment point,” preferably two “backbone attachment points” and (ii) at least one
“tethering attachment point.” A “backbone attachment point” as used herein refers to a functional
group, e.g. a hydroxyl group, or generally, a bond available for, and that is suitable for incorporation
of the carrier into the backbone, e.g., the phosphate, or modified phosphate, e.g., sulfur containing,
backbone, of a ribonucleic acid. A “tethering attachment point” (TAP) in some embodiments refers to
a constituent ring atom of the cyclic carrier, e.g., a carbon atom or a heteroatom (distinct from an atom
which provides a backbone attachment point), that connects a selected moiety. The moiety can be,
e.g., a carbohydrate, e.g. monosaccharide, disaccharide, trisaccharide, tetrasaccharide, oligosaccharide
and polysaccharide. Optionally, the selected moiety is connected by an intervening tether to the cyclic
carrier. Thus, the cyclic carrier will often include a functional group, e.g., an amino group, or
generally, provide a bond, that is suitable for incorporation or tethering of another chemical entity,
e.g., a ligand to the constituent ring.

The RNAI agents may be conjugated to a ligand via a carrier, wherein the carrier can be
cyclic group or acyclic group; preferably, the cyclic group is selected from pyrrolidinyl, pyrazolinyl,
pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [1,3]dioxolane, oxazolidinyl,
isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonyl,
tetrahydrofuryl and and decalin; preferably, the acyclic group is selected from serinol backbone or
diethanolamine backbone.

In certain specific embodiments, the RNAi agent for use in the methods of the disclosure is an
agent selected from the group of agents listed in any one of Tables 2, 3, 5, 6, 8, 9, 10A, 10B, 10C,
10D, 11, and 12. These agents may further comprise a ligand.
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Iv. iRNAs Conjugated to Ligands

Another modification of the RNA of an iRNA of the invention involves chemically linking to
the iRNA one or more ligands, moieties or conjugates that enhance the activity, cellular distribution or
cellular uptake of the iRNA, e.g., into a cell. Such moieties include but are not limited to lipid
moieties such as a cholesterol moiety (Letsinger et al., Proc. Natl. Acid. Sci. USA, 1989, 86: 6553-
6556), cholic acid (Manoharan et al., Biorg. Med. Chem. Let., 1994, 4:1053-1060), a thioether, e.g.,
beryl-S-tritylthiol (Manoharan et al., Ann. N.Y. Acad. Sci., 1992, 660:306-309; Manoharan et al.,
Biorg. Med. Chem. Let., 1993, 3:2765-2770), a thiocholesterol (Oberhauser et al., Nucl. Acids Res.,
1992, 20:533-538), an aliphatic chain, e.g., dodecandiol or undecyl residues (Saison-Behmoaras et al.,
EMBO J, 1991, 10:1111-1118; Kabanov et al., FEBS Lett., 1990, 259:327-330; Svinarchuk et al.,
Biochimie, 1993, 75:49-54), a phospholipid, e.g., di-hexadecyl-rac-glycerol or triethyl-ammonium
1,2-di-O-hexadecyl-rac-glycero-3-phosphonate (Manoharan et al., Tetrahedron Lett., 1995, 36:3651-
3654; Shea et al., Nucl. Acids Res., 1990, 18:3777-3783), a polyamine or a polyethylene glycol chain
(Manoharan et al., Nucleosides & Nucleotides, 1995, 14:969-973), or adamantane acetic acid
(Manoharan et al., Tetrahedron Lett., 1995, 36:3651-3654), a palmityl moicty (Mishra et al., Biochim.
Biophys. Acta, 1995, 1264:229-237), or an octadecylamine or hexylamino-carbonyloxycholesterol
moiety (Crooke et al., J. Pharmacol. Exp. Ther., 1996, 277:923-937).

In certain embodiments, a ligand alters the distribution, targeting or lifetime of an iRNA agent
into which it is incorporated. In some embodiments, a ligand provides an enhanced affinity for a
selected target, e.g., molecule, cell or cell type, compartment, e.g., a cellular or organ compartment,
tissue, organ or region of the body, as, e.g., compared to a species absent such a ligand. Typical
ligands will not take part in duplex pairing in a duplexed nucleic acid.

Ligands can include a naturally occurring substance, such as a protein (e.g., human serum
albumin (HSA), low-density lipoprotein (LDL), or globulin); carbohydrate (e.g., a dextran, pullulan,
chitin, chitosan, inulin, cyclodextrin or hyaluronic acid); or a lipid. The ligand may also be a
recombinant or synthetic molecule, such as a synthetic polymer, e.g., a synthetic polyamino acid.
Examples of polyamino acids include polyamino acid is a polylysine (PLL), poly L-aspartic acid, poly
L-glutamic acid, styrene-maleic acid anhydride copolymer, poly(L-lactide-co-glycolied) copolymer,
divinyl ether-maleic anhydride copolymer, N-(2-hydroxypropyl)methacrylamide copolymer (HMPA),
polyethylene glycol (PEG), polyvinyl alcohol (PVA), polyurethane, poly(2-ethylacryllic acid), N-
isopropylacrylamide polymers, or polyphosphazine. Example of polyamines include:
polyethylenimine, polylysine (PLL), spermine, spermidine, polyamine, pseudopeptide-polyamine,
peptidomimetic polyamine, dendrimer polyamine, arginine, amidine, protamine, cationic lipid,
cationic porphyrin, quaternary salt of a polyamine, or an a helical peptide.

Ligands can also include targeting groups, e.g., a cell or tissue targeting agent, e.g., a lectin,
glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell type such as a kidney
cell. A targeting group can be a thyrotropin, melanotropin, lectin, glycoprotein, surfactant protein A,
Mucin carbohydrate, multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-acetyl-

glucosamine multivalent mannose, multivalent fucose, glycosylated polyaminoacids, multivalent

113



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

galactose, transferrin, bisphosphonate, polyglutamate, polyaspartate, a lipid, cholesterol, a steroid, bile
acid, folate, vitamin B12, biotin, or an RGD peptide or RGD peptide mimetic. In certain
embodiments, the ligand is a multivalent galactose, e.g., an N-acetyl-galactosamine.

Other examples of ligands include dyes, intercalating agents (e.g. acridines), cross-linkers
(e.g. psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin), polycyclic aromatic
hydrocarbons (e.g., phenazine, dihydrophenazine), artificial endonucleases (e.g. EDTA), lipophilic
molecules, e.g., cholesterol, cholic acid, adamantane acetic acid, 1-pyrene butyric acid,
dihydrotestosterone, 1,3-Bis-O(hexadecyl)glycerol, geranyloxyhexyl group, hexadecylglycerol,
borneol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid,03-
(oleoyDlithocholic acid, O3-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine)and peptide
conjugates (e.g., antennapedia peptide, Tat peptide), alkylating agents, phosphate, amino, mercapto,
PEG (e.g., PEG-40K), MPEG, [MPEG],, polyamino, alkyl, substituted alkyl, radiolabeled markers,
enzymes, haptens (e.g. biotin), transport/absorption facilitators (e.g., aspirin, vitamin E, folic acid),
synthetic ribonucleases (e.g., imidazole, bisimidazole, histamine, imidazole clusters, acridine-
imidazole conjugates, Eu3+ complexes of tetraazamacrocycles), dinitrophenyl, HRP, or AP.

Ligands can be proteins, e.g., glycoproteins, or peptides, e.g., molecules having a specific
affinity for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type such as a
cancer cell, endothelial cell, or bone cell. Ligands may also include hormones and hormone receptors.
They can also include non-peptidic species, such as lipids, lectins, carbohydrates, vitamins, cofactors,
multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-acetyl-glucosamine multivalent
mannose, or multivalent fucose. The ligand can be, for example, a lipopolysaccharide, an activator of
p38 MAP kinase, or an activator of NF-kB.

The ligand can be a substance, e.g., a drug, which can increase the uptake of the iRNA agent
into the cell, for example, by disrupting the cell’s cytoskeleton, e.g., by disrupting the cell’s
microtubules, microfilaments, or intermediate filaments. The drug can be, for example, taxon,
vincristine, vinblastine, cytochalasin, nocodazole, japlakinolide, latrunculin A, phalloidin, swinholide
A, indanocine, or myoservin.

In some embodiments, a ligand attached to an iRNA as described herein acts as a
pharmacokinetic modulator (PK modulator). PK modulators include lipophiles, bile acids, steroids,
phospholipid analogues, peptides, protein binding agents, PEG, vitamins efc. Exemplary PK
modulators include, but are not limited to, cholesterol, fatty acids, cholic acid, lithocholic acid,
dialkylglycerides, diacylglyceride, phospholipids, sphingolipids, naproxen, ibuprofen, vitamin E,
biotin efc. Oligonucleotides that comprise a number of phosphorothioate linkages are also known to
bind to serum protein, thus short oligonucleotides, e.g., oligonucleotides of about 5 bases, 10 bases,
15 bases or 20 bases, comprising multiple of phosphorothioate linkages in the backbone are also
amenable to the present invention as ligands (e.g. as PK modulating ligands). In addition, aptamers
that bind serum components {e.g. serum proteins) are also suitable for use as PK modulating ligands

in the embodiments described herein.
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Ligand-conjugated iRNAs of the invention may be synthesized by the use of an
oligonucleotide that bears a pendant reactive functionality, such as that derived from the attachment of
a linking molecule onto the oligonucleotide (described below). This reactive oligonucleotide may be
reacted directly with commercially-available ligands, ligands that are synthesized bearing any of a
variety of protecting groups, or ligands that have a linking moiety attached thereto.

The oligonucleotides used in the conjugates of the present invention may be conveniently and
routinely made through the well-known technique of solid-phase synthesis. Equipment for such
synthesis is sold by several vendors including, for example, Applied Biosystems® (Foster City,
Calif.). Any other means for such synthesis known in the art may additionally or alternatively be
employed. It is also known to use similar techniques to prepare other oligonucleotides, such as the
phosphorothioates and alkylated derivatives.

In the ligand-conjugated oligonucleotides and ligand-molecule bearing sequence-specific
linked nucleosides of the present invention, the oligonucleotides and oligonucleosides may be
assembled on a suitable DNA synthesizer utilizing standard nucleotide or nucleoside precursors, or
nucleotide or nucleoside conjugate precursors that already bear the linking moiety, ligand-nucleotide
or nucleoside-conjugate precursors that already bear the ligand molecule, or non-nucleoside ligand-
bearing building blocks.

When using nucleotide-conjugate precursors that already bear a linking moiety, the synthesis
of the sequence-specific linked nucleosides is typically completed, and the ligand molecule is then
reacted with the linking moiety to form the ligand-conjugated oligonucleotide. In some embodiments,
the oligonucleotides or linked nucleosides of the present invention are synthesized by an automated
synthesizer using phosphoramidites derived from ligand-nucleoside conjugates in addition to the
standard phosphoramidites and non-standard phosphoramidites that are commercially available and

routinely used in oligonucleotide synthesis.

A. Lipid Conjugates

In certain embodiments, the ligand or conjugate is a lipid or lipid-based molecule. Such a
lipid or lipid-based molecule can typically bind a serum protein, such as human serum albumin
(HSA). An HSA binding ligand allows for distribution of the conjugate to a target tissue, e.g., a non-
kidney target tissue of the body. For example, the target tissue can be the liver, including
parenchymal cells of the liver. Other molecules that can bind HSA can also be used as ligands. For
example, naproxen or aspirin can be used. A lipid or lipid-based ligand can (a) increase resistance to
degradation of the conjugate, (b) increase targeting or transport into a target cell or cell membrane, or
(c) can be used to adjust binding to a serum protein, e.g., HSA.

A lipid-based ligand can be used to modulate, e.g., control (e.g., inhibit) the binding of the
conjugate to a target tissue. For example, a lipid or lipid-based ligand that binds to HSA more
strongly will be less likely to be targeted to the kidney and therefore less likely to be cleared from the
body. A lipid or lipid-based ligand that binds to HSA less strongly can be used to target the conjugate
to the kidney.
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In certain embodiments, the lipid-based ligand binds HSA. For example, the ligand can bind
HSA with a sufficient affinity such that distribution of the conjugate to a non-kidney tissue is
enhanced. However, the affinity is typically not so strong that the HSA-ligand binding cannot be
reversed.

In certain embodiments, the lipid-based ligand binds HSA weakly or not at all, such that
distribution of the conjugate to the kidney is enhanced. Other moieties that target to kidney cells can
also be used in place of or in addition to the lipid-based ligand.

In another aspect, the ligand is a moiety, e.g., a vitamin, which is taken up by a target cell,
e.g., a proliferating cell. These are particularly useful for treating disorders characterized by
unwanted cell proliferation, e.g., of the malignant or non-malignant type, e.g., cancer cells.
Exemplary vitamins include vitamin A, E, and K. Other exemplary vitamins include are B vitamin,
e.g., folic acid, B12, riboflavin, biotin, pyridoxal or other vitamins or nutrients taken up by cancer

cells. Also included are HSA and low density lipoprotein (LDL).

B. Cell Permeation Agents

In another aspect, the ligand is a cell-permeation agent, such as a helical cell-permeation
agent. In certain embodiments, the agent is amphipathic. An exemplary agent is a peptide such as tat
or antennopedia. If the agent is a peptide, it can be modified, including a peptidylmimetic,
invertomers, non-peptide or pseudo-peptide linkages, and use of D-amino acids. The helical agent is
typically an a-helical agent and can have a lipophilic and a lipophobic phase.

The ligand can be a peptide or peptidomimetic. A peptidomimetic (also referred to herein as
an oligopeptidomimetic) is a molecule capable of folding into a defined three-dimensional structure
similar to a natural peptide. The attachment of peptide and peptidomimetics to iRNA agents can
affect pharmacokinetic distribution of the iRNA, such as by enhancing cellular recognition and
absorption. The peptide or peptidomimetic moiety can be about 5-50 amino acids long, e.g., about 5,
10, 15, 20, 25, 30, 35, 40, 45, or 50 amino acids long.

A peptide or peptidomimetic can be, for example, a cell permeation peptide, cationic peptide,
amphipathic peptide, or hydrophobic peptide (e.g., consisting primarily of Tyr, Trp, or Phe). The
peptide moiety can be a dendrimer peptide, constrained peptide or crosslinked peptide. In another
alternative, the peptide moiety can include a hydrophobic membrane translocation sequence (MTS).
An exemplary hydrophobic MTS-containing peptide is RFGF having the amino acid sequence
AAVALLPAVLLALLAP (SEQ ID NO: ___ ). An RFGF analogue (e.g., amino acid sequence
AALLPVLLAAP (SEQ ID NO:

moiety. The peptide moiety can be a “delivery” peptide, which can carry large polar molecules

)) containing a hydrophobic MTS can also be a targeting

including peptides, oligonucleotides, and protein across cell membranes. For example, sequences
from the HIV Tat protein (GRKKRRQRRRPPQ (SEQ ID NO: ___ )) and the Drosophila
Antennapedia protein (RQIKIWFQNRRMKWKK (SEQ ID NO: ___ )) have been found to be
capable of functioning as delivery peptides. A peptide or peptidomimetic can be encoded by a

random sequence of DNA, such as a peptide identified from a phage-display library, or one-bead-one-
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compound (OBOC) combinatorial library (Lam et al., Nature, 354:82-84, 1991). Typically, the
peptide or peptidomimetic tethered to a dsSRNA agent via an incorporated monomer unit is a cell
targeting peptide such as an arginine-glycine-aspartic acid (RGD)-peptide, or RGD mimic. A peptide
moiety can range in length from about 5 amino acids to about 40 amino acids. The peptide moieties
can have a structural modification, such as to increase stability or direct conformational properties.
Any of the structural modifications described below can be utilized.

An RGD peptide for use in the compositions and methods of the invention may be linear or
cyclic, and may be modified, e.g., glycosylated or methylated, to facilitate targeting to a specific
tissue(s). RGD-containing peptides and peptidiomimemtics may include D-amino acids, as well as
synthetic RGD mimics. In addition to RGD, one can use other moieties that target the integrin ligand.
Preferred conjugates of this ligand target PECAM-1 or VEGF.

An RGD peptide moiety can be used to target a particular cell type, e.g., a tumor cell, such as
an endothelial tumor cell or a breast cancer tumor cell (Zitzmann et al., Cancer Res., 62:5139-43,
2002). An RGD peptide can facilitate targeting of an dsSRNA agent to tumors of a variety of other
tissues, including the lung, kidney, spleen, or liver (Aoki et al., Cancer Gene Therapy 8:783-787,
2001). Typically, the RGD peptide will facilitate targeting of an iRNA agent to the kidney. The RGD
peptide can be linear or cyclic, and can be modified, e.g., glycosylated or methylated to facilitate
targeting to specific tissues. For example, a glycosylated RGD peptide can deliver an iRNA agent to
a tumor cell expressing ovBs (Haubner et al., Jour. Nucl. Med., 42:326-336, 2001).

A “cell permeation peptide” is capable of permeating a cell, e.g., a microbial cell, such as a
bacterial or fungal cell, or a mammalian cell, such as a human cell. A microbial cell-permeating
peptide can be, for example, an o-helical linear peptide (e.g., LL-37 or Ceropin P1), a disulfide bond-
containing peptide (e.g., a -defensin, B-defensin or bactenecin), or a peptide containing only one or
two dominating amino acids (e.g., PR-39 or indolicidin). A cell permeation peptide can also include a
nuclear localization signal (NLS). For example, a cell permeation peptide can be a bipartite
amphipathic peptide, such as MPG, which is derived from the fusion peptide domain of HIV-1 gp41
and the NLS of SV40 large T antigen (Simeoni et al., Nucl. Acids Res. 31:2717-2724, 2003).

C. Carbohydrate Conjugates

In some embodiments of the compositions and methods of the invention, an iRNA further
comprises a carbohydrate. The carbohydrate conjugated iRNA are advantageous for the in vivo
delivery of nucleic acids, as well as compositions suitable for in vivo therapeutic use, as described
herein. As used herein, “carbohydrate” refers to a compound which is either a carbohydrate per se
made up of one or more monosaccharide units having at least 6 carbon atoms (which can be linear,
branched or cyclic) with an oxygen, nitrogen or sulfur atom bonded to each carbon atom; or a
compound having as a part thereof a carbohydrate moiety made up of one or more monosaccharide
units each having at least six carbon atoms (which can be linear, branched or cyclic), with an oxygen,
nitrogen or sulfur atom bonded to each carbon atom. Representative carbohydrates include the sugars

(mono-, di-, tri- and oligosaccharides containing from about 4, 5, 6, 7, 8, or 9 monosaccharide units),
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and polysaccharides such as starches, glycogen, cellulose and polysaccharide gums. Specific
monosaccharides include C5 and above (e.g., C3, C6, C7, or C8) sugars; di- and tri-saccharides
include sugars having two or three monosaccharide units (e.g., C5, C6, C7, or C8).

In certain embodiments, a carbohydrate conjugate comprises a monosaccharide.

In certain embodiments, the monosaccharide is an N-acetylgalactosamine (GalNAc). GalNAc
conjugates, which comprise one or more N-acetylgalactosamine (GalNAc) derivatives, are described,
for example, in US 8,106,022, the entire content of which is hereby incorporated herein by reference.
In some embodiments, the GalNAc conjugate serves as a ligand that targets the iRNA to particular
cells. In some embodiments, the GalNAc conjugate targets the iRNA to liver cells, e.g., by serving as
a ligand for the asialoglycoprotein receptor of liver cells (e.g., hepatocytes).

In some embodiments, the carbohydrate conjugate comprises one or more GalNAc
derivatives. The GalNAc derivatives may be attached via a linker, e.g., a bivalent or trivalent
branched linker. In some embodiments the GalNAc conjugate is conjugated to the 3' end of the sense
strand. In some embodiments, the GalNAc conjugate is conjugated to the iRNA agent (e.g., to the 3'
end of the sense strand) via a linker, e.g., a linker as described herein. In some embodiments the
GalNAc conjugate is conjugated to the 5’ end of the sense strand. In some embodiments, the GalNAc
conjugate is conjugated to the iRNA agent (e.g., to the 5" end of the sense strand) via a linker, e.g., a
linker as described herein.

In certain embodiments of the invention, the GalNAc or GalNAc derivative is attached to an
iRNA agent of the invention via a monovalent linker. In some embodiments, the GalNAc or GalNAc
derivative is attached to an iRNA agent of the invention via a bivalent linker. In yet other
embodiments of the invention, the GalNAc or GalNAc derivative is attached to an iRNA agent of the
invention via a trivalent linker. In other embodiments of the invention, the GalNAc or GalNAc
derivative is attached to an iRNA agent of the invention via a tetravalent linker.

In certain embodiments, the double stranded RNAi agents of the invention comprise one
GalNAc or GalNAc derivative attached to the iRNA agent. In certain embodiments, the double
stranded RNAI agents of the invention comprise a plurality (e.g., 2, 3, 4, 5, or 6) GalNAc or GalNAc
derivatives, each independently attached to a plurality of nucleotides of the double stranded RNAi
agent through a plurality of monovalent linkers.

In some embodiments, for example, when the two strands of an iRNA agent of the invention
are part of one larger molecule connected by an uninterrupted chain of nucleotides between the 3'-end
of one strand and the 5'-end of the respective other strand forming a hairpin loop comprising, a
plurality of unpaired nucleotides, each unpaired nucleotide within the hairpin loop may independently
comprise a GalNAc or GalNAc derivative attached via a monovalent linker. The hairpin loop may
also be formed by an extended overhang in one strand of the duplex.

In some embodiments, for example, when the two strands of an iRNA agent of the invention
are part of one larger molecule connected by an uninterrupted chain of nucleotides between the 3'-end
of one strand and the 5'-end of the respective other strand forming a hairpin loop comprising, a

plurality of unpaired nucleotides, each unpaired nucleotide within the hairpin loop may independently
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comprise a GalNAc or GalNAc derivative attached via a monovalent linker. The hairpin loop may
also be formed by an extended overhang in one strand of the duplex.

In some embodiments, the GalNAc conjugate is

Ho OH
Q
HO O\/\/\H/H/\/\H 0
AcHN 0 Formula IL
5 In some embodiments, the RNAi agent is attached to the carbohydrate conjugate via a linker

as shown in the following schematic, wherein X is O or S

In some embodiments, the RNAi agent is conjugated to L96 as defined in Table 1 and shown

below:
oH OH trans-4-Hydroxyprolinol
"
~~ AL e Site of
AcHN WY \? [)\/OH =& Conjugation
H N
Triantennary GalNAc < % H oy H Wo
0O N O
N
e W\n’ 7(\/ 3
OH © 9 - J
/E h'd
OW\r N~ANTTO C12 - Diacroboxylic Acid Tether
10 AcHN 0 H

In certain embodiments, a carbohydrate conjugate for use in the compositions and methods of

the invention is selected from the group consisting of:
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, wherein X is O or S (Formula XXVII);
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In certain embodiments, a carbohydrate conjugate for use in the compositions and methods of

the invention is a monosaccharide. In certain embodiments, the monosaccharide is an N-

acetylgalactosamine, such as
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Another representative carbohydrate conjugate for use in the embodiments described herein

includes, but is not limited to,
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Q
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(Formula XXXVI),

when one of X or Y is an oligonucleotide, the other is a hydrogen.
In some embodiments, a suitable ligand is a ligand disclosed in WO 2019/055633, the entire
contents of which are incorporated herein by reference. In one embodiment the ligand comprises the

structure below:

NAG—O\/\O/\/NH o

NAG-~O
~ oA AN o

o]
(o]
NAG —o\/\o/\/NH NHJJ‘("' o .
0 ,O,lg’s
-
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In certain embodiments, the RNAi agents of the disclosure may include GalNAc ligands, even if such
GalNAc ligands are currently projected to be of limited value for the preferred intrathecal/CNS

delivery route(s) of the instant disclosure.
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In certain embodiments of the invention, the GalNAc or GalNAc derivative is attached to an
iRNA agent of the invention via a monovalent linker. In some embodiments, the GalNAc or GalNAc
derivative is attached to an iRNA agent of the invention via a bivalent linker. In yet other
embodiments of the invention, the GalNAc or GalNAc derivative is attached to an iRNA agent of the
invention via a trivalent linker.

In one embodiment, the double stranded RNAi agents of the invention comprise one or more
GalNAc or GalNAc derivative attached to the iRNA agent. The GalNAc may be attached to any
nucleotide via a linker on the sense strand or antsisense strand. The GalNac may be attached to the
5'-end of the sense strand, the 3’ end of the sense strand, the 5'-end of the antisense strand, or the 3’ —
end of the antisense strand. In one embodiment, the GalNAc is attached to the 3' end of the sense
strand, e.g., via a trivalent linker.

In other embodiments, the double stranded RNAi agents of the invention comprise a plurality
(e.g., 2,3,4,5, or 6) GalNAc or GalNACc derivatives, each independently attached to a plurality of
nucleotides of the double stranded RNAi agent through a plurality of linkers, e.g., monovalent linkers.

In some embodiments, for example, when the two strands of an iRNA agent of the invention
is part of one larger molecule connected by an uninterrupted chain of nucleotides between the 3'-end
of one strand and the 5'-end of the respective other strand forming a hairpin loop comprising, a
plurality of unpaired nucleotides, each unpaired nucleotide within the hairpin loop may independently
comprise a GalNAc or GalNAc derivative attached via a monovalent linker.

In some embodiments, the carbohydrate conjugate further comprises one or more additional
ligands as described above, such as, but not limited to, a PK modulator or a cell permeation peptide.

Additional carbohydrate conjugates and linkers suitable for use in the present invention
include those described in WO 2014/179620 and WO 2014/179627, the entire contents of each of

which are incorporated herein by reference.

D. Linkers

In some embodiments, the conjugate or ligand described herein can be attached to an iRNA
oligonucleotide with various linkers that can be cleavable or non-cleavable.

The term “linker” or “linking group” means an organic moiety that connects two parts of a
compound, e.g., covalently attaches two parts of a compound. Linkers typically comprise a direct
bond or an atom such as oxygen or sulfur, a unit such as NR§, C(O), C(O)NH, SO, SO,, SO,NH or a
chain of atoms, such as, but not limited to, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, arylalkyl, arylalkenyl, arylalkynyl,
heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, heterocyclylalkyl, heterocyclylalkenyl,
heterocyclylalkynyl, aryl, heteroaryl, heterocyclyl, cycloalkyl, cycloalkenyl, alkylarylalkyl,
alkylarylalkenyl, alkylarylalkynyl, alkenylarylalkyl, alkenylarylalkenyl, alkenylarylalkynyl,
alkynylarylalkyl, alkynylarylalkenyl, alkynylarylalkynyl, alkylheteroarylalkyl, alkylheteroarylalkenyl,
alkylheteroarylalkynyl, alkenylheteroarylalkyl, alkenylheteroarylalkenyl, alkenylheteroarylalkynyl,
alkynylheteroarylalkyl, alkynylheteroarylalkenyl, alkynylheteroarylalkynyl, alkylheterocyclylalkyl,
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alkylheterocyclylalkenyl, alkylhererocyclylalkynyl, alkenylheterocyclylalkyl,
alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl, alkynylheterocyclylalkyl,
alkynylheterocyclylalkenyl, alkynylheterocyclylalkynyl, alkylaryl, alkenylaryl, alkynylaryl,
alkylheteroaryl, alkenylheteroaryl, alkynylhereroaryl, which one or more methylenes can be
interrupted or terminated by O, S, S(0O), SO», N(R8), C(0O), substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocyclic; where RS is
hydrogen, acyl, aliphatic or substituted aliphatic. In certain embodiments, the linker is between about
1-24 atoms, 2-24, 3-24, 4-24, 5-24, 6-24, 6-18, 7-18, 8-18 atoms, 7-17, 8-17, 6-16, 7-16, or 8-16
atoms.

A cleavable linking group is one which is sufficiently stable outside the cell, but which upon
entry into a target cell is cleaved to release the two parts the linker is holding together. In a preferred
embodiment, the cleavable linking group is cleaved at least about 10 times, 20, times, 30 times, 40
times, 50 times, 60 times, 70 times, 80 times, 90 times or more, or at least about 100 times faster in a
target cell or under a first reference condition (which can, e.g., be selected to mimic or represent
intracellular conditions) than in the blood of a subject, or under a second reference condition (which
can, e.g., be selected to mimic or represent conditions found in the blood or serum).

Cleavable linking groups are susceptible to cleavage agents, e.g., pH, redox potential or the
presence of degradative molecules. Generally, cleavage agents are more prevalent or found at higher
levels or activities inside cells than in serum or blood. Examples of such degradative agents include:
redox agents which are selected for particular substrates or which have no substrate specificity,
including, e.g., oxidative or reductive enzymes or reductive agents such as mercaptans, present in
cells, that can degrade a redox cleavable linking group by reduction; esterases; endosomes or agents
that can create an acidic environment, e.g., those that result in a pH of five or lower; enzymes that can
hydrolyze or degrade an acid cleavable linking group by acting as a general acid, peptidases (which
can be substrate specific), and phosphatases.

A cleavable linkage group, such as a disulfide bond can be susceptible to pH. The pH of
human serum is 7.4, while the average intracellular pH is slightly lower, ranging from about 7.1-7.3.
Endosomes have a more acidic pH, in the range of 5.5-6.0, and lysosomes have an even more acidic
pH at around 5.0. Some linkers will have a cleavable linking group that is cleaved at a preferred pH,
thereby releasing a cationic lipid from the ligand inside the cell, or into the desired compartment of
the cell.

A linker can include a cleavable linking group that is cleavable by a particular enzyme. The
type of cleavable linking group incorporated into a linker can depend on the cell to be targeted. For
example, a liver-targeting ligand can be linked to a cationic lipid through a linker that includes an
ester group. Liver cells are rich in esterases, and therefore the linker will be cleaved more efficiently
in liver cells than in cell types that are not esterase-rich. Other cell-types rich in esterases include
cells of the lung, renal cortex, and testis.

Linkers that contain peptide bonds can be used when targeting cell types rich in peptidases,

such as liver cells and synoviocytes.
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In general, the suitability of a candidate cleavable linking group can be evaluated by testing
the ability of a degradative agent (or condition) to cleave the candidate linking group. It will also be
desirable to also test the candidate cleavable linking group for the ability to resist cleavage in the
blood or when in contact with other non-target tissue. Thus, one can determine the relative
susceptibility to cleavage between a first and a second condition, where the first is selected to be
indicative of cleavage in a target cell and the second is selected to be indicative of cleavage in other
tissues or biological fluids, e.g., blood or serum. The evaluations can be carried out in cell free
systems, in cells, in cell culture, in organ or tissue culture, or in whole animals. It can be useful to
make initial evaluations in cell-free or culture conditions and to confirm by further evaluations in
whole animals. In preferred embodiments, useful candidate compounds are cleaved at least about 2,
4, 10, 20, 30, 40, 50, 60, 70, 80, 90, or about 100 times faster in the cell (or under in vitro conditions
selected to mimic intracellular conditions) as compared to blood or serum (or under in vitro conditions

selected to mimic extracellular conditions).

i Redox cleavable linking groups

In certain embodiments, a cleavable linking group is a redox cleavable linking group that is
cleaved upon reduction or oxidation. An example of reductively cleavable linking group is a
disulphide linking group (-S-S-). To determine if a candidate cleavable linking group is a suitable
“reductively cleavable linking group,” or for example is suitable for use with a particular iRNA
moiety and particular targeting agent one can look to methods described herein. For example, a
candidate can be evaluated by incubation with dithiothreitol (DTT), or other reducing agent using
reagents know in the art, which mimic the rate of cleavage which would be observed in a cell, e.g., a
target cell. The candidates can also be evaluated under conditions which are selected to mimic blood
or serum conditions. In one, candidate compounds are cleaved by at most about 10% in the blood. In
other embodiments, useful candidate compounds are degraded at least about 2, 4, 10, 20, 30, 40, 50,
60, 70, 80, 90, or about 100 times faster in the cell (or under in vitro conditions selected to mimic
intracellular conditions) as compared to blood (or under in vitro conditions selected to mimic
extracellular conditions). The rate of cleavage of candidate compounds can be determined using
standard enzyme kinetics assays under conditions chosen to mimic intracellular media and compared

to conditions chosen to mimic extracellular media.

i Phosphate-based cleavable linking groups
In certain embodiments, a cleavable linker comprises a phosphate-based cleavable linking
group. A phosphate-based cleavable linking group is cleaved by agents that degrade or hydrolyze the
phosphate group. An example of an agent that cleaves phosphate groups in cells are enzymes such as
phosphatases in cells. Examples of phosphate-based linking groups are -O-P(O)(ORk)-O-, -O-
P(S)(ORK)-O-, -O-P(S)(SRk)-O-, -S-P(0)(ORk)-O-, -O-P(O0)(ORk)-S-, -S-P(O)(ORk)-S-, -O-
P(S)(ORK)-S-, -S-P(S)(ORk)-O-, -O-P(O)(Rk)-O-, -O-P(S)(Rk)-O-, -S-P(O)(Rk)-O-, -S-P(S)(Rk)-O-,
-S-P(O)(Rk)-S-, -O-P(S)( Rk)-S-. Preferred embodiments are -O-P(O)(OH)-O-, -O-P(S)(OH)-0O-, -O-
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P(S)(SH)-O-, -S-P(O){OH)-0O-, -O-P(0)(OH)-S-, -S-P(O)(OH)-S-, -O-P(S)(OH)-S-, -S-P(S)(OH)-O-,
-0O-P(O)(H)-O-, -O-P(S)(H)-O-, -S-P(O)(H)-0O, -S-P(S)(H)-O-, -S-P(O)(H)-S-, -O-P(S)(H)-S-. A
preferred embodiment is -O-P(O)(OH)-O-. These candidates can be evaluated using methods

analogous to those described above.

i Acid cleavable linking groups

In certain embodiments, a cleavable linker comprises an acid cleavable linking group. An
acid cleavable linking group is a linking group that is cleaved under acidic conditions. In preferred
embodiments acid cleavable linking groups are cleaved in an acidic environment with a pH of about
6.5 or lower (e.g., about 6.0, 5.75, 5.5, 5.25, 5.0, or lower), or by agents such as enzymes that can act
as a general acid. In a cell, specific low pH organelles, such as endosomes and lysosomes can provide
a cleaving environment for acid cleavable linking groups. Examples of acid cleavable linking groups
include but are not limited to hydrazones, esters, and esters of amino acids. Acid cleavable groups
can have the general formula -C=NN-, C(O)0O, or -OC(O). A preferred embodiment is when the
carbon attached to the oxygen of the ester (the alkoxy group) is an aryl group, substituted alkyl group,
or tertiary alkyl group such as dimethyl pentyl or t-butyl. These candidates can be evaluated using

methods analogous to those described above.

iv. Ester-based cleavable linking groups
In certain embodiments, a cleavable linker comprises an ester-based cleavable linking group.
An ester-based cleavable linking group is cleaved by enzymes such as esterases and amidases in cells.
Examples of ester-based cleavable linking groups include but are not limited to esters of alkylene,
alkenylene and alkynylene groups. Ester cleavable linking groups have the general formula -C(O)O-,

or -OC(0)-. These candidates can be evaluated using methods analogous to those described above.

V. Peptide-based cleavable linking groups

In yet another embodiment, a cleavable linker comprises a peptide-based cleavable linking
group. A peptide-based cleavable linking group is cleaved by enzymes such as peptidases and
proteases in cells. Peptide-based cleavable linking groups are peptide bonds formed between amino
acids to yield oligopeptides (e.g., dipeptides, tripeptides etc.) and polypeptides. Peptide-based
cleavable groups do not include the amide group (-C(O)NH-). The amide group can be formed
between any alkylene, alkenylene or alkynelene. A peptide bond is a special type of amide bond
formed between amino acids to yield peptides and proteins. The peptide based cleavage group is
generally limited to the peptide bond (i.e., the amide bond) formed between amino acids yielding
peptides and proteins and does not include the entire amide functional group. Peptide-based cleavable
linking groups have the general formula — NHCHRAC(O)NHCHRBC(O)- (SEQ ID NO: _ ), where
RA and RB are the R groups of the two adjacent amino acids. These candidates can be evaluated

using methods analogous to those described above.
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In some embodiments, an iRNA of the invention is conjugated to a carbohydrate through a
linker. Non-limiting examples of iRNA carbohydrate conjugates with linkers of the compositions and

methods of the invention include, but are not limited to,
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(Formula XLIV), when one of X or Y is an oligonucleotide, the other is a hydrogen.
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In certain embodiments of the compositions and methods of the invention, a ligand is one or
more “GalNAc” (N-acetylgalactosamine) derivatives attached through a bivalent or trivalent branched

linker.
In certain embodiments, a dSRNA of the invention is conjugated to a bivalent or trivalent

branched linker selected from the group of structures shown in any of formula (XLV) — (XLVID):
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Formula XXXXV Formula XL VI
P2A-Q2A-R2A' - T2A_2A /[/P3A-Q3A-R3A' — T3A_| 3A
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Jwuwu N d
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P**-Q™"-R q4B T*=-L Psc_Qsc_Rsc]_
Formula XLVII Formula XLVIII
5 wherein:

q2A, q2B, q3A, 3B, q4A, g4B, q5A, 5B and q5C represent independently for each
occurrence 0-20 and wherein the repeating unit can be the same or different;
P2A P28 _Pp3A P3B p4A piB pSA pSB psC T2A T2B T3A T3B T4A T4B T4A T5B T5C gre each
independently for each occurrence absent, CO, NH, O, S, OC(0), NHC(O), CH,, CH>NH or CH,0;
10 Q*, Q%8, Q%4 Q%B, Q*, Q*, Q°*, Q°B, Q°C are independently for each occurrence absent,
alkylene, substituted alkylene wherin one or more methylenes can be interrupted or terminated by one
or more of O, S, S(0), SO,, N(RY), C(R)=C(R"*), C=C or C(0);

R?A, R?B, R34, R?B, R, R*B, R34, RB, RC are each independently for each occurrence absent,
0]

HO
H |
NH, 0.5, CHz, C(0)0, C(OINH, NHCH(R)C(0), -C(O)-CH(R")-NH:-, €O, CH=N-0, »~N :

S—S§
—S
“y—N J-L,.,., ‘,J">< AN e J\;\'\( o o—s
15 , ,JJU\/ \‘Jvor heterocyclyl;

LZA, L2B, 134, 138, L*, L*8, 152 L8 and L represent the ligand; i.e. each independently for
each occurrence a monosaccharide (such as GalNAc), disaccharide, trisaccharide, tetrasaccharide,
oligosaccharide, or polysaccharide; andR* is H or amino acid side chain.Trivalent conjugating
GalNAc derivatives are particularly useful for use with RNAi agents for inhibiting the expression of a

20  target gene, such as those of formula (XLIX):
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Formula XLIX

PSA_QSA_RSA " TSA_| 5A
q

pSB_QSB_RB T5B_ 5B

qSB

PSC_QSC_RSC ]?TSC-LE’C
q

Form

[l

wherein L>*, L°® and L°¢ represent a monosaccharide, such as GalNAc derivative.

Examples of suitable bivalent and trivalent branched linker groups conjugating GalNAc
derivatives include, but are not limited to, the structures recited above as formulas II, VII, XI, X, and
XIII.

Representative U.S. Patents that teach the preparation of RNA conjugates include, but are not
limited to, U.S. Patent Nos. 4,828,979; 4,948,882; 5,218,105; 5,525,465; 5,541,313; 5,545,730;
5,552,538; 5,578,717, 5,580,731; 5,591,584; 5,109,124; 5,118,802; 5,138,045; 5,414,077; 5,486,603;
5,512,439; 5,578,718; 5,608,046; 4,587,044; 4,605,735; 4,667,025; 4,762,779; 4,789,737; 4,824,941,
4,835,263; 4,876,335; 4,904,582; 4,958,013; 5,082,830; 5,112,963; 5,214,136; 5,082,830; 5,112,963;
5,214,136; 5,245,022; 5,254,469, 5,258,506; 5,262,536; 5,272,250; 5,292,873; 5,317,098; 5,371,241,
5,391,723; 5,416,203, 5,451,463; 5,510,475; 5,512,667; 5,514,785; 5,565,552; 5,567,810; 5,574,142;
5.585.481; 5,587,371; 5,595,726; 5,597,696; 5,599,923; 5,599,928;5,688,941; 6,294,664; 6,320,017;
6,576,752; 6,783,931; 6,900,297; 7,037,646; and 8,106,022, the entire contents of each of which are
hereby incorporated herein by reference.

It is not necessary for all positions in a given compound to be uniformly modified, and in fact
more than one of the aforementioned modifications can be incorporated in a single compound or even
at a single nucleoside within an iRNA. The present invention also includes iRNA compounds that are
chimeric compounds.

“Chimeric” iRNA compounds or “chimeras,” in the context of this invention, are iRNA
compounds, preferably dsRNA agents, that contain two or more chemically distinct regions, each
made up of at least one monomer unit, i.e., a nucleotide in the case of a dSRNA compound. These
iRNAs typically contain at least one region wherein the RNA is modified so as to confer upon the
iRNA increased resistance to nuclease degradation, increased cellular uptake, or increased binding
affinity for the target nucleic acid. An additional region of the iRNA can serve as a substrate for
enzymes capable of cleaving RNA:DNA or RNA:RNA hybrids. By way of example, RNase H is a
cellular endonuclease which cleaves the RNA strand of an RNA:DNA duplex. Activation of RNase
H, therefore, results in cleavage of the RNA target, thereby greatly enhancing the efficiency of iRNA
inhibition of gene expression. Consequently, comparable results can often be obtained with shorter
iRNAs when chimeric dsSRNAs are used, compared to phosphorothioate deoxy dsRNAs hybridizing to
the same target region. Cleavage of the RNA target can be routinely detected by gel electrophoresis

and, if necessary, associated nucleic acid hybridization techniques known in the art.
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In certain instances, the RNA of an iRNA can be modified by a non-ligand group. A number
of non-ligand molecules have been conjugated to iRNAs in order to enhance the activity, cellular
distribution or cellular uptake of the iRNA, and procedures for performing such conjugations are
available in the scientific literature. Such non-ligand moieties have included lipid moieties, such as
cholesterol (Kubo, T. et al., Biochem. Biophys. Res. Comm., 2007, 365(1):54-61; Letsinger et al.,
Proc. Natl. Acad. Sci. USA, 1989, 86:6553), cholic acid (Manoharan et al., Bioorg. Med. Chem. Lett.,
1994, 4:1053), a thioether, e.g., hexyl-S-tritylthiol (Manoharan et al., Ann. N.Y. Acad. Sci., 1992,
660:306; Manoharan et al., Bioorg. Med. Chem. Let., 1993, 3:2765), a thiocholesterol (Oberhauser et
al., Nucl. Acids Res., 1992, 20:533), an aliphatic chain, e.g., dodecandiol or undecyl residues (Saison-
Behmoaras et al., EMBO J., 1991, 10:111; Kabanov et al., FEBS Lett., 1990, 259:327; Svinarchuk et
al., Biochimie, 1993, 75:49), a phospholipid, e.g., di-hexadecyl-rac-glycerol or triethylammonium 1,2-
di-O-hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al., Tetrahedron Lett., 1995, 36:3651;
Shea et al., Nucl. Acids Res., 1990, 18:3777), a polyamine or a polyethylene glycol chain (Manoharan
et al., Nucleosides & Nucleotides, 1995, 14:969), or adamantane acetic acid (Manoharan et al.,
Tetrahedron Lett., 1995, 36:3651), a palmityl moiety (Mishra et al., Biochim. Biophys. Acta, 1995,
1264:229), or an octadecylamine or hexylamino-carbonyl-oxycholesterol moiety (Crooke et al., J.
Pharmacol. Exp. Ther., 1996, 277:923). Representative United States patents that teach the
preparation of such RNA conjugates have been listed above. Typical conjugation protocols involve
the synthesis of RNAs bearing an aminolinker at one or more positions of the sequence. The amino
group is then reacted with the molecule being conjugated using appropriate coupling or activating
reagents. The conjugation reaction can be performed either with the RNA still bound to the solid
support or following cleavage of the RNA, in solution phase. Purification of the RNA conjugate by
HPLC typically affords the pure conjugate.

V. Delivery of an RNAi Agent of the Disclosure

The delivery of an RNAi agent of the disclosure to a cell e.g., a cell within a subject, such as a
human subject (e.g., a subject in need thereof, such as a subject having a C9orf72-associated disorder,
e.g., C9orf72-associated disease, can be achieved in a number of different ways. For example,
delivery may be performed by contacting a cell with an RNAi agent of the disclosure either in vitro or
in vivo. In vivo delivery may also be performed directly by administering a composition comprising
an RNAI agent, e.g., a dsSRNA, to a subject. Alternatively, in vivo delivery may be performed
indirectly by administering one or more vectors that encode and direct the expression of the RNAi
agent. These alternatives are discussed further below.

In general, any method of delivering a nucleic acid molecule (in vitro or in vivo) can be
adapted for use with an RNAi agent of the disclosure (see e.g., Akhtar S. and Julian RL., (1992)
Trends Cell. Biol. 2(5):139-144 and W(094/02595, which are incorporated herein by reference in their
entireties). For in vivo delivery, factors to consider in order to deliver an RNAi agent include, for
example, biological stability of the delivered agent, prevention of non-specific effects, and

accumulation of the delivered agent in the target tissue. The non-specific effects of an RNAi agent can
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be minimized by local administration, for example, by direct injection or implantation into a tissue or
topically administering the preparation. Local administration to a treatment site maximizes local
concentration of the agent, limits the exposure of the agent to systemic tissues that can otherwise be
harmed by the agent or that can degrade the agent, and permits a lower total dose of the RNAi agent
to be administered. Several studies have shown successful knockdown of gene products when an
RNAI agent is administered locally. For example, intraocular delivery of a VEGF dsRNA by
intravitreal injection in cynomolgus monkeys (Tolentino, MI. et al., (2004) Retina 24:132-138) and
subretinal injections in mice (Reich, SJ. et al. (2003) Mol. Vis. 9:210-216) were both shown to prevent
neovascularization in an experimental model of age-related macular degeneration. In addition, direct
intratumoral injection of a dSRNA in mice reduces tumor volume (Pille, J. et al. (2005) Mol. Ther.
11:267-274) and can prolong survival of tumor-bearing mice (Kim, WJ. et al., (2006) Mol. Ther.
14:343-350; Li, S. et al., (2007) Mol. Ther. 15:515-523). RNA interference has also shown success
with local delivery to the CNS by direct injection (Dorn, G. et al., (2004) Nucleic Acids 32:¢49; Tan,
PH. et al. (2005) Gene Ther. 12:59-66; Makimura, H. et a.l (2002) BMC Neurosci. 3:18; Shishkina,
GT., et al. (2004) Neuroscience 129:521-528; Thakker, ER., et al. (2004) Proc. Natl. Acad. Sci.
U.S.A. 101:17270-17275; Akaneya,Y ., et al. (2005) J. Neurophysiol. 93:594-602) and to the lungs by
intranasal administration (Howard, KA. et al., (2006) Mol. Ther. 14:476-484; Zhang, X. et al., (2004)
J. Biol. Chem. 279:10677-10684; Bitko, V. et al., (2005) Nat. Med. 11:50-55). For administering an
RNAI agent systemically for the treatment of a disease, the RNA can be modified or alternatively
delivered using a drug delivery system; both methods act to prevent the rapid degradation of the
dsRNA by endo- and exo-nucleases in vivo. Modification of the RNA or the pharmaceutical carrier
can also permit targeting of the RNAIi agent to the target tissue and avoid undesirable off-target
effects (e.g., without wishing to be bound by theory, use of GNAs as described herein has been
identified to destabilize the seed region of a dsSRNA, resulting in enhanced preference of such
dsRNAs for on-target effectiveness, relative to off-target effects, as such off-target effects are
significantly weakened by such seed region destabilization). RNAIi agents can be modified by
chemical conjugation to lipophilic groups such as cholesterol to enhance cellular uptake and prevent
degradation. For example, an RNAi agent directed against ApoB conjugated to a lipophilic cholesterol
moiety was injected systemically into mice and resulted in knockdown of apoB mRNA in both the
liver and jejunum (Soutschek, J. et al., (2004) Nature 432:173-178). Conjugation of an RNAI agent to
an aptamer has been shown to inhibit tumor growth and mediate tumor regression in a mouse model
of prostate cancer (McNamara, JO. et al., (2006) Nat. Biotechnol. 24:1005-1015). In an alternative
embodiment, the RNAi agent can be delivered using drug delivery systems such as a nanoparticle, a
dendrimer, a polymer, liposomes, or a cationic delivery system. Positively charged cationic delivery
systems facilitate binding of molecule RNAi agent (negatively charged) and also enhance interactions
at the negatively charged cell membrane to permit efficient uptake of an RNAi agent by the cell.
Cationic lipids, dendrimers, or polymers can either be bound to an RNAI agent, or induced to form a
vesicle or micelle (see e.g., Kim SH. et al., (2008) Journal of Controlled Release 129(2):107-116) that

encases an RNAi agent. The formation of vesicles or micelles further prevents degradation of the

137



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

RNAI agent when administered systemically. Methods for making and administering cationic- RNAi
agent complexes are well within the abilities of one skilled in the art (see e.g., Sorensen, DR., et al.
(2003) J. Mol. Biol 327:761-766; Verma, UN. et al., (2003) Clin. Cancer Res. 9:1291-1300; Arnold,
AS et al. (2007) J. Hypertens. 25:197-205, which are incorporated herein by reference in their
entirety). Some non-limiting examples of drug delivery systems useful for systemic delivery of RNAi
agents include DOTAP (Sorensen, DR., et al (2003), supra; Verma, UN. et al., (2003), supra),
Oligofectamine, "solid nucleic acid lipid particles” (Zimmermann, TS. ef al., (2006) Nature 441:111-
114), cardiolipin (Chien, PY. et al., (2005) Cancer Gene Ther. 12:321-328; Pal, A. et al., (2005) Int J.
Oncol. 26:1087-1091), polyethyleneimine (Bonnet ME. et al., (2008) Pharm. Res. Aug 16 Epub
ahead of print; Aigner, A. (20006) J. Biomed. Biotechnol. 71659), Arg-Gly-Asp (RGD) peptides (Liu,
S. (2006) Mol. Pharm. 3:472-487), and polyamidoamines (Tomalia, DA. et al., (2007) Biochem. Soc.
Trans. 35:61-67; Yoo, H. et al., (1999) Pharm. Res. 16:1799-1804). In some embodiments, an RNAi
agent forms a complex with cyclodextrin for systemic administration. Methods for administration and
pharmaceutical compositions of RNAi agents and cyclodextrins can be found in U.S. Patent No. 7,
427, 605, which is herein incorporated by reference in its entirety.

Certain aspects of the instant disclosure relate to a method of reducing the expression of a
CY9orf72 target gene in a cell, comprising contacting said cell with the double-stranded RNAi agent of
the disclosure. In one embodiment, the cell is an extraheptic cell, optionally a CNS cell.

Another aspect of the disclosure relates to a method of reducing the expression of a C90rf72
target gene in a subject, comprising administering to the subject the double-stranded RNAi agent of
the disclosure.

Another aspect of the disclosure relates to a method of treating a subject having a CNS
disorder, comprising administering to the subject a therapeutically effective amount of the double-
stranded C9orf72-targeting RNAI agent of the disclosure, thereby treating the subject. Exemplary
CNS disorders that can be treated by the method of the disclosure include C9orf72-associated disease.

In one embodiment, the double-stranded RNAi agent is administered intrathecally. By
intrathecal administration of the double-stranded RNAi agent, the method can reduce the expression
of a C9orf72 target gene in a brain (e.g., striatum) or spine tissue, for instance, cortex, cercbellum,
cervical spine, lumbar spine, and thoracic spine.

For ease of exposition the formulations, compositions and methods in this section are
discussed largely with regard to modified siRNA compounds. It may be understood, however, that
these formulations, compositions and methods can be practiced with other siRNA compounds, e.g.,
unmodified siRNA compounds, and such practice is within the disclosure. A composition that
includes an RNAI agent can be delivered to a subject by a variety of routes. Exemplary routes include:
intrathecal, intravenous, topical, rectal, anal, vaginal, nasal, pulmonary, and ocular.

The RNAi agents of the disclosure can be incorporated into pharmaceutical compositions
suitable for administration. Such compositions typically include one or more species of RNAi agent
and a pharmaceutically acceptable carrier. As used herein the language “pharmaceutically acceptable

carrier” is intended to include any and all solvents, dispersion media, coatings, antibacterial and
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antifungal agents, isotonic and absorption delaying agents, and the like, compatible with
pharmaceutical administration. The use of such media and agents for pharmaceutically active
substances is well known in the art. Except insofar as any conventional media or agent is incompatible
with the active compound, use thereof in the compositions is contemplated. Supplementary active
compounds can also be incorporated into the compositions.

The pharmaceutical compositions of the present disclosure may be administered in a number
of ways depending upon whether local or systemic treatment is desired and upon the area to be
treated. Administration may be topical (including ophthalmic, vaginal, rectal, intranasal, transdermal),
oral, or parenteral. Parenteral administration includes intravenous drip, subcutaneous, intraperitoneal
or intramuscular injection, or intrathecal or intraventricular or intracerebroventricular administration.

The route and site of administration may be chosen to enhance targeting. For example, to
target muscle cells, intramuscular injection into the muscles of interest would be a logical choice.
Lung cells might be targeted by administering the RNAi agent in aerosol form. The vascular
endothelial cells could be targeted by coating a balloon catheter with the RNA1 agent and
mechanically introducing the RNA.

Formulations for topical administration may include transdermal patches, ointments, lotions,
creams, gels, drops, suppositories, sprays, liquids, and powders. Conventional pharmaceutical
carriers, aqueous, powder or oily bases, thickeners and the like may be necessary or desirable. Coated
condoms, gloves and the like may also be useful.

Compositions for oral administration include powders or granules, suspensions or solutions in
water, syrups, elixirs or non-aqueous media, tablets, capsules, lozenges, or troches. In the case of
tablets, carriers that can be used include lactose, sodium citrate and salts of phosphoric acid. Various
disintegrants such as starch, and lubricating agents such as magnesium stearate, sodium lauryl sulfate
and talc, are commonly used in tablets. For oral administration in capsule form, useful diluents are
lactose and high molecular weight polyethylene glycols. When aqueous suspensions are required for
oral use, the nucleic acid compositions can be combined with emulsifying and suspending agents. If
desired, certain sweetening or flavoring agents can be added.

Compositions for intrathecal or intraventricular administration may include sterile aqueous
solutions which may also contain buffers, diluents, and other suitable additives.

Formulations for parenteral administration may include sterile aqueous solutions which may
also contain buffers, diluents, and other suitable additives. Intraventricular injection may be facilitated
by an intraventricular catheter, for example, attached to a reservoir. For intravenous use, the total
concentration of solutes may be controlled to render the preparation isotonic.

In one embodiment, the administration of the siRNA compound, e.g., a double-stranded
siRNA compound, or ssiRNA compound, composition is parenteral, e.g., intravenous (e.g., as a bolus
or as a diffusible infusion), intradermal, intraperitoneal, intramuscular, intrathecal, intraventricular,
intracercbroventricular, intracranial, subcutancous, transmucosal, buccal, sublingual, endoscopic,
rectal, oral, vaginal, topical, pulmonary, intranasal, urethral, or ocular. Administration can be

provided by the subject or by another person, e.g., a health care provider. The medication can be
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provided in measured doses or in a dispenser which delivers a metered dose. Selected modes of

delivery are discussed in more detail below.

A. Intrathecal Administration.

In one embodiment, the double-stranded RNAi agent is delivered by intrathecal injection (i.e.,
injection into the spinal fluid which bathes the brain and spinal cord tissue). Intrathecal injection of
RNAI agents into the spinal fluid can be performed as a bolus injection or via minipumps which can
be implanted beneath the skin, providing a regular and constant delivery of siRNA into the spinal
fluid. The circulation of the spinal fluid from the choroid plexus, where it is produced, down around
the spinal chord and dorsal root ganglia and subsequently up past the cerebellum and over the cortex
to the arachnoid granulations, where the fluid can exit the CNS, that, depending upon size, stability,
and solubility of the compounds injected, molecules delivered intrathecally could hit targets
throughout the entire CNS.

In some embodiments, the intrathecal administration is via a pump. The pump may be a
surgically implanted osmotic pump. In one embodiment, the osmotic pump is implanted into the
subarachnoid space of the spinal canal to facilitate intrathecal administration.

In some embodiments, the intrathecal administration is via an intrathecal delivery system for a
pharmaceutical including a reservoir containing a volume of the pharmaceutical agent, and a pump
configured to deliver a portion of the pharmaceutical agent contained in the reservoir. More details
about this intrathecal delivery system may be found in WO 2015/116658, which is incorporated by
reference in its entirety.

The amount of intrathecally injected RNAi agents may vary from one target gene to another
target gene and the appropriate amount that has to be applied may have to be determined individually
for each target gene. Typically, this amount ranges from 10 ug to 2 mg, preferably 50 ug to 1500 pg,
more preferably 100 pg to 1000 pg.

B. Vector encoded RNAi agents of the Disclosure

RNAI agents targeting the C90rf72 gene can be expressed from transcription units inserted
into DNA or RNA vectors (see, e.g., Couture, A, et al., TIG. (1996), 12:5-10; WO 00/22113, WO
00/22114, and US 6,054,299). Expression is preferablysustained (months or longer), depending upon
the specific construct used and the target tissue or cell type. These transgenes can be introduced as a
linear construct, a circular plasmid, or a viral vector, which can be an integrating or non-integrating
vector. The transgene can also be constructed to permit it to be inherited as an extrachromosomal
plasmid (Gassmann, et al., (1995) Proc. Natl. Acad. Sci. USA 92:1292).

The individual strand or strands of an RNAi agent can be transcribed from a promoter on an
expression vector. Where two separate strands are to be expressed to generate, for example, a dsSRNA,
two separate expression vectors can be co-introduced (e.g., by transfection or infection) into a target
cell. Alternatively, each individual strand of a dsRNA can be transcribed by promoters both of which

are located on the same expression plasmid. In one embodiment, a dsSRNA is expressed as inverted
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repeat polynucleotides joined by a linker polynucleotide sequence such that the dSRNA has a stem
and loop structure.

RNAI agent expression vectors are generally DNA plasmids or viral vectors. Expression
vectors compatible with eukaryotic cells, preferably those compatible with vertebrate cells, can be
used to produce recombinant constructs for the expression of an RNAi agent as described herein.
Delivery of RNAI agent expressing vectors can be systemic, such as by intravenous or intramuscular
administration, by administration to target cells ex-planted from the patient followed by reintroduction
into the patient, or by any other means that allows for introduction into a desired target cell.

Viral vector systems which can be utilized with the methods and compositions described
herein include, but are not limited to, (a) adenovirus vectors; (b) retrovirus vectors, including but not
limited to lentiviral vectors, moloney murine leukemia virus, efc.; (¢) adeno- associated virus vectors;
(d) herpes simplex virus vectors; (e) SV 40 vectors; (f) polyoma virus vectors; (g) papilloma virus
vectors; (h) picornavirus vectors; (i) pox virus vectors such as an orthopox, e.g., vaccinia virus vectors
or avipox, e.g. canary pox or fowl pox; and (j) a helper-dependent or gutless adenovirus. Replication-
defective viruses can also be advantageous. Different vectors will or will not become incorporated
into the cells” genome. The constructs can include viral sequences for transfection, if desired.
Alternatively, the construct can be incorporated into vectors capable of episomal replication, e.g. EPV
and EBV vectors. Constructs for the recombinant expression of an RNAi agent will generally require
regulatory elements, e.g., promoters, enhancers, efc., to ensure the expression of the RNAi agent in

target cells. Other aspects to consider for vectors and constructs are known in the art.

VI. Compositions of the Invention

The present disclosure also includes compositions, including pharmaceutical compositions
and formulations which include the RNAI agents of the disclosure.

For example, in one embodiment, the present invention provides compositions comprising
two or more, e.g., 2, 3, or 4, dsSRNA agents,

In another embodiment, provided herein are pharmaceutical compositions containing an
RNAI agent, as described herein, and a pharmaceutically acceptable carrier. The pharmaceutical
compositions containing the RNA1 agent are useful for treating a disease or disorder associated with
the expression or activity of C9orf72, e.g., C9orf72-associated disease.

In some embodiments, the pharmaceutical compositions of the invention are sterile. In
another embodiment, the pharmaceutical compositions of the invention are pyrogen free.

Such pharmaceutical compositions are formulated based on the mode of delivery. One
example is compositions that are formulated for systemic administration via parenteral delivery, e.g.,
by intravenous (IV), intramuscular (IM), or for subcutaneous (subQ) delivery. Another example is
compositions that are formulated for direct delivery into the CNS, e.g., by intrathecal or intravitreal or
intraventricular or intracerebroventricular administration, or by intraroutes of injection, optionally by

infusion into the brain (e.g., striatum), such as by continuous pump infusion.
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The pharmaceutical compositions of the disclosure may be administered in dosages sufficient
to inhibit expression of a C90rf72 gene. In general, a suitable dose of an RNAi agent of the disclosure
will be in the range of about 0.001 to about 200.0 milligrams per kilogram body weight of the
recipient per day, generally in the range of about 1 to 50 mg per kilogram body weight per day.

A repeat-dose regimen may include administration of a therapeutic amount of an RNAi agent
on a regular basis, such as monthly to once every six months. In certain embodiments, the RNAi agent
is administered about once per quarter (i.e., about once every three months) to about twice per year.

After an initial treatment regimen (e.g., loading dose), the treatments can be administered on a
less frequent basis.

In other embodiments, a single dose of the pharmaceutical compositions can be long lasting,
such that subsequent doses are administered at not more than 1, 2, 3, or 4 or more month intervals. In
some embodiments of the disclosure, a single dose of the pharmaceutical compositions of the
disclosure is administered once per month. In other embodiments of the disclosure, a single dose of
the pharmaceutical compositions of the disclosure is administered once per quarter to twice per year.

The skilled artisan will appreciate that certain factors can influence the dosage and timing
required to effectively treat a subject, including but not limited to the severity of the disease or
disorder, previous treatments, the general health or age of the subject, and other diseases present.
Moreover, treatment of a subject with a therapeutically effective amount of a composition can include
a single treatment or a series of treatments.

Advances in mouse genetics have generated a number of mouse models for the study of
various human diseases, such as ALS and FTD that would benefit from reduction in the expression of
repeat-containing C9orf72. Such models can be used for in vivo testing of RNAIi agents, as well as for
determining a therapeutically effective dose. Suitable rodent models are known in the art and include,
for example, those described in, for example, Cepeda, et al. (ASN Neuro (2010) 2(2):¢00033) and
Pouladi, et al. (Nat Reviews (2013) 14:708).

The pharmaceutical compositions of the present disclosure can be administered in a number
of ways depending upon whether local or systemic treatment is desired and upon the area to be
treated. Administration can be topical (e.g., by a transdermal patch), pulmonary, e.g., by inhalation or
insufflation of powders or aerosols, including by nebulizer; intratracheal, intranasal, epidermal and
transdermal, oral or parenteral. Parenteral administration includes intravenous, intraarterial,
subcutaneous, intraperitoneal or intramuscular injection or infusion; subdermal, e.g., via an implanted
device; or intracranial, e.g., by intraparenchymal, intrathecal, intraventricular, or
intracerebroventricular administration.

The RNAI agents can be delivered in a manner to target a particular tissue, such as the CNS
(e.g., neuronal, glial or vascular tissue of the brain) or cell type (e.g., neuron).

Pharmaceutical compositions and formulations for topical administration can include
transdermal patches, ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and
powders. Conventional pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like

can be necessary or desirable. Coated condoms, gloves and the like can also be useful. Suitable topical
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formulations include those in which the RNAi agents featured in the disclosure are in admixture with
a topical delivery agent such as lipids, liposomes, fatty acids, fatty acid esters, steroids, chelating
agents and surfactants. Suitable lipids and liposomes include neutral (e.g., dioleoylphosphatidyl
DOPE ethanolamine, dimyristoylphosphatidyl choline DMPC, distearolyphosphatidyl choline)
negative (e.g., dimyristoylphosphatidyl glycerol DMPG) and cationic (e.g.,
dioleoyltetramethylaminopropyl DOTAP and dioleoylphosphatidyl ethanolamine DOTMA). RNAi
agents featured in the disclosure can be encapsulated within liposomes or can form complexes thereto,
in particular to cationic liposomes. Alternatively, RNAi agents can be complexed to lipids, in
particular to cationic lipids. Suitable fatty acids and esters include but are not limited to arachidonic
acid, oleic acid, eicosanoic acid, lauric acid, caprylic acid, capric acid, myristic acid, palmitic acid,
stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein, dilaurin, glyceryl 1-
monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine, an acylcholine, or a Ci.2 alkyl ester
(e.g., isopropylmyristate IPM), monoglyceride, diglyceride or pharmaceutically acceptable salt
thereof. Topical formulations are described in detail in US 6,747,014, which is incorporated herein by

reference.

A. RNAi Agent Formulations Comprising Membranous Molecular Assemblies

An RNAI agent for use in the compositions and methods of the disclosure can be formulated
for delivery in a membranous molecular assembly, e.g., a liposome or a micelle. As used herein, the
term “liposome” refers to a vesicle composed of amphiphilic lipids arranged in at least one bilayer,
e.g., one bilayer or a plurality of bilayers. Liposomes include unilamellar and multilamellar vesicles
that have a membrane formed from a lipophilic material and an aqueous interior. The aqueous portion
contains the RNAi agent composition. The lipophilic material isolates the aqueous interior from an
aqueous exterior, which typically does not include the RNAi agent composition, although in some
examples, it may. Liposomes are useful for the transfer and delivery of active ingredients to the site of
action. Because the liposomal membrane is structurally similar to biological membranes, when
liposomes are applied to a tissue, the liposomal bilayer fuses with bilayer of the cellular membranes.
As the merging of the liposome and cell progresses, the internal aqueous contents that include the
RNAI agent are delivered into the cell where the RNAi agent can specifically bind to a target RNA
and can mediate RNAI. In some cases the liposomes are also specifically targeted, e.g., to direct the
RNAI agent to particular cell types.

A liposome containing an RNAi agent can be prepared by a variety of methods. In one
example, the lipid component of a liposome is dissolved in a detergent so that micelles are formed
with the lipid component. For example, the lipid component can be an amphipathic cationic lipid or
lipid conjugate. The detergent can have a high critical micelle concentration and may be nonionic.
Exemplary detergents include cholate, CHAPS, octylglucoside, deoxycholate, and lauroyl sarcosine.
The RNAi agent preparation is then added to the micelles that include the lipid component. The

cationic groups on the lipid interact with the RNAi agent and condense around the RNAi agent to
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form a liposome. After condensation, the detergent is removed, e.g., by dialysis, to yield a liposomal
preparation of RNAI agent.

If necessary a carrier compound that assists in condensation can be added during the
condensation reaction, e.g., by controlled addition. For example, the carrier compound can be a
polymer other than a nucleic acid (e.g., spermine or spermidine). pH can also adjusted to favor
condensation.

Methods for producing stable polynucleotide delivery vehicles, which incorporate a
polynucleotide/cationic lipid complex as structural components of the delivery vehicle, are further
described in, e.g., WO 96/37194, the entire contents of which are incorporated herein by reference.
Liposome formation can also include one or more aspects of exemplary methods described in Felgner,
P. L. et al., (1987) Proc. Natl. Acad. Sci. USA 8:7413-7417; United States Patent No. 4,897,355;
United States Patent No. 5,171,678; Bangham et al., (1965) M. Mol. Biol. 23:238; Olson et al., (1979)
Biochim. Biophys. Acta 557:9; Szoka et al., (1978) Proc. Natl. Acad. Sci. 75: 4194; Mayhew et al.,
(1984) Biochim. Biophys. Acta 775:169; Kim et al., (1983) Biochim. Biophys. Acta 728:339; and
Fukunaga et al., (1984) Endocrinol. 115:757. Commonly used techniques for preparing lipid
aggregates of appropriate size for use as delivery vehicles include sonication and freeze-thaw plus
extrusion (see, e.g., Mayer et al., (1986) Biochim. Biophys. Acta 858:161. Microfluidization can be
used when consistently small (50 to 200 nm) and relatively uniform aggregates are desired (Mayhew
et al., (1984) Biochim. Biophys. Acta 775:169. These methods are readily adapted to packaging RNAI
agent preparations into liposomes.

Liposomes fall into two broad classes. Cationic liposomes are positively charged liposomes
which interact with the negatively charged nucleic acid molecules to form a stable complex. The
positively charged nucleic acid/liposome complex binds to the negatively charged cell surface and is
internalized in an endosome. Due to the acidic pH within the endosome, the liposomes are ruptured,
releasing their contents into the cell cytoplasm (Wang et al. (1987) Biochem. Biophys. Res. Commun.,
147:980-985).

Liposomes, which are pH-sensitive or negatively charged, entrap nucleic acids rather than
complex with them. Since both the nucleic acid and the lipid are similarly charged, repulsion rather
than complex formation occurs. Nevertheless, some nucleic acid is entrapped within the aqueous
interior of these liposomes. pH sensitive liposomes have been used to deliver nucleic acids encoding
the thymidine kinase gene to cell monolayers in culture. Expression of the exogenous gene was
detected in the target cells (Zhou et al. (1992) Journal of Controlled Release, 19:269-274).

One major type of liposomal composition includes phospholipids other than naturally-derived
phosphatidylcholine. Neutral liposome compositions, for example, can be formed from dimyristoyl
phosphatidylcholine (DMPC) or dipalmitoyl phosphatidylcholine (DPPC). Anionic liposome
compositions generally are formed from dimyristoyl phosphatidylglycerol, while anionic fusogenic
liposomes are formed primarily from dioleoyl phosphatidylethanolamine (DOPE). Another type of

liposomal composition is formed from phosphatidylcholine (PC) such as, for example, soybean PC,
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and egg PC. Another type is formed from mixtures of phospholipid or phosphatidylcholine or
cholesterol.

Examples of other methods to introduce liposomes into cells in vitro and in vivo include
United States Patent No. 5,283,185; United States Patent No. 5,171,678; WO 94/00569; WO
93/24640; WO 91/16024; Felgner, (1994) J. Biol. Chem. 269:2550; Nabel, (1993) Proc. Natl. Acad.
Sci. 90:11307; Nabel, (1992) Human Gene Ther. 3:649; Gershon, (1993) Biochem. 32:7143; and
Strauss, (1992) EMBO J. 11:417.

Non-ionic liposomal systems have also been examined to determine their utility in the
delivery of drugs to the skin, in particular systems comprising non-ionic surfactant and cholesterol.
Non-ionic liposomal formulations comprising Novasome™ I (glyceryl
dilaurate/cholesterol/polyoxyethylene-10-stearyl ether) and Novasome™ II (glyceryl
distearate/cholesterol/polyoxyethylene-10-stearyl ether) were used to deliver cyclosporin-A into the
dermis of mouse skin. Results indicated that such non-ionic liposomal systems were effective in
facilitating the deposition of cyclosporine A into different layers of the skin (Hu et al., (1994)
S.T.P.Pharma. Sci., 4(6):466).

Liposomes also include “sterically stabilized” liposomes, a term which, as used herein, refers
to liposomes comprising one or more specialized lipids that, when incorporated into liposomes, result
in enhanced circulation lifetimes relative to liposomes lacking such specialized lipids. Examples of
sterically stabilized liposomes are those in which part of the vesicle-forming lipid portion of the
liposome (A) comprises one or more glycolipids, such as monosialoganglioside G, or (B) is
derivatized with one or more hydrophilic polymers, such as a polyethylene glycol (PEG) moiety.
While not wishing to be bound by any particular theory, it is thought in the art that, at least for
sterically stabilized liposomes containing gangliosides, sphingomyelin, or PEG-derivatized lipids, the
enhanced circulation half-life of these sterically stabilized liposomes derives from a reduced uptake
into cells of the reticuloendothelial system (RES) (Allen et al., (1987) FEBS Letters, 223:42; Wu et
al., (1993) Cancer Research, 53:3765).

Various liposomes comprising one or more glycolipids are known in the art. Papahadjopoulos
et al. (Ann. N.Y. Acad. Sci., (1987), 507:64) reported the ability of monosialoganglioside G,
galactocerebroside sulfate and phosphatidylinositol to improve blood half-lives of liposomes. These
findings were expounded upon by Gabizon et al. (Proc. Natl. Acad. Sci. U.S.A., (1988), 85,:6949).
United States Patent No. 4,837,028 and WO 88/04924, both to Allen et al., disclose liposomes
comprising (1) sphingomyelin and (2) the ganglioside Gwi or a galactocerebroside sulfate ester.
United States Patent No. 5,543,152 (Webb et al.) discloses liposomes comprising sphingomyelin.
Liposomes comprising 1,2-sn-dimyristoylphosphatidylcholine are disclosed in WO 97/13499 (Lim et
al).

In one embodiment, cationic liposomes are used. Cationic liposomes possess the advantage of
being able to fuse to the cell membrane. Non-cationic liposomes, although not able to fuse as
efficiently with the plasma membrane, are taken up by macrophages in vivo and can be used to

deliver RNAI agents to macrophages.
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Further advantages of liposomes include: liposomes obtained from natural phospholipids are
biocompatible and biodegradable; liposomes can incorporate a wide range of water and lipid soluble
drugs; liposomes can protect encapsulated RNAi agents in their internal compartments from
metabolism and degradation (Rosoff, in "Pharmaceutical Dosage Forms," Lieberman, Rieger and
Banker (Eds.), 1988, volume 1, p. 245). Important considerations in the preparation of liposome
formulations are the lipid surface charge, vesicle size and the aqueous volume of the liposomes.

A positively charged synthetic cationic lipid, N-[1-(2,3-dioleyloxy)propyl]-N,N,N-
trimethylammonium chloride (DOTMA) can be used to form small liposomes that interact
spontaneously with nucleic acid to form lipid-nucleic acid complexes which are capable of fusing
with the negatively charged lipids of the cell membranes of tissue culture cells, resulting in delivery of
RNAI agent (see, e.g., Felgner, P. L. et al., (1987) Proc. Natl. Acad. Sci. USA 8:7413-7417, and
United States Patent No0.4,897,355 for a description of DOTMA and its use with DNA).

A DOTMA analogue, 1,2-bis(oleoyloxy)-3-(trimethylammonia)propane (DOTAP) can be
used in combination with a phospholipid to form DNA-complexing vesicles. Lipofectin™ Bethesda
Research Laboratories, Gaithersburg, Md.) is an effective agent for the delivery of highly anionic
nucleic acids into living tissue culture cells that comprise positively charged DOTMA liposomes
which interact spontaneously with negatively charged polynucleotides to form complexes. When
enough positively charged liposomes are used, the net charge on the resulting complexes is also
positive. Positively charged complexes prepared in this way spontaneously attach to negatively
charged cell surfaces, fuse with the plasma membrane, and efficiently deliver functional nucleic acids
into, for example, tissue culture cells. Another commercially available cationic lipid, 1,2-
bis(oleoyloxy)-3,3-(trimethylammonia)propane (“DOTAP”) (Boehringer Mannheim, Indianapolis,
Indiana) differs from DOTMA in that the oleoyl moieties are linked by ester, rather than ether
linkages.

Other reported cationic lipid compounds include those that have been conjugated to a variety
of moieties including, for example, carboxyspermine which has been conjugated to one of two types
of lipids and includes compounds such as 5-carboxyspermylglycine dioctaoleoylamide (“DOGS”)
(Transfectam™, Promega, Madison, Wisconsin) and dipalmitoylphosphatidylethanolamine 5-
carboxyspermyl-amide (“DPPES”) (see, e.g., United States Patent No. 5,171,678).

Another cationic lipid conjugate includes derivatization of the lipid with cholesterol (“DC-
Chol””) which has been formulated into liposomes in combination with DOPE (See, Gao, X. and
Huang, L., (1991) Biochim. Biophys. Res. Commun. 179:280). Lipopolylysine, made by conjugating
polylysine to DOPE, has been reported to be effective for transfection in the presence of serum (Zhou,
X. et al., (1991) Biochim. Biophys. Acta 1065:8). For certain cell lines, these liposomes containing
conjugated cationic lipids, are said to exhibit lower toxicity and provide more efficient transfection
than the DOTMA-containing compositions. Other commercially available cationic lipid products
include DMRIE and DMRIE-HP (Vical, La Jolla, California) and Lipofectamine (DOSPA) (Life
Technology, Inc., Gaithersburg, Maryland). Other cationic lipids suitable for the delivery of
oligonucleotides are described in WO 98/39359 and WO 96/37194.
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Liposomal formulations are particularly suited for topical administration, liposomes present
several advantages over other formulations. Such advantages include reduced side effects related to
high systemic absorption of the administered drug, increased accumulation of the administered drug at
the desired target, and the ability to administer RNAi agent into the skin. In some implementations,
liposomes are used for delivering RNAi agent to epidermal cells and also to enhance the penetration
of RNAI agent into dermal tissues, e.g., into skin. For example, the liposomes can be applied
topically. Topical delivery of drugs formulated as liposomes to the skin has been documented (see,
e.g., Weiner et al., (1992) Journal of Drug Targeting, vol. 2,405-410 and du Plessis et al., (1992)
Antiviral Research, 18:259-265; Mannino, R. J. and Fould-Fogerite, S., (1998) Biotechniques 6:682-
690; Itani, T. et al., (1987) Gene 56:267-276; Nicolau, C. et al. (1987) Meth. Enzymol. 149:157-176;
Straubinger, R. M. and Papahadjopoulos, D. (1983) Meth. Enzymol. 101:512-527; Wang, C. Y. and
Huang, L., (1987) Proc. Natl. Acad. Sci. USA 84:7851-7855).

Non-ionic liposomal systems have also been examined to determine their utility in the
delivery of drugs to the skin, in particular systems comprising non-ionic surfactant and cholesterol.
Non-ionic liposomal formulations comprising Novasome I (glyceryl
dilaurate/cholesterol/polyoxyethylene-10-stearyl ether) and Novasome II (glyceryl distearate/
cholesterol/polyoxyethylene-10-stearyl ether) were used to deliver a drug into the dermis of mouse
skin. Such formulations with RNAi agent are useful for treating a dermatological disorder.

Liposomes that include RNAi agents can be made highly deformable. Such deformability can
enable the liposomes to penetrate through pore that are smaller than the average radius of the
liposome. For example, transfersomes are a type of deformable liposomes. Transferosomes can be
made by adding surface edge activators, usually surfactants, to a standard liposomal composition.
Transfersomes that include RNAi agent can be delivered, for example, subcutaneously by infection in
order to deliver RNAI agent to keratinocytes in the skin. In order to cross intact mammalian skin, lipid
vesicles must pass through a series of fine pores, each with a diameter less than 50 nm, under the
influence of a suitable transdermal gradient. In addition, due to the lipid propetties, these
transferosomes can be self-optimizing (adaptive to the shape of pores, e.g., in the skin), self-repairing,
and can frequently reach their targets without fragmenting, and often self-loading.

Other formulations amenable to the present disclosure are described in United States
provisional application serial Nos. 61/018,616, filed January 2, 2008; 61/018,611, filed January 2,
2008; 61/039,748, filed March 26, 2008; 61/047,087, filed April 22, 2008 and 61/051,528, filed May
8, 2008. PCT application number PCT/US2007/080331, filed October 3, 2007, also describes
formulations that are amenable to the present disclosure.

Transfersomes, yet another type of liposomes, are highly deformable lipid aggregates which
are attractive candidates for drug delivery vehicles. Transfersomes can be described as lipid droplets
which are so highly deformable that they are easily able to penetrate through pores which are smaller
than the droplet. Transfersomes are adaptable to the environment in which they are used, e.g., they are
self-optimizing (adaptive to the shape of pores in the skin), self-repairing, frequently reach their

targets without fragmenting, and often self-loading. To make transfersomes it is possible to add
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surface edge-activators, usually surfactants, to a standard liposomal composition. Transfersomes have
been used to deliver serum albumin to the skin. The transfersome-mediated delivery of serum albumin
has been shown to be as effective as subcutaneous injection of a solution containing serum albumin.

Surfactants find wide application in formulations such as those described herein, particularlay
in emulsions (including microemulsions) and liposomes. The most common way of classifying and
ranking the properties of the many different types of surfactants, both natural and synthetic, is by the
use of the hydrophile/lipophile balance (HLB). The nature of the hydrophilic group (also known as
the "head") provides the most useful means for categorizing the different surfactants used in
formulations (Rieger, in Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, N.Y., 1988,
p. 285).

If the surfactant molecule is not ionized, it is classified as a nonionic surfactant. Nonionic
surfactants find wide application in pharmaceutical and cosmetic products and are usable over a wide
range of pH values. In general, their HLB values range from 2 to about 18 depending on their
structure. Nonionic surfactants include nonionic esters such as ethylene glycol esters, propylene
glycol esters, glyceryl esters, polyglyceryl esters, sorbitan esters, sucrose esters, and ethoxylated
esters. Nonionic alkanolamides and ethers such as fatty alcohol ethoxylates, propoxylated alcohols,
and ethoxylated/propoxylated block polymers are also included in this class. The polyoxyethylene
surfactants are the most popular members of the nonionic surfactant class.

If the surfactant molecule carries a negative charge when it is dissolved or dispersed in water,
the surfactant is classified as anionic. Anionic surfactants include carboxylates such as soaps, acyl
lactylates, acyl amides of amino acids, esters of sulfuric acid such as alkyl sulfates and ethoxylated
alkyl sulfates, sulfonates such as alkyl benzene sulfonates, acyl isethionates, acyl taurates and
sulfosuccinates, and phosphates. The most important members of the anionic surfactant class are the
alkyl sulfates and the soaps.

If the surfactant molecule carries a positive charge when it is dissolved or dispersed in water,
the surfactant is classified as cationic. Cationic surfactants include quaternary ammonium salts and
cthoxylated amines. The quaternary ammonium salts are the most used members of this class.

If the surfactant molecule has the ability to carry either a positive or negative charge, the
surfactant is classified as amphoteric. Amphoteric surfactants include acrylic acid derivatives,
substituted alkylamides, N-alkylbetaines and phosphatides.

The use of surfactants in drug products, formulations and in emulsions has been reviewed (Rieger, in
Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, N.Y., 1988, p. 285).

The RNAi agent for use in the methods of the disclosure can also be provided as micellar
formulations. “Micelles” are defined herein as a particular type of molecular assembly in which
amphipathic molecules are arranged in a spherical structure such that all the hydrophobic portions of
the molecules are directed inward, leaving the hydrophilic portions in contact with the surrounding
aqueous phase. The converse arrangement exists if the environment is hydrophobic.

A mixed micellar formulation suitable for delivery through transdermal membranes may be

prepared by mixing an aqueous solution of the siRNA composition, an alkali metal Cs to Cx; alkyl
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sulphate, and a micelle forming compounds. Exemplary micelle forming compounds include lecithin,
hyaluronic acid, pharmaceutically acceptable salts of hyaluronic acid, glycolic acid, lactic acid,
chamomile extract, cucumber extract, oleic acid, linoleic acid, linolenic acid, monoolein,
monooleates, monolaurates, borage oil, evening of primrose oil, menthol, trihydroxy oxo cholanyl
glycine and pharmaceutically acceptable salts thereof, glycerin, polyglycerin, lysine, polylysine,
triolein, polyoxyethylene ethers and analogues thereof, polidocanol alkyl ethers and analogues
thereof, chenodeoxycholate, deoxycholate, and mixtures thereof. The micelle forming compounds
may be added at the same time or after addition of the alkali metal alkyl sulphate. Mixed micelles
will form with substantially any kind of mixing of the ingredients but vigorous mixing in order to
provide smaller size micelles.

In one method a first micellar composition is prepared which contains the siRNA composition
and at least the alkali metal alkyl sulphate. The first micellar composition is then mixed with at least
three micelle forming compounds to form a mixed micellar composition. In another method, the
micellar composition is prepared by mixing the siRNA composition, the alkali metal alkyl sulphate
and at least one of the micelle forming compounds, followed by addition of the remaining micelle
forming compounds, with vigorous mixing.

Phenol or m-cresol may be added to the mixed micellar composition to stabilize the
formulation and protect against bacterial growth. Alternatively, phenol or m-cresol may be added
with the micelle forming ingredients. An isotonic agent such as glycerin may also be added after
formation of the mixed micellar composition.

For delivery of the micellar formulation as a spray, the formulation can be put into an aerosol
dispenser and the dispenser is charged with a propellant. The propellant, which is under pressure, is
in liquid form in the dispenser. The ratios of the ingredients are adjusted so that the aqueous and
propellant phases become one, i.e., there is one phase. If there are two phases, it is necessary to shake
the dispenser prior to dispensing a portion of the contents, e.g., through a metered valve. The
dispensed dose of pharmaceutical agent is propelled from the metered valve in a fine spray.

Propellants may include hydrogen-containing chlorofluorocarbons, hydrogen-containing
fluorocarbons, dimethyl ether and diethyl ether. In certain embodiments, HFA 134a (1,1,1,2
tetrafluoroethane) may be used.

The specific concentrations of the essential ingredients can be determined by relatively
straightforward experimentation. For absorption through the oral cavities, it is often desirable to
increase, e.g., at least double or triple, the dosage for through injection or administration through the

gastrointestinal tract.

B. Lipid particles

RNAI agents, e.g., dsSRNAs of in the disclosure may be fully encapsulated in a lipid
formulation, e.g., a LNP, or other nucleic acid-lipid particle.

As used herein, the term "LNP" refers to a stable nucleic acid-lipid particle. LNPs typically

contain a cationic lipid, a non-cationic lipid, and a lipid that prevents aggregation of the particle (e.g.,
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a PEG-lipid conjugate). LNPs are extremely useful for systemic applications, as they exhibit extended
circulation lifetimes following intravenous (i.v.) injection and accumulate at distal sites (e.g., sites
physically separated from the administration site). LNPs include "pSPLP," which inchide an
encapsulated condensing agent-nucleic acid complex as set forth in WO 00/03683. The particles of
the present disclosure typically have a mean diameter of about 50 nm to about 150 nm, more typically
about 60 nm to about 130 nm, more typically about 70 nm to about 110 nm, most typically about 70
nm to about 90 nm, and are substantially nontoxic. In addition, the nucleic acids when present in the
nucleic acid- lipid particles of the present disclosure are resistant in aqueous solution to degradation
with a nuclease. Nucleic acid-lipid particles and their method of preparation are disclosed in, e.g.,
U.S. Patent Nos. 5,976,567; 5,981,501; 6,534,484, 6,586,410; 6,815,432; United States Patent
publication No. 2010/0324120 and WO 96/40964.

In one embodiment, the lipid to drug ratio (mass/mass ratio) (e.g., lipid to dsRNA ratio) will
be in the range of from about 1:1 to about 50:1, from about 1:1 to about 25:1, from about 3:1 to about
15:1, from about 4:1 to about 10:1, from about 5:1 to about 9:1, or about 6:1 to about 9:1. Ranges
intermediate to the above recited ranges are also contemplated to be part of the disclosure.

Certain specific LNP formulations for delivery of RNAi agents have been described in the art,
including, e.g., “LNPO1” formulations as described in, e.g., WO 2008/042973, which is hereby
incorporated by reference.

Additional exemplary lipid-dsRNA formulations are identified in the below.

cationic lipid/non-cationic
Ionizable/Cationic Lipid lipid/cholesterol/PEG-lipid conjugate
Lipid:siRNA ratio
DLinDMA/DPPC/Cholesterol/PEG-
SNALP-1 1,2-Dilinolenyloxy-N,N- cDMA
dimethylaminopropane (DLinDMA) (57.1/7.1/34.4/1.4)
lipid:siRNA ~ 7:1
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]- | T -/ DFPC/Cholesterol/PEG-cDMA
2-XTC dioxolane (XTC) 57.1/7.1/34.4/1.4
lipid:siRNA ~ 7:1
o . . XTC/DSPC/Cholesterol/PEG-DMG
LNPOS fﬁigigggl&y%gdmethylammoethyl'[1’3]' 57.5/1.5/31.5/3.5
lipid:siRNA ~ 6:1
. . . XTC/DSPC/Cholesterol/PEG-DMG
LNPO6 fﬁigigggl&y%gdmethylammoethyl'[1’3]' 57.5/1.5/31.5/3.5
lipid:siRNA ~ 11:1
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]- | X Lo/DSPC/Cholesterol/PEG-DMG
LNPO7 dioxolane (XTC) 60/7.5/31/1.5,
lipid:siRNA ~ 6:1
2,2-Dilinoleyl-4-dimethylaminoethyl-{13]- | & Lo/Dob-/Cholesterol/PEG-DMG
LNPO8 dioxolane (XTC) 60/7.5/31/1.5,
lipid:siRNA ~ 11:1
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]- | X L</DSPC/Cholesterol/PEG-DMG
LNP09 dioxolane (XTC) 50/10/38.5/1.5
Lipid:siRNA 10:1
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(3aR,5s,6a5)-N,N-dimethyl-2,2-

di((9Z.127)-octadeca-9.12- ALN100/DSPC/Cholesterol/PEG-

DMG

LNP10 dlenyl)tetrahydr0—3z.1H— . 50/10/38.5/1.5
cyclopentald][1,3]dioxol-5-amine Lipid:siRNA 10:1
(ALN100) ) )
(62.,972.,287,317)-heptatriaconta-6,9,28,31- | MC-3/DSPC/Cholesterol/PEG-DMG
LNP11 tetraen-19-yl 4-(dimethylamino)butanoate | 50/10/38.5/1.5
(MC3) Lipid:siRNA 10:1

1,1'-(2(4-(2«((2~(bis(2-

hydroxydodecyl)amino)ethyl)(2- Tech G1/DSPC/Cholesterol/PEG-

DMG

P2 | deododeaunino i | sy 1.5

él) y y Lipid:siRNA 10:1
XTC/DSPC/Chol/PEG-DMG

LNPI13 XTC 50/10/38.5/1.5

Lipid:siRNA: 33:1

MC3/DSPC/Chol/PEG-DMG
LNP14 MC3 40/15/40/5
Lipid:siRNA: 11:1

MC3/DSPC/Chol/PEG-DSG/GalNAc-
PEG-DSG

50/10/35/4.5/0.5

Lipid:siRNA: 11:1

LNP15 MC3

MC3/DSPC/Chol/PEG-DMG
LNP16 MC3 50/10/38.5/1.5
Lipid:siRNA: 7:1

MC3/DSPC/Chol/PEG-DSG
LNP17 MC3 50/10/38.5/1.5
Lipid:siRNA: 10:1

MC3/DSPC/Chol/PEG-DMG
LNP18 MC3 50/10/38.5/1.5
Lipid:siRNA: 12:1

MC3/DSPC/Chol/PEG-DMG
LNP19 MC3 50/10/35/5
Lipid:siRNA: 8:1

MC3/DSPC/Chol/PEG-DPG
LNP20 MC3 50/10/38.5/1.5
Lipid:siRNA: 10:1

C12-200/DSPC/Chol/PEG-DSG

LNP21 C12-200 50/10/38.5/1.5
Lipid:siRNA: 7:1
XTC/DSPC/Chol/PEG-DSG
LNP22 XTC 50/10/38.5/1.5

Lipid:siRNA: 10:1

DSPC: distearoylphosphatidylcholine

DPPC: dipalmitoylphosphatidylcholine

PEG-DMG: PEG-didimyristoyl glycerol (C14-PEG, or PEG-C14) (PEG with avg mol wt of 2000)
PEG-DSG: PEG-distyryl glycerol (C18-PEG, or PEG-C18) (PEG with avg mol wt of 2000)
PEG-cDMA: PEG-carbamoyl-1,2-dimyristyloxypropylamine (PEG with avg mol wt of 2000)
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SNALP (1,2-Dilinolenyloxy-N,N-dimethylaminopropane (DLinDMA)) comprising
formulations are described in WO 2009/127060, which is hereby incorporated by reference.

XTC comprising formulations are described in WO 2010/088537, the entire contents of which
are hereby incorporated herein by reference.

MC3 comprising formulations are described, e.g., in United States Patent Publication No.
2010/0324120, the entire contents of which are hereby incorporated by reference.

ALNY-100 comprising formulations are described in WO 2010/054406, the entire contents of
which are hereby incorporated herein by reference.

C12-200 comprising formulations are described in WO 2010/129709, the entire contents of
which are hereby incorporated herein by reference.

Compositions and formulations for oral administration include powders or granules,
microparticulates, nanoparticulates, suspensions or solutions in water or non-aqueous media, capsules,
gel capsules, sachets, tablets or minitablets. Thickeners, flavoring agents, diluents, emulsifiers,
dispersing aids or binders can be desirable. In some embodiments, oral formulations are those in
which dsRNAs featured in the disclosure are administered in conjunction with one or more
penetration enhancer surfactants and chelators. Suitable surfactants include fatty acids or esters or
salts thereof, bile acids or salts thereof. Suitable bile acids/salts include chenodeoxycholic acid
(CDCA) and ursodeoxychenodeoxycholic acid (UDCA), cholic acid, dehydrocholic acid, deoxycholic
acid, glucholic acid, glycholic acid, glycodeoxycholic acid, taurocholic acid, taurodeoxycholic acid,
sodium tauro-24,25-dihydro-fusidate and sodium glycodihydrofusidate. Suitable fatty acids include
arachidonic acid, undecanoic acid, oleic acid, lauric acid, caprylic acid, capric acid, myristic acid,
palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein, dilaurin,
glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine, an acylcholine, or a
monoglyceride, a diglyceride or a pharmaceutically acceptable salt thereof (e.g., sodium). In some
embodiments, combinations of penetration enhancers are used, for example, fatty acids/salts in
combination with bile acids/salts. One exemplary combination is the sodium salt of lauric acid, capric
acid and UDCA. Further penetration enhancers include polyoxyethylene-9-lauryl ether,
polyoxyethylene-20-cetyl ether. DsRNAs featured in the disclosure can be delivered orally, in
granular form including sprayed dried particles, or complexed to form micro or nanoparticles. DsSRNA
complexing agents include poly-amino acids; polyimines; polyacrylates; polyalkylacrylates,
polyoxethanes, polyalkylcyanoacrylates; cationized gelatins, albumins, starches, acrylates,
polyethyleneglycols (PEG) and starches; polyalkylcyanoacrylates; DEAE-derivatized polyimines,
pollulans, celluloses and starches. Suitable complexing agents include chitosan, N-trimethylchitosan,
poly-L-lysine, polyhistidine, polyornithine, polyspermines, protamine, polyvinylpyridine,
polythiodiethylaminomethylethylene P(TDAE), polyaminostyrene (e.g., p-amino),
poly(methylcyanoacrylate), poly(ethylcyanoacrylate), poly(butylcyanoacrylate),
poly(isobutylcyanoacrylate), poly(isohexylcynaoacrylate), DEAE-methacrylate, DEAE-hexylacrylate,
DEAE-acrylamide, DEAE-albumin and DEAE-dextran, polymethylacrylate, polyhexylacrylate,
poly(D,L-lactic acid), poly(DL-lactic-co-glycolic acid (PLGA), alginate, and polyethyleneglycol
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(PEG). Oral formulations for dSRNAs and their preparation are described in detail in U.S. Patent
6,887,906, U.S. 2003/0027780, and U.S. Patent No. 6,747,014, each of which is incorporated herein
by reference.

Compositions and formulations for parenteral, intraparenchymal (into the brain), intrathecal,
intraventricular or intrahepatic administration can include sterile aqueous solutions which can also
contain buffers, diluents and other suitable additives such as, but not limited to, penetration enhancers,
carrier compounds and other pharmaceutically acceptable carriers or excipients.

Pharmaceutical compositions of the present disclosure include, but are not limited to,
solutions, emulsions, and liposome-containing formulations. These compositions can be generated
from a variety of components that include, but are not limited to, preformed liquids, self-emulsifying
solids and self-emulsifying semisolids. Particularly preferred are formulations that target the brain
when treating APP-associated diseases or disorders.

The pharmaceutical formulations of the present disclosure, which can conveniently be
presented in unit dosage form, can be prepared according to conventional techniques well known in
the pharmaceutical industry. Such techniques include the step of bringing into association the active
ingredients with the pharmaceutical carrier(s) or excipient(s). In general, the formulations are
prepared by uniformly and intimately bringing into association the active ingredients with liquid
carriers or finely divided solid carriers or both, and then, if necessary, shaping the product.

The compositions of the present disclosure can be formulated into any of many possible
dosage forms such as, but not limited to, tablets, capsules, gel capsules, liquid syrups, soft gels,
suppositories, and enemas. The compositions of the present disclosure can also be formulated as
suspensions in aqueous, non-aqueous or mixed media. Aqueous suspensions can further contain
substances which increase the viscosity of the suspension including, for example, sodium

carboxymethylcellulose, sorbitol or dextran. The suspension can also contain stabilizers.

C. Additional Formulations
i. Emulsions

The compositions of the present disclosure can be prepared and formulated as emulsions.
Emulsions are typically heterogeneous systems of one liquid dispersed in another in the form of
droplets usually exceeding 0.1pum in diameter (see e.g., Ansel's Pharmaceutical Dosage Forms and
Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams &
Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199; Rosoff, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., Volume 1, p. 245; Block in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 2, p. 335; Higuchi et al., in
Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 1985, p. 301). Emulsions
are often biphasic systems comprising two immiscible liquid phases intimately mixed and dispersed

with each other. In general, emulsions can be of cither the water-in-oil (w/0) or the oil-in-water (o/w)
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variety. When an aqueous phase is finely divided into and dispersed as minute droplets into a bulk
oily phase, the resulting composition is called a water-in-oil (w/0) emulsion. Alternatively, when an
oily phase is finely divided into and dispersed as minute droplets into a bulk aqueous phase, the
resulting composition is called an oil-in-water (o/w) emulsion. Emulsions can contain additional
components in addition to the dispersed phases, and the active drug which can be present as a solution
in either aqueous phase, oily phase or itself as a separate phase. Pharmaceutical excipients such as
emulsifiers, stabilizers, dyes, and anti-oxidants can also be present in emulsions as needed.
Pharmaceutical emulsions can also be multiple emulsions that are comprised of more than two phases
such as, for example, in the case of oil-in-water-in-oil (o/w/o0) and water-in-oil-in-water (w/o/w)
emulsions. Such complex formulations often provide certain advantages that simple binary emulsions
do not. Multiple emulsions in which individual oil droplets of an o/w emulsion enclose small water
droplets constitute a w/o/w emulsion. Likewise, a system of oil droplets enclosed in globules of water
stabilized in an oily continuous phase provides an o/w/o emulsion.

Emulsions are characterized by little or no thermodynamic stability. Often, the dispersed or
discontinuous phase of the emulsion is well dispersed into the external or continuous phase and
maintained in this form through the means of emulsifiers or the viscosity of the formulation. Either of
the phases of the emulsion can be a semisolid or a solid, as is the case of emulsion-style ointment
bases and creams. Other means of stabilizing emulsions entail the use of emulsifiers that can be
incorporated into either phase of the emulsion. Emulsifiers can broadly be classified into four
categories: synthetic surfactants, naturally occurring emulsifiers, absorption bases, and finely
dispersed solids (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen,
LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY;
Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker,
Inc., New York, N.Y., volume 1, p. 199).

Synthetic surfactants, also known as surface active agents, have found wide applicability in
the formulation of emulsions and have been reviewed in the literature (see e.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel
HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rieger, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,
volume 1, p. 285; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.),
Marcel Dekker, Inc., New York, N.Y., 1988, volume 1, p. 199). Surfactants are typically amphiphilic
and comprise a hydrophilic and a hydrophobic portion. The ratio of the hydrophilic to the
hydrophobic nature of the surfactant has been termed the hydrophile/lipophile balance (HLB) and is a
valuable tool in categorizing and selecting surfactants in the preparation of formulations. Surfactants
can be classified into different classes based on the nature of the hydrophilic group: nonionic, anionic,
cationic and amphoteric (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems,
Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New
York, NY Rieger, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988,
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 285).
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Naturally occurring emulsifiers used in emulsion formulations include lanolin, beeswax,
phosphatides, lecithin and acacia. Absorption bases possess hydrophilic properties such that they can
soak up water to form w/o emulsions yet retain their semisolid consistencies, such as anhydrous
lanolin and hydrophilic petrolatum. Finely divided solids have also been used as good emulsifiers
especially in combination with surfactants and in viscous preparations. These include polar inorganic
solids, such as heavy metal hydroxides, nonswelling clays such as bentonite, attapulgite, hectorite,
kaolin, montmorillonite, colloidal aluminum silicate and colloidal magnesium aluminum silicate,
pigments and nonpolar solids such as carbon or glyceryl tristearate.

A large variety of non-emulsifying materials are also included in emulsion formulations and
contribute to the properties of emulsions. These include fats, oils, waxes, fatty acids, fatty alcohols,
fatty esters, humectants, hydrophilic colloids, preservatives and antioxidants (Block, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., volume 1, p. 335; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199).

Hydrophilic colloids or hydrocolloids include naturally occurring gums and synthetic
polymers such as polysaccharides (for example, acacia, agar, alginic acid, carrageenan, guar gum,
karaya gum, and tragacanth), cellulose derivatives (for example, carboxymethylcellulose and
carboxypropylcellulose), and synthetic polymers (for example, carbomers, cellulose ethers, and
carboxyvinyl polymers). These disperse or swell in water to form colloidal solutions that stabilize
emulsions by forming strong interfacial films around the dispersed-phase droplets and by increasing
the viscosity of the external phase.

Since emulsions often contain a number of ingredients such as carbohydrates, proteins, sterols
and phosphatides that can readily support the growth of microbes, these formulations often
incorporate preservatives. Commonly used preservatives included in emulsion formulations include
methyl paraben, propyl paraben, quaternary ammonium salts, benzalkonium chloride, esters of p-
hydroxybenzoic acid, and boric acid. Antioxidants are also commonly added to emulsion formulations
to prevent deterioration of the formulation. Antioxidants used can be free radical scavengers such as
tocopherols, alkyl gallates, butylated hydroxyanisole, butylated hydroxytoluene, or reducing agents
such as ascorbic acid and sodium metabisulfite, and antioxidant synergists such as citric acid, tartaric
acid, and lecithin.

The application of emulsion formulations via dermatological, oral and parenteral routes and
methods for their manufacture have been reviewed in the literature (see e.g., Ansel's Pharmaceutical
Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004,
Lippincott Williams & Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms,
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199).
Emulsion formulations for oral delivery have been very widely used because of ease of formulation,
as well as efficacy from an absorption and bioavailability standpoint (see e.g., Ansel's Pharmaceutical
Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004,
Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in Pharmaceutical Dosage Forms,
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Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245;
Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker,
Inc., New York, N.Y., volume 1, p. 199). Mineral-oil base laxatives, oil-soluble vitamins and high fat
nutritive preparations are among the materials that have commonly been administered orally as o/w
emulsions.

ii. Microemulsions

In one embodiment of the present disclosure, the compositions of RNAi agents and nucleic
acids are formulated as microemulsions. A microemulsion can be defined as a system of water, oil
and amphiphile which is a single optically isotropic and thermodynamically stable liquid solution (see
e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG.,
and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., volume 1, p. 245). Typically, microemulsions are systems that are prepared by first
dispersing an oil in an aqueous surfactant solution and then adding a sufficient amount of a fourth
component, generally an intermediate chain-length alcohol to form a transparent system. Therefore,
microemulsions have also been described as thermodynamically stable, isotropically clear dispersions
of two immiscible liquids that are stabilized by interfacial films of surface-active molecules (Leung
and Shah, in: Controlled Release of Drugs: Polymers and Aggregate Systems, Rosoff, M., Ed., 1989,
VCH Publishers, New York, pages 185-215). Microemulsions commonly are prepared via a
combination of three to five components that include oil, water, surfactant, cosurfactant and
clectrolyte. Whether the microemulsion is of the water-in-oil (w/0) or an oil-in-water (o/w) type is
dependent on the properties of the oil and surfactant used, and on the structure and geometric packing
of the polar heads and hydrocarbon tails of the surfactant molecules (Schott, in Remington's
Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 1985, p. 271).

The phenomenological approach utilizing phase diagrams has been extensively studied and
has yielded a comprehensive knowledge, to one skilled in the art, of how to formulate microemulsions
(see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich
NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., volume 1, p. 245; Block, in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 335). Compared to
conventional emulsions, microemulsions offer the advantage of solubilizing water-insoluble drugs in
a formulation of thermodynamically stable droplets that are formed spontaneously.

Surfactants used in the preparation of microemulsions include, but are not limited to, ionic
surfactants, non-ionic surfactants, Brij 96, polyoxyethylene oleyl ethers, polyglycerol fatty acid esters,
tetraglycerol monolaurate (ML310), tetraglycerol monooleate (MO310), hexaglycerol monooleate
(PO310), hexaglycerol pentaoleate (PO500), decaglycerol monocaprate (MCA750), decaglycerol
monooleate (MO750), decaglycerol sequioleate (SO750), decaglycerol decaoleate (DAO750), alone

or in combination with cosurfactants. The cosurfactant, usually a short-chain alcohol such as ethanol,
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1-propanol, and 1-butanol, serves to increase the interfacial fluidity by penetrating into the surfactant
film and consequently creating a disordered film because of the void space generated among
surfactant molecules. Microemulsions can, however, be prepared without the use of cosurfactants and
alcohol-free self-emulsifying microemulsion systems are known in the art. The aqueous phase can
typically be, but is not limited to, water, an aqueous solution of the drug, glycerol, PEG300, PEG400,
polyglycerols, propylene glycols, and derivatives of ethylene glycol. The oil phase can include, but is
not limited to, materials such as Captex 300, Captex 355, Capmul MCM, fatty acid esters, medium
chain (C8-C12) mono, di, and tri-glycerides, polyoxyethylated glyceryl fatty acid esters, fatty
alcohols, polyglycolized glycerides, saturated polyglycolized C8-C10 glycerides, vegetable oils and
silicone oil.

Microemulsions are particularly of interest from the standpoint of drug solubilization and the
enhanced absorption of drugs. Lipid based microemulsions (both o/w and w/o0) have been proposed to
enhance the oral bioavailability of drugs, including peptides (see e.g., U.S. Patent Nos. 6,191,105;
7,063,860; 7,070,802; 7,157,099; Constantinides et al., Pharmaceutical Research, 1994, 11, 1385-
1390; Ritschel, Meth. Find. Exp. Clin. Pharmacol., 1993, 13, 205). Microemulsions afford advantages
of improved drug solubilization, protection of drug from enzymatic hydrolysis, possible enhancement
of drug absorption due to surfactant-induced alterations in membrane fluidity and permeability, ease
of preparation, ease of oral administration over solid dosage forms, improved clinical potency, and
decreased toxicity (see e.g., U.S. Patent Nos. 6,191,105; 7,063,860; 7,070,802; 7,157,099;
Constantinides ef al., Pharmaceutical Research, 1994, 11, 1385; Ho ef al., J. Pharm. Sci., 1996, 85,
138-143). Often microemulsions can form spontaneously when their components are brought together
at ambient temperature. This can be particularly advantageous when formulating thermolabile drugs,
peptides or RNAI agents. Microemulsions have also been effective in the transdermal delivery of
active components in both cosmetic and pharmaceutical applications. It is expected that the
microemulsion compositions and formulations of the present disclosure will facilitate the increased
systemic absorption of RNAi agents and nucleic acids from the gastrointestinal tract, as well as
improve the local cellular uptake of RNAi agents and nucleic acids.

Microemulsions of the present disclosure can also contain additional components and
additives such as sorbitan monostearate (Grill 3), Labrasol, and penetration enhancers to improve the
properties of the formulation and to enhance the absorption of the RNAi agents and nucleic acids of
the present disclosure. Penetration enhancers used in the microemulsions of the present disclosure can
be classified as belonging to one of five broad categories--surfactants, fatty acids, bile salts, chelating
agents, and non-chelating non-surfactants (Lee et al., Critical Reviews in Therapeutic Drug Carrier

Systems, 1991, p. 92). Each of these classes has been discussed above.
iti. Microparticles

An RNAI agent of the disclosure may be incorporated into a particle, e.g., a microparticle.

Microparticles can be produced by spray-drying, but may also be produced by other methods
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including lyophilization, evaporation, fluid bed drying, vacuum drying, or a combination of these

techniques.

iv. Penetration Enhancers

In one embodiment, the present disclosure employs various penetration enhancers to effect
the efficient delivery of nucleic acids, particularly RNAi agents, to the skin of animals. Most drugs are
present in solution in both ionized and nonionized forms. However, usually only lipid soluble or
lipophilic drugs readily cross cell membranes. It has been discovered that even non-lipophilic drugs
can cross cell membranes if the membrane to be crossed is treated with a penetration enhancer. In
addition to aiding the diffusion of non-lipophilic drugs across cell membranes, penetration enhancers
also enhance the permeability of lipophilic drugs.

Penetration enhancers can be classified as belonging to one of five broad categories, i.e.,
surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-surfactants (sec e.g.,
Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care, New York, NY, 2002;
Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p.92). Each of the above
mentioned classes of penetration enhancers are described below in greater detail.

Surfactants (or "surface-active agents") are chemical entities which, when dissolved in an
aqueous solution, reduce the surface tension of the solution or the interfacial tension between the
aqueous solution and another liquid, with the result that absorption of RNAi agents through the
mucosa is enhanced. In addition to bile salts and fatty acids, these penetration enhancers include, for
example, sodium lauryl sulfate, polyoxyethylene-9-lauryl ether and polyoxyethylene-20-cetyl ether)
(see e.g., Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care, New York,
NY, 2002; Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p.92); and
perfluorochemical emulsions, such as FC-43. Takahashi et al., J. Pharm. Pharmacol., 1988, 40, 252).

Various fatty acids and their derivatives which act as penetration enhancers include, for
example, oleic acid, lauric acid, capric acid (n-decanoic acid), myristic acid, palmitic acid, stearic
acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein (1-monooleoyl-rac-glycerol),
dilaurin, caprylic acid, arachidonic acid, glycerol 1-monocaprate, 1-dodecylazacycloheptan-2-one,
acylcarnitines, acylcholines, Ci2¢ alkyl esters thereof (e.g., methyl, isopropyl and t-butyl), and mono-
and di-glycerides thereof (i.e., oleate, laurate, caprate, myristate, palmitate, stearate, linoleate, efc.)
(see e.g., Touitou, E., et al. Enhancement in Drug Delivery, CRC Press, Danvers, MA, 2006; Lee et
al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p.92; Muranishi, Critical Reviews in
Therapeutic Drug Carrier Systems, 1990, 7, 1-33; El Hariri et al., J. Pharm. Pharmacol., 1992, 44,
651-654).

The physiological role of bile includes the facilitation of dispersion and absorption of lipids
and fat-soluble vitamins (see e.g., Malmsten, M. Surfactants and polymers in drug delivery, Informa
Health Care, New York, NY, 2002; Brunton, Chapter 38 in: Goodman & Gilman's The
Pharmacological Basis of Therapeutics, 9th Ed., Hardman et al. Eds., McGraw-Hill, New York, 1996,

pp- 934-935). Various natural bile salts, and their synthetic derivatives, act as penetration enhancers.
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Thus the term "bile salts" includes any of the naturally occurring components of bile as well as any of
their synthetic derivatives. Suitable bile salts include, for example, cholic acid (or its pharmaceutically
acceptable sodium salt, sodium cholate), dehydrocholic acid (sodium dehydrocholate), deoxycholic
acid (sodium deoxycholate), glucholic acid (sodium glucholate), glycholic acid (sodium
glycocholate), glycodeoxycholic acid (sodium glycodeoxycholate), taurocholic acid (sodium
taurocholate), taurodeoxycholic acid (sodium taurodeoxycholate), chenodeoxycholic acid (sodium
chenodeoxycholate), ursodeoxycholic acid (UDCA), sodium tauro-24,25-dihydro-fusidate (STDHF),
sodium glycodihydrofusidate and polyoxyethylene-9-lauryl ether (POE) (see e.g., Malmsten, M.
Surfactants and polymers in drug delivery, Informa Health Care, New York, NY, 2002; Lee et al.,
Critical Reviews in Therapeutic Drug Carrier Systems, 1991, page 92; Swinyard, Chapter 39 In:
Remington's Pharmaceutical Sciences, 18th Ed., Gennaro, ed., Mack Publishing Co., Easton, Pa.,
1990, pages 782-783; Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-
33; Yamamoto et al., J. Pharm. Exp. Ther., 1992, 263, 25; Yamashita et al., J. Pharm. Sci., 1990, 79,
579-583).

Chelating agents, as used in connection with the present disclosure, can be defined as
compounds that remove metallic ions from solution by forming complexes therewith, with the result
that absorption of RNAi agents through the mucosa is enhanced. With regards to their use as
penetration enhancers in the present disclosure, chelating agents have the added advantage of also
serving as DNase inhibitors, as most characterized DNA nucleases require a divalent metal ion for
catalysis and are thus inhibited by chelating agents (Jarrett, J. Chromatogr., 1993, 618, 315-339).
Suitable chelating agents include but are not limited to disodium ethylenediaminetetraacetate
(EDTA), citric acid, salicylates (e.g., sodium salicylate, S-methoxysalicylate and homovanilate), N-
acyl derivatives of collagen, laureth-9 and N-amino acyl derivatives of beta-diketones (enamines)(see
e.g., Katdare, A. et al., Excipient development for pharmaceutical, biotechnology, and drug delivery,
CRC Press, Danvers, MA, 2006; Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems,
1991, page 92; Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Buur
et al.,J. Control Rel., 1990, 14, 43-51).

As used herein, non-chelating non-surfactant penetration enhancing compounds can be
defined as compounds that demonstrate insignificant activity as chelating agents or as surfactants but
that nonetheless enhance absorption of RNAi agents through the alimentary mucosa (sec e.g.,
Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33). This class of
penetration enhancers includes, for example, unsaturated cyclic ureas, 1-alkyl- and 1-alkenylazacyclo-
alkanone derivatives (Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, page
92); and non-steroidal anti-inflammatory agents such as diclofenac sodium, indomethacin and
phenylbutazone (Yamashita et al., J. Pharm. Pharmacol., 1987, 39, 621-626).

Agents that enhance uptake of RNAi agents at the cellular level can also be added to the
pharmaceutical and other compositions of the present disclosure. For example, cationic lipids, such as

lipofectin (Junichi et al, U.S. Pat. No. 5,705,188), cationic glycerol derivatives, and polycationic
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molecules, such as polylysine (WO 97/30731), are also known to enhance the cellular uptake of
dsRNAs.

Other agents can be utilized to enhance the penetration of the administered nucleic acids,
including glycols such as ethylene glycol and propylene glycol, pyrrols such as 2-pyrrol, azones, and

terpenes such as limonene and menthone.

vi. Excipients

In contrast to a carrier compound, a “pharmaceutical carrier” or “excipient” is a
pharmaceutically acceptable solvent, suspending agent or any other pharmacologically inert vehicle
for delivering one or more nucleic acids to an animal. The excipient can be liquid or solid and is
selected, with the planned manner of administration in mind, so as to provide for the desired bulk,
consistency, etc., when combined with a nucleic acid and the other components of a given
pharmaceutical composition. Typical pharmaceutical carriers include, but are not limited to, binding
agents (e.g., pregelatinized maize starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose,
etc.); fillers (e.g., lactose and other sugars, microcrystalline cellulose, pectin, gelatin, calcium sulfate,
cthyl cellulose, polyacrylates or calcium hydrogen phosphate, efc.); lubricants (e.g., magnesium
stearate, talc, silica, colloidal silicon dioxide, stearic acid, metallic stearates, hydrogenated vegetable
oils, corn starch, polyethylene glycols, sodium benzoate, sodium acetate, etc.); disintegrants (e.g.,
starch, sodium starch glycolate, efc.); and wetting agents (e.g., sodium lauryl sulphate, etc).

Pharmaceutically acceptable organic or inorganic excipients suitable for non-parenteral
administration which do not deleteriously react with nucleic acids can also be used to formulate the
compositions of the present disclosure. Suitable pharmaceutically acceptable carriers include, but are
not limited to, water, salt solutions, alcohols, polyethylene glycols, gelatin, lactose, amylose,
magnesium stearate, talc, silicic acid, viscous paraffin, hydroxymethylcellulose, polyvinylpyrrolidone
and the like.

Formulations for topical administration of nucleic acids can include sterile and non-sterile
aqueous solutions, non-aqueous solutions in common solvents such as alcohols, or solutions of the
nucleic acids in liquid or solid oil bases. The solutions can also contain buffers, diluents and other
suitable additives. Pharmaceutically acceptable organic or inorganic excipients suitable for non-
parenteral administration which do not deleteriously react with nucleic acids can be used.

Suitable pharmaceutically acceptable excipients include, but are not limited to, water, salt
solutions, alcohol, polyethylene glycols, gelatin, lactose, amylose, magnesium stearate, talc, silicic

acid, viscous paraffin, hydroxymethylcellulose, polyvinylpyrrolidone and the like.

vii. Other Components
The compositions of the present disclosure can additionally contain other adjunct components
conventionally found in pharmaceutical compositions, at their art-established usage levels. Thus, for
example, the compositions can contain additional, compatible, pharmaceutically-active materials such

as, for example, antipruritics, astringents, local anesthetics or anti-inflammatory agents, or can contain
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additional materials useful in physically formulating various dosage forms of the compositions of the
present disclosure, such as dyes, flavoring agents, preservatives, antioxidants, opacifiers, thickening
agents and stabilizers. However, such materials, when added, should not unduly interfere with the
biological activities of the components of the compositions of the present disclosure. The
formulations can be sterilized and, if desired, mixed with auxiliary agents, e.g., lubricants,
preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers,
colorings, flavorings or aromatic substances and the like which do not deleteriously interact with the
nucleic acid(s) of the formulation.

Aqueous suspensions can contain substances which increase the viscosity of the suspension
including, for example, sodium carboxymethylcellulose, sorbitol or dextran. The suspension can also
contain stabilizers.

In some embodiments, pharmaceutical compositions featured in the disclosure include (a) one
or more RNAi agents and (b) one or more agents which function by a non-RNAi mechanism and
which are useful in treating a C9orf72-associated disorder. Examples of such agents include, but are
not Imited to, monoamine inhibitors, reserpine, anticonvulsants, antipsychotic agents, and
antidepressants.

Toxicity and therapeutic efficacy of such compounds can be determined by standard
pharmaceutical procedures in cell cultures or experimental animals, e.g., for determining the LDso (the
dose lethal to 50% of the population) and the EDsp (the dose therapeutically effective in 50% of the
population). The dose ratio between toxic and therapeutic effects is the therapeutic index and it can be
expressed as the ratio LDs¢/EDso. Compounds that exhibit high therapeutic indices are preferred.

The data obtained from cell culture assays and animal studies can be used in formulating a
range of dosage for use in humans. The dosage of compositions featured herein in the disclosure lies
generally within a range of circulating concentrations that include the EDsp with little or no toxicity.
The dosage can vary within this range depending upon the dosage form employed and the route of
administration utilized. For any compound used in the methods featured in the disclosure, the
therapeutically effective dose can be estimated initially from cell culture assays. A dose can be
formulated in animal models to achieve a circulating plasma concentration range of the compound or,
when appropriate, of the polypeptide product of a target sequence (e.g., achieving a decreased
concentration of the polypeptide) that includes the ICs (i.e., the concentration of the test compound
which achieves a half-maximal inhibition of symptoms) as determined in cell culture. Such
information can be used to more accurately determine useful doses in humans. Levels in plasma can
be measured, for example, by high performance liquid chromatography.

In addition to their administration, as discussed above, the RNAi agents featured in the
disclosure can be administered in combination with other known agents effective in treatment of
pathological processes mediated by nucleotide repeat expression. In any event, the administering
physician can adjust the amount and timing of RNAi agent administration on the basis of results

observed using standard measures of efficacy known in the art or described herein.
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VII. Kits

In certain aspects, the instant disclosure provides kits that include a suitable container
containing a pharmaceutical formulation of a siRNA compound, e.g., a double-stranded siRNA
compound, or ssiRNA compound, (e.g., a precursor, e.g., a larger siRNA compound which can be
processed into a ssiRNA compound, or a DNA which encodes an siRNA compound, e.g., a double-
stranded siRNA compound, or ssiRNA compound, or precursor thereof).

Such kits include one or more dsRNA agent(s) and instructions for use, e.g., instructions for
administering a prophylactically or therapeutically effective amount of a dsSRNA agent(s). The
dsRNA agent may be in a vial or a pre-filled syringe. The kits may optionally further comprise means
for administering the dsRNA agent (e.g., an injection device, such as a pre-filled syringe), or means
for measuring the inhibition of C90#f72 (e.g., means for measuring the inhibition of C90rf72 mRNA,
C9orf72 protein, and/or C9orf72 activity). Such means for measuring the inhibition of C9orf72 may
comprise a means for obtaining a sample from a subject, such as, e.g., a CSF and/or plasma sample.
The kits of the invention may optionally further comprise means for determining the therapeutically
effective or prophylactically effective amount.

In certain embodiments the individual components of the pharmaceutical formulation may be
provided in one container. Alternatively, it may be desirable to provide the components of the
pharmaceutical formulation separately in two or more containers, e.g., one container for a siRNA
compound preparation, and at least another for a carrier compound. The kit may be packaged in a
number of different configurations such as one or more containers in a single box. The different
components can be combined, e.g., according to instructions provided with the kit. The components
can be combined according to a method described herein, e.g., to prepare and administer a

pharmaceutical composition. The kit can also include a delivery device.

VII. Methods for Inhibiting C9orf72 Expression

The present disclosure also provides methods of inhibiting the expression or reducing the
level of a C9orf72 gene or a transcript associated with the C9orf72 locus in a cell. The methods
include contacting a cell with an RNAI agent, e.g., double stranded RNAI{ agent, in an amount
effective to inhibit the expression or reducing the level of C90rf72 or a transcript associated with the
C90rf72 locus in the cell, thereby inhibiting the expression or reducing the level of C90rf72 or
reducing the amount of the transcript associated with the C90rf72 locus in the cell. In certain
embodiments of the disclosure, C90rf72 is inhibited preferentially in CNS (e.g., brain) cells.

In some embodiments, the methods include contacting a cell with two or more dsRNA agents
targeting C9orf72. In certain embodiments of the methods including two or more dsRNA agents, the
two or more dsRNA agents may be present in the same composition, in separate compositions, or any
combination thereof.

In one embodiment of the methods which include contacting a cell with two or more dsRNA
agents targeting C9orf72, at least one dsRNA agent targets an antisense strand of C90rf72 and at least
one dsRNA agent targets a sense strand of C9orf72.
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In some embodiments, suitable agents targeting a sense strand of C90rf72 for use in the
methods of the invention comprising two or more dsRNA agents comprise a sense strand an an
antisense strand forming a double stranded region selected from the group consisting of

a) an antisense strand comprising at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from any one of the antisense nucleotide sequences in any one of Tables 5, 6,
10B, and 10D;

b) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 1-23; 15-37; 33-55; 37-
59; or 62-84 of SEQ ID NO: 1, and an antisense strand comprising at least 15 contiguous nucleotides
from the corresponding nucleotide sequence of SEQ ID NO:5;

c) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 5197-5219; 5226-5248;
5233-5255; 5248-5270; 5539-5561; 5547-5569; 5917-5939; 5936-5958; 5954-5976; 6008-6030;
6021-6043; 6036-6058; 6043-6065; or 6048-6070 of SEQ ID NO: 15, and an antisense strand
compriing at least 15 contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID
NO:16;

d) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 5015-5052; 5017-5040;
5032-5059; 5032-5055; 5033-5055; 5035-5059; 5036-5059; 5058-5087; 5059-5087; 5059-5084;
5064-5087; 5197-5222; 5213-5267; 5223-5252; 5229-5252; 5233-5263; 5516-5570; 5539-5565;
5539-5562; 5545-5570; 5545-5569; 5593-5616; 5883-5950; 5917-5950; 5919-5950; 5923-5950;
5934-5977; 5934-5957; 5938-5977; 5938-5965; 5938-5961; 5947-5977; 5947-5973; 5972-6001;
5973-5997; 6006-6029; 6011-6070; 6011-6039; 6011-6038; 6015-6038; 6019-6045; 6019-6042;
6033-6070; 6035-6065; 6035-6059; or 6040-6063 of SEQ ID NO: 15, and an antisense strand
comprising at least 15 contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID
NO:16;

e) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 15-52; 17-40; 32-59;
32-55; 35-59; 36-59; 58-87; 59-87; 59-84; or 64-87 of SEQ ID NO: 1, and an antisense strand
comprising at least 15 contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID
NO:5; and

f) an antisense strand comprising at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from any one of the antisense nucleotide sequences in any one of Tables §, 9,
10B, and 10D,

wherein the sense strand, the antisense strand, or both the sense strand and the antisense
strand is conjugated to one or more lipophilic moieties.

In certain embodiments, suitable agents targeting a sense strand of C90rf72, e.g, of a C90rf72

exon or intron sense sequence, for use in the methods of the invention comprising two or more
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dsRNA agents are those dsRNA agents disclosed in PCT Publication No. WO 2021/119226, the entire
contents of which are incorporated herein by reference.

In certain embodiments, suitable agents targeting an antisense strand of C9orf72 for use in the
methods of the invention comprising two or more dsRNA agents comprise a sense strand an an
antisense strand forming a double stranded region selected from the group consisting of

a) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO:13 and an antisense strand comprising
a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:14,

b) an antisense comprising a nucleotide sequence selected from the group consisting of
any of the antisense strand nucleotide sequences in any one of Tables 2, 3, 10A, 10C, 11, and 12; and

c) an antisense strand comprising at least 15 contiguous nucleotides differing by no
more than three nucleotides from nucleotides 27573296-27573318; 27573314-27573336; 27573319-
27573341; 27573562-27573584; 27573585-27573607; 27573592-27573614; 27573599-27573621;
27573608-27573630; 27573616-27573638; 27573619-27573641; 27573622-27573644; 27573633
27573655; 27573690-27573712; or 27573717-27573739 of SEQ ID NO: 13;

d) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 27573296-27573584;
27573296-27573575; 27573301-27573338; 27573318-27573342; 27573555-27573583; 27573581-
27573607; 27573584-27573607; 27573588-27573671; 27573588-27573666; 27573588-27573624;
27573592-27573624; 27573592-27573617; 27573598-27573624; 27573599-27573623; 27573606-
27573655; 27573606-27573652; 27573606-27573647; 27573654-27573712; or 27573707-27573740
of SEQ ID NO: 13, and an antisense strand comprising at least 15 contiguous nucleotides from the
corresponding nucleotide sequence of SEQ ID NO:14,

wherein the sense strand, the antisense strand, or both the sense strand and the antisense
strand is conjugated to one or more lipophilic moieties.

In some embodiments, the methods of the invention include contacting a cell with a
composition comprising two or more, e.g., 2, 3, or 4, dsRNA agents of the invention, e.g., any two or
more of the dsRNA agents selected from the group of dsRNA agents in Tables 2, 3, 5, 6, 8, 9, 10A,
10B, 10C, 10D, 11, and 12.

In some embodiments of the methods of the invention which include contacting a cell with
two or more dsRNA agents, as described herein, e.g., any two or more, e.g., 2, 3, or 4, of the dsRNA
agents selected from the group of dsRNA agents in Tables 2, 3, 5, 6, 8, 9, 10A, 10B, 10C, 10D, 11,
and 12, the cell may be contacted with a first agent (or a composition comprising a first agent) at a
first time, a second agent (or a composition comprising a second agent) at a second time, a third agent
(or a composition comprising a third agent) at a third time, and a fourth agent (or a composition
comprising a fourth agent) at a fourth time; or the cell may be contacted with all of the agents (or a
composition comprising all of the agents) at the same time. Alternatively, the cell may be contacted

with a first agent (or a composition comprising a first agent) at a first time and a second, third, and/or
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fourth agent (or a composition comprising a second, third, and/or fourth agent) at a second time.
Other combinations of contacting the cell with two or more agents (or compositions comprising two
or more dsRNA agents) of the invention are also contemplated.

Contacting of a cell with an RNAIi agent, e.g., a double stranded RNAi agent, may be done in
vitro or in vivo. Contacting a cell in vivo with the RNAi agent includes contacting a cell or group of
cells within a subject, e.g., a human subject, with the RNAi agent. Combinations of in vitro and in
vivo methods of contacting a cell are also possible.

Contacting a cell may be direct or indirect, as discussed above. Furthermore, contacting a cell
may be accomplished via a targeting ligand, including any ligand described herein or known in the
art. In some embodiments, the targeting ligand is a carbohydrate moiety, e.g., a GalNAc ligand, or any
other ligand that directs the RNAi agent to a site of interest.

LT3

The term “inhibiting,” as used herein, is used interchangeably with “reducing,” “silencing,”

LT3

“downregulating,” “suppressing” and other similar terms, and includes any level of inhibition. In
certain embodiments, a level of inhibition, e.g., for an RNAi agent of the instant disclosure, can be
assessed in cell culture conditions, e.g., wherein cells in cell culture are transfected via
Lipofectamine™-mediated transfection at a concentration in the vicinity of a cell of 10 nM or less, 1
nM or less, efc. Knockdown of a given RNAI agent can be determined via comparison of pre-treated
levels in cell culture versus post-treated levels in cell culture, optionally also comparing against cells
treated in parallel with a scrambled or other form of control RNAi agent. Knockdown in cell culture
of, e.g., about 50% , can thereby be identified as indicative of “inhibiting” or “reducing”,
“downregulating” or “suppressing”, efc. having occurred. It is expressly contemplated that assessment
of targeted mRNA or encoded protein levels (and therefore an extent of “inhibiting”, efc. caused by an
RNAI agent of the disclosure) can also be assessed in in vivo systems for the RNAi agents of the
instant disclosure, under properly controlled conditions as described in the art.

The phrase “inhibiting expression of a C90rf72 gene” or “inhibiting expression of C9orf72,”
as used herein, includes inhibition of the expression, or reducing the level, of any C90rf72 gene (such
as, e.g., amouse C9orf72 gene, a rat C9orf72 gene, a monkey C9orf72 gene, or a human C9orf72
gene) as well as variants or mutants of a C90rf72 gene that encode a C9orf72 protein, e.g., a C90rf72
gene having an expanded hexanucleotide repeat in an intron of the gene. Thus, the C90rf72 gene may
be a wild-type C9orf72 gene, a mutant C90rf72 gene, or a transgenic C9orf72 gene in the context of a
genetically manipulated cell, group of cells, or organism.

The phrase “reducing the level or amount of the transcript associated with the C90rf72 locus”
or “knocking down a transcript associated with the C90rf72 locus” includes inhibition of expression
of or reducing the level or amount in a cell of an antisense strand of C90rf72 or a sense strand of
C90rf72 (such as, e.g., a C9orf72 sense strand or antisense strand transcript containing a
hexanucleotide repeat expansion).

“Inhibiting expression of a C90rf72 gene” includes any level of inhibition of a C90rf72 gene,
e.g., at least partial suppression of the expression of a C90rf72 gene, such as an inhibition by at least

20%. In certain embodiments, inhibition is by at least 30%, at least 40%, or preferably, by at least
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50%. In other embodiments, inhibition is no more than 50%, e.g., no more than 50%, 45%, 40%,
35%, 30%, 25%, 20%, 15%, 10%, or 5%.

The expression of a C90rf72 gene may be assessed based on the level of any variable
associated with C9orf72 gene expression, e.g., C9orf72 mRNA level (e.g., sense mRNA, antisense
mRNA, total C9orf72 mRNA, sense C9orf72 repeat-containing mRNA, and/or antisense C9orf72
repeat-containing mRNA) or C9orf72 protein level (e.g., total C9orf72 protein, wild-type C9orf72
protein, or expanded repeat-containing protein), or, for example, the level of sense- or antisense-
containing foci and/or the level of aberrant dipeptide repeat protein.

Inhibition may be assessed by a decrease in an absolute or relative level of one or more of
these variables compared with a control level. The control level may be any type of control level that
is utilized in the art, e.g., a pre-dose baseline level, or a level determined from a similar subject, cell,
or sample that is untreated or treated with a control (such as, e.g., buffer only control or inactive agent
control).

For example, in some embodiments of the methods of the disclosure, expression of a C9orf72
gene (e.g., as assessed by sense- or antisense-containing foci and/or aberrant dipeptide repeat protein
level) is inhibited by at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, or 95%, or to below
the level of detection of the assay. In other embodiments of the methods of the disclosure, expression
of a C90rf72 gene (e.g., as assessed by mRNA or protein expression level) is inhibited by no more
than 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, or 5%. In certain embodiments, the methods
include a clinically relevant inhibition of expression of C9orf72, e.g. as demonstrated by a clinically
relevant outcome after treatment of a subject with an agent to reduce the expression of C9orf72.

Inhibition of the expression of a C9orf72 gene may be manifested by a reduction of the
amount of mRNA expressed by a first cell or group of cells (such cells may be present, for example,
in a sample derived from a subject) in which a C90rf72 gene is transcribed and which has or have
been treated (e.g., by contacting the cell or cells with an RNAi agent of the disclosure, or by
administering an RNAi agent of the disclosure to a subject in which the cells are or were present) such
that the expression of a C9orf72 gene is inhibited, as compared to a second cell or group of cells
substantially identical to the first cell or group of cells but which has not or have not been so treated
(control cell(s) not treated with an RNAi agent or not treated with an RNA{ agent targeted to the gene

of interest). The degree of inhibition may be expressed in terms of:

{RNA in control cells) — (RNA in treated cells)

X 100%
RNA in control cells

In other embodiments, inhibition of the expression of a C90rf72 gene may be assessed in
terms of a reduction of a parameter that is functionally linked to a C9orf72 gene expression, e.g.,
C9orf72 protein expression, sense- or antisense-containing foci and/or the level of aberrant dipeptide
repeat protein. C9orf72 gene silencing may be determined in any cell expressing C9orf72, either

endogenous or heterologous from an expression construct, and by any assay known in the art.
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Inhibition of the expression of a C9orf72 protein may be manifested by a reduction in the
level of the C9orf72 protein (or functional parameter, e.g., as described herein) that is expressed by a
cell or group of cells (e.g., the level of protein expressed in a sample derived from a subject). As
explained above, for the assessment of mRNA suppression, the inhibiton of protein expression levels
in a treated cell or group of cells may similarly be expressed as a percentage of the level of protein in
a control cell or group of cells.

A control cell or group of cells that may be used to assess the inhibition of the expression of a
C90rf72 gene includes a cell or group of cells that has not yet been contacted with an RNAi agent of
the disclosure. For example, the control cell or group of cells may be derived from an individual
subject (e.g., a human or animal subject) prior to treatment of the subject with an RNAi agent.

The level of C90rf72 mRNA that is expressed by a cell or group of cells may be determined
using any method known in the art for assessing mRNA expression. In one embodiment, the level of
expression of C9orf72 in a sample is determined by detecting a transcribed polynucleotide, or portion
thereof, e.g., mRNA of the C90rf72 gene. RNA may be extracted from cells using RNA extraction
techniques including, for example, using acid phenol/guanidine isothiocyanate extraction (RNAzol B;
Biogenesis), RNeasy™ RNA preparation kits (Qiagen®) or PAX gene (PreAnalytix, Switzerland).
Typical assay formats utilizing ribonucleic acid hybridization include nuclear run-on assays, RT-PCR,
RNase protection assays, northern blotting, in sifu hybridization, and microarray analysis. Strand
specific C9orf72 mRNAs may be detected using the quantitative RT-PCR and.or droplet digital PCR
methods described in, for example, Jiang, et al. supra, Lagier-Tourenne, et al., supra and Jiang, et al.,
supra. Circulating C9orf72 mRNA may be detected using methods the described in
W02012/177906, the entire contents of which are hereby incorporated herein by reference.

In some embodiments, the level of expression of C9orf72 is determined using a nucleic acid
probe. The term “probe”, as used herein, refers to any molecule that is capable of selectively binding
to a specific C90rf72 nucleic acid or protein, or fragment thereof. Probes can be synthesized by one
of skill in the art, or derived from appropriate biological preparations. Probes may be specifically
designed to be labeled. Examples of molecules that can be utilized as probes include, but are not
limited to, RNA, DNA, proteins, antibodies, and organic molecules.

Isolated mRNA can be used in hybridization or amplification assays that include, but are not
limited to, Southern or northern analyses, polymerase chain reaction (PCR) analyses and probe arrays.
One method for the determination of mRNA levels involves contacting the isolated mRNA with a
nucleic acid molecule (probe) that can hybridize to C90rf72 mRNA. In one embodiment, the mRNA
is immobilized on a solid surface and contacted with a probe, for example by running the isolated
mRNA on an agarose gel and transferring the mRNA from the gel to a membrane, such as
nitrocellulose. In an alternative embodiment, the probe(s) are immobilized on a solid surface and the
mRNA is contacted with the probe(s), for example, in an Affymetrix® gene chip array. A skilled
artisan can readily adapt known mRNA detection methods for use in determining the level of C9orf72

mRNA.

167



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

An alternative method for determining the level of expression of C90rf72 in a sample
involves the process of nucleic acid amplification or reverse transcriptase (to prepare cDNA) of for
example mRNA in the sample, e.g., by RT-PCR (the experimental embodiment set forth in Mullis,
1987, US Patent No. 4,683,202), ligase chain reaction (Barany (1991) Proc. Natl. Acad. Sci. USA
88:189-193), self sustained sequence replication (Guatelli et al. (1990) Proc. Natl. Acad. Sci. USA
87:1874-1878), transcriptional amplification system (Kwoh et al. (1989) Proc. Natl. Acad. Sci. USA
86:1173-1177), Q-Beta Replicase (Lizardi et al. (1988) Bio/Technology 6:1197), rolling circle
replication (Lizardi et al., US Patent No. 5,854,033) or any other nucleic acid amplification method,
followed by the detection of the amplified molecules using techniques well known to those of skill in
the art. These detection schemes are especially useful for the detection of nucleic acid molecules if
such molecules are present in very low numbers. In particular aspects of the disclosure, the level of
expression of C90rf72 is determined by quantitative fluorogenic RT-PCR (i.e., the TagMan™
System), by a Dual-Glo® Luciferase assay, or by other art-recognized method for measurement of
CY9orf72 expression or mRNA level.

The expression level of C9orf72 mRNA may be monitored using a membrane blot (such as
used in hybridization analysis such as northern, Southern, dot, and the like), or microwells, sample
tubes, gels, beads or fibers (or any solid support comprising bound nucleic acids). See US Patent Nos.
5,770,722, 5,874,219, 5,744,305, 5,677,195 and 5,445,934, which are incorporated herein by
reference. The determination of C90rf72 expression level may also comprise using nucleic acid
probes in solution.

In some embodiments, the level of mRNA expression is assessed using branched DNA
(bDNA) assays or real time PCR (qPCR). The use of this PCR method is described and exemplified in
the Examples presented herein. Such methods can also be used for the detection of C90rf72 nucleic
acids.

The level of C9orf72 protein expression may be determined using any method known in the
art for the measurement of protein levels. Such methods include, for example, electrophoresis,
capillary electrophoresis, high performance liquid chromatography (HPLC), thin layer
chromatography (TLC), hyperdiffusion chromatography, fluid or gel precipitin reactions, absorption
spectroscopy, a colorimetric assays, spectrophotometric assays, flow cytometry, immunodiffusion
(single or double), immunoelectrophoresis, western blotting, radioimmunoassay (RIA), enzyme-
linked immunosorbent assays (ELISAs), immunofluorescent assays, electrochemiluminescence
assays, and the like. Such assays can also be used for the detection of proteins indicative of the
presence or replication of C9orf72 proteins.

The level of sense- or antisense-containing foci and the level of aberrant dipeptide repeat
protein may be assessed using methods well-known to one of ordinary skill in the art, including, for
example, fluorescent in situ hybridization (FISH), immunohistochemistry and immunoassay (see, e.g.,
Jiang, et al. supra). In some embodiments, the efficacy of the methods of the disclosure in the
treatment of a C9orf72-associated disease is assessed by a decrease in C90rf72 mRNA level (e.g, by

assessment of a CSF sample and/or plasma sample for C90rf72 level, by brain biopsy, or otherwise).

168



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

In some embodiments of the methods of the disclosure, the RNAi agent is administered to a
subject such that the RNAi agent is delivered to a specific site within the subject. The inhibition of
expression of C9orf72 may be assessed using measurements of the level or change in the level of
C90rf72 mRNA (e.g., sense mRINA, antisense mRINA, total C90rf72 mRNA, sense C90rf72 repeat-
containing mRNA, and/or antisense C90rf72 repeat-containing mRNA), C9orf72 protein(e.g., total
C9orf72 protein, wild-type C9orf72 protein, or expanded repeat-containing protein), sense-containing
foci, antisense-containing foci, aberrant dipeptide repeat protein in a sample derived from a specific
site within the subject, e.g., CNS cells. In certain embodiments, the methods include a clinically
relevant inhibition of expression of C90rf72, e.g. as demonstrated by a clinically relevant outcome
after treatment of a subject with an agent to reduce the expression of C9orf72, suchas, for example,
stabilization or inhibition of caudate atrophy (e.g., as assessed by volumetric MRI (vMRI)), a
stabilization or reduction in neurofilament light chain (Nfl) levels in a CSF sample from a subject, a
reduction in mutant C90rf72 mRNA or a cleaved mutant C9orf72 protein, e.g., one or both of full-
length mutant C90rf72 mRNA or protein and a cleaved mutant C90rf72 mRNA or protein, and a
stabilization or improvement in Unified C9orf72-associated disease Rating Scale (UHDRS) score.

As used herein, the terms detecting or determining a level of an analyte are understood to
mean performing the steps to determine if a material, e.g., protein, RNA, is present. As used herein,
methods of detecting or determining include detection or determination of an analyte level that is

below the level of detection for the method used.

IX. Methods of Treating or Preventing C9orf72-Associated Diseases

The methods disclosed herein provide for the therapeutic reduction in the synthesis of
dipeptide repeat proteins, a principle pathogenic component of C90rf72 repeat expansion disease,
while sparing the C90rf72 mRNA, thereby avoiding possible adverse effects of reduction of C9orf72
protein, as could occur with therapeutic strategies, such as the use of antisense oligonucleotides, that
target the primary C9orf72 transcript in the nucleus.

Some of the methods disclosed herein are for inhibiting expression or reducing the level of a
C9orf72 target RNA comprising a hexanucleotide repeat comprising multiple contiguous copies of the
hexanucleotide repeat in a cell. The C90rf72 target RNA can be, for example, one with a pathogenic
hexanucleotide repeat expansion (having, for example, at least about 30, at least about 35, at least
about 40, at least about 50, at least about 60, at least about 70, at least about 80, at least about 100, at
least about 200, at least about 300, at least about 400, or at least about 500 copies of the
hexanucleotide repeat). Such methods can comprise introducing into the cell any of the dsRNA
agents disclosed herein, thereby inhibiting expression of the C90rf72 target RNA in the cell.

Thus, the present disclosure also provides methods of using an RNAi agent of the disclosure
or a composition (such as a pharmaceutical composition) containing an RNAi agent of the disclosure
to reduce the level of one or more C90rf72 RNA transcripts in a cell. The methods include contacting
the cell with a dsSRNA, two or more dsRNA agents, e.g., 2, 3, or 4, of the disclosure, a composition

(such as a pharmaceutical compostion) comprising two or more, e.g., 2, 3, or 4, dsSRNA agent of the
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disclosure, or two or more, e.g., 2, 3, or 4, compositions (such as pharmaceutical compositions), cach
independently comprising a dsSRNA agent of the invention, and maintaining the cell for a time
sufficient to obtain degradation of the mRNA transcript of a C9orf72 gene, thereby reducing the level
of one or more the C90rf72 RNA transcripts in the cell.

In addition, the present disclosure also provides methods of using an RNAi agent of the
disclosure or a composition (such as a pharmaceutical compostion) containing an RNAi agent of the
disclosure to reduce the level and/or inhibit formation of sense- and antisense-containing foci in a cell.
The methods include contacting the cell with a dsRNA of the disclosure, two or more dsRNAs, e.g., 2,
3, or 4, of the disclosure, a composition (such as a pharmaceutical compostion) comprising two or
more, e.g., 2, 3, or 4, dSRNAs of the disclosure, or two or more, e.g., 2, 3, or 4, compositions (such as
pharmaceutical compositions), each independently comprising a dsRNA agent of the invention,
thereby reducing the level of the C90rf72 sense- and antisense-containing foci in the cell.

The present disclosure also provides methods of using an RNAi agent of the disclosure or a
composition (such as a pharmaceutical compostion) containing an RNAi agent of the disclosure to
reduce the level and/or inhibit formation of aberrant dipeptide repeat protein in a cell. The methods
include contacting the cell with a dsRNA of the disclosure, two or more dsRNA, e.g., 2, 3, or 4, of
the disclosure, a composition (such as a pharmaceutical compostion) comprising two or more, e.g., 2,
3, or 4, dsRNA of the disclosure, or two or more, e.g., 2, 3, or 4, compositions (such as
pharmaceutical compositions), each independently comprising a dsRNA agent of the invention,
thereby reducing the level of the aberrant dipeptide repeat protein in the cell.

Such methods can further comprise assessing expression of the C90rf72 target RNA in the
cell and/or assessing expression of a mature C90rf72 mRNA in the cell. The assessing can be done,
for example, by reverse-transcription quantitative polymerase chain reactions to detect the C9orf72
target RNA. However, any other suitable method may be used.

In the methods of the disclosure the cell may be contacted in vitro or in vivo, i.e., the cell may
be within a subject.

In some embodiments, the methods include contacting a cell with two or more dsRNA agents
targeting C9orf72. In certain embodiments of the methods including two or more dsRNA agents, the
two or more dsRNA agents may be present in the same composition, in separate compositions, or any
combination thereof.

In one embodiment of the methods which include contacting a cell with two or more dsRNA
agents targeting C9orf72, at least one dsRNA agent which targets an antisense strand of C9orf72 and
at least one dsRNA agent which targets a sense strand of C9orf72.

In some embodiments, suitable agents targeting a sense strand of C90rf72 for use in the
methods of the invention comprising two or more dsRNA agents comprise a sense strand and an
antisense strand forming a double stranded region selected from the group consisting of

a) a sense strand comprising at least 15 contiguous nucleotides differing by no more than 3

nucleotides from the nucleotide sequence of SEQ ID NO:1 and an antisense strand comprising a
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nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:5,

b) a sense strand comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the nucleotide sequence of SEQ ID NO:15 and an antisense strand comprising a
nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:16,

c) an antisense strand comprising at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from any one of the antisense nucleotide sequences in any one of Tables 5, 6,
10B, and 10D;

d) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 1-23; 15-37; 33-55; 37-
59; 62-84, or 69-91 of SEQ ID NO: 1, and an antisense strand comprising at least 15 contiguous
nucleotides from the corresponding nucleotide sequence of SEQ ID NO:5;

e) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 5197-5219; 5223-5245;
5226-5248; 5227-5249; 5233-5255; 5248-5270; 5539-5561; 5547-5569; 5917-5939; 5936-5958;
5954-5976; 6008-6030; 6021-6043; 6036-6058; 6043-6065; or 6048-6070 of SEQ ID NO: 15, and an
antisense strand comprising at least 15 contiguous nucleotides from the corresponding nucleotide
sequence of SEQ ID NO:16;

f) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 5015-5052; 5017-5040;
5032-5059; 5032-5055; 5033-5055; 5035-5059; 5036-5059; 5058-5087; 5059-5087; 5059-5084;
5064-5087; 5197-5222; 5213-5267; 5223-5252; 5229-5252; 5233-5263; 5516-5570; 5539-5565;
5539-5562; 5545-5570; 5545-5569; 5593-5616; 5883-5950; 5917-5950; 5919-5950; 5923-5950;
5934-5977; 5934-5957; 5938-5977; 5938-5965; 5938-5961; 5947-5977; 5947-5973; 5972-6001;
5973-5997; 6006-6029; 6011-6070; 6011-6039; 6011-6038; 6015-6038; 6019-6045; 6019-6042;
6033-6070; 6035-6065; 6035-6059; or 6040-6063 of SEQ ID NO: 15, and an antisense strand
comprising at least 15 contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID
NO:16;

2) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 15-52; 17-40; 32-59;
32-55; 35-59; 36-59; 58-87; 59-87; 59-84; or 64-87 of SEQ ID NO: 1, and an antisense strand
comprising at least 15 contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID
NO:5; and

h) an antisense strand comprising at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from any one of the antisense nucleotide sequences in any one of Tables 8
and 9,

wherein the sense strand, the antisense strand, or both the sense strand and the antisense

strand comprises at least one modified nucleotide.
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In some embodiments, the sense strand, the antisense strand, or both the sense and the
antisense strand is conjugated to one or more lipophilic moieties.

In certain embodiments, suitable agents targeting a sense strand of C9orf72, e.g, of a C9orf72
exon or intron sense sequence, for use in the methods of the invention comprising two or more
dsRNA agents are those dsRNA agents disclosed in PCT Publication No. WO 2021/119226, the entire
contents of which are incorporated herein by reference.

In certain embodiments, suitable agents targeting an antisense strand of C9orf72 for use in the
methods of the invention comprising two or more dsRNA agents comprise a sense strand an an
antisense strand forming a double stranded region selected from the group consisting of

a) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO:13 and an antisense strand comprising
a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:14,

b) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO:17 and an antisense strand comprising
a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:18,

c) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO:19 and an antisense strand comprising
a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the corresponding portion of the nucleotide sequence of SEQ ID NO:20,

d) an antisense comprising a nucleotide sequence selected from the group consisting of
any of the antisense strand nucleotide sequences in any one of Tables 2, 3, 10A, 10C, 11, and 12; and

e) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from nucleotides 27573296-27573318; 27573314-27573336; 27573319-
27573341; 27573562-27573584; 27573585-27573607; 27573592-27573614; 27573599-27573621;
27573608-27573630; 27573616-27573638; 27573619-27573641; 27573622-27573644; 27573633
27573655; 27573690-27573712; or 27573717-27573739 of SEQ ID NO: 13;

f) a sense strand comprising at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 27573296-27573584;
27573296-27573575; 27573301-27573338; 27573318-27573342; 27573555-27573583; 27573581-
27573607; 27573584-27573607; 27573588-27573671; 27573588-27573666; 27573588-27573624;
27573592-27573624; 27573592-27573617; 27573598-27573624; 27573599-27573623; 27573606-
27573655; 27573606-27573652; 27573606-27573647; 27573654-27573712; or 27573707-27573740
of SEQ ID NO: 13, and an antisense strand comprising at least 15 contiguous nucleotides from the
corresponding nucleotide sequence of SEQ ID NO:14,

wherein the sense strand, the antisense strand, or both the sense strand and the antisense

strand comprises at least one modified nucleotide.
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In some embodiments, the methods of the invention include contacting a cell with a two or
more, e.g., 2, 3, or 4, dSRNA agents of the invention, e.g., any two or more of the dSRNA agents
selected from the group of dsRNA agents in Tables 2, 3, 5, 6, 8,9, 10A, 10B, 10C, 10D, 11, and 12.

In some embodiments, the sense strand, the antisense strand, or both the sense and the
antisense strand is conjugated to one or more lipophilic moieties.

A cell suitable for treatment using the methods of the disclosure may be any cell that
expresses a C9orf72 gene or a cell that expresses a C9orf72 gene having an expanded hexanucleotides
(e.g., GGGGCC) repeat. A cell suitable for use in the methods of the disclosure may be a mammalian
cell, e.g., a primate cell (such as a human cell or a non-human primate cell, e.g., a monkey cell or a
chimpanzee cell), a non-primate cell (such as a a rat cell, or a mouse cell). In one embodiment, the
cell is a human cell, e.g., a human CNS cell. In some embodiments, the cell is a non-human animal
one-cell stage embryos, non-human animal embryonic stem cells, embryonic stem-cell derived motor
neurons, brain cells, cortical cells, neuronal cells, muscle cells, heart cells, or germ cells.

In some embodiments, the cell can comprise a C90rf72 locus comprising a pathogenic
hexanucleotide repeat expansion. A pathogenic hexanucleotide repeat expansion is an expansion
consisting of a number of repeats of GGGGCC (SEQ ID NO: 100) in an intervening sequence
separating two putative first, non-coding exons (exons 1A and 1B) in the gene C9rf72 that is
associated with one or both of the following pathological readouts: (1) sense and antisense repeat-
containing RNA can be visualized as distinct foci in neurons and other cells; and (2) dipeptide repeat
proteins—poly(glycine-alanine), poly(glycine-proline), poly(glycine-arginine), poly(alanine-proline),
and poly(proline-arginine)—synthesized by repeat-associated non-AUG-dependent translation from
the sense and antisense repeat-containing RNA can be detected in cells. The number of repeats can be
a higher number of repeats than is normally seen in a locus from someone that does not have C9orf72
ALS or C9orf72 FTD. Alternatively, a pathogenic hexanucleotide repeat expansion can be an
expansion (i.e., number of repeats) in a C9orf72 locus from a subject having C9orf72 ALS or C9orf72
FTID. A pathogenic hexanucleotide repeat expansion has a plurality of repeats of GGGGCC (SEQ ID
NO: 100). For example, a pathogenic hexanucleotide repeat expansion can have, for example, at least
about 30, at least about 35, at least about 40, at least about 50, at least about 60, at least about 70, at
least about 80, at least about 100, at least about 200, at least about 300, at least about 400, or at least
about 500 copies of the hexanucleotide repeat.

The cell can be a cell (e.g. a neuron or a motor neuron) from a subject having, or at risk for
developing, a C9orf72-hexanucleotide-repeat-expansion associated disease including, for example,
C9orf72 ALS or C9orf72 FID.

The cells in the methods disclosed herein can be any type of cell comprising a C90rf72 locus.
The C9orf72 locus can comprise a hexanucleotide repeat expansion sequence or a pathogenic
hexanucleotide repeat expansion sequence as described elsewhere herein. The hexanucleotide repeat
expansion sequence may comprise more than 100 repeats of the hexanucleotide sequence set forth as

SEQ ID NO: 100.
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A C9orf72 hexanucleotide repeat expansion sequence is generally a nucleotide sequence
comprising at least two instances (i.e., two repeats) of the hexanucleotide sequence GGGGCC set
forth as SEQ ID NO: 100. In some hexanucleotide repeat expansion sequences, the repeats are
contiguous (adjacent to each other without intervening sequence). The repeat expansion sequence can
be located, for example, between the first non-coding endogenous exon and exon 2 of the endogenous
C9orf72 locus.

The hexanucleotide repeat expansion sequence can have any number of repeats. For example,
the repeat expansion sequence can comprise more than about 95 repeats, more than about 96 repeats,
more than about 97 repeats, more than about 98 repeats, more than about 99 repeats, more than about
100 repeats, more than about 101 repeats, more than about 102 repeats, more than about 103 repeats,
more than about 104 repeats, more than about 105 repeats, more than about 150 repeats, more than
about 200 repeats, more than about 250 repeats, more than about 295 repeats, more than about 296
repeats, more than about 297 repeats, more than about 298 repeats, more than about 299 repeats, more
than about 300 repeats, more than about 301 repeats, more than about 302 repeats, more than about
303 repeats, more than about 304 repeats, more than about 305 repeats, more than about 350 repeats,
more than about 400 repeats, more than about 450 repeats, more than about 500 repeats, more than
about 550 repeats, more than about 595 repeats, more than about 596 repeats, more than about 597
repeats, more than about 598 repeats, more than about 599 repeats, more than about 600 repeats, more
than about 601 repeats, more than about 602 repeats, more than about 603 repeats, more than about
604 repeats, or more than about 605 repeats. Alternatively, the repeat expansion sequence can
comprise at least about 95 repeats, at least about 96 repeats, at least about 97 repeats, at least about 98
repeats, at least about 99 repeats, at least about 100 repeats, at least about 101 repeats, at least about
102 repeats, at least about 103 repeats, at least about 104 repeats, at least about 105 repeats, at least
about 150 repeats, at least about 200 repeats, at least about 250 repeats, at least about 295 repeats, at
least about 296 repeats, at least about 297 repeats, at least about 298 repeats, at least about 299
repeats, at least about 300 repeats, at least about 301 repeats, at least about 302 repeats, at least about
303 repeats, at least about 304 repeats, at least about 305 repeats, at least about 350 repeats, at least
about 400 repeats, at least about 450 repeats, at least about 500 repeats, at least about 550 repeats, at
least about 595 repeats, at least about 596 repeats, at least about 597 repeats, at least about 598
repeats, at least about 599 repeats, at least about 600 repeats, at least about 601 repeats, at least about
602 repeats, at least about 603 repeats, at least about 604 repeats, or at least about 605 repeats. In a
specific example, the hexanucleotide repeat expansion sequence comprises more than about 100
repeats, more than about 300 repeats, more than about 600 repeats, at least about 100 repeats, at least
about 300 repeats, or at least about 600 repeats.

The cells can be in vitro, ex vivo, or in vivo. For example, the cells can be in vivo within an
animal. The cells or animals can be male or female. The cells or animals can be heterozygous or
homozygous for the hexanucleotide repeat expansion sequence inserted at the endogenous C90rf72
locus. A diploid organism has two alleles at each genetic locus. Each pair of alleles represents the

genotype of a specific genetic locus. Genotypes are described as homozygous if there are two
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identical alleles at a particular locus and as heterozygous if the two alleles differ. The non-human
animals can comprise the heterologous hexanucleotide repeat expansion sequence inserted at the
endogenous C9orf72 locus in their germline genome.

C9orf72 expression (e.g., as assessed by sense mRNA, antisense mRNA, total C9orf72
mRNA, sense C90rf72 repeat-containing mRNA, antisense C90rf72 repeat-containing mRNA level,
total C9orf72 protein, and/or C9orf72 repeat-containing protein) is inhibited in the cell by about 20,
23, 30, 35, 40, 45, or 50%. In preferred embodiments, C9orf72 expression is inhibited by no more
than 50%, e.g., no more than 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, or 5%.

The decrease in expression in the C90rf72 target RNA can be by any amount. Inhibition, as
assessed by sense- or antisense-containing foci and/or aberrant dipeptide repeat protein level) is
inhibited in the cell by at least 20%, 30%, 40%, preferably at least 50%, 60%, 70%, 80%, 85%., 90%,
or 95%, or to below the level of detection of the assay.

In some embodiments, the dsSRNA agent may inhibit expression of the C90rf72 target RNA,
such as a C90rf72 target RNA comprising a hexanucleotide repeat, by at least about 10%, at least
about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, or at least about 90% (or to a point where the C90rf72 target RNA is
undetectable). For example, these levels of inhibition can be within about 1 day, within about 2 days,
within about 3 days, within about 4 days, within about 5 days, within about 6 days, within about a
week, or within about 24 to about 48 hours after administration to a cell expressing the C9orf72 target
RNA comprising the hexanucleotide repeat. The decrease can be, for example, relative to the cell
before treatment with dsRNA agent or relative to a control cell that was not treated with thedsRNA
agent.

In some of the methods, the dsRNA agents of the invention selectively inhibit expression of
the C9orf72 target RNA, such as a C9orf72 target RNA comprising a hexanucleotide repeat, relative
to expression of a mature C90rf72 messenger RNA. A mature C90rf72 messenger RNA in this
context is a C9orf72 RNA transcript that has been spliced and processed. A mature C9orf72
messenger RNA consists exclusively of exons and has all introns removed. A dsRNA agent
selectively inhibits expression of the C90rf72 target RNA comprising the intronic hexanucleotide
repeat relative to expression of a mature C9orf72 messenger RNA if the relative decrease in
expression of the C9orf72 target RNA is greater than the relative decrease in expression of a mature
C90rf72 messenger RNA after administration of the dsSRNA agent to a cell expressing the C90rf72
target RNA. For example, in certain embodiments, dsRNA agents of the invention inhibit expression
of the mature C90rf72 messenger RNA by less than about 50%, less than about 40%, less than about
30%, less than about 20%, less than about 10%, or less than about 5% (or, for example, does not have
any statistically significant or functionally significant effect on expression). For example, these levels
of inhibition can be within about 1 day, within about 2 days, within about 3 days, within about 4 days,
within about 5 days, within about 6 days, within about a week, or within about 24 to about 48 hours

after administration to a cell expressing the C90rf72 target RNA comprising the hexanucleotide

175



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

repeat. The decrease can be, for example, relative to the cell before treatment with the dsRNA agent
or relative to a control cell that was not treated with the dSRNA agent.

Some of the methods disclosed herein are for reducing dipeptide repeat protein synthesis or
dipeptide repeat protein aggregates in a cell. Such methods can comprise introducing into the cell any
of the dsRNA agents disclosed herein, two or more dsRNA, e.g., 2, 3, or 4, of the disclosure, a
composition (such as a pharmaceutical compostion) comprising two or more, e.g., 2, 3, or 4, dsSRNA
agents of the disclosure, or two or more, e.g., 2, 3, or 4, compositions (such as pharmaceutical
compositions), each independently comprising a dsSRNA agent of the invention, thereby reducing
dipeptide repeat protein synthesis or dipeptide repeat protein aggregates in the cell.

Such methods can further comprise assessing the presence of dipeptide repeat protein
aggregates (e.g., poly(glycine-alanine), poly(glycine-proline), poly(glycine-arginine), poly(alanine-
proline), and poly(proline-arginine)) in the cell. In a specific example, the dipeptide repeat protein
can be poly(glycine-alanine) and/or poly(glycine-proline). The assessing can be done, for example,
by immunohistochemistry or western blot analysis to detect the dipeptide repeat protein aggregates.
However, any other suitable method may be used.

The decrease in dipeptide repeat protein synthesis or dipeptide repeat protein aggregates can
be by any amount. For example, the dsRNAagent can reduce dipeptide repeat protein synthesis or
dipeptide repeat protein aggregates by at least about 10%, at least about 20%, at least about 30%, at
least about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, or at
least about 90% (or to a point where the dipeptide repeat protein aggregates are undetectable). For
example, these levels of inhibition can be within about 1 day, within about 2 days, within about 3
days, within about 4 days, within about 5 days, within about 6 days, within about a week, or within
about 24 to about 48 hours after administration to a cell expressing the C9orf72 target RNA
comprising the hexanucleotide repeat. The decrease can be, for example, relative to the cell before
treatment with dsSRNA agent or relative to a control cell that was not treated with the dsRNAagent.

Such methods can further comprise assessing the presence of nuclear and/or cytoplasmic
sense and/or antisense C9orf72 RNA foci in the cell.

The decrease in the presence of nuclear and/or cytoplasmic sense and/or antisense C9orf72
RNA foci can be by any amount. For example, the dsSRNA agent can reduce the presence of nuclear
and/or cytoplasmic sense and/or antisense C90rf72 RNA foci by at least about 10%, at least about
20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, or at least about 90% (or to a point where the nuclear and/or cytoplasmic
sense and/or antisense C90rf72 RNA foci are undetectable). For example, these levels of inhibition
can be within about 1 day, within about 2 days, within about 3 days, within about 4 days, within about
5 days, within about 6 days, within about a week, or within about 24 to about 48 hours after
administration to a cell expressing the C9orf72 target RNA comprising the hexanucleotide repeat.
The decrease can be, for example, relative to the cell before treatment with dsSRNA agent or relative to

a control cell that was not treated with the dsRNAagent.
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The in vivo methods of the disclosure may include administering to a subject a composition
containing an RNAi agent, where the RNAI{ agent includes a nucleotide sequence that is
complementary to at least a part of an RNA transcript of the C90rf72 gene of the mammal to be
treated. In some embodiments, the subject is administered two or more, e.g., 2, 3, or 4, compositions,
cach independently comprising an RNAi agent of the invention. The compositions may be the same or
different. In other embodiments, the subject is administered a composition comprising two or more,
e.g., 2,3, or 4, dsRNA agents, each independently targeting a portion of a C90rf72 gene.

When the organism to be treated is a mammal such as a human, the composition can be
administered by any means known in the art including, but not limited to oral, intraperitoneal, or
parenteral routes, including intracranial (e.g., intraventricular, intraparenchymal, and intrathecal),
intravenous, intramuscular, intravitreal, subcutaneous, transdermal, airway (aerosol), nasal, rectal, and
topical (including buccal and sublingual) administration. In certain embodiments, the compositions
are administered by intravenous infusion or injection. In certain embodiments, the compositions are
administered by subcutaneous injection. In certain embodiments, the compositions are administered
by intrathecal injection.

In some embodiments, the administration is via a depot injection. A depot injection may
release the RNAI agent in a consistent way over a prolonged time period. Thus, a depot injection may
reduce the frequency of dosing needed to obtain a desired effect, e.g., a desired inhibition of C90rf72,
or a therapeutic or prophylactic effect. A depot injection may also provide more consistent serum
concentrations. Depot injections may include subcutaneous injections or intramuscular injections. In
preferred embodiments, the depot injection is a subcutaneous injection.

In some embodiments, the administration is via a pump. The pump may be an external pump
or a surgically implanted pump. In certain embodiments, the pump is a subcutaneously implanted
osmotic pump. In other embodiments, the pump is an infusion pump. An infusion pump may be used
for intracranial, intravenous, subcutaneous, arterial, or epidural infusions. In preferred embodiments,
the infusion pump is a subcutaneous infusion pump. In other embodiments, the pump is a surgically
implanted pump that delivers the RNAi agent to the CNS.

The mode of administration may be chosen based upon whether local or systemic treatment is
desired and based upon the area to be treated. The route and site of administration may be chosen to
enhance targeting.

In one aspect, the present disclosure also provides methods for inhibiting the expression of a
C90rf72 gene in a mammal. The methods include administering to the mammal a composition
comprising a dsRNA that targets a C9orf72 gene in a cell of the mammal , thereby inhibiting
expression of the C9orf72 gene in the cell. In some embodiments, the dsSRNA is present in a
composition, such as a pharmaceutical composition. In some embodiments, the mammal is
administered two or more, e.g., 2, 3, or 4, dSRNA agents of the invention. In some embodiments,
cach dsRNA agent administered to the subject is independently present in a composition. In other
embodiments, the mammal is administered a composition comprising two or more, e.g., 2, 3, or 4,

dsRNAs of the invention.
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Reduction in gene expression can be assessed by any methods known it the art and by
methods, e.g. qRT-PCR, described herein.

Reduction in protein production can be assessed by any methods known it the art and by
methods, e.g. ELISA, described herein. In one embodiment, a CNS biopsy sample or a cerebrospinal
fluid (CSF) sample serves as the tissue material for monitoring the reduction in C9orf72 gene or
protein expression (or of a proxy therefore).

The present disclosure further provides methods of treatment of a subject in need thereof. The
treatment methods of the disclosure include administering an RNAi agent of the disclosure to a
subject, e.g., a subject that would benefit from inhibition of C9orf72 expression, such as a subject
having a GGGGCC expanded nucleotide repeat in an intron of the C90rf72 gene, in a therapeutically
effective amount of an RNAI agent targeting a C90rf72 gene or a pharmaceutical composition
comprising an RNAIi agent targeting a C90rf72 gene. In some embodiments, the subject is
administered a therapeutically effective amount of two or more, e.g., 2, 3, or 4, dsRNA agents of the
invention. In some embodiments, each dsSRNA agent administered to the subject is independently
present in a composition. In other embodiments, the subject is administered a composition
comprising two or more, e.g., 2, 3, or 4, dsRNAs of the invention.

In addition, the present disclosure provides methods of preventing, treating or inhibiting the
progression of a C9orf72-associated disease or disorder (e.g., a C9orf72-associated disorder), in a
subject. The methods include administering to the subject a therapeutically effective amount of any of
the RNAI agent, e.g., dsSRNA agents, or the pharmaceutical composition provided herein, thereby
preventing, treating or inhibiting the progression of a C9orf72-associated disease or disorder in the
subject. In some embodiments, the subject is administered a therapeutically effective amount of two
or more, e.g., 2, 3, or 4, dsSRNA agents of the invention. In some embodiments, each dsSRNA agent
administered to the subject is independently present in a composition. In other embodiments, the
subject is administered a composition comprising two or more, e.g., 2, 3, or 4, dsSRNAs of the
invention.

In some embodiments, the methods are for treating a subject suffering from a C9orf72-
hexanucleotide-repeat-expansion-associated disease, condition, or disorder. Such methods can also be
for preventing or ameliorating at least one symptom in a subject having a disease, disorder, or
condition that would benefit from reduction in expression of a C90rf72 target RNA comprising a
hexanucleotide repeat comprising multiple contiguous copies of SEQ ID NO: 100 (e.g., a subject
having or at risk of developing a C90rf72-hexanucleotide-repeat-expansion-associated disease,
condition, or disorder). The C9orf72 target RNA can be, for example, one with a pathogenic
hexanucleotide repeat expansion (having, for example, at least about 30, at least about 35, at least
about 40, at least about 50, at least about 60, at least about 70, at least about 80, at least about 100, at
least about 200, at least about 300, at least about 400, or at least about 500 copies of the
hexanucleotide repeat). A C9orf72-hexanucleotide-repeat-expansion-associated disease, condition, or
disorder is one in which caused by or associated with an expansion of a hexanucleotide repeat

(GGGGCC; SEQ ID NO: 100) in the 5" non-coding part of the C90rf72 gene. Examples include
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amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FI'D). Signs or symptoms
associated with FT'D and/or ALS, include, but are not limited to, repeat-length-dependent formation
of RNA foci, sequestration of specific RNA-binding proteins, and accumulation and aggregation of
dipeptide repeat proteins (e.g., poly(glycine-alanine), poly(glycine-proline), poly(glycine-arginine),
poly(alanine-proline), and poly(proline-arginine)) resulting from repeat-associated non-AUG (AUG)
translation in neurons. The dsRNA agents of the invention may be used in methods for therapeutic
treatment and/or prevention of signs or symptoms associated with FTD and/or ALS, including, but not
limited to, signs and symptoms of motor neuron disease and signs and symptoms of dementia. Signs
and symptoms of motor neuron disease can include, for example, tripping, dropping things, abnormal
fatigue of the arms and/or legs, slurred speech, muscle cramps and twitches, uncontrollable periods of
laughing or crying, and trouble breathing. Signs and symptoms of dementia can include, for example,
behavioral changes, personality changes, speech and language problems, and movement-related
problems.

In some embodiments of the methods of the invention which include administering two or
more dsRNA agents, as described herein, e.g., any two or more, e.g., 2, 3, or 4, of the dsSRNA agents
selected from the group of dsRNA agents in Tables 2, 3, 5, 6, 8, 9, 10A, 10B, 10C, 10D, 11, and 12
the subject may be administered a first agent (or a composition comprising a first agent) at a first time,
a second agent (or a composition coprising a second agent) at a second time, a third agent (or a
compositions comprising a third agent) at a third time, and a fourth agent (or a composition
comprising a fourth agent) at a fourth time; or the the subject may be administered all of the agents (or
a composition comprising all of the agents at the same time, Alternatively, the subject may be
administered a first agent (or a composition comprising a first agent) at a first time and a second,
third, and/or fourth agent (or a compsotion comprising a second, third and.or fourth agent) at a second
time. Other combinations of contacting the cell with two or more agents of the invention are also
contemplated.

An RNAI agent of the disclosure may be administered as a “free RNAi agent.” A free RNAi
agent is administered in the absence of a pharmaceutical composition. The naked RNAi agent may be
in a suitable buffer solution. The buffer solution may comprise acetate, citrate, prolamine, carbonate,
or phosphate, or any combination thercof. In one embodiment, the buffer solution is phosphate
buffered saline (PBS). The pH and osmolarity of the buffer solution containing the RNAi agent can be
adjusted such that it is suitable for administering to a subject.

Alternatively, an RNAi agent of the disclosure may be administered as a pharmaceutical
composition, such as a dsRNA liposomal formulation.

Subjects that would benefit from a reduction or inhibition of C90rf72 gene expression are
those having a C9orf72-associated disease, e.g., C9orf72-associated disease. Exemplary C9orf72-
associated diseases include, but are not limited to, ALS, FTD, CO9ALS/FTD and Huntington-Like
Syndrome Due To C9orf72 Expansions, parkinsonism, olivopontocerebellar degeneration,
corticobasal syndrome, or Alzheimer’s disease, e.g., subjects having an expanded GGGGCC

hexanucleotide repeat in an intron of the C90rf72 gene.
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The disclosure further provides methods for the use of an RNAi agent or a pharmaceutical
composition thereof, e.g., for treating a subject that would benefit from reduction or inhibition of
CY9orf72 expression, e.g., a subject having a C9orf72-associated disorder, in combination with other
pharmaceuticals or other therapeutic methods, e.g., with known pharmaceuticals or known therapeutic
methods, such as, for example, those which are currently employed for treating these disorders. For
example, in certain embodiments, an RNAi agent targeting C90rf72 is administered in combination
with, e.g., an agent useful in treating a C9orf72-associated disorder as described elsewhere herein or
as otherwise known in the art. For example, additional agents suitable for treating a subject that would
benefit from reducton in C9orf72 expression, e.g., a subject having a C9orf72-associated disorder,
may include agents currently used to treat symptoms of C9orf72-associated diseases. The RNAi agent
and additional therapeutic agents may be administered at the same time or in the same combination,
e.g., intrathecally, or the additional therapeutic agent can be administered as part of a separate
composition or at separate times or by another method known in the art or described herein.

Exemplary additional therapeutics include, for example, a monoamine inhibitor,

e.g. tetrabenazine (Xenazine), deutetrabenazine (Austedo), and reserpine, an anticonvulsant,
e.g.,valproic acid (Depakote, Depakene, Depacon), and clonazepam (Klonopin), an antipsychotic
agent, e.g., risperidone (Risperdal), and haloperidol (Haldol), and an antidepressant, e.g., paroxetine
(Paxil).

In one embodiment, the method includes administering a composition featured herein such
that expression of the target C90rf72 gene is decreased, for at least one month. In preferred
embodiments, expression is decreased for at least 2 months, 3 months, or 6 months.

Preferably, the RNAIi agents useful for the methods and compositions featured herein
specifically target RNAs (primary or processed) of the target C9orf72 gene. Compositions and
methods for inhibiting the expression of these genes using RNAi agents can be prepared and
performed as described herein.

Administration of the dsRNA according to the methods of the disclosure may result in a
reduction of the severity, signs, symptoms, or markers of such diseases or disorders in a patient with a
C9orf72-associated disorder. By “reduction” in this context is meant a statistically significant or
clinically significant decrease in such level. The reduction can be, for example, at least 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%. 60%, 65%, 10%, 15%, 80%, 85%, 90%, 95%, or
about 100%.

Efficacy of treatment or prevention of disease can be assessed, for example by measuring
disease progression, disease remission, symptom severity, reduction in pain, quality of life, dose of a
medication required to sustain a treatment effect, level of a disease marker or any other measurable
parameter appropriate for a given disease being treated or targeted for prevention. It is well within the
ability of one skilled in the art to monitor efficacy of treatment or prevention by measuring any one of
such parameters, or any combination of parameters. For example, efficacy of treatment of a C9orf72-
associated disorder may be assessed, for example, by periodic monitoring of a subject’s. Comparisons

of the later readings with the initial readings provide a physician an indication of whether the
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treatment is effective. It is well within the ability of one skilled in the art to monitor efficacy of
treatment or prevention by measuring any one of such parameters, or any combination of parameters.
In connection with the administration of an RNAi agent targeting C90rf72 or pharmaceutical
composition thereof, "effective against” a C9orf72-associated disorder indicates that administration in
a clinically appropriate manner results in a beneficial effect for at least a statistically significant
fraction of patients, such as an improvement of symptoms, a cure, a reduction in disease, extension of
life, improvement in quality of life, or other effect generally recognized as positive by medical doctors
familiar with treating C9orf72-associated disorders and the related causes.

A treatment or preventive effect is evident when there is a statistically significant
improvement in one or more parameters of disease status, or by a failure to worsen or to develop
symptoms where they would otherwise be anticipated. As an example, a favorable change of at least
10% in a measurable parameter of disease, and preferably at least 20%, 30%, 40%, 50% or more can
be indicative of effective treatment. Efficacy for a given RNA{ agent drug or formulation of that drug
can also be judged using an experimental animal model for the given disease as known in the art.
When using an experimental animal model, efficacy of treatment is evidenced when a statistically
significant reduction in a marker or symptom is observed.

Alternatively, the efficacy can be measured by a reduction in the severity of disease as
determined by one skilled in the art of diagnosis based on a clinically accepted discase severity
grading scale. Any positive change resulting in e.g., lessening of severity of disease measured using
the appropriate scale, represents adequate treatment using an RNAi agent or RNAi agent formulation
as described herein.

Subjects can be administered a therapeutic amount of dsRNA, such as about 0.01 mg/kg to
about 200 mg/kg.

The RNAI agent can be administered intrathecally, via intravitreal injection, or by intravenous
infusion over a period of time, on a regular basis. In certain embodiments, after an initial treatment
regimen, the treatments can be administered on a less frequent basis. Administration of the RNAi
agent can reduce C9orf72 levels, e.g., in a cell, tissue, blood, CSF sample or other compartment of the
patient. In one embodiment, administration of the RNAi agent can reduce C901f72 levels, e.g., in a
cell, tissue, blood, CSF sample or other compartment of the patient by no more than 50%.

Before administration of a full dose of the RNAi agent, patients can be administered a smaller
dose, such as a 5% infusion reaction, and monitored for adverse effects, such as an allergic reaction.
In another example, the patient can be monitored for unwanted immunostimulatory effects, such as
increased cytokine (e.g., TNF-alpha or INF-alpha) levels.

Alternatively, the RNAi agent can be administered subcutaneously, i.e., by subcutaneous
injection. One or more injections may be used to deliver the desired, e.g., monthly dose of RNAi
agent to a subject. The injections may be repeated over a period of time. The administration may be
repeated on a regular basis. In certain embodiments, after an initial treatment regimen, the treatments
can be administered on a less frequent basis. A repeat-dose regimine may include administration of a

therapeutic amount of RNAi agent on a regular basis, such as monthly or extending to once a quarter,
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twice per year, once per year. In certain embodiments, the RNAi agent is administered about once per

month to about once per quarter (i.e., about once every three months).

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention belongs.
Although methods and materials similar or equivalent to those described herein can be used in the
practice or testing of the RNAIi agents and methods featured in the invention, suitable methods and
materials are described below. All publications, patent applications, patents, and other references
mentioned herein are incorporated by reference in their entirety. In case of conflict, the present
specification, including definitions, will control. In addition, the materials, methods, and examples are

illustrative only and not intended to be limiting.

EXAMPLES
Example 1. Hexanucleotide Repeat Expansion at the C90rf72 Gene Locus

Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are devastating
neurodegenerative diseases that cause motor neuron disease in the case of ALS and dementia in the
case of FID. Both are invariably fatal. ALS and FTD can present as either a spontaneous or familial
(i.e., genetic) disease. The most common genetic cause of ALS and FT'D is an expansion of a
hexanucleotide repeat (GGGGCC; SEQ ID NO: 1) in the 5’ non-coding part of the C90rf72 gene,
which encodes a protein whose function is not fully understood. Unaffected people usually have
between a few and a few dozen hexanucleotide repeats in their C90rf72 genes, while those that
develop ALS and FID inherit a repeat expansion of hundreds to thousands of copies of the
hexanucleotide repeat from only one of their parents. Genetic observations suggest that C9orf72 ALS
and FTD are dominant genetic diseases and result from a gain of pathological function.

It is not known how the C90rf72 hexanucleotide repeat expansion causes motor neuron
disease and dementia, but two universal postmortem pathological findings in C9orf72 ALS and FTLD
patients are associated with the repeat expansion: (1) sense and antisense repeat-containing RNA can
be visualized as distinct foci in neurons and other cells by fluorescent in situ hybridization; and (2)
dipeptide repeat proteins—poly(glycine-alanine), poly(glycine-proline), poly(glycine-arginine),
poly(alanine-proline), and poly(proline-arginine)—synthesized by repeat-associated non-AUG-
dependent translation from the sense and antisense repeat-containing RNAs—can be detected in cells
by immunohistochemistry. One disease hypothesis proposes that the repeat-containing RNAs,
visualized as foci, disrupt cellular RNA metabolism by sequestering RNA binding proteins. A second
disease hypothesis posits that the dipeptide repeat proteins exert wide-spread toxic effects on RNA
metabolism, proteostasis, and nucleocytoplasmic transport. Both pathogenic mechanisms could
contribute to disease. If C9orf72 repeat-containing RNA transcripts, either on their own or as
templates for translation of dipeptide repeat proteins, promote pathogenesis in ALS and FTLD, then a

general therapeutic strategy would be to destroy GGGGCC repeat-containing RNA (sense repeat-
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containing RNA) and/or GGCCCC repeat-containing RNA (antisense repeat-containing RNA) or
abolish its ability to be translated into sense and/or antisense dipeptide repeat protein.

The C9orf72 gene produces transcripts from two transcription initiation sites. The upstream
site initiates transcription with alternative non-coding exon 1A, while the downstream site initiates
transcription with alternative exon 1B. Both exons 1A and 1B can be spliced to exon 2, which
contains the start of the protein-coding sequence. The pathogenic hexanucleotide repeat expansion is
located between exons 1A and 1B. Therefore, transcription initiated from exon 1A can produce
repeat-containing RNAs, while initiation from exon 1B cannot, unless going in the antisense
direction.

As described in PCT Application No.: PCT/US2020/064159, filed on December 10, 2020, in
order to model C9orf72 repeat expansion disease in mice, an allelic series was constructed in mouse
embryonic stem (ES) cells in which a fragment from the human C90rf72 gene, including part of exon
1A, the intron sequence between 1A and 1B, all of exon 1B and part of the downstream intron, was
placed precisely at its homologous position in one allele of the mouse C90rf72 gene. See, e.g., US
2018/0094267 and WO 2018/064600, each of which is herein incorporated by reference in its entirety
for all purposes. A series of hexanucleotide repeat expansions were placed at the position found in
the human gene that ranged from the normal three repeats up to the pathological 600 repeats.

Mouse ES cell clones carrying the different repeat expansions were differentiated into motor
neurons in culture to study the effects of the expansions on a cell type relevant to ALS. In examining
the transcripts produced from the genetically modified humanized C90rf72 alleles it was found that
there was a switch from exon 1B spliced transcripts, which predominate in the three repeat normal
control, to increased appearance of exon 1A spliced transcripts in the alleles with longer repeat
expansions. It was also observed the accumulation of unspliced intron-containing transcripts whose
abundance was directly correlated with the length of the hexanucleotide repeat expansion, suggesting
a selfish feed-forward loop in which the longer the repeat expansion, the more repeat-containing
transcripts are produced from the C9orf72 gene. Targeting the repeat-containing intronic transcripts
for destruction or inactivation as templates for dipeptide repeat protein synthesis while sparing
synthesis of the normal C90rf72 mRNA and protein would be expected to be a safe and effective
therapeutic strategy for C9orf72 repeat expansion disease.

One possible approach to reducing C90rf72 repeat-containing RNAs is through the natural
process of RNA interference, in which siRNAs direct cleavage of the target RNAs by the RNA-
induced silencing complex followed by degradation of the RNA cleavage fragments by cellular
nucleases. RNA interference is, however, a predominantly cytoplasmic process that would not be
expected to act on RNAs retained in the nucleus. Intron-containing RNAs are usually short-lived,
cither as mRNA precursors, which are rapidly spliced into mature mRNAs, or as spliced-out introns,
which are rapidly degraded in the nucleus. It is reasonable, therefore, to expect that intron-containing
RNAs would not be available for targeting by RNA interference.

However, it has been demonstrated that siRNAs that targeted intron sequences adjacent to the

GGGGCC repeat expansion promoted reduced accumulation of intron-containing C9orf72 RNAs
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while having little to no effect on the C90rf72 mature mRNA. The intron-targeting siRNAs also
reduced production of dipeptide repeat proteins. These unexpected experimental results indicate that
the intron-containing RNAs that accumulate in cells with a C90rf72 hexanucleotide repeat expansion
are susceptible to RNA interference. The results show that a significant fraction of the intron-
containing C90rf72 RNAs responsible for dipeptide repeat protein synthesis resides in the cytoplasm.
In contrast, siRNAs that targeted the C90rf72 mRNA protein coding sequence produced a strong
knock down of the mRNA but had no effect on the intron-containing transcripts and did not
appreciably reduce dipeptide repeat protein synthesis. The divergence in results between the intron-
targeting and mRINA-targeting siRNAs suggests that the two classes of targeted sequences are present
on separate RNAs that are not covalently linked.

The methods and compositions disclosed herein provide for the therapeutic reduction in the
synthesis of dipeptide repeat proteins, a principle pathogenic component of C90rf72 repeat expansion
disease, while sparing the C90rf72 mRNA, thereby avoiding possible adverse effects of reduction of
C9orf72 protein, as could occur with therapeutic strategies, such as the use of antisense

oligonucleotides, that target the primary C90rf72 transcript in the nucleus.

Example 2. RNAi Agent Design, Synthesis, Selection, and In Vitro Evaluation
This Example describes methods for the design, synthesis, selection, and in vitro evaluation

of C9orf72 RNAI agents.

Source of reagents
Where the source of a reagent is not specifically given herein, such reagent can be obtained
from any supplier of reagents for molecular biology at a quality/purity standard for application in

molecular biology.

Bioinformatics

siRINAs targeting the antisense strand of the intron between Exons 1A and 1B in the human
C9o0rf72 gene (GenBank Accession Number NC_000009.12) were designed using custom R and
Python scripts. Detailed lists of the unmodified C90rf72 sense and antisense strand nucleotide
sequences are shown in Table 2. Detailed lists of the modified C9orf72 sense and antisense strand
nucleotide sequences are shown in Table 3.

siRNAs targeting the sense strand of Exon 1A of the human C90rf72 gene (GenBank
Accession Number NM_001256054.2) were designed using custom R and Python scripts. siRNAs
targeting the 3'-end of the intronic repeat in the sense strand of the intron between Exons 1A and 1B
in the human C90rf72 gene (GenBank Accession Number NG_031977.2) were also designed using
custom R and Python scripts. Detailed lists of the unmodified C90rf72 sense and antisense strand
nucleotide sequences are shown in Table 5. Detailed lists of the modified C90rf72 sense and

antisense strand nucleotide sequences are shown in Table 6.

184



10

15

20

25

30

35

WO 2022/256290 PCT/US2022/031519

It is to be understood that, throughout the application, a duplex name without a decimal is
equivalent to a duplex name with a decimal which merely references the batch number of the duplex.

For example, AD-347430 is equivalent to AD-347430.1.

In vitro Cos-7 (Dual-Luciferase psiCHECK?2 vector), BE(2)-C, and Neuro-2a screening

Cell culture and transfections:

Cos-7 (ATCC) were transfected by adding Sl of 2 ng/ul, diluted in Opti-MEM, C90rf72
intron 1 psiCHECK?2 vector (Blue Heron Biotechnology), 4.9l of Opti-MEM plus 0.1l of
Lipofectamine 2000 per well (Invitrogen, Carlsbad CA. cat #11668-019) to 5l of siRNA duplexes

per well, with 4 replicates of each siRNA duplex, into a 384-well plate, and incubated at room
temperature for 15 minutes. Thirty-five pl of Dulbecco’s Modified Eagle Medium (ThermoFisher)
containing ~1 x10° cells were then added to the siRNA mixture. Cells were incubated for 48 hours
followed by Firefly (transfection control) and Renilla (fused to target sequence) luciferase

measurements. Three dose experiments were performed at 10nM, 1nM, and 0.1nM.

Total RNA isolation using DYNABEADS mRNA Isolation Kit:

RNA was isolated using an automated protocol on a BioTek-EL406 platform using
DYNABEADs (Invitrogen, cat#61012). Briefly, 70ul of Lysis/Binding Buffer and 10ul of lysis buffer
containing 3l of magnetic beads were added to the plate with cells. Plates were incubated on an
electromagnetic shaker for 10 minutes at room temperature and then magnetic beads were captured
and the supernatant was removed. Bead-bound RNA was then washed 2 times with 1501 Wash
Buffer A and once with Wash Buffer B. Beads were then washed with 150l Elution Buffer, re-

captured and supernatant removed.

cDNA synthesis using ABI High capacity cDNA reverse transcription kit (Applied
Biosystems, Foster City, CA, Cat #4368813):
Ten pl of a master mix containing 1pl 10X Buffer, 0.4ul 25X dNTPs, 1pl 10x Random

primers, 0.5 Reverse Transcriptase, 0.511 RNase inhibitor and 6.6l of H20 per reaction was added
to RNA isolated above. Plates were sealed, mixed, and incubated on an electromagnetic shaker for

10 minutes at room temperature, followed by 2h 37°C.

Real time PCR:

Two pl of cDNA and 5ul Lightcycler 480 probe master mix (Roche Cat # 04887301001)
were added to either 0.5ul of Human GAPDH TagMan Probe (4326317E) and 0.5pul C90rf72 Human
probe (Hs00376619_m1, Thermo) or 0.5u1 Mouse GAPDH TaqMan Probe (4352339E) and 0.5ul
C90rf72 Mouse probe (Mm01216837_m1, Thermo) per well in a 384 well plates (Roche cat #
04887301001). Real time PCR was done in a LightCycler480 Real Time PCR system (Roche). Each
duplex was tested at least two times and data were normalized to cells transfected with a non-targeting

control siRNA. To calculate relative fold change, real time data were analyzed using the AACt
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method and normalized to assays performed with cells transfected with a non-targeting control

siRNA.

The results of the screening of the dSRNA agents listed in Tables 2 and 3 in Cos-7 cells are
shown in Table 4 and Figures 1 and 2. The results of the screening of the dsSRNA agents listed in
Tables 5 and 6 in Cos-7 cells are shown in Table 7 and Figures 3 and 4.

Table 1. Abbreviations of nucleotide monomers used in nucleic acid sequence representation. It will

be understood that these monomers, when present in an oligonucleotide, are mutually linked by 5'-3'-

phosphodiester bonds.
Abbreviation Nucleotide(s)
A Adenosine-3'-phosphate
Ab beta-L-adenosine-3'-phosphate
Abs beta-L-adenosine-3'-phosphorothioate
Af 2'-fluoroadenosine-3'-phosphate
Afs 2'-fluoroadenosine-3'-phosphorothioate
As adenosine-3'-phosphorothioate
C cytidine-3'-phosphate
Cb beta-L-cytidine-3'-phosphate
Cbs beta-L-cytidine-3'-phosphorothioate
Cf 2'-fluorocytidine-3'-phosphate
Cfs 2'-fluorocytidine-3'-phosphorothioate
Cs cytidine-3'-phosphorothioate
G guanosine-3'-phosphate
Gb beta-L-guanosine-3'-phosphate
Gbs beta-L-guanosine-3'-phosphorothioate
Gf 2'-fluoroguanosine-3'-phosphate
Gfs 2'-fluoroguanosine-3'-phosphorothioate
Gs guanosine-3'-phosphorothioate
T S'-methyluridine-3'-phosphate
Tf 2'-fluoro-5-methyluridine-3'-phosphate
Tfs 2'-fluoro-5-methyluridine-3'-phosphorothioate
Ts S-methyluridine-3'-phosphorothioate
U Uridine-3'-phosphate
Uf 2'-fluorouridine-3'-phosphate
Ufs 2'-fluorouridine -3'-phosphorothioate
Us uridine -3'-phosphorothioate
N any nucleotide, modified or unmodified
a 2'-O-methyladenosine-3'-phosphate
as 2'-O-methyladenosine-3'- phosphorothioate
c 2'-O-methylcytidine-3'-phosphate
cs 2'-O-methylcytidine-3'- phosphorothioate
g 2'-O-methylguanosine-3’-phosphate
gs 2'-O-methylguanosine-3'- phosphorothioate
t 2'-O-methyl-5-methyluridine-3'-phosphate
ts 2'-O-methyl-5-methyluridine-3'-phosphorothioate
u 2'-O-methyluridine-3'-phosphate
us 2'-O-methyluridine-3'-phosphorothioate
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Abbreviation Nucleotide(s)
S phosphorothioate linkage
L96 N-[tris(GalN Ac-alkyl)-amidodecanoyl)]-4-hydroxyprolinol
Hyp-(GalNAc-alkyl)3
o OH
HO&&,O N N._o
™ i Mo
rerindg ; HO,
ho OH & PO
HO e \"/\,//\WW\O
RS et Se
Ho MM
ey
HO = N D
AcHN \/\/\E”)HH H
Y34 2-hydroxymethyl-tetrahydrofuran-4-methoxy-3-phosphate (abasic 2'-OMe
furanose)
HO-P=0
Y44 inverted abasic DNA (2-hydroxymethyl-tetrahydrofuran-5-phosphate)
HO
P=0
|
T
o
L10 N-(cholesterylcarboxamidocaproyl)-4-hydroxyprolinol (Hyp-C6-Chol)
N = o -:\;,\\‘.-;'.. )
N O
O
€
{(Agn) Adenosine-glycol nucleic acid (GNA) S-Isomer
(Cgn) Cytidine-glycol nucleic acid (GNA) S-Isomer
(Ggn) Guanosine-glycol nucleic acid (GNA) S-Isomer
(Tgn) Thymidine-glycol nucleic acid (GNA) S-Isomer
P Phosphate
VP Vinyl-phosphonate
dA 2'-deoxyadenosine-3'-phosphate
dAs 2'-deoxyadenosine-3'-phosphorothioate
dC 2'-deoxycytidine-3'-phosphate
dCs 2'-deoxycytidine-3'-phosphorothioate
dG 2'-deoxyguanosine-3'-phosphate
dGs 2'-deoxyguanosine-3'-phosphorothioate
dT 2'-deoxythymidine-3'-phosphate
dTs 2'-deoxythymidine-3'-phosphorothioate
du 2'-deoxyuridine
dUs 2'-deoxyuridine-3'-phosphorothioate
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Abbreviation Nucleotide(s)
(C2p) cytidine-2'-phosphate
(G2p) guanosine-2'-phosphate
(U2p) uridine-2'-phosphate
(A2p) adenosine-2'-phosphate
(Ahd) 2'-0O-hexadecyl-adenosine-3'-phosphate
(Ahds) 2'-0O-hexadecyl-adenosine-3'-phosphorothioate
(Chd) 2'-0-hexadecyl-cytidine-3'-phosphate
(Chds) 2'-0O-hexadecyl-cytidine-3'-phosphorothioate
(Ghd) 2'-0O-hexadecyl-guanosine-3'-phosphate
(Ghds) 2'-0O-hexadecyl-guanosine-3'-phosphorothioate
(Uhd) 2'-0-hexadecyl-uridine-3'-phosphate
(Uhds) 2'-0-hexadecyl-uridine-3'-phosphorothioate
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Table 4. Single Dose Screen of dsRNA Agents Targeting the Antisense Strand of Intron 1a of
Human C90rf72 in Cos-7 Cells

10nM InM 0.1nM
% % %
Message™* Message™* Message™*

Duplex Remaining | STDEV | Remaining | STDEV | Remaining | STDEV
AD-1446206.1 45 9 65 12 85 18
AD-1446207.1 18 4 23 3 38 4
AD-1446208.1 51 5 52 8 68 15
AD-1446209.1 77 11 81 15 95 9
AD-1446210.1 81 24 98 10 102 10
AD-1446211.1 19 3 25 2 39 7
AD-1446212.1 64 11 61 6 83 7
AD-1446213.1 9 2 11 1 20 2
AD-1446214.1 18 1 23 3 30 5
AD-1446215.1 18 5 18 4 28 9
AD-1446216.1 15 3 18 4 28 5
AD-1446217.1 14 3 17 2 26 2
AD-1446218.1 12 1 15 1 22 7
AD-1446219.1 12 3 19 4 24 5
AD-1446220.1 15 4 21 3 28 5
AD-1446221.1 7 0 11 2 17 5
AD-1446222.1 10 2 16 4 26 6
AD-1446223.1 11 1 18 6 37 4
AD-1446224.1 15 2 20 3 34 7
AD-1446225.1 17 3 25 2 42 5
AD-1446226.1 19 4 22 3 28 2
AD-1446227.1 16 7 22 5 31 7
AD-1446228.1 25 8 28 6 42 9
AD-1446229.1 16 3 21 2 31 2
AD-1446230.1 21 2 20 6 28 3
AD-1446231.1 17 1 22 4 25 4
AD-1446232.1 11 2 18 4 22 2
AD-1446233.1 16 1 23 3 32 6
AD-1446234.1 18 3 26 3 34 7
AD-1446235.1 30 9 37 5 53 8
AD-1446236.1 66 12 82 11 105 25
AD-1446237.1 23 4 34 5 49 5
AD-1446238.1 44 8 41 12 49 7
AD-1446239.1 53 9 61 8 74 7
AD-1446240.1 25 5 33 8 44 4
AD-1446241.1 23 4 31 7 38 6
AD-1446242.1 12 2 16 4 26 3
AD-1446243.1 18 1 22 2 27 2
AD-1446244.1 53 7 44 7 51 16
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10nM InM 0.1nM
% % %
Message™* Message™* Message™*

Duplex Remaining | STDEV | Remaining | STDEV | Remaining | STDEV
AD-1446245.1 18 2 16 1 22 2
AD-1446246.1 7 1 10 1 13 3
AD-1446247.1 7 1 9 1 12 2
AD-1446248.1 5 1 6 1 9 3
AD-1446249.1 7 1 9 2 12 2
AD-1446250.1 12 1 14 2 17 4
AD-1446251.1 7 2 7 0 10 2
AD-1446252.1 4 1 4 1 6 4
AD-1446253.1 1 1 4 1 7 3
AD-1446254.1 6 3 5 0 7 3
AD-1446255.1 11 2 7 1 9 1
AD-1446256.1 34 7 27 4 31 2
AD-1446257.1 5 1 5 0 6 1
AD-1446258.1 5 2 4 1 6 1
AD-1446259.1 6 2 7 1 8 1
AD-1446260.1 4 1 4 1 5 1
AD-1446261.1 10 4 9 1 10 2
AD-1446262.1 6 1 6 0 7 1
AD-1446263.1 5 1 6 1 9 2
AD-1446264.1 11 4 8 1 9 1
AD-1446265.1 6 1 6 1 7 1
AD-1446266.1 6 1 6 0 8 2
AD-1446267.1 8 4 8 3 11 1
AD-1446268.1 4 1 3 1 6 1
AD-1446269.1 5 1 6 0 7 2
AD-1446270.1 5 1 7 3 8 2
AD-1446271.1 3 1 4 2 7 1
AD-1446272.1 8 4 7 1 9 2
AD-1446273.1 6 2 8 2 10 1
AD-1446274.1 5 2 6 1 9 2
AD-1446275.1 10 3 15 5 17 3
AD-1446276.1 6 1 6 1 8 2
AD-1446277.1 12 1 12 1 16 4
AD-1446278.1 16 2 16 2 22 7
AD-1446279.1 23 3 19 3 28 4
AD-1446280.1 20 8 30 12 40 14
AD-1446281.1 21 4 31 3 51 14
AD-1446282.1 18 5 17 4 40 9
AD-1446283.1 44 6 32 7 50 14
AD-1446284.1 25 8 31 3 52 13
AD-1446285.1 38 9 49 4 52 11
AD-1446286.1 28 6 48 8 67 15
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10nM InM 0.1nM
% % %
Message™* Message™* Message™*

Duplex Remaining | STDEV | Remaining | STDEV | Remaining | STDEV
AD-1446287.1 64 19 56 10 72 13
AD-1446288.1 34 5 34 7 54 10
AD-1446289.1 17 1 21 3 35 9
AD-1446290.1 40 2 61 10 76 12
AD-1446291.1 60 9 69 5 89 16
AD-1446292.1 23 2 32 5 38 6
AD-1446293.1 20 6 32 4 44 4
AD-1446294.1 11 2 21 2 33 4
AD-1446295.1 23 5 34 6 53 6

* “message” for this example is an antisense transcript

Table 4A. C9ORF72 INTRON-1A Antisense RNA target sequences having < 50% antisense

transcript remaining for dosing at 0.1 nM as measured in Table 4.

SEQ
Target Target RNA Target Sequence (Reverse Complement of ID
Start End NG_031977.2) NO.:
CAGCTTCGGTCAGAGAAATGAGAGGGAAAGTAA |21
5523 5571 AAATGCGTCGAGCTCT
5283 5315 CGCGACTCCTGAGTTCCAGAGCTTGCTACAGGC 22
5260 5286 AGGCTGCGGTTGTTTCCCTCCTTGTTT 23
GGTTGTTTCCCTCCTTGTTTTCTTCTGGTTAATCTT | 24
TATCAGGTCTTTTCTTGTTCACCCTCAGCGAGTAC
5201 5279 TGTGAGAG
5197 5220 CTCAGCGAGTACTGTGAGAGCAAG 25
5128 5160 ACCTCCTAAACCCACACCTGCTCTTGCTAGACC 26

Table 4B. C9ORF72 INTRON-1A Antisense RNA target sequences having < 40% antisense
transcript remaining for dosing at 0.1 nM as measured in Table 4.

SEQ
Target Target RNA Target Sequence (Reverse Complement of ID
Start End NG_031977.2) NO.:
CAGCTTCGGTCAGAGAAATGAGAGGGAAAGTAA | 27
5524 5571 AAATGCGTCGAGCTC
5292 5315 CGCGACTCCTGAGTTCCAGAGCTT 28
5283 5312 GACTCCTGAGTTCCAGAGCTTGCTACAGGC 29
5260 5285 GGCTGCGGTTGTTTCCCTCCTTGTTT 30
GGTTGTTTCCCTCCTTGTTTTCTTCTGGTTAATCTT | 31
TATCAGGTCTTTTCTTGTTCACCCTCAGCGAGTAC
5201 5279 TGTGAGAG

Table 4C. C9ORF72 INTRON-1A Antisense RNA target sequences having < 30% antisense
transcript remaining for dosing at 0.1 nM as measured in Table 4.
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SEQ

Target Target RNA Target Sequence (Reverse Complement of ID
Start End NG_031977.2) NO.:

CAGCTTCGGTCAGAGAAATGAGAGGGAAAGTAA | 32
5526 5571 AAATGCGTCGAGC
5285 5311 ACTCCTGAGTTCCAGAGCTTGCTACAG 33
5260 5283 CTGCGGTTGTTTCCCTCCTTGTTT 34

GGTTGTTTCCCTCCTTGTTTTCTTCTGGTTAATCT | 35
5243 5279 TT

TTTCTTCTGGTTAATCTTTATCAGGTCTTTTCTTG | 36
5212 5261 TTCACCCTCAGCGAG

Table 4D. C9ORF72 INTRON-1A Antisense RNA target sequences having < 25% antisense
transcript remaining for dosing at 0.1 nM as measured in Table 4.

SEQ

Target Target RNA Target Sequence (Reverse Complement of ID
Start End NG_031977.2) NO.:
5529 5552 GAGAGGGAAAGTAAAAATGCGTCG 37

GGTTGTTTCCCTCCTTGTTTTCTTCTGGTTAATCTT | 38
5243 5279 T

TTTCTTCTGGTTAATCTTTATCAGGTCTTTTCTTGT | 39
5214 5261 TCACCCTCAGCG

Table 4E. C9ORF72 INTRON-1A Antisense RNA target sequences having < 20% antisense
transcript remaining for dosing at 0.1 nM as measured in Table 4.

SEQ
Target Target RNA Target Sequence (Reverse Complement of ID
Start End NG_031977.2) NO.:
5243 5275 GTTTCCCTCCTTGTTTTCTTCTGGTTAATCTTT 40
TTTCTTCTGGTTAATCTTTATCAGGTCTTTTCTT | 41
5215 5261 GTTCACCCTCAGC

Table 4F. C9ORF72 INTRON-1A Antisense RNA target sequences having < 15% antisense
transcript remaining for dosing at 0.1 nM as measured in Table 4.

SEQ
Target Target RNA Target Sequence (Reverse Complement of ID
Start End NG_031977.2) NO.:
5250 5275 GTTTCCCTCCTTGTTTTCTTCTGGTT 42
5243 5269 CTCCTTGTTTTCTTCTGGTTAATCTTT 43
TTTCTTCTGGTTAATCTTTATCAGGTCTTTTCTT | 44
5220 5261 GTTCACCC

Table 4G. C9ORF72 INTRON-1A Antisense RNA target sequences having < 10% antisense
transcript remaining for dosing at 0.1 nM as measured in Table 4.

SEQ
Target Target RNA Target Sequence (Reverse Complement of ID
Start End NG_031977.2) NO.:
5243 5268 TCCTTGTTTTCTTCTGGTTAATCTTT 45
5228 5261 TTTCTTCTGGTTAATCTTTATCAGGTCTTTTCTT | 46
5220 5248 ATCTTTATCAGGTCTTTTCTTGTTCACCC 47
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Table 7. Single Dose Screen of dsRNA Agents Targeting the Sense Strand of Either Exon 1A or
the 3'-side of the Intronic Repeat Between Exons 1A and 1B

10nM InM 0.1nM
% % %
Message Message Message
Sample Name | Remaining | STDEV | Remaining | STDEY | Remaining | STDEV
AD-1285232.1 9 1 11 1 17 3
AD-1446196.1 9 1 10 1 16 3
AD-1446111.1 9 2 10 2 16 1
AD-1446182.1 10 1 12 4 24 1
AD-1446084.1 10 2 10 1 19 4
AD-1285231.1 10 2 12 1 15 1
AD-1446185.1 10 2 15 1 22 3
AD-1446200.1 10 1 15 3 18 2
AD-1446083.1 11 1 18 6 24 2
AD-1285233.1 11 3 15 3 21 3
AD-1446202.1 11 2 14 2 18 4
AD-1446152.1 12 1 14 2 22 4
AD-1446188.1 12 1 13 1 18 1
AD-1285241.1 12 2 12 4 20 5
AD-1446113.1 12 2 21 4 29 8
AD-1446150.1 12 2 20 1 30 3
AD-1446090.1 13 2 17 4 24 3
AD-1446197.1 13 3 11 2 19 2
AD-1446194.1 14 3 17 1 27 2
AD-1446184.1 14 1 17 4 24 3
AD-1446199.1 14 2 20 4 23 6
AD-1285237.1 16 5 17 1 23 3
AD-1285242.1 16 2 16 2 20 5
AD-1285234.1 17 3 18 2 23 4
AD-1446087.1 17 1 24 3 32 6
AD-1446112.1 17 3 15 7 20 7
AD-1446103.1 17 2 27 7 40 5
AD-1285238.1 17 3 18 3 23 6
AD-1446156.1 17 3 21 2 33 4
AD-1446161.1 17 1 15 5 25 4
AD-1446114.1 18 5 22 3 37 8
AD-1446154.1 18 2 21 4 32 5
AD-1285239.1 18 7 16 2 21 1
AD-1285236.1 18 4 25 2 25 7
AD-1446166.1 18 1 17 2 37 5
AD-1446180.1 18 5 25 4 36 9
AD-1446192.1 18 2 19 2 29 4
AD-1446095.1 18 4 20 1 31 1
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10nM InM 0.1nM
% % %
Message Message Message

Sample Name | Remaining | STDEV | Remaining | STDEVY | Remaining | STDEV
AD-1285243.1 18 4 18 4 24 2
AD-1446167.1 18 2 22 4 40 7
AD-1285244.1 19 3 19 3 31 3
AD-1446158.1 19 3 20 2 30 1
AD-1446201.1 19 4 23 0 24 2
AD-1446168.1 19 3 23 3 44 9
AD-1446092.1 20 5 20 3 27 4
AD-1446157.1 20 3 32 3 41 9
AD-1446170.1 21 3 25 2 52 3
AD-1446149.1 22 2 27 6 37 4
AD-1446091.1 22 5 26 6 41 4
AD-1446198.1 22 3 23 2 41 7
AD-1446117.1 23 4 26 3 26 4
AD-1446073.1 23 3 27 2 37 3
AD-1446148.1 23 3 33 2 42 5
AD-1446088.1 23 3 21 5 33 4
AD-1446160.1 23 4 23 3 30 6
AD-1446183.1 23 6 24 1 40 7
AD-1446153.1 24 4 23 1 35 3
AD-1446147.1 24 2 36 6 41 3
AD-1285240.1 24 3 22 1 25 3
AD-1446089.1 24 1 23 5 37 6
AD-1446205.1 24 10 26 5 31 3
AD-1446195.1 25 3 28 5 45 4
AD-1446162.1 25 1 26 2 33 6
AD-1285246.2 25 8 26 4 34 6
AD-1446177.1 25 3 27 6 46 4
AD-1446189.1 26 5 27 5 42 4
AD-1446169.1 26 5 27 2 52 1
AD-1446086.1 27 5 34 4 47 7
AD-1446151.1 27 7 28 5 32 7
AD-1285235.1 27 5 23 2 34 7
AD-1446203.1 27 7 28 3 37 3
AD-1446163.1 27 4 28 6 47 3
AD-1446179.1 27 2 27 1 41 5
AD-1446193.1 27 3 41 4 50 9
AD-1285247.1 28 5 33 2 42 11
AD-1446075.1 29 4 41 4 51 4
AD-1446107.1 29 3 30 1 43 10
AD-1446146.1 30 4 31 7 43 4
AD-1285246.1 30 6 29 3 38 5
AD-1285245.2 31 1 31 4 40 6
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10nM InM 0.1nM
% % %
Message Message Message

Sample Name | Remaining | STDEV | Remaining | STDEVY | Remaining | STDEV
AD-1446190.1 31 6 35 2 49 10
AD-1446173.1 31 4 39 4 56 4
AD-1285245.1 32 3 30 7 43 6
AD-1446174.1 32 4 38 7 59 8
AD-1446175.1 32 3 38 7 59 5
AD-1446204.1 33 4 28 4 41 7
AD-1446116.1 34 5 27 4 35 4
AD-1446186.1 35 10 40 3 57 8
AD-1446165.1 36 5 39 8 52 5
AD-1446077.1 36 2 37 2 53 8
AD-1446164.1 36 2 28 4 46 9
AD-1446081.1 37 3 39 4 52 4
AD-1446131.1 38 5 42 4 55 5
AD-1446102.1 38 7 45 3 54 11
AD-1446172.1 39 5 49 12 61 9
AD-1446118.1 39 10 37 10 50 11
AD-1446130.1 40 10 42 3 60 4
AD-1446187.1 40 5 43 9 59 2
AD-1446145.1 40 6 50 9 69 14
AD-1446076.1 41 4 38 7 43 5
AD-1446191.1 43 4 36 8 43 8
AD-1446098.1 43 12 45 7 56 7
AD-1446125.1 44 7 50 3 55 7
AD-1446078.1 45 10 42 4 56 6
AD-1446110.1 45 9 45 4 51 7
AD-1446082.1 45 6 40 5 51 7
AD-1446115.1 46 6 50 11 65 5
AD-1446080.1 46 8 52 10 70 14
AD-1446181.1 48 2 52 5 74 11
AD-1446159.1 49 3 43 5 46 4
AD-1446099.1 51 7 60 5 74 11
AD-1446101.1 51 1 56 4 65 13
AD-1446126.1 52 8 49 8 59 11
AD-1446176.1 52 9 49 4 61 4
AD-1446079.1 53 3 41 2 42 3
AD-1446124.1 54 3 61 5 67 4
AD-1446122.1 54 3 72 14 74 20
AD-1446105.1 56 14 61 9 74 9
AD-1446074.1 56 7 75 6 76 8
AD-1446136.1 56 9 63 10 79 6
AD-1446097.1 56 9 67 9 74 16
AD-1446129.1 58 6 54 6 55 3
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10nM InM 0.1nM
% % %
Message Message Message
Sample Name | Remaining | STDEV | Remaining | STDEVY | Remaining | STDEV
AD-1446108.1 58 7 56 7 64 9
AD-1446178.1 59 6 57 6 77 4
AD-1446128.1 60 10 54 2 68 5
AD-1446155.1 61 7 54 3 67 9
AD-1446137.1 63 9 62 8 77 8
AD-1446085.1 65 5 60 11 72 6
AD-1446106.1 65 5 66 2 64 13
AD-1446132.1 67 1 77 10 85 8
AD-1446104.1 68 17 57 10 68 12
AD-1446127.1 68 6 54 10 56 3
AD-1446171.1 69 10 78 7 88 9
AD-1446120.1 70 14 79 9 79 20
AD-1446144.1 71 7 81 2 86 2
AD-1446135.1 71 6 69 8 84 15
AD-1446096.1 73 7 68 9 &9 8
AD-1446094.1 73 10 78 8 76 19
AD-1446100.1 74 8 68 3 79 4
AD-1446140.1 76 13 81 10 83 11
AD-1446143.1 77 5 73 3 78 12
AD-1446141.1 78 9 82 4 &9 16
AD-1446138.1 81 8 &9 6 97 16
AD-1446134.1 85 14 81 4 &9 15
AD-1446139.1 87 12 91 14 90 19
AD-1446123.1 &9 28 100 8 94 14
AD-1446121.1 &9 3 &9 3 91 8
AD-1446109.1 90 8 93 15 100 10
AD-1446119.1 92 5 85 14 83 5
AD-1446142.1 93 19 &9 8 87 10
AD-1446093.1 NA 17 21 3 24 2
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Table 7a. C9ORF72 RNA target sequences having < 50% message remaining for dosing at

0.1 nM as measured in Table 7.

SEQ

Target Target ID
Start End RNA Target Sequence (NG_031977.2) NO.:
5035 5059 TGCGTCAAACAGCGACAAGTTCCGC 51
5058 5087 GCCCACGTAAAAGATGACGCTTGGTGTGTC 52
5197 5222 CTTGCTCTCACAGTACTCGCTGAGGG 53

TCGCTGAGGGTGAACAAGAAAAGACCTGATAAA | 54
5213 5270 GATTAACCAGAAGAAAACAAGGAGG
5539 5565 TTACTTTCCCTCTCATTTCTCTGACCG 55
5545 5570 TCCCTCTCATTTCTCTGACCGAAGCT 56

GGAGACGCCTGCACAATTTCAGCCCAAGCTTCTA | 57
5916 5955 GAGAGT
5935 5968 CAGCCCAAGCTTCTAGAGAGTGGTGATGACTTGC | 58
5948 5976 TAGAGAGTGGTGATGACTTGCATATGAGG 59
6007 6030 CTGTGGGACATGACCTGGTTGCTT 60
6012 6039 GGACATGACCTGGTTGCTTCACAGCTCC 61

CCTGGTTGCTTCACAGCTCCGAGATGACACAGAC | 62
6020 6070 TTGCTTAAAGGAAGTGA

Table 7b. C9ORF72 RNA target sequences having < 40% message remaining for dosing at
5 0.1 nM as measured in Table 7.

SEQ

Target | Target ID
Start End RNA Target Sequence (NG_031977.2) NO.:
5035 5059 TGCGTCAAACAGCGACAAGTTCCGC 63
5059 5084 CCCACGTAAAAGATGACGCTTGGTGT 64
5064 5087 GTAAAAGATGACGCTTGGTGTGTC 65
5197 5222 CTTGCTCTCACAGTACTCGCTGAGGG 66

TCGCTGAGGGTGAACAAGAAAAGACCTGATAAA | 67
5213 5270 GATTAACCAGAAGAAAACAAGGAGG
5539 5565 TTACTTTCCCTCTCATTTCTCTGACCG 68
5545 5569 TCCCTCTCATTTCTCTGACCGAAGC 69

CGCCTGCACAATTTCAGCCCAAGCTTCTAGAGAG |70
5921 5955 T
5939 5963 CCAAGCTTCTAGAGAGTGGTGATGA 71
5948 5973 TAGAGAGTGGTGATGACTTGCATATG 72
6012 6039 GGACATGACCTGGTTGCTTCACAGCTCC 73
6036 6059 CTCCGAGATGACACAGACTTGCTT 74
6040 6066 GAGATGACACAGACTTGCTTAAAGGAA 75

Table 7c. C9ORF72 RNA target sequences having < 30% message remaining for dosing at
0.1 nM as measured in Table 7.

SEQ
Target | Target ID
Start End RNA Target Sequence (NG_031977.2) NO.:
5036 5059 GCGTCAAACAGCGACAAGTTCCGC 76
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SEQ
Target | Target ID
Start End RNA Target Sequence (NG_031977.2) NO.:
5064 5087 GTAAAAGATGACGCTTGGTGTGTC 77
TGAACAAGAAAAGACCTGATAAAGATTAACCAG |78
5223 5270 AAGAAAACAAGGAGG
5539 5563 TTACTTTCCCTCTCATTTCTCTGAC 79
5939 5962 CCAAGCTTCTAGAGAGTGGTGATG 80
6016 6039 ATGACCTGGTTGCTTCACAGCTCC 81
6036 6059 CTCCGAGATGACACAGACTTGCTT 82
6040 6065 GAGATGACACAGACTTGCTTAAAGGA 83

Table 7d. C9ORF72 RNA target sequences having < 25% message remaining for dosing at
0.1 nM as measured in Table 7.

SEQ
Target | Target ID
Start End RNA Target Sequence (NG_031977.2) NO.:
5036 5059 GCGTCAAACAGCGACAAGTTCCGC 84

TGAACAAGAAAAGACCTGATAAAGATTAACCAG | 85
5223 5270 AAGAAAACAAGGAGG

5539 5562 TTACTTTCCCTCTCATTTCTCTGA 86
6016 6039 ATGACCTGGTTGCTTCACAGCTCC 87
6036 6059 CTCCGAGATGACACAGACTTGCTT 88
6040 6065 GAGATGACACAGACTTGCTTAAAGGA 89

5 Table 7e. C9ORF72 RNA target sequences having < 20% message remaining for dosing at
0.1 nM as measured in Table 7.

SEQ
Target | Target ID
Start End RNA Target Sequence (NG_031977.2) NO.:
5229 5252 AGAAAAGACCTGATAAAGATTAAC 90
5233 5256 AAGACCTGATAAAGATTAACCAGA 91
5539 5562 TTACTTTCCCTCTCATTTCTCTGA 92
6036 6059 CTCCGAGATGACACAGACTTGCTT 93

Example 3. In Vivo Evaluation in Transgenic Mice
This Example describes methods for the evaluation of C90rf72 RNAI agents in an allelic

10 series of genetically modified mice (US 10,781,453, WO/2018/064600, US2020/0196581 and
WO0/2020/131632, the entire contents of each of the foregoing application are herein incorporated by
reference). The allelic series comprises a set of mouse ES cells with in which a portion of the mouse
C9o0rf72 gene that includes exons 1A and 1B and adjacent intron sequences is precisely replaced with
the homologous fragment from the human C9orf72 gene carrying varying lengths of GGGGCC

15 hexanucleotide repeat expansion from the normal range of 3 to 30 repeats to over 500 repeats. ES
cells of the allelic series are used to derive mice by standard methods, such as the VelociMouse

method of 8-cell embryo injection (Poueymirou et al., 2007).
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dsRNA agents designed and assayed in Example 5 are assessed for their ability to reduce the
level of sense- or antisense GGGGCC repeat-containing or intron-containing RNA or spliced RNA
from exons 1A and 1B or total C90rf72 mRNA by, for example, in fluorescence situ hybridization
(FISH) for RNA foci with strand-specific probes (Exiqon, Inc.), reverse transcription-coupled
quantitative PCR (R-qPCR), or by hybridization to strand-specific probes with, for example,
Nanostring®, QantiGene®, or Lucerna® assay technologies in mice of the allelic series.

Briefly, heterozygous or homozygous mice with up to or greater than 500 GGGGCC repeats
are administered by intracerebroventrical, intrathecal, or subcutaneous injection a single dose of the
dsRNA agents of interest, including duplexes AD-463858, AD-463860, AD-463862, AD-463863,
AD-463869, AD-463871, AD-463872, AD-463873, AD-463877, or a placebo. Two to 10 weeks
post-administration, animals are sacrificed, blood and tissue samples, including cerebral cortex, spinal
cord, liver, spleen, and cervical lymph nodes, are collected, and RNA is purified from the tissue
samples. Repeat- or intron-containing or normal RNA produced from the genetically modified
C90rf72 gene is assayed by RNA FISH, RT-qPCR, or strand-specific detection methods. Results from
mice carrying long GGGGCC repeat expansions up to or greater than 500 repeats are compared to
control mice carrying normal repeat lengths of between 3 and 30 repeats.

In addition to RNA, protein is extracted from and tissues of the mice and assayed for the
presence of pathogenic dipeptide repeat proteins, including poly(GlyPro), poly(GlyAla),
poly(GlyArg), poly(ProAla), and poly(ProArg), produced by repeat-associated non-AUG and
canonical translation of C90rf72 sense and antisense GGGGCC repeat containing transcripts.
Dipeptide repeat proteins and normal C9orf72 proteins are assayed in mouse tissues with available
antibodies against the individual dipeptide repeat proteins by immunohistochemistry, western
blotting, enzyme-linked immunosorbent assays, and MesoScale Discovery® assays. Results from
cells and mice carrying long GGGGCC repeat expansions up to or greater than 500 repeats are
compared to cells carrying normal repeat lengths of between 3 and 30 repeats.

The results demonstrate that administration of the dsSRNA agents to mice of the allelic series
inhibits the production of sense repeat- and intron-containing and antisense repeat-containing C9orf72
transcripts but has no impact on the level of C90rf72 total and exon 1B-containing mRNA levels. The
results also demonstrate that administration of the dsSRNA agents inhibits the production of dipeptide
repeat proteins derived from the sense and antisense repeat-containing C9orf 72 transcripts but has no
impact on the level of normal C9orf72 proteins. The results demonstrate that administration of the
dsRNA agents reduces the level of sense- and antisense repeat-containing RNA throughout the central
nervous system, including the brain, brainstem, and spinal cord. The results demonstrate that maximal
reduction of dipeptide repeat proteins produced by mice of the GGGGCC repeat expansion allelic
series is obtained by dsRNA agents that target both the C90rf72 sense and antisense GGGGCC

repeat-containing transcripts.

Duplex
Name Sense transSeq Antisense transSeq

AD-463858 | ACAAGAAAAGACCUGAUAAAU | AUUUAUCAGGUCUUUUCUUGUUC
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AD-463860 | AGAAAAGACCUGAUAAAGAUU | AAUCUUUAUCAGGUCUUUUCUUG
AD-463862 | AAAAGACCUGAUAAAGAUUAA | UUAAUCUUUAUCAGGUCUUUUCU
AD-463863 | AAAGACCUGAUAAAGAUUAAU | AUUAAUCUUUAUCAGGUCUUUUC
AD-463869 | CUGAUAAAGAUUAACCAGAAU | AUUCUGGUUAAUCUUUAUCAGGU
AD-463871 | GAUAAAGAUUAACCAGAAGAA | UUCUUCUGGUUAAUCUUUAUCAG
AD-463872 | AUAAAGAUUAACCAGAAGAAA | UUUCUUCUGGUUAAUCUUUAUCA
AD-463873 | AAAGAUUAACCAGAAGAAAAU | AUUUUCUUCUGGUUAAUCUUUAU
AD-463877 | UAACCAGAAGAAAACAAGGAU | AUCCUUGUUUUCUUCUGGUUAAU
Duplex

Name Sense oligoSeq Antisense oligoSeq

AD-463858 | ascsaagaAfaAfGfAfccugauaaaul96 | asUfsuuaUfcAfGfgucuUfuUfcuugususc
AD-463860 | asgsaaaaGfaCfCfUfgauaaagauul96 | asAfsucuUfuAfUfcaggUfcUfuuucususg
AD-463862 | asasaagaCfcUfGfAfuaaagauuaal96 | usUfsaauCfuUfUfaucaGfgUfcuuuuscsu
AD-463863 | asasagacCfuGfAfUfaaagauuaaul96 | asUfsuaaUfcUfUfuaucAfgGfucuuususc
AD-463869 | csusgauaAfaGfAfUfuaaccagaaul96 | asUfsucuGfgUfUfaaucUfuUfaucagsgsu
AD-463871 | gsasuaaaGfaUfUfAfaccagaagaal96 | usUfscuuCfuGfGfuuaaUfcUfuuaucsasg
AD-463872 | asusaaagAfuUfAfAfccagaagaaal96 | usUfsucuUfcUfGfguuaAfuCfuuuauscsa
AD-463873 | asasagauUfaAfCfCfagaagaaaaul96 | asUfsuuuCfuUfCfugguUfaAfucuuusasu
AD-463877 | usasaccaGfaAfGfAfaaacaaggaul96 | asUfsccuUfgUfUfuucuUfcUfgguuasasu

Example 4. Additional Agents Targeting C90rf72
Additional agents targeting C9orf72 were designed and synthesized as described above,

The unmodified nucleotide sequences of these agents are provided in Table 8 and the

modified nucleotide sequencesof these agents are provided in Table 9.
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Example 5. In Vitro Evaluation of Compositons Comprising Two or More dsRNA Agents
Targeting C90rf72

Sense and antisense repeat expansion RNA detected as cytoplasmic and nuclear foci by
fluorescence in situ hybridization (FISH) may sequester RNA binding proteins, leading to cellular
toxicity. In addition, dipeptide repeat (DPR) proteins are proposed to be produced from the G4C»
repeat expansion sense and antisense RNA by a non-canonical process that has been termed repeat
associated non-AUG (RAN) translation, and there is strong evidence that DPR proteins are cytotoxic.
DPR proteins which can be translated from all sense and antisense reading frames. Sense DPR
proteins include glycine-alanine, glycine-arginine, and glycine-proline DPR proteins. Antisense DPR
proteins include proline-arginine, proline-alanine, and glycine-proline. Because G4C> repeat-
containing RNAs, either on their own or as templates for dipeptide repeat protein translation, appear
to be pathogenic, a general therapeutic strategy is to either inhibit their synthesis or promote their
destruction. In the example below, it is demonstrated that siRNAs that target both C90rf72 sense and
antisense RNAs are required to achieve maximum knockdown of dipeptide repeat proteins in
humanized C9orf72 models.

RNA interference was explored as a modality for the destruction of C90rf72 G4C; repeat-
containing RNA. Because the G4C, repeat itself and the GC-rich sequence immediately 3’-adjacent
are not compatible with specific siRNA design and targeting sequences in exon 1B (E1B) and its
adjacent intron could interfere with C9orf72 mRNA, siRNA designs were focused on sense and
antisense RNAs carrying sequences derived from the region of the human C90rf72 gene between E1A
and the start of the repeat expansion. Four siRNAs were tested, two targeting sense RNA and two
targeting antisense transcripts, in mouse ES cells with the 300X repeat expansion allele. The
unmodified and modified nucleotide sequences of the agents used are provided in Tables 10A-10D,
below.

The siRNAs targeting sense RNA produced a 50-60% reduction of intron-containing
transcripts (Fig. 5A) as determined by a RT-qPCR assay for intron sequence near E1A. The two
antisense-targeting siRNAs produced a 40-50% increase in signal with the same assay (Fig. SA).
Combining one of the sense-targeting siRNAs with either of the two antisense-targeting siRNAs did
not cause a further knockdown of intron-containing RNA than that produced by the sense-targeting
siRNA alone (Fig. 5A). Neither the sense- nor antisense-targeting siRNAs had an appreciable effect
on the C9orf72 mRNA (Fig. 5B).

The effect of the siRNAs on DPR protein synthesis by western slot blotting was also assayed
(Fig. 6A). Quantitative analysis of these assays revealed that relative to the vehicle control both sense-
targeting siRNAs reduced poly(GlyAla) by approximately 75% (Fig. 6B), while the antisense-
targeting siRNAs actually caused a slight increase in poly(GlyAla) (Fig. 6B), consistent with the
moderate increase in intron-containing RNA produced by these siRNAs (Fig. SA). The combination
of sense- and antisense-targeting siRNAs did not enhance the inhibition of poly(GlyAla) achieved by
the sense-targeting siRNA alone. The sense-targeting siRNAs inhibited poly(GlyPro) synthesis by
approximately 20%, while the antisense-targeting siRNAs produced a stronger 60-70% knockdown
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(Fig. 6C). Combining the sense- and antisense-targeting siRNAs further reduced poly(GlyPro)
synthesis, achieving an approximately 80% knockdown (Fig. 6C). These results support the
expectation that a sense RNA serves as the template for translation of poly(GlyAla), while
poly(GlyPro) is synthesized from both sense and antisense RNA templates. The stronger inhibition of
poly(GlyPro) synthesis achieved with the antisense-targeting siRNAs indicates that the majority of
this DPR protein is produced from antisense transcripts in the 300X model. With poly(GlyAla) and
poly(GlyPro) as the surrogates for sense (poly(GlyAla), poly(GlyPro), and poly(GlyArg)) and
antisense (poly(GlyPro), poly(AlaPro), and poly(ProArg)) RNA DPR synthesis, respectively, the
results demonstrate that therapeutic RNAi for C9orf72 ALS may require siRNAs that target both the

sense and antisense transcripts to achieve maximal inhibition of DPR protein synthesis.

Table 10A. Unmodified Nucleotide Sequences of Antisense-Targeting RNAi Agents

Duplex Name | Sense Antisense

AD-1446213 GCUUCGGUCAGAGAAAUGAGA UCUCAUUUCUCUGACCGAAGCUG
AD-1446246 UUCCCUCCUUGUUUUCUUCUA UAGAAGAAAACAAGGAGGGAAAC
AD-1446268 CUUUAUCAGGUCUUUUCUUGA UCAAGAAAAGACCUGAUAAAGAU

Table 10B. Unmodified Nucleotide Sequences of Sense-Targeting RNAi Agents

Duplex Name | Sense Antisense
AD-1285238 AACAAGAAAAGACCUGAUAAA UUUAUCAGGUCUUUUCUUGUUCA
AD-1285234 AGAAAAGACCUGAUAAAGAUA UAUCUUUAUCAGGUCUUUUCUUG

Table 10C. Modified Nucleotide Sequences of Antisense-Targeting RNAi Agents

Duplex Name Sense Antisense

AD-1446213.1 | gscsuuc(Ghd)GfuCfAfGfagaaaugasgsa VPusCfsucaUfuUfCfucugAfcCfgaagcsusg
AD-1446246.1 | ususccc(Uhd)CfcUfUfGfuuuucuucsusa VPusAfsgaaGfaAfAfacaaGfgAfgggaasasc
AD-1446268.1 | csusuua(Uhd)CfaGfGfUfcuuuucuusgsa VPusCfsaagAfaAfAfgaccUfgAfuaaagsasu

Table 10D. Modified Nucleotide Sequences of Sense-Targeting RNAi Agents

Duplex Name | Sense Antisense
AD-1285238.1 | asascaa(Ghd)AfaAfAfGfaccugauasasa VPusUfsuauCfaGfGfucuuUfuCfuuguuscsa
AD-1285234.1 | asgsaaa(Ahd)GfaCfCfUfgauaaagasusa VPusAfsucuUfuAfUfcaggUfcUfuuucususg

Example 6. In vivo screening of dsRNA Duplexes in Mice

Duplexes targeting the antisense strand of intron 1A of C90rf72 were evaluated in vivo.

Table 11 provides the unmodified sense and antisense strand nucleotide sequences of the
agents targeting the antisense strand of C90rf72 intron 1A and Table 12 provides the modified sense
and antisense strand nucleotide sequences of the agents targeting the antisense strand of C9orf72
intron 1A used in this study.

At pre-dose day -14 wild-type mice (C57BL/6) were transduced with either 2 x 10'° or 2 x
10'"! viral particles of an adeno-associated virus 8 (AAV) vector including a region between exon 1A
and the repeat expansion of human C90rf72, which includes a portion of intron 1A by intravenous

administration. The antisense vector sequence is provided in SEQ ID NO: 94.
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At day 0, groups of three mice were intrathecally administered a single 3 mg/kg dose of the
agents of interest, a single 3 mg/kg or 10 mg/kg dose of a dsSRNA agent targeting a gene other than
CY9orf72 as a positive control, or PBS control. At day 14 post-dose animals were sacrificed, brain
samples were collected and snap-frozen in liquid nitrogen. Brain RNA was extracted and analyzed by
the RT-QPCR method.

Intronic probes were used to detect the region within the intron. Antisense intron levels of
human C9orf72 were compared to a housekeeping gene, GAPDH. The values were then normalized
to the average of PBS vehicle control group. The data were expressed as percent of baseline value,
and presented as mean plus standard deviation. The results, listed in Table 13 and shown in Figure 7,
demonstrate that the exemplary duplex agents tested that target the antisense strand of intron 1A of

human C9orf72 potently reduce the level of the human C90rf92 antisense RNA in vivo.
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Example 7. Mapping of the C90rf72 antisense RNA transcription start site

Mapping of the transcription start site (T'SS) of the antisense transcripts produced by a
humanized mouse C9orf72 alleles by 5’-RACE revealed that all of the cDNA clones shared the same
sequence, which mapped a single TSS at an adenosine 171 bp downstream of the 3’ end of the exon
1B coding DNA, approximately 270 bp downstream of the GGGGCC hexanucleotide repeat
expansion. To confirm this mapping and measure the abundance of the antisense produced from the
TSS, a collection of strand-specific Nanostring® probes was employed to quantify C9orf72 antisense
RNA. The probes were designed to hybridize to antisense RNA derived from different regions of the
humanized alleles, near the mapped start site (probe I) and both upstream (probe GG) and downstream
of the start site (probes 3’-rep, 5’-rep, E and A) (FIG. 8). We also designed probes to recognize
antisense RNAs that might extend from 200-1200 nucleotides upstream of the start site of mouse
sense RNA exon 1A.

The Nanostring results revealed that in ES cell-derived motor neurons (ESC-MNs) with 96
hexanucleotide repeats (96X) or greater (295X and 545X), antisense RNA was produced from the
mapped initiation site (probe I) and extends through the repeat expansion (probes 3’-rep, 5’-rep, E and
A) and at least 1500 bp out into the mouse gene’s 5’ flanking sequence. Consistent with the mapped
start site, no antisense transcripts with probe G was detected. Some antisense transcription was
detected at the initiation site (probe I) in the 3X control ESC-MNs, but no significant accumulation of
transcripts that elongated into the 3X repeat or beyond. Therefore, productive antisense RNA
transcription, that is the accumulation of elongated transcripts, required longer repeat expansions.
Accumulation of the extended antisense RNAs is dependent on the humanized allele and repeat
expansion greater than 3X.

The mapping of the antisense RNA TSS and the extension of the elongated transcripts serves
as a guide to direct targeting of the antisense RNA destruction by, for example, siRNA-directed RNA
interference or antisense oligonucleotide directed RNase H degradation. As the TSS mapped within
the human inserted sequence in the humanized mouse alleles, it is highly likely that it is the genuine
site used in human cells. Targeting human sequences that span between probe I at the TSS and probe
A in exon 1A (i.e., nucleotides 5026-5607 of NG_031977 (SEQ ID NO: 15)) and between probe I at
the TSS and probe E in exon 1A (i.e., nucleotides 5130-5607 of NG_031977 (SEQ ID NO: 15))
would be most likely to yield effective therapeutic agents. The Nanostring quantitative probing
indicated that the antisense RNAs extend far out into the mouse C90rf72 gene’s 5’ flanking sequence.
As it is likely that similar extension occurs in human cells, it could be productive to target

homologous sequences associated with the human C9orf72 gene.
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Informal Sequence Listing

SEQ ID NO:1

>NM_001256054.2 Homo sapiens C9 rf72-SMCR8 complex subunit (C%orf72),
transcript variant 3, mRNA
ACGTAACCTACGGTGTCCCGCTAGGAAAGAGAGGTGCGTCAAACAGCGACAAGTTCCGCCCACGTAAAAG
ATGACGCTTGGTGTGTCAGCCGTCCCTGCTGCCCGGTTGCTTCTCTTTTGGGGGCGGGGTCTAGCAAGAG
CAGGTGTGGGTTTAGGAGATATCTCCGGAGCATTTGGATAATGTGACAGTTGGAATGCAGTGATGTCGAC
TCTTTGCCCACCGCCATCTCCAGCTGTTGCCAAGACAGAGATTGCTTTAAGTGGCAAATCACCTTTATTA
GCAGCTACTTTTGCTTACTGGGACAATATTCTTGGTCCTAGAGTAAGGCACATTTGGGCTCCAAAGACAG
AACAGGTACTICTCAGTIGATGGAGAAATAACTTTTCTTGCCAACCACACTCTAAATGGAGAAATCCTTCG
AAATGCAGAGAGTGGTGCTATAGATGTAAAGTTTITTTGTICTTGTCTGAAAAGGGAGTGATTATTGTTTCA
TTAATCTTTGATGGAAACTGGAATGGGGATCGCAGCACATATGGACTATCAATTATACTTCCACAGACAG
AACTTAGTTTCTACCTCCCACTTCATAGAGTGTGTGTTGATAGATTAACACATATAATCCGGAAAGGAAG
AATATGGATGCATAAGGAAAGACAAGAAAATGTCCAGAAGATTATCTTAGAAGGCACAGAGAGAATGGAA
GATCAGGGTCAGAGTATTATTCCAATGCTTACTGGAGAAGTGATTCCTGTAATGGAACTGCTTTCATCTA
TGAAATCACACAGTIGTTCCTGAAGAAATAGATATAGCTGATACAGTACTCAATGATGATGATATTGGTGA
CAGCTGTCATGAAGGCTTTICTTCTCAATGCCATCAGCTCACACTTGCAAACCTGTGGCTGTTCCGTTIGTA
GTAGGTAGCAGTGCAGAGAAAGTAAATAAGATAGTCAGAACATTATGCCTTTTTICTGACTCCAGCAGAGA
GAAAATGCTCCAGGTTATGTGAAGCAGAATCATCATTTAAATATGAGTCAGGGCTCTTTGTACAAGGCCT
GCTAAAGGATTCAACTGGAAGCTTTGTIGCTGCCTTTCCGGCAAGTCATGTATGCTCCATATCCCACCACA
CACATAGATGTGGATGTCAATACTGTGAAGCAGATGCCACCCTGTCATGAACATATTTATAATCAGCGTA
GATACATGAGATCCGAGCTGACAGCCTTCTGGAGAGCCACTTCAGAAGAAGACATGGCTCAGGATACGAT
CATCTACACTGACGAAAGCTTTACTCCTGATTTGAATATTTTTCAAGATGTCTTACACAGAGACACTCTA
GTGAAAGCCTTCCTGGATCAGGTCTTTCAGCTGAAACCTGGCTTATCTCTCAGAAGTACTTTCCTTGCAC
AGTTTCTACTTGTCCTTCACAGAAAAGCCTTGACACTAATAAAATATATAGAAGACGATACGCAGAAGGG
AAAAAAGCCCTTTAAATCTCTTCGGAACCTGAAGATAGACCTTGATTTAACAGCAGAGGGCGATCTTAAC
ATAATAATGGCTCTGGCTGAGAAAATTAAACCAGGCCTACACTCTTTTATCTTTGGAAGACCTTTCTACA
CTAGTGTGCAAGAACGAGATGTTCTAATGACTTTTTAAATGTGTAACTTAATAAGCCTATTCCATCACAA
TCATGATCGCTGGTAAAGTAGCTCAGTGGTGTGGGGAAACGTTCCCCTGGATCATACTCCAGAATTCTGC
TCTCAGCAATTGCAGTTAAGTAAGTTACACTACAGTTCTCACAAGAGCCTGTGAGGGGATGTCAGGTGCA
TCATTACATTGGGTIGTCTICTTTTCCTAGATTTATGCTTTTGGGATACAGACCTATGTTTACAATATAATA
AATATTATTGCTATCTTTTAAAGATATAATAATAGGATGTAAACTTGACCACAACTACTGTTTTTTTGAA
ATACATGATTCATGGTTTACATGTGTCAAGGTGAAATCTGAGTTGGCTTTTACAGATAGTTGACTTTCTA
TCTTTTGGCATTCTTTGGTGTGTAGAATTACTGTAATACTTCTGCAATCAACTGAAAACTAGAGCCTTTA
AATGATTTCAATTCCACAGAAAGAAAGTGAGCTTGAACATAGGATGAGCTTTAGAAAGAAAATTGATCAA
GCAGATGTTTAATTGGAATTGATTATTAGATCCTACTTTGTGGATTTAGTCCCTGGGATTCAGTCTGTAG
AAATGTCTAATAGTTCTCTATAGTCCTTGTTCCTGGTGAACCACAGTTAGGGTGTTTTGTTTATTTTATT
GITTCTTGCTATTGTTGATATTCTATGTAGTTGAGCTCTGTAAAAGGAAATTGTATTTTATGTTTTAGTAA
TTGTTGCCAACTTTTTAAATTAATTTTCATTATTTTTGAGCCAAATTGAAATGTGCACCTCCTGTGCCTT
TTTTCTCCTTAGAAAATCTAATTACTTGGAACAAGTTCAGATTTCACTGGTCAGTCATTTTCATCTTGTT
TTCTTCTTGCTAAGTCTTACCATGTACCTGCTTTGGCAATCATTGCAACTCTGAGATTATAAAATGCCTT
AGAGAATATACTAACTAATAAGATCTTTTTTTCAGAAACAGAAAATAGTTCCTTGAGTACTTICCTTICTTIG
CATTTCTGCCTATGTTTTTGAAGTTIGTTGCTGTTTGCCTGCAATAGGCTATAAGGAATAGCAGGAGAAAT
TTTACTGAAGTGCTGTTTTCCTAGGTGCTACTTTGGCAGAGCTAAGTTATCTTTTGTTTTICTTAATGCGT
TTGGACCATTTTGCTGGCTATAAAATAACTGATTAATATAATTCTAACACAATGTTGACATTGTAGTTAC
ACAAACACAAATAAATATTTTATTTAAAATTCTGGAAGTAATATAAAAGGGAAAATATATTTATAAGARAA
GGGATAAAGGTAATAGAGCCCTTCTGCCCCCCACCCACCAAATTTACACAACAAAATGACATGTTCGAAT
GTGAAAGGTCATAATAGCTTTCCCATCATGAATCAGAAAGATGTGGACAGCTTGATGTTTTAGACAACCA
CTGAACTAGATGACTGTTGTACTGTAGCTCAGTCATTTAAAARAATATATAAATACTACCTTGTAGTGTCC
CATACTGTIGTTTTTTACATGGTAGATTCTTATTTAAGTGCTAACTGGTTATTTTICTTTGGCTGGTTTATT
GTACTGTTATACAGAATGTAAGTTGTACAGTGAAATAAGTTATTAAAGCATGTGTAAACATTGTTATATA
TCTTTTCTCCTAAATGGAGAATTTTGAATAAAATATATTTGAAATTTTAAAAAAANAARAAARAARA

SEQ ID NO:2

>XM_005581570.2 PREDICTED: Macaca fascicularis chromosome 15 open reading

frame, huma C9orf72 (C1l5HY%0rf72), transcript variant X2, mRNA

ACGTAACCTACGGTGTCCCGCTAGGARAGAGAGGCGCGTCAAACAGCGACAAGTTCCGCCCACGTAARAG
ATGACGCTTGGTGCGTCAGCCGTCCCTGCTGCCCGGTTCCTTCTCTCTGGGGGCGGGGCCTGGCTAGAGC
AGGTGTGGGTTTAGGAGATATCTCAGGAGCATTTGGATAATGTGACAGTTGGAATGCAGTGATGTCGACT
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CTTTGCCCACCGCCATCTCCAGCTGTTGCCAAGACAGAGATTGCTTTAAGTGGTGAATCACCTTTATTAG
CAGCTACTTTTGCTTACTGGGACAATATTCTTGGTCCTAGAGTAAGGCACATTTGGGCTCCAAAGACAGA
ACAGGTACTTCTCAGTGACGGAGAAATAACTTTTCTTGCCAACCACACTCTAAATGGAGAAATCCTTCGA
AATGCAGAGAGTGGTGCTATAGATGTAAAGTTTTTTGTICTTGTCTGAAAAGGGAGTGATTATTGTTTCAT
TAATCTTTGATGGAAACTGGAATGGGGATCGCAGCACATACGGACTATCAATTATACTTCCACAGACAGA
ACTTAGTTTCTACCTCCCACTTCATAGAGTGTGTGTTGATAGATTAACACATATAATCCGGAAAGGAAGA
ATATGGATGCATAAGGAAAGACAAGAAAATGTCCAGAAGATTATCTTAGAAGGCACAGAGAGAATGGAAG
ATCAGGGTCAGAGTATTATTCCAATGCTTACTGGAGAAGTGATTCCTGTAATGGAACTGCTTTCATCTAT
GAAATCACACAGTGTTCCTGAAGAAATAGATATAGCTGATACAGTACTCAATGATGATGATATTGGTGAC
AGTTGTCATGAAGGCTTTCTTCTCAATGCCATCAGCTCACACTTGCAAACCTGTGGCTGTITCCGTTGTAG
TAGGTAGCAGTGCAGAGAAAGTAAATAAGATAGTCAGAACATTATGCCTTTTTCTGACTGCAGCAGAGAG
AAAATGCTCCAGGTTATGTGAAGCAGAATCATCATTTAAATATGAGTCAGGGCTCTTTGTACAGGGCCTG
CTAAAGGATTCAACTGGAAGCTTTGTGCTGCCTTTCCGGCAAGTCATGTATGCTCCATATCCCACCACAC
ACATAGATGTGGATGTCAATACTGTGAAGCAGATGCCACCCTGTCATGAACATATTTATAATCAGCGTAG
ATACATGAGATCCGAGCTGACAGCCTTCTGGAGAGCCACTTCAGAAGAAGACATGGCTCAGGATACGATC
ATCTACACTGACGAAAGCTTTACTCCTGATTTGAATATTTTTCAAGATGTCTTACACAGAGACACTCTAG
TGAAAGCCTTCCTGGATCAGGTICTTTCAGCTGAAACCTGGCTTATCTCTCAGGAGTACTTTCCTTGCACA
GTTTTTACTTGTCCTTCACAGAAAAGCCTTGACACTAATAAAATATATAGAAGATGATACGCAGAAGGGA
AAAAAGCCCTTTAAATCTCTTCGGAACCTGAAGATAGACCTTGATTTAACAGCAGAGGGCGATCTTAACA
TAATAATGGCTCTGGCTGAGAAAATTAAACCAGGCCTACACTCTTTTATCTTTGGAAGACCTTTCTACAC
TAGTGTACAAGAACGAGATGTTICTAATGACTTTTTAAATGTGTAACTTAATAAGCCTATTCCATCACAAT
CGTGATCGCTGCTAAAGTAGCTCGGTGGTGTGGGGAAACATTCCCCTGGATCATACTCCAGAGCTCTGCT
CGGCAGTTGCAGTTAAGTTAGTTACACTACAGTTCTCACAAGAGTCTGTGAGGGGATGTCAGGTGCATCA
TTACATTGGATGTCTCTTTTCCTAGATTTATGCTTTTGGGATACAGACCTATGTTTACAATATAATAGGT
ATTATTGCTGTICTTTTAAATATATAATAATAGGATATAAACTTGACCACAACTGCTGTTITTTTTGAAATA
TATGATTCATGGTTTACATGTATTAAGGTGAAATCCGAGTTCGCTTTTACAGATATTAGTTGACTTTCTA
TCTTTTGGCATTCTTTGGTGTGTGGAATTACTGTAATACTTCTGCAATCAACTGAAAATTAGAGCCTTTA
AATGATTTCAGTTCCACAGAAAGAAAGTGAGCTTCAACATAGGATAAGCTTTAGAAAGAGAATTGATCAA
GCAGATGTTTAATTGGAATTGATTATTAGATCCTGCTTTGTGGATTTAGCCCTCGGGATTCAGTCTGTAG
AAATGTCTGATAGTTCTCTATAGTCCCTGCTCATGGTGAACCACAGTTAGGATGTTTTGTTTGTTTTATT
GTTGTTGCTATTGTTGATGTTICTATATAGTTGAGCTCTGTAAAAGGAAATTGTATTTTATGTTTTAGTAG
TTGTTGCCAACTTTTTAAATTAATTTTCATTATTTTTGAGCCAAATTGAAATGTGCACCTCCTGTGCCTT
TTTTTTCCTTGGAAAATCGAATTACTTGGAAGAAGTTCAGATTTCACTGGTCAGTCGTTTTCATCTTGTT
TTCTTCTTGCAGAGTCTTACCATGTACCTGCTTTGGCAATCATTGTAACTCTGAGATTATAAAATGCATT
AGAGAATATATTAACTAATAAGATCTTTTTTTTCAGGAACAGAAAATAGTTCCTTGAGTACTTCCTTCTT
ACATTTCTGCCCATGTITTTTGAAGTTGTTGCCATTTGCCTGCAATAGGCTATAAGGAATAGCAGGAGAAA
TTTTACTGAAGTGCTATTTTTCTAGGTGCTACTTTGGCAGAGCTAAGTGGTCTGTTICTTITTGTTTCCTT
AATGCGTTTGGACCATTTTGCTGGCTGTAAAATAACTGATTAATATAATTCTAACACAATATTGACATTG
TAGTGTACACAAACACAAATATTTTATTTAAAACTGGAAGTAACATAAAAGGGAAAATATATTTATAAGA
AAGGAATAAAGGTAATAGAGCTCTTCTGTCCCCCAGCCACCAAATTTACACAACAAAATGATATGTTCTA
ATGTGAAAGGTCATAATAGCTTTCCCATCATTAATCAGAAAGATGTGGCAGCTTGATTTTTCAGACAACC
CCTGAACTAGATGACTGTITGTACTGTAGCTCAGTCATTTAAAAAATATATAAATACTATCTCGTAGTGTC
CCATACTATGTTTTTTACATGATAGATTCTTATTTAAGTGCTACCTGGTTATTTTICTTTGGCTGGTTTAT
TGTACTGTTATATAGAATGTAAGTTGTACAGTGAAATAAGTTATTAAAGCATGTGTAAACATTGTTATAT
ATCTTTTCTCCTAGATGGAGAATTTTGAATAAAATATATTTGAAATTTT

SEQ ID NO:3

>NM_001081343.2 Mus musculus C9orf72, member of CY90orf72-SMCR8 complex
(C90rf72), transcript variant 1, mRNA
GCGGTTGCGGTCCCTGCGCCGGCGGTGAAGGCGCAGCAGCGGCGAGTGGCTATTGCAAGCGTTCGGATAA
TGTGAGACCTGGAATGCAGTGAGACCTGGGATGCAGGGATGTCGACTATCTGCCCCCCACCATCTCCTGC
TGTTGCCAAGACAGAGATTGCTTTAAGTGGTGAATCACCCTTIGTTGGCGGCTACCTTTGCTTACTGGGAT
AATATTCTTGGTCCTAGAGTAAGGCATATTTGGGCTCCAAAGACAGACCAAGTGCTTCTCAGTGATGGAG
AAATAACTTTTCTTGCCAACCACACTCTAAATGGAGAAATTCTTCGAAATGCAGAGAGTGGGGCTATAGA
TGTAAAATTTTTTIGTCTTATCTGAAARAAGGGGTAATTATTGTTTCATTAATCTTCGACGGAAACTGGAAT
GGAGATCGGAGCACTTATGGACTATCAATTATACTGCCGCAGACAGAGCTGAGCTTCTACCTCCCACTTC
ACAGAGTGTGTGTTGACAGGCTAACACACATTATTCGAAAAGGAAGAATATGGATGCATAAGGAAAGACA
AGAAAATGTCCAGAAAATTGTCTTGGAAGGCACAGAGAGGATGGAAGATCAGGGTCAGAGTATCATTCCC
ATGCTTACTGGGGAAGTCATTCCTGTAATGGAGCTGCTTGCATCTATGAAATCCCACAGTGTTCCTGAAG
ACATTGATATAGCTGATACAGTIGCTCAATGATGATGACATTGGTGACAGCTGTCACGAAGGCTTTCTTICT
CAATGCCATCAGCTCACACCTGCAGACCTGTGGCTGTTCCGTTGTAGTTGGCAGCAGTGCAGAGAAAGTA
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AATAAGATAGTAAGAACGCTGTGCCTTTTTCTGACACCAGCAGAGAGGAAATGCTCCAGGCTGTGTGAAG
CAGAATCGTCCTTTAAGTACGAATCGGGACTCTTTGTGCAAGGCTTGCTAAAGGATGCAACAGGCAGTTT
TGTCCTACCCTTCCGGCAAGTTATGTATGCCCCGTACCCCACCACGCACATTGATGTGGATGTCAACACT
GTCAAGCAGATGCCACCGTGTCATGAACATATTTATAATCAACGCAGATACATGAGGTCAGAGCTGACAG
CCTTCTGGAGGGCAACTTCAGAAGAGGACATGGCGCAGGACACCATCATCTACACAGATGAGAGCTTCAC
TCCTGATTTGAATATTTTCCAAGATGTCTTACACAGAGACACTCTAGTGAAAGCCTTICCTGGATCAGGTC
TTCCATTTGAAGCCTGGCCTGTICTCTCAGGAGTACTTTCCTTGCACAGTTCCTCCTCATTCTTCACAGAA
AAGCCTTGACACTAATCAAGTACATCGAGGATGATACGCAGAAGGGGAAAAAGCCCTTTAAGTICTCTTCG
GAACCTGAAGATAGATCTTGATTTAACAGCAGAGGGCGATCTTAACATAATAATGGCTCTAGCTGAGAAA
ATTAAGCCAGGCCTACACTCTTTCATCTTTGGGAGACCTTTCTACACTAGTGTACAAGAACGTGATGTTC
TAATGACCTTTTGACCGTIGTGGTTTGCTGTGTCTGTCTICTTCACAGTCACACCTGCTGTTACAGTGTCTC
AGCAGTGTGTGGGCACATCCTTCCTCCCGAGTCCTGCTGCAGGACAGGGTACACTACACTTGTCAGTAGA
AGTCTGTACCTGATGTCAGGTGCATCGTTACAGTGAATGACTCTTCCTAGAATAGATGTACTCTITTTAGG
GCCTTATGTTTACAATTATCCTAAGTACTATTGCTGTICTTTTAAAGATATGAATGATGGAATATACACTT
GACCATAACTGCTGATTGGTTTTTTGTTTTGTTTTGTTTGTTTTCTTGGAAACTTATGATTCCTGGTTTA
CATGTACCACACTGAAACCCTCGTTAGCTTTACAGATAAAGTGTGAGTTGACTTCCTGCCCCTCTGTGTT
CTGTGGTATGTCCGATTACTTICTGCCACAGCTAAACATTAGAGCATTTAAAGTTTGCAGTTCCTCAGAAA
GGAACTTAGTCTGACTACAGATTAGTTCTTGAGAGAAGACACTGATAGGGCAGAGCTGTAGGTGAAATCA
GTTGTTAGCCCTTCCTTTATAGACGTAGTCCTTCAGATTCGGTCTGTACAGAAATGCCGAGGGGTCATGC
ATGGGCCCTGAGTATCGTGACCTGTGACAAGTTTTTTGTTGGTTTATTGTAGTTCTGTCAAAGAAAGTGG
CATTTGTTTTTATAATTGTTGCCAACTTTTAAGGTTAATTTTCATTATTTTTGAGCCGAATTAAAATGCG
CACCTCCTGTGCCTTTCCCAATCTTGGAAAATATAATTTCTTGGCAGAGGGTCAGATTTCAGGGCCCAGT
CACTTTCATCTGACCACCCTTTGCACGGCTGCCGTGTGCCTGGCTTAGATTAGAAGTCCTTGTTAAGTAT
GTCAGAGTACATTCGCTGATAAGATCTTTGAAGAGCAGGGAAGCGTCTTGCCTCTTTCCTTTIGGTTTICTG
CCTGTACTCTGGTGTTTCCCGTGTCACCTGCATCATAGGAACAGCAGAGAAATCTGACCCAGTGCTATTT
TTCTAGGTGCTACTATGGCAAACTCAAGTGGTCTGTTICTGTTCCTGTAACGTTCGACTATCTCGCTAGC
TGTGAAGTACTGATTAGTGGAGTTCTGTGCAACAGCAGTGTAGGAGTATACACAAACACAAATATGTGTT
TCTATTTAAAACTGTGGACTTAGCATAAAAAGGGAGAATATATTTATTTTTTACAAAAGGGATAAAAATG
GGCCCCGTTCCTCACCCACCAGATTTAGCGAGAAAAAGCTTTCTATTCTGAAAGGTCACGGTGGCTTTGG
CATTACAAATCAGAACAACACACACTGACCATGATGGCTTIGTGAACTAACTGCAAGGCACTCCGTCATGG
TAAGCGAGTAGGTCCCACCTCCTAGTGTGCCGCTCATTGCTTTACACAGTAGAATCTTATTTGAGTGCTA
ATTGTTGTCTTTGCTGCTTTACTGTGTTGTTATAGAAAATGTAAGCTGTACAGTGAATAAGTTATTGAAG
CATGTGTAAACACTGTTATATATCTTTTCTCCTAGATGGGGAATTTTGAATAAAATACCTTTGAAATTCT
G

SEQ ID NO:4

>NM_001007702.1 Rattus norvegicus similar to RIKEN cDNA 3110043021
(RGD1359108), mRNA
CGTTTGTAGTGTCAGCCATCCCAATTGCCTGTTCCTTICTCTGTGGGAGTGGTGTCTAGACAGTCCAGGCA
GGGTATGCTAGGCAGGTGCGTTTTGGTTGCCTCAGATCGCAACTTGACTCCATAACGGTGACCAAAGACA
AAAGAAGGAAACCAGATTAAARAAGAACCGGACACAGACCCCTGCAGAATCTGGAGCGGCCGTGGTTGGGG
GCGGGGCTACGACGGGGCGGACTCGGGGGCGTGGGAGGGCGGGGCCGGGGCGGGGCCCGGAGCCGGCTGL
GGTTGCGGTCCCTGCGCCGGCGGTGAAGGCGCAGCGGCGGCGAGTGGCTATTGCAAGCGTTTGGATAATG
TGAGACCTGGGATGCAGGGATGTCGACTATCTGCCCCCCACCATCTCCTGCTGTTGCCAAGACAGAGATT
GCTTTAAGTGGTGAATCACCCTTGTTGGCGGCTACCTTTGCTTACTGGGATAATATTCTTGGTCCTAGAG
TAAGGCACATTTGGGCTCCAAAGACAGACCAAGTACTCCTCAGTGATGGAGAAATCACTTTTCTTGCCAA
CCACACTCTGAATGGAGAAATTCTTCGGAATGCGGAGAGTGGGGCAATAGATGTAAAGTTTTTTGTCTTA
TCTGAAAAGGGCGTCATTATTGTTTCATTAATCTTCGACGGGAACTGGAACGGAGATCGGAGCACTTACG
GACTATCAATTATACTGCCGCAGACGGAGCTGAGTTTCTACCTCCCACTGCACAGAGTGTIGTGTTGACAG
GCTAACGCACATCATTCGAAAAGGAAGGATATGGATGCACAAGGAAAGACAAGAAAATGTCCAGAAAATT
GTCTTGGAAGGCACCGAGAGGATGGAAGATCAGGGTCAGAGTATCATCCCTATGCTTACTGGGGAGGTCA
TCCCTGTGATGGAGCTGCTTGCGTCTATGAGATCACACAGTGTTCCTGAAGACCTCGATATAGCTGATAC
AGTACTCAATGATGATGACATTGGTGACAGCTGTCATGAAGGCTTTCTTCTCAATGCCATCAGCTCACAT
CTGCAGACCTGCGGCTGTTICTGTGGTGGTAGGCAGCAGTGCAGAGAAAGTAAATAAGATAGTAAGAACAC
TGTGCCTTTTTCTGACACCAGCAGAGAGGAAGTGCTCCAGGCTGTGTGAAGCCGAATCGTCCTTTAAATA
CGAATCTGGACTCTTTGTACAAGGCTTGCTAAAGGATGCGACTGGCAGTTTTGTACTACCTTTCCGGCAA
GTTATGTATGCCCCTTATCCCACCACACACATCGATGTGGATGTCAACACTGTCAAGCAGATGCCACCGT
GTCATGAACATATTTATAATCAACGCAGATACATGAGGTCAGAGCTGACAGCCTTCTGGAGGGCAACTTC
AGAAGAGGACATGGCTCAGGACACCATCATCTACACAGATGAGAGCTTCACTCCTGATTTGAATATTTTC
CAAGATGTCTTACACAGAGACACTCTAGTGAAAGCCTTTCTGGATCAGGTCTTCCATTTGAAGCCTGGCC
TGTCTCTCAGGAGTACTTTCCTTGCACAGTTCCTCCTCATTCTTCACAGAARAAGCCTTGACACTAATCAA
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GTACATAGAGGATGACACGCAGAAGGGGAAAAAGCCCTTTAAGTCTCTTCGGAACCTGAAGATAGATCTT
GATTTAACAGCAGAGGGCGACCTTAACATAATAATGGCTCTAGCTGAGAAAATTAAGCCAGGCCTACACT
CTTTCATCTTCGGGAGACCTTTCTACACTAGTGTCCAAGAACGTGATGTTCTAATGACTTTTTAAACATG
TGGTTTGCTCCGTGTGTCTCATGACAGTCACACTTGCTGTTACAGTGTCTCAGCGCTTTGGACACATCCT
TCCTCCAGGGTCCTGCCGCAGGACACGTTACACTACACTTGTCAGTAGAGGTCTGTACCAGATGTCAGGT
ACATCGTTGTAGTGAATGTICTCTTTTCCTAGACTAGATGTACCCTCGTAGGGACTTATGTTTACAACCCT
CCTAAGTACTAGTGCTGTICTTGTAAGGATACGAATGAAGGGATGTAAACTTCACCACAACTGCTGGTTGG
TTTTGTTGTTTTTGTTTTTTGAAACTTATAATTCATGGTTTACATGCATCACACTGAAACCCTAGTTAGC
TTTTTACAGGTAAGCTGTGAGTITGACTGCCTGTCCCTGTGTTCTCTGGCCTGTACGATCTGTGGCGTGTA
GGATCACTTTTGCAACAACTAAAAACTAAAGCACTTTIGTTTGCAGTTCTACAGAAAGCAACTTAGTCTGT
CTGCAGATTCGTTTTTGAAAGAAGACATGAGAAAGCGGAGTTTTAGGTGAAGTCAGTTGTTGGATCTTCC
TTTATAGACTTAGTCCTTTAGATGTGGTCTGTATAGACATGCCCAACCATCATGCATGGGCACTGAATAT
CGTGAACTGTGGTATGCTTTTTGTTGGTTTATTGTACTTICTGTCAAAGAAAGTGGCATTGGTTTTTATAA
TTGTTGCCAAGTTTTAAGGTTAATTTTCATTATTTTTGAGCCAAATTAAAATGTGCACCTCCTGTGCCTT
TCCCAATCTTGGAAAATATAATTTCTTGGCAGAAGGTCAGATTTCAGGGCCCAGTCACTTTCGTCTGACT
TCCCTTTGCACAGTCCGCCATGGGCCTGGCTTAGAAGTTCTTGTAAACTATGCCAGAGAGTACATTCGCT
GATAAAATCTTCTTTGCAGAGCAGGAGAGCTTCTTGCCTCTTTICCTTTCATTTCTGCCTGGACTTTGGTG
TTCTCCACGTTCCCTGCATCCTAAGGACAGCAGGAGAACTCTGACCCCAGTGCTATTTCTCTAGGTGCTA
TTGTGGCAAACTCAAGCGGTCCGTCTCTGTCCCTGTAACGTTCGTACCTTGCTGGCTGTGAAGTACTGAC
TGGTAAAGCTCCGTGCTACAGCAGTGTAGGGTATACACAAACACAAGTAAGTGTTTTATTTAAAACTGTG
GACTTAGCATAAAAAGGGAGACTATATTTATTTTTTACAAAAGGGATAAAAATGGAACCCTTTCCTCACC
CACCAGATTTAGTCAGAAAAAAACATTCTATTCTGAAAGGTCACAGTGGTTTTGACATGACACATCAGAA
CAACGCACACTGTCCATGATGGCTTATGAACTCCAAGTCACTCCATCATGGTAAATGGGTAGATCCCTCC
TTCTAGTGTGCCACACCATTGCTTCCCACAGTAGAATCTTATTTAAGTGCTAAGTGTTGTICTCTGCTGGT
TTACTCTGTTGTTTTAGAGAATGTAAGTTGTATAGTGAATAAGTTATTGAAGCATGTGTAAACACTGTTA
TACATCTTTTCTCCTAGATGGGGAATTTGGAATAAAATACCTTTAAAATTCAAAAAAAAAAAAAANAANA
AARAAA

SEQ ID NO:5

>Reverse Complement of SEQ ID NO:1
TTTTTTTTTTTTTTTTTTAAAATTTCAAATATATTTTATTCAAAATTCTCCATTTAGGAGAAAAGATATATAACA
ATGTTTACACATGCTTTAATAACTTATTTCACTGTACAACTTACATTCTGTATAACAGTACAATAAACCAGCCAA
AGAAAATAACCAGTTAGCACTTAAATAAGAATCTACCATGTAAAAAACACAGTATGGGACACTACAAGGTAGTAT
TTATATATTTTTTAAATGACTGAGCTACAGTACAACAGTCATCTAGTTCAGTGGTTGTCTAAAACATCAAGCTGT
CCACATCTTTCTGATTCATGATGGGAAAGCTATTATGACCTTTCACATTCGAACATGTCATTTTGTTGTGTAAAT
TTGGTGGGTGGGGGGCAGAAGGGCTCTATTACCTTTATCCCTTTCTTATAAATATATTTTCCCTTTTATATTACT
TCCAGAATTTTAAATAAAATATTTATTTGTGTTTGTGTAACTACAATGTCAACATTGTGTTAGAATTATATTAAT
CAGTTATTTTATAGCCAGCAAAATGGTCCAAACGCATTAAGAAAACAAAAGATAACTTAGCTCTGCCAAAGTAGC
ACCTAGGAAAACAGCACTTCAGTAAAATTTCTCCTGCTATTCCTTATAGCCTATTGCAGGCAAACAGCAACAACT
TCAAAAACATAGGCAGAAATGCAAGAAGGAAGTACTCAAGGAACTATTTTCTGTTTCTGAAAAAAAGATCTTATT
AGTTAGTATATTCTCTAAGGCATTTTATAATCTCAGAGTTGCAATGATTGCCAAAGCAGGTACATGGTAAGACTT
AGCAAGAAGAARAACAAGATGAAAATGACTGACCAGTGAAATCTGAACTTGTTCCAAGTAATTAGATTTTCTAAGG
AGAAARAAAGGCACAGGAGGTGCACATTTCAATTTGGCTCAAAAATAATGAAAATTAATTTAAAAAGTTGGCAACA
ATTACTAAAACATAAAATACAATTTCCTTTTACAGAGCTCAACTACATAGAATATCAACAATAGCAAGAACAATA
AAATAAACAAAACACCCTAACTGTGGTTCACCAGGAACAAGGACTATAGAGAACTATTAGACATTTCTACAGACT
GAATCCCAGGGACTAAATCCACAAAGTAGGATCTAATAATCAATTCCAATTAAACATCTGCTTGATCAATTTTICT
TTCTAAAGCTCATCCTATGTTCAAGCTCACTTTCTTTCTGTGGAATTGAAATCATTTAAAGGCTCTAGTTTTCAG
TTGATTGCAGAAGTATTACAGTAATTCTACACACCAAAGAATGCCAAAAGATAGAAAGTCAACTATCTGTAAAAG
CCAACTCAGATTTCACCTTGACACATGTAAACCATGAATCATGTATTTCAAAAAAACAGTAGTTGTGGTCAAGTT
TACATCCTATTATTATATCTTTAAAAGATAGCAATAATATTTATTATATTGTAAACATAGGTCTGTATCCCAAAA
GCATAAATCTAGGAAAAGAGACACCCAATGTAATGATGCACCTGACATCCCCTCACAGGCTCTTGTGAGAACTGT
AGTGTAACTTACTTAACTGCAATTGCTGAGAGCAGAATTCTGGAGTATGATCCAGGGGAACGTTTCCCCACACCA
CTGAGCTACTTTACCAGCGATCATGATTGTGATGGAATAGGCTTATTAAGTTACACATTTAAAAAGTCATTAGAA
CATCTCGTTCTTGCACACTAGTGTAGAAAGGTCTTCCAAAGATAAAAGAGTGTAGGCCTGGTTTAATTTTCTCAG
CCAGAGCCATTATTATGTTAAGATCGCCCTCTGCTGTTAAATCAAGGTCTATCTTCAGGTTCCGAAGAGATTTAA
AGGGCTTTTTTCCCTTCTGCGTATCGTCTTCTATATATTTTATTAGTGTCAAGGCTTTTCTGTGAAGGACAAGTA
GAAACTGTGCAAGGAAAGTACTTCTGAGAGATAAGCCAGGTTTCAGCTGAAAGACCTGATCCAGGAAGGCTTTCA
CTAGAGTGTICTCTGTIGTAAGACATCTTGAAAAATATTCAAATCAGGAGTAAAGCTTTCGTCAGTGTAGATGATCG
TATCCTGAGCCATGTCTTICTTICTGAAGTGGCTCTCCAGAAGGCTGTCAGCTCGGATCTCATGTATCTACGCTGAT
TATAAATATGTTCATGACAGGGTGGCATCTGCTTCACAGTATTGACATCCACATCTATGTGTGTGGTGGGATATG
GAGCATACATGACTTIGCCGGAAAGGCAGCACAAAGCTTCCAGTTGAATCCTTITAGCAGGCCTTGTACARAGAGCC
CTGACTCATATTTAAATGATGATTCTGCTTCACATAACCTGGAGCATTTTCTCTCTGCTGGAGTCAGAAAAAGGC
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ATAATGTTCTGACTATCTTATTTACTTTCTCTGCACTGCTACCTACTACAACGGAACAGCCACAGGTTTGCAAGT
GTGAGCTGATGGCATTGAGAAGAAAGCCTTCATGACAGCTGTCACCAATATCATCATCATTGAGTACTGTATCAG
CTATATCTATTTCTTCAGGAACACTGTGTGATTTCATAGATGAAAGCAGTTCCATTACAGGAATCACTTCTCCAG
TAAGCATTGGAATAATACTCTGACCCTGATCTTCCATTICTCTCTGTGCCTTCTAAGATAATCTTCTGGACATTTT
CTTGTCTTTCCTTATGCATCCATATTCTTCCTTTCCGGATTATATGTGTTAATCTATCAACACACACTCTATGAA
GTGGGAGGTAGAAACTAAGTTCTGTCTGTGGAAGTATAATTGATAGTCCATATGTGCTGCGATCCCCATTCCAGT
TTCCATCAAAGATTAATGAAACAATAATCACTCCCTTTTCAGACAAGACAAAAAACTTTACATCTATAGCACCAC
TCTCTGCATTTCGAAGGATTTCTCCATTTAGAGTGTGGTTGGCAAGAAAAGTTATTTCTCCATCACTGAGAAGTA
CCTGTTCTGTCTTTGGAGCCCAAATGTGCCTTACTCTAGGACCAAGAATATTGTCCCAGTAAGCAAAAGTAGCTG
CTAATAAAGGTGATTTGCCACTTAAAGCAATCTCTGTCTTGGCAACAGCTGGAGATGGCGGTGGGCAAAGAGTCG
ACATCACTGCATTCCAACTGTCACATTATCCAAATGCTCCGGAGATATCTCCTAAACCCACACCTGCTCTTGCTA
GACCCCGCCCCCAAAAGAGAAGCAACCGGGCAGCAGGGACGGCTGACACACCAAGCGTCATCTTTITACGTGGGCG
GAACTTGTCGCTGTTTGACGCACCTCTCTTTCCTAGCGGGACACCGTAGGTTACGT

SEQ ID NO:6

>Reverse Complement of SEQ ID NO:2
AAAATTTCAAATATATTTTATTCAAAATTCTCCATCTAGGAGAAAAGATATATAACAATGTTTACACATGCTTTA
ATAACTTATTTCACTGTACAACTTACATTCTATATAACAGTACAATAAACCAGCCAAAGAAAATAACCAGGTAGC
ACTTAAATAAGAATCTATCATGTAAAARAACATAGTATGGGACACTACGAGATAGTATTTATATATTTTTTAAATG
ACTGAGCTACAGTACAACAGTCATCTAGTTCAGGGGTTGTCTGAAAAATCAAGCTGCCACATCTTTCTGATTAAT
GATGGGAAAGCTATTATGACCTTTCACATTAGAACATATCATTTTGTTGTGTAAATTTGGTGGCTGGGGGACAGA
AGAGCTCTATTACCTTTATTCCTTTCTTATAAATATATTITTICCCTTTTATGTTACTTCCAGTTTTAAATAAAATA
TTTGTGTTTGTGTACACTACAATGTCAATATTGTGTTAGAATTATATTAATCAGTTATTTTACAGCCAGCAAAAT
GGTCCAAACGCATTAAGGAAACAAAAGAAACAGACCACTTAGCTCTGCCAAAGTAGCACCTAGAAAAATAGCACT
TCAGTAAAATTTCTCCTGCTATTCCTTATAGCCTATTGCAGGCAAATGGCAACAACTTCAAAAACATGGGCAGAA
ATGTAAGAAGGAAGTACTCAAGGAACTATTTTCTGTTCCTGAAAAAARAAGATCTTATTAGTTAATATATTCTCTA
ATGCATTTTATAATCTCAGAGTTACAATGATTGCCAAAGCAGGTACATGGTAAGACTCTGCAAGAAGAARAACAAG
ATGAARAACGACTGACCAGTGAAATCTGAACTTCTTCCAAGTAATTCGATTTTCCAAGGAAAAARAARAGGCACAGGA
GGTGCACATTTCAATTTGGCTCAAAAATAATGAAAATTAATTTAAAAAGTTGGCAACAACTACTAAAACATAAAA
TACAATTTCCTTTTACAGAGCTCAACTATATAGAACATCAACAATAGCAACAACAATAARACAAACAAAACATCC
TAACTGTGGTTCACCATGAGCAGGGACTATAGAGAACTATCAGACATTTCTACAGACTGAATCCCGAGGGCTAAA
TCCACAAAGCAGGATCTAATAATCAATTCCAATTAAACATCTGCTTGATCAATTCTCTTTCTAAAGCTTATCCTA
TGTTGAAGCTCACTTTICTTTCTGTGGAACTGAAATCATTTAAAGGCTCTAATTTTCAGTTGATTGCAGAAGTATT
ACAGTAATTCCACACACCAAAGAATGCCAAAAGATAGAAAGTCAACTAATATCTGTAAAAGCGAACTCGGATTTC
ACCTTAATACATGTAAACCATGAATCATATATTTCAAAAAAACAGCAGTTGTGGTCAAGTTTATATCCTATTATT
ATATATTTAAAAGACAGCAATAATACCTATTATATTGTAAACATAGGTCTGTATCCCAAAAGCATAAATCTAGGA
AAAGAGACATCCAATGTAATGATGCACCTGACATCCCCTCACAGACTCTTGTGAGAACTGTAGTGTAACTAACTT
AACTGCAACTGCCGAGCAGAGCTCTGGAGTATGATCCAGGGGAATGTTTCCCCACACCACCGAGCTACTTTAGCA
GCGATCACGATTGTGATGGAATAGGCTTATTAAGTTACACATTTAAAAAGTCATTAGAACATCTCGTTCTTGTAC
ACTAGTGTAGAAAGGTCTTCCAAAGATAAAAGAGTGTAGGCCTGGTTTAATTTTCTCAGCCAGAGCCATTATTAT
GTTAAGATCGCCCTCTGCTGTTAAATCAAGGTCTATCTTCAGGTTCCGAAGAGATTTAAAGGGCTTTTTTCCCTT
CTGCGTATCATCTTCTATATATTTTATTAGTGTCAAGGCTTTTCTGTGAAGGACAAGTAAAAACTGTGCAAGGAA
AGTACTCCTGAGAGATAAGCCAGGTTTCAGCTGAAAGACCTGATCCAGGAAGGCTTTCACTAGAGTGTCTICTGTG
TAAGACATCTTGAAAAATATTCAAATCAGGAGTAAAGCTTTCGTCAGTGTAGATGATCGTATCCTGAGCCATGTC
TTCTTCTGAAGTGGCTCTCCAGAAGGCTGTCAGCTCGGATCTCATGTATCTACGCTGATTATAAATATGTTCATG
ACAGGGTGGCATCTGCTTCACAGTATTGACATCCACATCTATGTGTGTGGTGGGATATGGAGCATACATGACTTG
CCGGAAAGGCAGCACAAAGCTTCCAGTTGAATCCTTTAGCAGGCCCTGTACAAAGAGCCCTGACTCATATTTAAA
TGATGATTCTGCTTCACATAACCTGGAGCATTTTCTCTCTGCTGCAGTCAGAAAAAGGCATAATGTTCTGACTAT
CTTATTTACTTTCTCTGCACTGCTACCTACTACAACGGAACAGCCACAGGTTTGCAAGTGTGAGCTGATGGCATT
GAGAAGAAAGCCTTCATGACAACTGTCACCAATATCATCATCATTGAGTACTGTATCAGCTATATCTATTTICTTC
AGGAACACTGTGTGATTTCATAGATGAAAGCAGTTCCATTACAGGAATCACTTCTCCAGTAAGCATTGGAATAAT
ACTCTGACCCTGATCTTCCATTCTCTCTGTGCCTTCTAAGATAATCTTCTGGACATTTTICTTGTCTTTCCTTATG
CATCCATATTCTTCCTTTCCGGATTATATGTIGTITAATCTATCAACACACACTCTATGAAGTGGGAGGTAGAAACT
AAGTTCTGTCTGTGGAAGTATAATTGATAGTCCGTATGTGCTGCGATCCCCATTCCAGTTTCCATCAAAGATTAA
TGAAACAATAATCACTCCCTTTTCAGACAAGACAAAAAACTTTACATCTATAGCACCACTCTCTGCATTTCGAAG
GATTTCTCCATTTAGAGTGTGGTTGGCAAGAAAAGTTATTTCTCCGTCACTGAGAAGTACCTGTTICTGICTTTGG
AGCCCAAATGTGCCTTACTCTAGGACCAAGAATATTGTCCCAGTAAGCAAAAGTAGCTGCTAATAAAGGTGATTC
ACCACTTAAAGCAATCTICTGTCTTGGCAACAGCTGGAGATGGCGGTGGGCARAGAGTCGACATCACTGCATTCCA
ACTGTCACATTATCCAAATGCTCCTGAGATATCTCCTAAACCCACACCTGCTCTAGCCAGGCCCCGCCCCCAGAG
AGAAGGAACCGGGCAGCAGGGACGGCTGACGCACCAAGCGTCATCTITTTACGTGGGCGGAACTTGTICGCTGTTTG
ACGCGCCTCTCTTTCCTAGCGGGACACCGTAGGTTACGT
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SEQ ID NO:7

>Reverse Complement of SEQ ID NO:123 SEQ ID NO:3
CAGAATTTCAAAGGTATTTTATTCAAAATTCCCCATCTAGGAGAAAAGATATATAACAGTGTTTACACATGCTTC
AATAACTTATTCACTGTACAGCTTACATTTTCTATAACAACACAGTAAAGCAGCAAAGACAACAATTAGCACTCA
AATAAGATTCTACTGTIGTAAAGCAATGAGCGGCACACTAGGAGGTGGGACCTACTCGCTTACCATGACGGAGTGC
CTTGCAGTTAGTTCACAAGCCATCATGGTCAGTIGIGIGTITGTTICTGATTTGTAATGCCAAAGCCACCGTGACCTT
TCAGAATAGAAAGCTTTTTCTCGCTAAATCTGGTGGGTGAGGAACGGGGCCCATTTTTATCCCTTTTGTAAAARAA
TAAATATATTCTCCCTTTTTATGCTAAGTCCACAGTTTTAAATAGAAACACATATTTGTGTTTGTGTATACTCCT
ACACTGCTGTTGCACAGAACTCCACTAATCAGTACTTCACAGCTAGCGAGATAGTCGAACGTTACAGGAACAGAA
ACAGACCACTTGAGTTTGCCATAGTAGCACCTAGAAARAATAGCACTGGGTCAGATTTCTCTGCTGTTCCTATGAT
GCAGGTGACACGGGAAACACCAGAGTACAGGCAGAAACCAAAGGAAAGAGGCAAGACGCTTCCCTGCTCTTCAAA
GATCTTATCAGCGAATGTACTCTGACATACTTAACAAGGACTTCTAATCTAAGCCAGGCACACGGCAGCCGTGCA
AAGGGTGGTCAGATGAAAGTGACTGGGCCCTGAAATCTGACCCTCTGCCAAGAAATTATATTTTCCAAGATTGGG
ARAAGGCACAGGAGGTGCGCATTTTAATTCGGCTCAAAAATAATGAAAATTAACCTTAAAAGTTGGCAACAATTAT
AAARAACAAATGCCACTTTCTTTGACAGAACTACAATAAACCAACAAAAAACTTGTCACAGGTCACGATACTCAGG
GCCCATGCATGACCCCTCGGCATTTCTGTACAGACCGAATCTGAAGGACTACGTCTATAAAGGAAGGGCTAACAA
CTGATTTCACCTACAGCTCTGCCCTATCAGTIGICTTCTCTCAAGAACTAATCTGTAGTCAGACTAAGTTCCTTTC
TGAGGAACTGCAAACTTTAAATGCTCTAATGTTTAGCTGTGGCAGAAGTAATCGGACATACCACAGAACACAGAG
GGGCAGGAAGTCAACTCACACTTTATCTGTAAAGCTAACGAGGGTTTCAGTGTGGTACATGTAAACCAGGAATCA
TAAGTTTCCAAGAAAACAAACAAAACAAAACAAAARAACCAATCAGCAGTTATGGTCAAGTGTATATTCCATCATT
CATATCTTTAAAAGACAGCAATAGTACTTAGGATAATTGTAAACATAAGGCCCTAAAAGAGTACATCTATTCTAG
GAAGAGTCATTCACTGTAACGATGCACCTGACATCAGGTACAGACTTCTACTGACAAGTGTAGTGTACCCTGTCC
TGCAGCAGGACTCGGGAGGAAGGATGTGCCCACACACTGCTGAGACACTGTAACAGCAGGTGTGACTGTGAAGAG
ACAGACACAGCAAACCACACGGTCAAAAGGTCATTAGAACATCACGTTCTTGTACACTAGTGTAGAAAGGTCTCC
CAAAGATGAAAGAGTGTAGGCCTGGCTTAATTTTCTCAGCTAGAGCCATTATTATGTTAAGATCGCCCTICTGCTG
TTAAATCAAGATCTATCTTCAGGTTCCGAAGAGACTTAAAGGGCTTTTTCCCCTTCTGCGTATCATCCTCGATGT
ACTTGATTAGTGTCAAGGCTTTTCTGTGAAGAATGAGGAGGAACTGTGCAAGGAAAGTACTCCTGAGAGACAGGC
CAGGCTTCAAATGGAAGACCTGATCCAGGAAGGCTTTCACTAGAGTGTCTCTGTGTAAGACATCTTGGAAAATAT
TCAAATCAGGAGTGAAGCTCTCATCTGTGTAGATGATGGTGTCCTGCGCCATGTCCTCTTICTGAAGTTGCCCTCC
AGAAGGCTGTCAGCTCTGACCTCATGTATCTGCGTTGATTATAAATATGTTCATGACACGGTGGCATCTGCTTGA
CAGTIGTTGACATCCACATCAATGTGCGTGGTGGGGTACGGGGCATACATAACTTIGCCGGAAGGGTAGGACAAAAC
TGCCTGTTGCATCCTTTAGCAAGCCTTGCACAAAGAGTCCCGATTCGTACTTAAAGGACGATTCTGCTTCACACA
GCCTGGAGCATTTCCTICICTGCTGGTGTCAGAAAAAGGCACAGCGTTCTTACTATCTTATTTACTTTCTCTGCAC
TGCTGCCAACTACAACGGAACAGCCACAGGTCTGCAGGTGTGAGCTGATGGCATTGAGAAGAAAGCCTTICGTGAC
AGCTGTCACCAATGTCATCATCATTGAGCACTGTATCAGCTATATCAATGTCTTCAGGAACACTGTGGGATTTCA
TAGATGCAAGCAGCTCCATTACAGGAATGACTTCCCCAGTAAGCATGGGAATGATACTCTGACCCTGATCTTCCA
TCCTCTCTGTGCCTTCCAAGACAATTTTCTGGACATTTTICTTGTICTTTCCTTATGCATCCATATTCTTCCTTTTC
GAATAATGTGTGTTAGCCTGTCAACACACACTCTGTGAAGTGGGAGGTAGAAGCTCAGCTCTGTICTGCGGCAGTA
TAATTGATAGTCCATAAGTGCTCCGATCTCCATTCCAGTTTCCGTCGAAGATTAATGAAACAATAATTACCCCTT
TTTCAGATAAGACAAAAAATTTTACATCTATAGCCCCACTCTCTGCATTTCGAAGAATTTCTCCATTTAGAGTGT
GGTTGGCAAGAAAAGTTATTTICTCCATCACTGAGAAGCACTTGGTCTIGICTTTGGAGCCCAAATATGCCTTACTC
TAGGACCAAGAATATTATCCCAGTAAGCAAAGGTAGCCGCCAACAAGGGTGATTCACCACTTAAAGCAATCTCTG
TCTTGGCAACAGCAGGAGATGGTGGGGGGCAGATAGTCGACATCCCTGCATCCCAGGTCTCACTGCATTICCAGGT
CTCACATTATCCGAACGCTTGCAATAGCCACTCGCCGCTGCTGCGCCTTCACCGCCGGCGCAGGGACCGCAACCG
C

SEQ ID NO:8

>Reverse Complement of SEQ ID NO:4
TTTTTTTTTTTITTTTTTITTTTITTTGAATTTTAAAGGTATTTTATTCCAAATTCCCCATCTAGGAGAAAAGATGTA
TAACAGTGTTTACACATGCTTCAATAACTTATTCACTATACAACTTACATTCTCTAAAACAACAGAGTAAACCAG
CAGAGACAACACTTAGCACTTAAATAAGATTCTACTGTGGGAAGCAATGGTGTGGCACACTAGAAGGAGGGATCT
ACCCATTTACCATGATGGAGTGACTTGGAGTTCATAAGCCATCATGGACAGTGTGCGTTGTTCTGATGTGTCATG
TCAAAACCACTGTGACCTTTCAGAATAGAATGTTTTTITTCTGACTAAATCTGGTGGGTGAGGARAGGGTTCCATT
TTTATCCCTTTTGTAAAAAATAAATATAGTCTCCCTTTTTATGCTAAGTCCACAGTTTTAAATAARACACTTACT
TGTGTTTGTGTATACCCTACACTGCTGTAGCACGGAGCTTTACCAGTCAGTACTTCACAGCCAGCAAGGTACGAA
CGTTACAGGGACAGAGACGGACCGCTTGAGTTTGCCACAATAGCACCTAGAGAAATAGCACTGGGGTCAGAGTTIC
TCCTGCTGTCCTTAGGATGCAGGGAACGTGGAGAACACCAAAGTCCAGGCAGAAATGAAAGGAAAGAGGCAAGAA
GCTCTCCTGCTCTGCAAAGAAGATTTTATCAGCGAATGTACTCTCTGGCATAGTTTACAAGAACTTCTAAGCCAG
GCCCATGGCGGACTGTGCAAAGGGAAGTCAGACGAAAGTGACTGGGCCCTGAAATCTGACCTTICTGCCAAGAAAT
TATATTTTCCAAGATTGGGAAAGGCACAGGAGGTGCACATTTTAATTTGGCTCAAAAATAATGAARATTAACCTT
AAAACTTGGCAACAATTATAAAAACCAATGCCACTTTCTTTGACAGAAGTACAATAAACCAACAARAAGCATACC
ACAGTTCACGATATTCAGTGCCCATGCATGATGGTTGGGCATGTCTATACAGACCACATCTAAAGGACTAAGTCT

242



10

15

20

25

30

35

40

45

50

55

60

WO 2022/256290 PCT/US2022/031519

ATAAAGGAAGATCCAACAACTGACTTCACCTAAAACTCCGCTTTCTCATGTICTTICTTTCAAAAACGAATCTGCAG
ACAGACTAAGTTGCTTITCTGTAGAACTGCAAACAAAGTGCTTTAGTTTTTAGTTGTTGCAAAAGTGATCCTACAC
GCCACAGATCGTACAGGCCAGAGAACACAGGGACAGGCAGTCAACTCACAGCTTACCTGTAAAAAGCTAACTAGG
GTTTCAGTGTGATGCATGTAAACCATGAATTATAAGTTTCAAAAAACAAAAACAACAAAACCAACCAGCAGTTGT
GGTGAAGTTTACATCCCTITCATTCGTATCCTTACAAGACAGCACTAGTACTTAGGAGGGTTGTAAACATAAGTCC
CTACGAGGGTACATCTAGTCTAGGAAAAGAGACATTCACTACAACGATGTACCTGACATCTGGTACAGACCTCTA
CTGACAAGTGTAGTGTAACGTGTCCTGCGGCAGGACCCTGGAGGAAGGATGTGTCCAAAGCGCTGAGACACTGTA
ACAGCAAGTGTGACTGTCATGAGACACACGGAGCAAACCACATGTTTAAAAAGTCATTAGAACATCACGTTICTTG
GACACTAGTGTAGAAAGGTCTCCCGAAGATGAAAGAGTGTAGGCCTGGCTTAATTTTCTCAGCTAGAGCCATTAT
TATGTTAAGGTCGCCCTCTIGCTGTTAAATCAAGATCTATCTTCAGGTTCCGAAGAGACTTAAAGGGCTTTTTCCC
CTTCTGCGTGTCATCCTICTATGTACTTGATTAGTGTCAAGGCTTTTICTGTGAAGAATGAGGAGGAACTGTGCAAG
GAAAGTACTCCTGAGAGACAGGCCAGGCTTCAAATGGAAGACCTGATCCAGAAAGGCTTTCACTAGAGTGTCTICT
GTGTAAGACATCTTGGAAAATATTCAAATCAGGAGTGAAGCTCTCATCTGTGTAGATGATGGTGTCCTGAGCCAT
GTCCTCTTCTGAAGTTGCCCTCCAGAAGGCTGTCAGCTCTGACCTCATGTATCTGCGTTGATTATAAATATGTTC
ATGACACGGTGGCATCTGCTTGACAGTGTTGACATCCACATCGATGTGTGTGGTGGGATAAGGGGCATACATAAC
TTGCCGGAAAGGTAGTACAAAACTGCCAGTCGCATCCTTTAGCAAGCCTTGTACAAAGAGTCCAGATTCGTATTT
AAAGGACGATTCGGCTTCACACAGCCTGGAGCACTTCCTICTICTGCTGGTGTCAGAAAAAGGCACAGTGTTCTTAC
TATCTTATTTACTTTCTCTGCACTGCTGCCTACCACCACAGAACAGCCGCAGGTCTGCAGATGTGAGCTGATGGC
ATTGAGAAGAAAGCCTTCATGACAGCTGTCACCAATGTCATCATCATTGAGTACTGTATCAGCTATATCGAGGTC
TTCAGGAACACTGTGTGATCTCATAGACGCAAGCAGCTCCATCACAGGGATGACCTCCCCAGTAAGCATAGGGAT
GATACTCTGACCCTGATCTTCCATCCTCTCGGTGCCTTCCAAGACAATTTTCTGGACATTTTICTTGTICTTTCCTT
GTGCATCCATATCCTTCCTTTTCGAATGATGTGCGTTAGCCTGTCAACACACACTCTGTGCAGTGGGAGGTAGAA
ACTCAGCTCCGTICTGCGGCAGTATAATTGATAGTCCGTAAGTGCTCCGATCTCCGTTCCAGTTCCCGTCGAAGAT
TAATGAAACAATAATGACGCCCTTTTCAGATAAGACAAAAAACTTTACATCTATTGCCCCACTCTCCGCATTCCG
AAGAATTTCTCCATTCAGAGTGTGGTTGGCAAGAAAAGTGATTTCTCCATCACTGAGGAGTACTTGGTCTGTICTT
TGGAGCCCAAATGTGCCTTACTCTAGGACCAAGAATATTATCCCAGTAAGCAAAGGTAGCCGCCAACAAGGGTGA
TTCACCACTTAAAGCAATCTICTIGTICTTGGCAACAGCAGGAGATGGTGGGGGGCAGATAGTCGACATCCCTGCATC
CCAGGTCTCACATTATCCAAACGCTTGCAATAGCCACTCGCCGCCGCTGCGCCTTCACCGCCGGCGCAGGGACCG
CAACCGCAGCCGGCTCCGGGCCCCGELLLCGEGLLCLCGCCCTCCCACGCCCCCGAGTCCGCCCLCGTCGTAGCCCCGL
CCCCAACCACGGCCGCTCCAGATTICTGCAGGGGTCTGTGTCCGGTTCTTTTTAATCTGGTTTICCTTICTTTTGTICT
TTGGTCACCGTTATGGAGTCAAGTTGCGATCTGAGGCAACCAAAACGCACCTGCCTAGCATACCCTGCCTGGACT
GTCTAGACACCACTCCCACAGAGAAGGAACAGGCAATTGGGATGGCTGACACTACAAACG

SEQ ID NO:9

>NM_145005.6 Homo sapiens C90orf72-SMCR8 complex subunit (CY%orf72),
transcript variant 1, mRNA
ACGTAACCTACGGTGTCCCGCTAGGAAAGAGAGGTGCGTCAAACAGCGACAAGTTCCGCCCACGTAAAAG
ATGACGCTTGATATCTCCGGAGCATTTGGATAATGTGACAGTTGGAATGCAGTGATGTCGACTCTTTGCC
CACCGCCATCTCCAGCTGTTGCCAAGACAGAGATTGCTTTAAGTGGCAAATCACCTTTATTAGCAGCTAC
TTTTGCTTACTGGGACAATATTCTTGGTCCTAGAGTAAGGCACATTTGGGCTCCAAAGACAGAACAGGTA
CTTCTCAGTGATGGAGAAATAACTTTTCTTGCCAACCACACTCTAAATGGAGAAATCCTTCGAAATGCAG
AGAGTGGTGCTATAGATGTAAAGTTTTTTGTCTTGTICTGAAAAGGGAGTGATTATTGTTTCATTAATCTT
TGATGGAAACTGGAATGGGGATCGCAGCACATATGGACTATCAATTATACTTCCACAGACAGAACTTAGT
TTCTACCTCCCACTTCATAGAGTGTGTIGTTGATAGATTAACACATATAATCCGGAAAGGAAGAATATGGA
TGCATAAGGAAAGACAAGAAAATGTCCAGAAGATTATCTTAGAAGGCACAGAGAGAATGGAAGATCAGGG
TCAGAGTATTATTCCAATGCTTACTGGAGAAGTGATTCCTGTAATGGAACTGCTTTCATCTATGAAATCA
CACAGTGTTCCTGAAGAAATAGATATAGCTGATACAGTACTCAATGATGATGATATTGGTGACAGCTGTC
ATGAAGGCTTICTTICTCAAGTAAGAATTTTTCTTITTCATAARAAGCTGGATGAAGCAGATACCATCTTATG
CTCACCTATGACAAGATTTGGAAGAAAGAAAATAACAGACTGTCTACTTAGATTIGTTCTAGGGACATTAC
GTATTTGAACTGTTGCTTAAATTTGTGTTATTTTTCACTCATTATATTTCTATATATATTTGGTGTTATT
CCATTTGCTATTTAAAGAAACCGAGTTTCCATCCCAGACAAGAAATCATGGCCCCTTIGCTTGATTCTGGT
TTCTTGTTTTACTTCTCATTAAAGCTAACAGAATCCTTTCATATTAAGTTGTACTGTAGATGAACTTAAG
TTATTTAGGCGTAGAACAAAATTATTCATATTTATACTGATCTTITTTCCATCCAGCAGTGGAGTTTAGTA
CTTAAGAGTTTGTGCCCTTAAACCAGACTCCCTGGATTAATGCTGTGTACCCGTGGGCAAGGTGCCTGAA
TTCTCTATACACCTATTTCCTCATCTGTAAAATGGCAATAATAGTAATAGTACCTAATGTGTAGGGTTGT
TATAAGCATTGAGTAAGATAAATAATATAAAGCACTTAGAACAGTGCCTGGAACATAAAAACACTTAATA
ATAGCTCATAGCTAACATTTCCTATTTACATTTICTTICTAGAAATAGCCAGTATTTGTTGAGTGCCTACAT
GITTAGTTCCTTTACTAGTTGCTTTACATGTATTATCTTATATTCTGTTTTAAAGTTTCTTCACAGTTACA
GATTTTCATGAAATTTTACTTTTAATAAAAGAGAAGTAAAAGTATAAAGTATTCACTTTTATGTTCACAG
TCTTTTCCTTTAGGCTCATGATGGAGTATCAGAGGCATGAGTGTGTTTAACCTAAGAGCCTTAATGGCTT
GAATCAGAAGCACTTTAGTCCTGTATCTGTTCAGTGTCAGCCTTTCATACATCATTTTAAATCCCATTTG
ACTTTAAGTAAGTCACTTAATCTCTCTACATGTCAATTTCTTCAGCTATAARAATGATGGTATTTCAATAA
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ATAAATACATTAATTAAATGATATTATACTGACTAATTGGGCTGTTTTAAGGCTCAATAAGAAAATTTCT
GTGAAAGGTCTCTAGAAAATGTAGGTTCCTATACAAATAAAAGATAACATTGTGCTTATAAAAARAAA

SEQ ID NO:10

Severse Complement of SEQ ID NO:9
TTTTTTTTATAAGCACAATGTTATCTTTTATTTGTATAGGAACCTACATTTTCTAGAGACCTTTCACAGAAATTT
TCTTATTGAGCCTTAAAACAGCCCAATTAGTCAGTATAATATCATTTAATTAATGTATTTATTTATTGAAATACC
ATCATTTTATAGCTGAAGAAATTGACATGTAGAGAGATTAAGTGACTTACTTAAAGTCAAATGGGATTTAAAATG
ATGTATGAAAGGCTGACACTGAACAGATACAGGACTAAAGTGCTTCTGATTCAAGCCATTAAGGCTCTTAGGTTA
AACACACTCATGCCTCTGATACTCCATCATGAGCCTAAAGGAAAAGACTGTGAACATAAAAGTGAATACTTTATA
CTTTTACTICTCTTTTATTAAAAGTAAAATTTCATGAAAATCTGTAACTGTGAAGAAACTTTAAAACAGAATATA
AGATAATACATGTAAAGCAACTAGTAAAGGAACTAACATGTAGGCACTCAACAAATACTGGCTATTTCTAGAAGA
AATGTAAATAGGAAATGTTAGCTATGAGCTATTATTAAGTIGTTTTTATGTTCCAGGCACTGTTCTAAGTGCTTTA
TATTATTTATCTTACTCAATGCTTATAACAACCCTACACATTAGGTACTATTACTATTATTGCCATTTTACAGAT
GAGGAAATAGGTGTATAGAGAATTCAGGCACCTTGCCCACGGGTACACAGCATTAATCCAGGGAGTCTGGTTTAA
GGGCACAAACTCTTAAGTACTAAACTCCACTGCTGGATGGAAAAAGATCAGTATAAATATGAATAATTTTGTTCT
ACGCCTAAATAACTTAAGTTCATCTACAGTACAACTTAATATGAAAGGATTCTGTTAGCTTTAATGAGAAGTAAA
ACAAGAAACCAGAATCAAGCAAGGGGCCATGATTTCTTGTCTGGGATGGAAACTCGGTTTCTTTAAATAGCAAAT
GGAATAACACCAAATATATATAGAAATATAATGAGTGAAAAATAACACAAATTTAAGCAACAGTTCAAATACGTA
ATGTCCCTAGAACAATCTAAGTAGACAGTCTGTITATTTTCTTTICTTCCAAATCTTGTCATAGGTGAGCATAAGAT
GGTATCTGCTTCATCCAGCTTTTATGAAAAGAAAAATTCTTACTTGAGAAGAAAGCCTTCATGACAGCTGTCACC
AATATCATCATCATTGAGTACTGTATCAGCTATATCTATTTCTTCAGGAACACTGTGTGATTTCATAGATGAAAG
CAGTTCCATTACAGGAATCACTTCTCCAGTAAGCATTGGAATAATACTCTGACCCTGATCTTCCATTCTCTCTGT
GCCTTCTAAGATAATCTTICTGGACATTTTCTTGTICTTTCCTTATGCATCCATATTCTTCCTTTCCGGATTATATG
TGTTAATCTATCAACACACACTCTATGAAGTGGGAGGTAGAAACTAAGTTICTGTCTGTGGAAGTATAATTGATAG
TCCATATGTGCTGCGATCCCCATTCCAGTTTCCATCAAAGATTAATGAAACAATAATCACTCCCTTTTCAGACAA
GACAAAAAACTTTACATCTATAGCACCACTCTICTGCATTTCGAAGGATTTCTCCATTTAGAGTGTGGTTGGCAAG
AAAAGTTATTTCTCCATCACTGAGAAGTACCTGTTCTGTCTTTGGAGCCCAAATGTGCCTTACTCTAGGACCAAG
AATATTGTCCCAGTAAGCAAAAGTAGCTGCTAATAAAGGTGATTTGCCACTTAAAGCAATCTCTGTCTTGGCAAC
AGCTGGAGATGGCGGTGGGCARAAGAGTCGACATCACTGCATTCCAACTGTCACATTATCCAAATGCTCCGGAGAT
ATCAAGCGTCATCTTTTACGTGGGCGGAACTTGTCGCTGTTTGACGCACCTCTICTTTCCTAGCGGGACACCGTAG
GTTACGT

SEQ ID NO:11

>NM_018325.5 Homo sapiens C90orf72-SMCR8 complex subunit (CY%orf72),
transcript variant 2, mRNA
GGTTGCGGTGCCTGCGCCCGCGGCGGCGGAGGCGCAGGCGGTGGCGAGTGGATATCTCCGGAGCATTIGG
ATAATGTGACAGTTGGAATGCAGTGATGTCGACTCTTTGCCCACCGCCATCTCCAGCTGTTGCCAAGACA
GAGATTGCTTTAAGTGGCAAATCACCTTTATTAGCAGCTACTTTTGCTTACTGGGACAATATTCTTGGTC
CTAGAGTAAGGCACATTTGGGCTCCAAAGACAGAACAGGTACTTCTCAGTGATGGAGAAATAACTTTTICT
TGCCAACCACACTCTAAATGGAGAAATCCTTCGAAATGCAGAGAGTGGTGCTATAGATGTAAAGTTTTTT
GICTTGTCTGAAAAGGGAGTGATTATTGTTTCATTAATCTTTGATGGAAACTGGAATGGGGATCGCAGCA
CATATGGACTATCAATTATACTTCCACAGACAGAACTTAGTTTCTACCTCCCACTTCATAGAGTGTGTGT
TGATAGATTAACACATATAATCCGGAAAGGAAGAATATGGATGCATAAGGAAAGACAAGAAAATGTCCAG
AAGATTATCTTAGAAGGCACAGAGAGAATGGAAGATCAGGGTCAGAGTATTATTCCAATGCTTACTGGAG
AAGTGATTCCTGTAATGGAACTGCTTTCATCTATGAAATCACACAGTGTTCCTGAAGAAATAGATATAGC
TGATACAGTACTCAATGATGATGATATTGGTGACAGCTGTCATGAAGGCTTTCTTCTCAATGCCATCAGC
TCACACTTGCAAACCTGTGGCTGTTCCGTTGTAGTAGGTAGCAGTGCAGAGAAAGTAAATAAGATAGTCA
GAACATTATGCCTTTTTCTGACTCCAGCAGAGAGAAAATGCTCCAGGTTATGTGAAGCAGAATCATCATT
TAAATATGAGTCAGGGCTCTTTGTACAAGGCCTGCTAAAGGATTCAACTGGAAGCTTTGTGCTGCCTTTC
CGGCAAGTCATGTATGCTCCATATCCCACCACACACATAGATGTGGATGTCAATACTGTGAAGCAGATGC
CACCCTGTCATGAACATATTTATAATCAGCGTAGATACATGAGATCCGAGCTGACAGCCTTCTGGAGAGC
CACTTCAGAAGAAGACATGGCTCAGGATACGATCATCTACACTGACGAAAGCTTTACTCCTGATTTGAAT
ATTTTTCAAGATGTCTTACACAGAGACACTCTAGTGAAAGCCTTCCTGGATCAGGTCTTTCAGCTGAAAC
CTGGCTTATCTCTCAGAAGTACTTTCCTTGCACAGTTTCTACTTIGTCCTTCACAGAAAAGCCTTGACACT
AATAAAATATATAGAAGACGATACGCAGAAGGGAAAAAAGCCCTTTAAATCTCTTCGGAACCTGAAGATA
GACCTTGATTTAACAGCAGAGGGCGATCTTAACATAATAATGGCTCTGGCTGAGAAAATTAAACCAGGCC
TACACTCTTTTATCTTTGGAAGACCTTTCTACACTAGTGTGCAAGAACGAGATGTTCTAATGACTTTTTA
AATGTGTAACTTAATAAGCCTATTCCATCACAATCATGATCGCTGGTAAAGTAGCTCAGTGGTGTGGGGA
AACGTTCCCCTGGATCATACTCCAGAATTCTGCTCTCAGCAATTGCAGTTAAGTAAGTTACACTACAGTT
CTCACAAGAGCCTGTGAGGGGATGTCAGGTGCATCATTACATTGGGTGTICTCTTTTCCTAGATTTATGCT
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TTTGGGATACAGACCTATGTTTACAATATAATAAATATTATTGCTATCTTTTAAAGATATAATAATAGGA
TGTAAACTTGACCACAACTACTGTITTTTTTGAAATACATGATTCATGGTTTACATGTGTCAAGGTGAAAT
CTGAGTTGGCTTTTACAGATAGTTGACTTTCTATCTTITTGGCATTCTTTGGTGTGTAGAATTACTGTAAT
ACTTCTGCAATCAACTGAAAACTAGAGCCTTTAAATGATTTCAATTCCACAGAAAGAAAGTGAGCTTGAA
CATAGGATGAGCTTTAGAAAGAAAATTGATCAAGCAGATGTTTAATTGGAATTGATTATTAGATCCTACT
TTGTGGATTTAGTCCCTGGGATTCAGTCTGTAGAAATGTCTAATAGTTCTCTATAGTCCTTGTTCCTGGT
GAACCACAGTTAGGGTGTITTTIGTTTATTTTATTGTTICTTGCTATTGTTGATATTCTATGTAGTTGAGCTC
TGTAAAAGGAAATTGTATTTTATGTTTTAGTAATTGTTGCCAACTTTTTAAATTAATTTTCATTATTTTT
GAGCCAAATTGAAATGTGCACCTCCTGTGCCTTTTTTICTCCTTAGAAAATCTAATTACTTGGAACAAGTT
CAGATTTCACTGGTCAGTICATTTTCATCTTGTTTTCTTCTTGCTAAGTCTTACCATGTACCTGCTTTGGC
AATCATTGCAACTCTGAGATTATAAAATGCCTTAGAGAATATACTAACTAATAAGATCTTTTTTTCAGAA
ACAGAAAATAGTTCCTITGAGTACTTCCTTCTTGCATTTICTGCCTATGTTTTTGAAGTTGTTGCTGTTTGC
CTGCAATAGGCTATAAGGAATAGCAGGAGAAATTTTACTGAAGTGCTGTTTTCCTAGGTGCTACTTTGGC
AGAGCTAAGTTATCTTITTGTTTTCTTAATGCGTTTGGACCATTTTGCTGGCTATAAAATAACTGATTAAT
ATAATTCTAACACAATGTTGACATTGTAGTTACACAAACACAAATAAATATTTTATTTAAAATTCTGGAA
GTAATATAAAAGGGAAAATATATTTATAAGAAAGGGATAAAGGTAATAGAGCCCTTCTGCCCCCCACCCA
CCAAATTTACACAACAAAATGACATGTTCGAATGTGAAAGGTCATAATAGCTTTCCCATCATGAATCAGA
AAGATGTGGACAGCTTGATGTTTTAGACAACCACTGAACTAGATGACTGTTGTACTGTAGCTCAGTCATT
TAAAAAATATATAAATACTACCTTGTAGTGTCCCATACTGTIGTTTTTTACATGGTAGATTICTTATTTAAG
TGCTAACTGGTTATTTTCTTTGGCTGGTTTATTGTACTGTTATACAGAATGTAAGTTGTACAGTGAAATA
AGTTATTAAAGCATGTGTAAACATTGTTATATATCTTTTCTCCTAAATGGAGAATTTTGAATAAAATATA
TTTGAAATTTT

SEQ ID NO:12

Reverse Complement of SEQ ID NO:11
AAAATTTCAAATATATTTTATTCAAAATTCTCCATTTAGGAGAAAAGATATATAACAATGTTTACACATGCTTTA
ATAACTTATTTCACTGTACAACTTACATTCTGTATAACAGTACAATAAACCAGCCAAAGAAAATAACCAGTTAGC
ACTTAAATAAGAATCTACCATGTAAAAAACACAGTATGGGACACTACAAGGTAGTATTTATATATTITTTTAAATG
ACTGAGCTACAGTACAACAGTCATCTAGTTCAGTGGTTGTCTAAAACATCAAGCTGTCCACATCTTTCTGATTCA
TGATGGGAAAGCTATTATGACCTTTCACATTCGAACATGTCATTTTGTTGTGTAAATTTGGTGGGTGGGGGGCAG
AAGGGCTCTATTACCTTTATCCCTTTCTTATAAATATATTTTCCCTTTTATATTACTTCCAGAATTTTAAATAAA
ATATTTATTTGTGTTTGTGTAACTACAATGTCAACATTGTGTTAGAATTATATTAATCAGTTATTTTATAGCCAG
CAAAATGGTCCAAACGCATTAAGAAAACAAMAGATAACTTAGCTCTGCCAAAGTAGCACCTAGGAAMACAGCACT
TCAGTAAAATTTCTCCTIGCTATTCCTTATAGCCTATTGCAGGCAAACAGCAACAACTTCAAAAACATAGGCAGAA
ATGCAAGAAGGAAGTACTCAAGGAACTATTTTCTGTITTCTGAAAAAAAGATCTTATTAGTTAGTATATTCTCTAA
GGCATTTTATAATCTCAGAGTTGCAATGATTGCCAAAGCAGGTACATGGTAAGACTTAGCAAGAAGAARAACAAGA
TGAAAATGACTGACCAGTGAAATCTGAACTTGTTCCAAGTAATTAGATTTTCTAAGGAGAAAAANGGCACAGGAG
GTGCACATTTCAATTTGGCTCAAAAATAATGAAAATTAATTTAAAAAGTTGGCAACAATTACTAAAACATAARAAT
ACAATTTCCTTTTACAGAGCTCAACTACATAGAATATCAACAATAGCAAGAACAATAAAATAAACAAAACACCCT
AACTGTGGTTCACCAGGAACAAGGACTATAGAGAACTATTAGACATTTCTACAGACTGAATCCCAGGGACTAAAT
CCACAAAGTAGGATCTAATAATCAATTCCAATTAAACATCTGCTTGATCAATTTTICTTTCTAAAGCTCATCCTAT
GTTCAAGCTCACTTTICTITTICTGTGGAATTGAAATCATTTAAAGGCTCTAGTTTTCAGTTGATTGCAGAAGTATTA
CAGTAATTCTACACACCAAAGAATGCCAAAAGATAGAAAGTCAACTATCTGTAAAAGCCAACTCAGATTTCACCT
TGACACATGTAAACCATGAATCATGTATTTCAAAAAAACAGTAGTTGTGGTCAAGTTTACATCCTATTATTATAT
CTTTAAAAGATAGCAATAATATTTATTATATTGTAAACATAGGTCTGTATCCCAAAAGCATAAATCTAGGAARAAG
AGACACCCAATGTAATGATGCACCTGACATCCCCTCACAGGCTCTTGTGAGAACTGTAGTGTAACTTACTTAACT
GCAATTGCTGAGAGCAGAATTCTGGAGTATGATCCAGGGGAACGTTTCCCCACACCACTGAGCTACTTITACCAGC
GATCATGATTGTGATGGAATAGGCTTATTAAGTTACACATTTAAAAAGTCATTAGAACATCTCGTTCTTGCACAC
TAGTGTAGAAAGGTCTTCCAAAGATAAAAGAGTGTAGGCCTGGTTTAATTTTCTCAGCCAGAGCCATTATTATGT
TAAGATCGCCCTCTGCTGTTAAATCAAGGTCTATCTTCAGGTTCCGAAGAGATTTAAAGGGCTTTTTTCCCTTICT
GCGTATCGICTTCTATATATTTTATTAGTGTCAAGGCTTTTCTGTGAAGGACAAGTAGAAACTGTGCAAGGAAAG
TACTTCTGAGAGATAAGCCAGGTTTCAGCTGAAAGACCTGATCCAGGAAGGCTTTCACTAGAGTGTICTCTGTIGTA
AGACATCTTGAAAAATATTCAAATCAGGAGTAAAGCTTTCGTCAGTGTAGATGATCGTATCCTGAGCCATGTICTT
CTTCTGAAGTGGCTCTCCAGAAGGCTGTCAGCTCGGATCTCATGTATCTACGCTGATTATAAATATGTTCATGAC
AGGGTGGCATCTGCTTCACAGTATTGACATCCACATCTATGTGTGTGGTGGGATATGGAGCATACATGACTTGCC
GGAAAGGCAGCACAAAGCTTCCAGTTGAATCCTTTAGCAGGCCTTGTACAAAGAGCCCTGACTCATATTTAAATG
ATGATTCTGCTTCACATAACCTGGAGCATTTTCTCTICTGCTGGAGTCAGAAAAAGGCATAATGTTCTGACTATCT
TATTTACTTTCTCTGCACTGCTACCTACTACAACGGAACAGCCACAGGTTTGCAAGTGTGAGCTGATGGCATTGA
GAAGAAAGCCTTCATGACAGCTGTCACCAATATCATCATCATTGAGTACTGTATCAGCTATATCTATTTCTTCAG
GAACACTGTGTGATTTCATAGATGAAAGCAGTTCCATTACAGGAATCACTTICTCCAGTAAGCATTGGAATAATAC
TCTGACCCTGATCTTCCATTCTCTICTGTGCCTTCTAAGATAATCTTICTGGACATTTTCTTGTCTTTCCTTATGCA
TCCATATTCTTCCTTTCCGGATTATATGTGTTAATCTATCAACACACACTCTATGAAGTGGGAGGTAGAAACTAA
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GTTCTGTCTGTGGAAGTATAATTGATAGTCCATATGTGCTGCGATCCCCATTCCAGTTTCCATCAAAGATTAATG
AAACAATAATCACTCCCTTTTCAGACAAGACAAAAAACTTTACATCTATAGCACCACTCTCTGCATTTCGAAGGA
TTTCTCCATTTAGAGTGTGGTTGGCAAGAAAAGTTATTTCTCCATCACTGAGAAGTACCTGTTICTGTICTTTGGAG
CCCAAATGTGCCTTACTCTAGGACCAAGAATATTGTCCCAGTAAGCAAAAGTAGCTGCTAATAAAGGTGATTTGC
CACTTAAAGCAATCTCTGTICTTGGCAACAGCTGGAGATGGCGGTGGGCAAAGAGTCGACATCACTGCATTCCAAC
TGTCACATTATCCAAATGCTCCGGAGATATCCACTCGCCACCGCCTGCGCCTCCGCCGCCGCGGGCGCAGGCALCC
GCAACC

SEQ ID NO:13

>NC_000009.12:¢c27573866-27546546 Homo sapiens chromosome 9, GRCh38.pl3
Primary Assembly; portion of human chromosome 9 harboring the CS9orf72 gene
(nucleotides 27546546..27573866 of the assembly of chromosome 9)
ACGTAACCTACGGTGTCCCGCTAGGAAAGAGAGGTGCGTCAAACAGCGACAAGTTICCGCCCACGTAAAAGATGAC
GCTTGGTGTGTCAGCCGTCCCTGCTGCCCGGTTGCTTICTCTTTTGGGGGCGGGGTCTAGCAAGAGCAGGTGTIGGG
TTTAGGAGGTGTIGTIGTTTTTGTTTTTCCCACCCTCTCTCCCCACTACTTGCTCTCACAGTACTCGCTGAGGGTGA
ACAAGAARAAGACCTGATAAAGATTAACCAGAAGAAAACAAGGAGGGAAACAACCGCAGCCTGTAGCAAGCTCTGG
AACTCAGGAGTCGCGCGCTAGGGGCCGGGGCCGGGGCCGGGGCGTGGTCGGGGCGGGCCCGGGGGCGGGCLCGGE
GCGGGGCTGCGGTTGCGGTGCCTGCGCCCGCGGCGGCGGAGGCGCAGGCGGTGGCGAGTGGGTGAGTGAGGAGGC
GGCATCCTGGCGGGTGGCTGTTTGGGGTTICGGCTGCCGGGAAGAGGCGCGGGTAGAAGCGGGGGCTCTCCTCAGA
GCTCGACGCATTTTTACTTTCCCTICTICATTITCTCTGACCGAAGCTGGGTGTCGGGCTTTCGCCTCTAGCGACTGG
TGGAATTGCCTGCATCCGGGCCCCGGGCTTCCCGGCGGCGGCGGCGGCGGCGGCGGCGCAGGGACAAGGGATGGE
GATCTGGCCTCTTCCTTGCTTTCCCGCCCTCAGTACCCGAGCTGTCTCCTTCCCGGGGACCCGCTGGGAGCGCTG
CCGCTGCGGGCTCGAGAARAGGGAGCCTCGGGTACTGAGAGGCCTCGCCTGGGGGAAGGCCGGAGGGTGGGCGGT
GCGCGGCTTCTGCGGACCAAGTCGGGGTTICGCTAGGAACCCGAGACGGTCCCTGCCGGCGAGGAGATCATGCGGG
ATGAGATGGGGGTGTGGAGACGCCTGCACAATTTCAGCCCAAGCTTCTAGAGAGTGGTGATGACTTGCATATGAG
GGCAGCAATGCAAGTCGGTGTGCTCCCCATICTGTGGGACATGACCTGGTTGCTTCACAGCTCCGAGATGACACA
GACTTGCTTAAAGGAAGTGACTATTGTGACTTGGGCATCACTTGACTGATGGTAATCAGTTGTICTAAAGAAGTGC
ACAGATTACATGTCCGTGTGCTCATTGGGTCTATCTGGCCGCGTTGAACACCACCAGGCTTTGTATTCAGAAACA
GGAGGGAGGTCCTGCACTTTCCCAGGAGGGGTGGCCCTTTCAGATGCAATCGAGATTGTTAGGCTCTGGGAGAGT
AGTTGCCTGGTTGTGGCAGTTGGTAAATTTCTATTCAAACAGTTGCCATGCACCAGTTGTTCACAACAAGGGTAC
GTAATCTGTICTGGCATTACTTICTACTTTTGTACAAAGGATCAAAAAAAAAAAAGATACTGTTAAGATATGATTTT
TCTCAGACTTTGGGAAACTTTTAACATAATCTGTGAATATCACAGAAACAAGACTATCATATAGGGGATATTAAT
AACCTGGAGTCAGAATACTTGAAATACGGTGTCATTTGACACGGGCATTGTTGTCACCACCTCTGCCAAGGCCTG
CCACTTTAGGAAAACCCTGAATCAGTTGGAAACTGCTACATGCTGATAGTACATCTGAAACAAGAACGAGAGTAA
TTACCACATTCCAGATTGTTCACTAAGCCAGCATTTACCTGCTCCAGGAAAAAATTACAAGCACCTTATGAAGTT
GATAAAATATTTTGTITTGGCTATGTTGGCACTCCACAATTTGCTTTCAGAGAAACAAAGTAAACCAAGGAGGACT
TCTGTTTTTCAAGTCTGCCCTCGGGTTCTATTCTACGTTAATTAGATAGTTCCCAGGAGGACTAGGTTAGCCTAC
CTATTGTCTGAGAAACTTGGAACTGTGAGAAATGGCCAGATAGTGATATGAACTTCACCTTCCAGTCTTCCCTGA
TGTTGAAGATTGAGAAAGTGTTGTGAACTTTCTGGTACTGTAAACAGTTCACTGTCCTTGAAGTGGTCCTGGGCA
GCTCCTGTTGTGGAAAGTGGACGGTTTAGGATCCTGCTTICTICTTTGGGCTGGGAGAAAATAAACAGCATGGTTAC
AAGTATTGAGAGCCAGGTTGGAGAAGGTGGCTTACACCTGTAATGCCAGAGCTTTGGGAGGCGGAGGCAAGAGGA
TCACTTGAAGCCAGGAGTTCAAGCTCAACCTGGGCAACGTAGACCCTGTCTCTACAAAARATTAARAACTTAGCC
GGGCGTGGTGATGTGCACCTGTAGTCCTAGCTACTTGGGAGGCTGAGGCAGGAGGGTCATTTGAGCCCAAGAGTT
TGAAGTTACCGAGAGCTATGATCCTGCCAGTGCATTCCAGCCTGGATGACAAAACGAGACCCTGTCTCTAAAARAA
CAAGAAGTGAGGGCTTTATGATTGTAGAATTTTCACTACAATAGCAGTGGACCAACCACCTTTICTAAATACCAAT
CAGGGAAGAGATGGTTGATTTTTTAACAGACGTTTAAAGAAAAAGCAAAACCTCAAACTTAGCACTCTACTAACA
GTTTTAGCAGATGTTAATTAATGTAATCATGTCTGCATGTATGGGATTATTTCCAGAAAGTGTATTGGGAAACCT
CTCATGAACCCTGTGAGCAAGCCACCGTCTCACTCAATTTGAATCTTGGCTTCCCTCAAAAGACTGGCTAATGTT
TGGTAACTCTCTGGAGTAGACAGCACTACATGTACGTAAGATAGGTACATAAACAACTATTGGTTTTGAGCTGAT
TTTTTTCAGCTGCATTTGCATGTATGGATTTTTCTCACCAAAGACGATGACTTCAAGTATTAGTAAAATAATTGT
ACAGCTCTCCTGATTATACTTICTCTGTGACATTTCATTTCCCAGGCTATTTCTTTTGGTAGGATTTAAAACTAAG
CAATTCAGTATGATCTTTGTCCTTCATTTTICTTTCTTATTCTTTTTGTTTGTTTGTTTGTTTGTTTTTTTCTTGA
GGCAGAGTCTCTCTICTIGTCGCCCAGGCTGGAGTGCAGTGGCGCCATCTCAGCTCATTGCAACCTCTGCCACCTCC
GGGTTCAAGAGATTCTCCTGCCTCAGCCTCCCGAGTAGCTGGGATTACAGGTGTCCACCACCACACCCGGCTAAT
TTTTTGTATTTTTAGTAGAGGTGGGGTTTCACCATGTTGGCCAGGCTGGTCTTGAGCTCCTGACCTCAGGTGATC
CACCTGCCTCGGCCTACCAAAGAGCTGGGATAACAGGTGTGACCCACCATGCCCGGCCCATTTTTITTTTTCTTAT
TCTGTTAGGAGTGAGAGTGTAACTAGCAGTATAATAGTTCAATTTTCACAACGTGGTAAAAGTTTCCCTATAATT
CAATCAGATTTTGCTCCAGGGTTCAGTTCTGTTTTAGGAAATACTTTTATTTTCAGTTTAATGATGAAATATTAG
AGTTGTAATATTGCCTTTATGATTATCCACCTTTTTAACCTAAAAGAATGAAAGAAAAATATGTTTGCAATATAA
TTTTATGGTTGTATGTTAACTTAATTCATTATGTTGGCCTCCAGTTTGCTGTTGTTAGTTATGACAGCAGTAGTG
TCATTACCATTTCAATTCAGATTACATTCCTATATTTGATCATTGTAAACTGACTGCTTACATTGTATTAAAAAC
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AGTGGATATTTTAAAGAAGCTGTACGGCTTATATCTAGTGCTGTCTCTTAAGACTATTAAATTGATACAACATAT
TTAAAAGTAAATATTACCTAAATGAATTTTTGAAATTACAAATACACGTGTTAAAACTGTCGTTGTGTTCAACCA
TTTCTGTACATACTTAGAGTTAACTGTTTTGCCAGGCTCTGTATGCCTACTCATAATATGATAAAAGCACTCATC
TAATGCTCTGTAAATAGAAGTCAGTIGCTTTCCATCAGACTGAACTCTCTTGACAAGATGTGGATGAAATTCTTTA
AGTAAAATTGTTTACTTTGTCATACATTTACAGATCAAATGTTAGCTCCCAAAGCAATCATATGGCAAAGATAGG
TATATCATAGTTTGCCTATTAGCTGCTTTGTATTGCTATTATTATAAATAGACTTCACAGTTTTAGACTTGCTTA
GGTGAAATTGCAATTCTTTTTACTTTCAGTCTTAGATAACAAGTCTTCAATTATAGTACAATCACACATTGCTTA
GGAATGCATCATTAGGCGATTTTGTCATTATGCAAACATCATAGAGTGTACTTACACAAACCTAGATAGTATAGC
CTTTATGTACCTAGGCCGTATGGTATAGTCTGTTGCTCCTAGGCCACAAACCTGTACAACTGTTACTGTACTGAA
TACTATAGACAGTTGTAACACAGTGGTAAATATTTATCTAAATATATGCAAACAGAGAAAAGGTACAGTAAAAGT
ATGGTATAAAAGATAATGGTATACCTGTGTAGGCCACTTACCACGAATGGAGCTTGCAGGACTAGAAGTTGCTCT
GGGTGAGTCAGTGAGTGAGTGGTGAATTAATGTGAAGGCCTAGAACACTGTACACCACTGTAGACTATAAACACA
GTACGCTGAAGCTACACCAAATTTATCTTAACAGTTTTTCTTCAATAAAAAATTATAACTTTTTAACTTTGTAAA
CTTTTTAATTTTTTAACTTTTAAAATACTTAGCTTGAAACACAAATACATTGTATAGCTATACAAAAATATTTTT
TCTTTGTATCCTTATTCTAGAAGCTTTTTTCTATTTTCTATTTTAAATTTTTTTTTTTACTTGTTAGTCGTTTTT
GTTAAAAACTAAAACACACACACTTTCACCTAGGCATAGACAGGATTAGGATCATCAGTATCACTCCCTTCCACC
TCACTGCCTTCCACCTCCACATCTTGTCCCACTGGAAGGTTTTTAGGGGCAATAACACACATGTAGCTGTCACCT
ATGATAACAGTGCTTTICTGTTGAATACCTCCTGAAGGACTTGCCTGAGGCTGTTTTACATTTAACTTAAAAARAAA
AAAAAGTAGAAGGAGTGCACTCTAAAATAACAATAAAAGGCATAGTATAGTGAATACATAAACCAGCAATGTAGT
AGTTTATTATCAAGTGTTGTACACTGTAATAATTGTATGTGCTATACTTTAAATAACTTGCAAAATAGTACTAAG
ACCTTATGATGGTTACAGTGTCACTAAGGCAATAGCATATTTTCAGGTCCATTGTAATCTAATGGGACTACCATC
ATATATGCAGTCTACCATTGACTGAAACGTTACATGGCACATAACTGTATTTGCAAGAATGATTTGTTTTACATT
AATATCACATAGGATGTACCTTTTTAGAGTGGTATGTTTATGTGGATTAAGATGTACAAGTTGAGCAAGGGGACC
AAGAGCCCTGGGTTCTGTICTTGGATGTGAGCGTTTATGTTCTTCTCCTCATGTCTGTTTTCTCATTAAATTCAAA
GGCTTGAACGGGCCCTATTTAGCCCTTICTGTTTTCTACGTGTTICTAAATAACTAAAGCTTTTAAATTCTAGCCAT
TTAGTGTAGAACTCTCTTTGCAGTGATGAAATGCTGTATTGGTTTCTTGGCTAGCATATTAAATATTTTTATCTT
TGTCTTGATACTTCAATGTCGTITTTAAACATCAGGATCGGGCTTCAGTATTCTCATAACCAGAGAGTTCACTGAG
GATACAGGACTGTTTGCCCATTTTTTGTTATGGCTCCAGACTTGTGGTATTTCCATGTICTTTTTTTTTTTTTTITT
TTTTTGACCTTTTAGCGGCTTTAAAGTATTTCTGTTGTTAGGTGTTGTATTACTTTTCTAAGATTACTTAACAAA
GCACCACAAACTGAGTGGCTTTAAACAACAGCAATTTATTCTCTCACAATTCTAGAAGCTAGAAGTCCGAAATCA
AAGTGTTGACAGGGGCATGATCTTCAAGAGAGAAGACTCTTTCCTTGCCTCTTCCTGGCTTCTGGTGGTTACCAG
CAATCCTGAGTGTTCCTTTCTTGCCTTGTAGTTTCAACAATCCAGTATCTGCCTTTTGTICTTCACATGGCTGTICT
ACCATTTGTICTICTIGTIGTCTCCAAATCTCTCTCCTTATAAACACAGCAGTTATTGGATTAGGCCCCACTCTAATCC
AGTATGACCCCATTTTAACATGATTACACTTATTTCTAGATAAGGTCACATTCACGTACACCAAGGGTTAGGAAT
TGAACATATCTTTTTGGGGGACACAATTCAACCCACAAGTGTCAGTCTCTAGCTGAGCCTTTCCCTTCCTGTTTT
TCTCCTTTTTAGTTGCTATGGGTTAGGGGCCAAATCTCCAGTCATACTAGAATTGCACATGGACTGGATATTTGG
GAATACTGCGGGTCTATTCTATGAGCTTTAGTATGTAACATTTAATATCAGTGTAAAGAAGCCCTTTTTTAAGTT
ATTTCTTTGAATTTCTAAATGTATGCCCTGAATATAAGTAACAAGTTACCATGTCTTGTAAAATGATCATATCAA
CAAACATTTAATGTGCACCTACTGTGCTAGTTGAATGTCTTTATCCTGATAGGAGATAACAGGATTCCACATCTT
TGACTTAAGAGGACAAACCAAATATGTCTAAATCATTTGGGGTTTTGATGGATATCTTTAAATTGCTGAACCTAA
TCATTGGTTTCATATGTCATTGTTTAGATATCTCCGGAGCATTTGGATAATGTGACAGTTGGAATGCAGTGATGT
CGACTCTTTGCCCACCGCCATCTCCAGCTGTTGCCAAGACAGAGATTGCTTTAAGTGGCAAATCACCTTTATTAG
CAGCTACTTTTGCTTACTGGGACAATATTCTTGGTCCTAGAGTAAGGCACATTTGGGCTCCAAAGACAGAACAGG
TACTTCTCAGTGATGGAGAAATAACTTTTCTTGCCAACCACACTCTAAATGGAGAAATCCTTCGAAATGCAGAGA
GTGGTGCTATAGATGTAAAGTTTTTTGTCTTGTCTGAAAAGGGAGTGATTATTGTTTCATTAATCTTTGATGGAA
ACTGGAATGGGGATCGCAGCACATATGGACTATCAATTATACTTCCACAGACAGAACTTAGTTTCTACCTCCCAC
TTCATAGAGTGTGTGTTGATAGATTAACACATATAATCCGGAAAGGAAGAATATGGATGCATAAGGTAAGTGATT
TTTCAGCTTATTAATCATGTTAACCTATCTGTTGAAAGCTTATTTTCTGGTACATATAAATCTTATTTTTTTAAT
TATATGCAGTGAACATCAAACAATAAATGTTATTTATTTTGCATTTACCCTATTAGATACAAATACATCTGGTCT
GATACCTGTCATCTTCATATTAACTGTGGAAGGTACGAAATGGTAGCTCCACATTATAGATGAAAAGCTAAAGCT
TAGACAAATAAAGAAACTTTTAGACCCTGGATTCTTCTTGGGAGCCTTTGACTCTAATACCTTITTGTTTCCCTTT
CATTGCACAATTCTGTICTITTTGCTTACTACTATGTGTAAGTATAACAGTTCAAAGTAATAGTTTCATAAGCTGTT
GGTCATGTAGCCTTTGGTICTCTTTAACCTCTTTGCCAAGTTCCCAGGTTCATAAAATGAGGAGGTTGAATGGAAT
GGTTCCCAAGAGAATTCCTTTTAATCTTACAGAAATTATTGTTTTCCTAAATCCTGTAGTTGAATATATAATGCT
ATTTACATTTCAGTATAGTTTTGATGTATCTAAAGAACACATTGAATTCTCCTTCCTIGTIGTTCCAGTTTGATACT
AACCTGAAAGTCCATTAAGCATTACCAGTTTTAAAAGGCTTTTGCCCAATAGTAAGGAAAAATAATATCTTTTAA
AAGAATAATTTTTTACTATGTTTGCAGGCTTACTTCCTTTTTTCTCACATTATGAAACTCTTAAAATCAGGAGAA
TCTTTTAAACAACATCATAATGTTTAATTTGAAAAGTGCAAGTCATTCTTTTCCTTTTTGAAACTATGCAGATGT
TACATTGACTGTTTTCTGTGAAGTTATCTTTTTTTCACTGCAGAATAAAGGTTGTTTTGATTTTATTTTGTATTG
TTTATGAGAACATGCATTTGTTGGGTTAATTTCCTACCCCTGCCCCCATTTTTTCCCTAAAGTAGAAAGTATTTT
TCTTGTGAACTAAATTACTACACAAGAACATGTCTATTGAAAAATAAGCAAGTATCAAAATGTTGTGGGTTGTTT
TTTTAAATAAATTTTCTCTTGCTCAGGAAAGACAAGAAAATGTCCAGAAGATTATCTTAGAAGGCACAGAGAGAA
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TGGAAGATCAGGTATATGCAAATTGCATACTGTCAAATGTTTTTCTCACAGCATGTATCTGTATAAGGTTGATGG
CTACATTTGTCAAGGCCTTGGAGACATACGAATAAGCCTTTAATGGAGCTTTTATGGAGGTGTACAGAATAAACT
GGAGGAAGATTTCCATATCTTAAACCCAAAGAGTTAAATCAGTAAACAAAGGAAAATAGTAATTGCATCTACAAA
TTAATATTTGCTCCCTTTTTTTTTCTGTTTGCCCAGAATAAATTTTGGATAACTTGTTCATAGTAAAAATAAAAR
AAATTGTCTICTGATATGTTCTTTAAGGTACTACTTCTCGAACCTTTCCCTAGAAGTAGCTGTAACAGAAGGAGAG
CATATGTACCCCTGAGGTATCTGTICTGGGGTGTAGGCCCAGGTCCACACAATATTTCTTICTAAGTCTTATGTTGT
ATCGTTAAGACTCATGCAATTTACATTTTATTCCATAACTATTTTAGTATTAAAATTTGTCAGTGATATTTCTTA
CCCTCTCCTCTAGGAAAATGTGCCATGTTTATCCCTTGGCTTTGAATGCCCCTCAGGAACAGACACTAAGAGTTT
GAGAAGCATGGTTACAAGGGTGTGGCTTCCCCTGCGGAAACTAAGTACAGACTATTTCACTGTAAAGCAGAGAAG
TTCTTTTGAAGGAGAATCTCCAGTGAAGAAAGAGTTCTTCACTTTTACTTCCATTTCCTICTTGTGGGTGACCCTC
AATGCTCCTTGTAAAACTCCAATATTTTAAACATGGCTGTTTTGCCTTTCTTTGCTTICTTTTTAGCATGAATGAG
ACAGATGATACTTTAAAAAAGTAATTAAAAAAAAAAACTTGTGAAAATACATGGCCATAATACAGAACCCAATAC
AATGATCTCCTTTACCAAATTGTTATGTTTGTACTTTTGTAGATAGCTTTCCAATTCAGAGACAGTTATTICTGTG
TAAAGGTCTGACTTAACAAGAAAAGATTTCCCTTTACCCAAAGAATCCCAGTCCTTATTTGCTGGTCAATAAGCA
GGGTCCCCAGGAATGGGGTAACTTTCAGCACCCTCTAACCCACTAGTTATTAGTAGACTAATTAAGTAAACTTAT
CGCAAGTTGAGGAAACTTAGAACCAACTAAAATTCTGCTTITTACTGGGATTTTGTTTTTTCAAACCAGAAACCTT
TACTTAAGTTGACTACTATTAATGAATTTTGGTCTCTCTTTTAAGTGCTCTTCTTAAAAATGTTATCTTACTGCT
GAGAAGTTCAAGTTTGGGAAGTACAAGGAGGAATAGAAACTTAAGAGATTTTCTTTTAGAGCCTCTTCTGTATTT
AGCCCTGTAGGATTTTTTTTTTTTTTTTTTTTTTTGGTGTTGTTGAGCTTCAGTGAGGCTATTCATTCACTTATA
CTGATAATGTCTGAGATACTGTGAATGAAATACTATGTATGCTTAAACCTAAGAGGAAATATTTTCCCAAAATTA
TTCTTCCCGAAAAGGAGGAGTTGCCTTTTGATTGAGTTCTTGCAAATCTCACAACGACTTTATTTTGAACAATAC
TGTTTGGGGATGATGCATTAGTTTGAAACAACTTCAGTTGTAGCTGTCATCTGATAAAATTGCTTCACAGGGAAG
GAAATTTAACACGGATCTAGTICATTATTCTTGTTAGATTGAATGTGTGAATTGTAATTGTAAACAGGCATGATAA
TTATTACTTTAAAAACTAAAAACAGTGAATAGTTAGTTGTGGAGGTTACTAAAGGATGGTTTTTTTTTAAATAAA
ACTTTCAGCATTATGCAAATGGGCATATGGCTTAGGATAAAACTTCCAGAAGTAGCATCACATTTAAATTCTCAA
GCAACTTAATAATATGGGGCTCTGAAAAACTGGTTAAGGTTACTCCAAAAATGGCCCTGGGTCTGACAAAGATTC
TAACTTAAAGATGCTTATGAAGACTTTGAGTAAAATCATTTCATAAAATAAGTGAGGAAAAACAACTAGTATTAA
ATTCATCTTAAATAATGTATGATTTAAAAAATATGTTTAGCTAAAAATGCATAGTCATTTGACAATTTCATTTAT
ATCTCAAAAAATTTACTTAACCAAGTTGGTCACAAAACTGATGAGACTGGTGGTGGTAGTGAATAAATGAGGGAC
CATCCATATTTGAGACACTTTACATTTGTGATGTGTTATACTGAATTTTCAGTTTGATTCTATAGACTACAAATT
TCAAAATTACAATTTCAAGATGTAATAAGTAGTAATATCTTGAAATAGCTCTAAAGGGAATTTTTCTGTTTTATT
GATTCTTAAAATATATGTGCTGATTTTGATTTGCATTTGGGTAGATTATACTTTTATGAGTATGGAGGTTAGGTA
TTGATTCAAGTTTTCCTTACCTATTTGGTAAGGATTTCAAAGTCTTTTTGTGCTTGGTTTTCCTCATTTTTAAAT
ATGAAATATATTGATGACCTTTAACAAATTTTTTTTATCTCAAATTTTAAAGGAGATCTTTTCTAAAAGAGGCAT
GATGACTTAATCATTGCATGTAACAGTAAACGATAAACCAATGATTCCATACTCTCTAAAGAATAAAAGTGAGCT
TTAGGGCCGGGCATGGTCAGAAATTTGACACCAACCTGGCCAACATGGCGAAACCCCGTCTCTACTAAAAATACA
AAAATCAGCCGGGCATGGTGGCGGCACCTATAGTCCCAGCTACTTGGGAGGATGAGACAGGAGAGTCACTTGAAC
CTGGGAGGAGAGGTTGCAGTGAGCTGAGATCACGCCATTGCACTCCAGCCTGAGCAATGAAAGCAAAACTCCATC
TCAAAAAAAAARAANGAAAAGAAAGAATAAAAGTGAGCTTTGGATTGCATATAAATCCTTTAGACATGTAGTAGA
CTTGTTTGATACTGTGTTTGAACAAATTACGAAGTATTTTCATCAAAGAATGTTATTGTTTGATGTTATTTTTAT
TTTTTATTGCCCAGCTTCTCTCATATTACGTGATTTTCTTCACTTCATGTCACTTTATTGTGCAGGGTCAGAGTA
TTATTCCAATGCTTACTGGAGAAGTGATTCCTGTAATGGAACTGCTTTCATCTATGAAATCACACAGTGTTCCTG
AAGAAATAGATGTAAGTTTAAATGAGAGCAATTATACACTTTATGAGTTTTTTGGGGTTATAGTATTATTATGTA
TATTATTAATATTCTAATTTTAATAGTAAGGACTTTGTCATACATACTATTCACATACAGTATTAGCCACTTTAG
CAAATAAGCACACACAAAATCCTGGATTTTATGGCAAAACAGAGGCATTTTTGATCAGTGATGACAAAATTAAAT
TCATTTTGTTTATTTCATTACTTTTATAATTCCTAAAAGTGGGAGGATCCCAGCTCTTATAGGAGCAATTAATAT
TTAATGTAGTGTCTTTTGAAACAAAACTGTGTGCCAAAGTAGTAACCATTAATGGAAGTTTACTTGTAGTCACAA
ATTTAGTTTCCTTAATCATTTGTTGAGGACGTTTTGAATCACACACTATGAGTGTTAAGAGATACCTTTAGGAAA
CTATTCTTGTTGTTTTCTGATTTTGTCATTTAGGTTAGTCTCCTGATTCTGACAGCTCAGAAGAGGAAGTTGTTC
TTGTAAAAATTGTTTAACCTGCTTGACCAGCTTTCACATTTIGTTICTTICTGAAGTTTATGGTAGTGCACAGAGATT
GTTTTTTGGGGAGTICTTGATTCTCGGAAATGAAGGCAGTGTGTTATATTGAATCCAGACTTCCGAAAACTTGTAT
ATTAAAAGTGTTATTTCAACACTATGTTACAGCCAGACTAATTTTTTTATTTTTTGATGCATTTTAGATAGCTGA
TACAGTACTCAATGATGATGATATTGGTGACAGCTGTCATGAAGGCTTTCTTCTCAAGTAAGAATTTTTCTTTTIC
ATAAAAGCTGGATGAAGCAGATACCATCTTATGCTCACCTATGACAAGATTTGGAAGAAAGAAAATAACAGACTG
TCTACTTAGATTGTTCTAGGGACATTACGTATTTGAACTGTTGCTTAAATTTGTGTTATTTTTCACTCATTATAT
TTCTATATATATTTGGTGTTATTCCATTTGCTATTTAAAGAAACCGAGTTTCCATCCCAGACAAGAAATCATGGC
CCCTTGCTTGATTCTGGTTTICTTGTTTTACTTCTCATTAAAGCTAACAGAATCCTTTCATATTAAGTTGTACTGT
AGATGAACTTAAGTTATTTAGGCGTAGAACAAAATTATTCATATTTATACTGATCTTTTTCCATCCAGCAGTGGA
GTTTAGTACTTAAGAGTTTGTGCCCTTAAACCAGACTCCCTGGATTAATGCTGTGTACCCGTGGGCAAGGTGCCT
GAATTCTCTATACACCTATTTCCTICATCTGTAAAATGGCAATAATAGTAATAGTACCTAATGTGTAGGGTTGTTA
TAAGCATTGAGTAAGATAAATAATATAAAGCACTTAGAACAGTGCCTGGAACATAAAAACACTTAATAATAGCTC
ATAGCTAACATTTCCTATTTACATTTCTTCTAGAAATAGCCAGTATTTGTTGAGTGCCTACATGTTAGTTCCTTT
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ACTAGTTGCTTTACATGTATTATCTTATATTCTGTTTTAAAGTTTCTTCACAGTTACAGATTTTCATGAAATTTT
ACTTTTAATAAAAGAGAAGTAAAAGTATAAAGTATTCACTTTTATGTTCACAGTCTTITTICCTTTAGGCTCATGAT
GGAGTATCAGAGGCATGAGTGTGTTTAACCTAAGAGCCTTAATGGCTTGAATCAGAAGCACTTTAGTCCTGTATC
TGTTCAGTGTCAGCCTTTCATACATCATTTTAAATCCCATTTGACTTTAAGTAAGTCACTTAATCTCTCTACATG
TCAATTTCTTCAGCTATAAAATGATGGTATTTCAATAAATAAATACATTAATTAAATGATATTATACTGACTAAT
TGGGCTGTTTTAAGGCTCAATAAGAAAATTTCTGTGAAAGGTCTCTAGAAAATGTAGGTTCCTATACAAATAAAR
GATAACATTGTGCTTATAGCTTCGGTGTTTATCATATAAAGCTATTCTGAGTTATTTGAAGAGCTCACCTACTTT
TTTTTGTTTTTAGTTTGTTAAATTGTTTTATAGGCAATGTTTTTAATCTGTTTTCTTTAACTTACAGTGCCATCA
GCTCACACTTGCAAACCTGTGGCTGTTCCGTTGTAGTAGGTAGCAGTGCAGAGAAAGTAAATAAGGTAGTTTATT
TTATAATCTAGCAAATGATTTGACTCTTTAAGACTGATGATATATCATGGATTGTCATTTAAATGGTAGGTTGCA
ATTAAAATGATCTAGTAGTATAAGGAGGCAATGTAATCTCATCAAATTGCTAAGACACCTTGTGGCAACAGTGAG
TTTGAAATAAACTGAGTAAGAATCATTTATCAGTTTATTTTGATAGCTCGGAAATACCAGTGTCAGTAGTGTATA
AATGGTTTTGAGAATATATTAAAATCAGATATATAAAAAAAATTACTCTTICTATTTCCCAATGTTATCTTTAACA
AATCTGAAGATAGTCATGTACTTTTGGTAGTAGTTCCAAAGAAATGTTATTTGTTTATTCATCTTGATTTCATTG
TCTTCGCTTTCCTTCTAAATCTGTCCCTTCTAGGGAGCTATTGGGATTAAGTGGTCATTGATTATTATACTTTAT
TCAGTAATGTTTCTGACCCTTTICCTTCAGTGCTACTTGAGTTAATTAAGGATTAATGAACAGTTACATTTCCAAG
CATTAGCTAATAAACTAAAGGATTTTGCACTTTTCTTCACTGACCATTAGTTAGAAAGAGTTCAGAGATAAGTAT
GTGTATCTTTCAATTTCAGCAAACCTAATTTTTTAAAAAAAGTTTTACATAGGAAATATGTTGGAAATGATACTT
TACAAAGATATTCATAATTTTTTTTTGTAATCAGCTACTTTGTATATTTACATGAGCCTTAATTTATATTTCTCA
TATAACCATTTATGAGAGCTTAGTATACCTGTGTCATTATATTGCATCTACGAACTAGTGACCTTATTCCTTICTG
TTACCTCAAACAGGTGGCTITTCCATCTGTGATCTCCAAAGCCTTAGGTTGCACAGAGTGACTGCCGAGCTGCTTT
ATGAAGGGAGAAAGGCTCCATAGTTGGAGTGTTTTTTTTTTTTTTTTTAAACATTTTTCCCATCCTCCATCCTCT
TGAGGGAGAATAGCTTACCTTTTATCTTGTTTTAATTTGAGAAAGAAGTTGCCACCACTCTAGGTTGAAAACCAC
TCCTTTAACATAATAACTGTGGATATGGTTTGAATTTCAAGATAGTTACATGCCTTTTTATTTTTCCTAATAGAG
CTGTAGGTCAAATATTATTAGAATCAGATTTCTAAATCCCACCCAATGACCTGCTTATTTTAAATCAAATTCAAT
AATTAATTCTCTTICTTITTTGGAGGATCTGGACATTICTTTGATATTTCTTACAACGAATTTCATGTGTAGACCCAC
TAAACAGAAGCTATAAAAGTTGCATGGTCAAATAAGTCTGAGAAAGTCTGCAGATGATATAATTCACCTGAAGAG
TCACAGTATGTAGCCAAATGTTAAAGGTTTTGAGATGCCATACAGTAAATTTACCAAGCATTTTCTAAATTTATT
TGACCACAGAATCCCTATTTTAAGCAACAACTGTTACATCCCATGGATTCCAGGTGACTAAAGAATACTTATTTIC
TTAGGATATGTTTTATTGATAATAACAATTAAAATTTCAGATATCTTTCATAAGCAAATCAGTGGTCTTTTTACT
TCATGTTTTAATGCTAAAATATTTTICTTTTATAGATAGTCAGAACATTATGCCTTTTTCTGACTCCAGCAGAGAG
AAAATGCTCCAGGTTATGTGAAGCAGAATCATCATTTAAATATGAGTCAGGGCTCTTTGTACAAGGCCTGCTAAA
GGTATAGTTTCTAGTTATCACAAGTGAAACCACTTTTCTAAAATCATTTTTGAGACTCTTTATAGACAAATCTTA
AATATTAGCATTTAATGTATCTCATATTGACATGCCCAGAGACTGACTTCCTTTACACAGTTCTGCACATAGACT
ATATGTCTTATGGATTTATAGTTAGTATCATCAGTGAAACACCATAGAATACCCTTITIGTIGTTCCAGGTGGGTCCC
TGTTCCTACATGTCTAGCCTCAGGACTTTTTTTTTTTTAACACATGCTTAAATCAGGTTGCACATCAAAAATAAG
ATCATTTCTTTTTAACTAAATAGATTTGAATTTTATTGAAAAAAAATTTTAAACATCTTTAAGAAGCTTATAGGA
TTTAAGCAATTCCTATGTATGTGTACTAAAATATATATATTTCTATATATAATATATATTAGAAAAAAATTGTAT
TTTTCTTTTATTTGAGTCTACTGTCAAGGAGCAAAACAGAGAAATGTAAATTAGCAATTATTTATAATACTTAAA
GGGAAGAAAGTTGTTCACCTTIGTTGAATCTATTATTGTTATTTCAATTATAGTCCCAAGACGTGAAGAAATAGCT
TTCCTAATGGTTATGTGATTGTCTCATAGTGACTACTTTCTTGAGGATGTAGCCACGGCAAAATGAAATAAAAAR
ATTTAAAAATTGTTGCAAATACAAGTTATATTAGGCTTTTGTGCATTTTCAATAATGTGCTGCTATGAACTCAGA
ATGATAGTATTTAAATATAGAAACTAGTTAAAGGAAACGTAGTTTCTATTTGAGTTATACATATCTGTAAATTAG
AACTTCTCCTIGTTAAAGGCATAATAAAGTGCTTAATACTTTTGTTTCCTCAGCACCCTCTCATTTAATTATATAA
TTTTAGTTCTGAAAGGGACCTATACCAGATGCCTAGAGGAAATTTCAAAACTATGATCTAATGAAAAAATATTTA
ATAGTTCTCCATGCAAATACAAATCATATAGTTTTCCAGAAAATACCTTTGACATTATACAAAGATGATTATCAC
AGCATTATAATAGTAAAAAAATGGAAATAGCCTCTITICTTICTGTTCTGTTCATAGCACAGTGCCTCATACGCAGT
AGGTTATTATTACATGGTAACTGGCTACCCCAACTGATTAGGAAAGAAGTAAATTTGTTTTATAAAAATACATAC
TCATTGAGGTGCATAGAATAATTAAGAAATTAAAAGACACTTGTAATTTTGAATCCAGTGAATACCCACTGTTAA
TATTTGGTATATCTCTTTICTAGTICTTTTTTTCCCTTTTGCATGTATTTTCTTTAAGACTCCCACCCCCACTGGAT
CATCTCTGCATGTTCTAATCTGCTTTTTTCACAGCAGATTCTAAGCCTCTTTGAATATCAACACAAACTTCAACA
ACTTCATCTATAGATGCCAAATAATAAATTCATTTTTATTTACTTAACCACTTICCTTTGGATGCTTAGGTCATTC
TGATGTTTTGCTATTGAAACCAATGCTATACTGAACACTTICTGTCACTAAAACTTTGCACACACTCATGAATAGC
TTCTTAGGATAAATTTTTAGAGATGGATTTGCTAAATCAGAGACCATTTTTTAAAATTAAAAAACAATTATTCAT
ATCGTTTGGCATGTAAGACAGTAAATTTTCCTTTTATTTTGACAGGATTCAACTGGAAGCTTTGTGCTGCCTTTIC
CGGCAAGTCATGTATGCTCCATATCCCACCACACACATAGATGTGGATGTCAATACTGTGAAGCAGATGCCACCC
TGTCATGAACATATTTATAATCAGCGTAGATACATGAGATCCGAGCTGACAGCCTTCTGGAGAGCCACTTCAGAA
GAAGACATGGCTCAGGATACGATCATCTACACTGACGAAAGCTTTACTCCTGATTTGTACGTAATGCTCTGCCTG
CTGGTACTGTAGTCAAGCAATATGAAATTGTGTCTTTTACGAATAAAAACAAAACAGAAGTTGCATTTAAAAAGA
AAGAAATATTACCAGCAGAATTATGCTTGAAGAAACATTTAATCAAGCATTTTTTTICTTAAATGTTCTTCTTTTT
CCATACAATTGTGTTTACCCTAAAATAGGTAAGATTAACCCTTAAAGTAAATATTTAACTATTTGTTTAATAAAT
ATATATTGAGCTCCTAGGCACTGTTCTAGGTACCGGGCTTAATAGTGGCCAACCAGACAGCCCCAGCCCCAGLCCC
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CTACATTGTGTATAGTCTATTATGTAACAGTTATTGAATGGACTTATTAACAAAACCAAAGAAGTAATTCTAAGT
CTTTTTTTTCTTGACATATGAATATAAAATACAGCAAAACTGTTAAAATATATTAATGGAACATTTTTTTACTTT
GCATTTTATATTGTTATTCACTTCTTATTTTTTTTTAAAAAAAAAAGCCTGAACAGTAAATTCAAAAGGAAAAGT
AATGATAATTAATTGTTGAGCATGGACCCAACTTGAAAAAAAARAATGATGATGATAAATCTATAATCCTAAAACC
CTAAGTAAACACTTAAAAGATGTTCTGAAATCAGGAAAAGAATTATAGTATACTTTTIGTGTITTCICTTITTATCAG
TTGAAAAAAGGCACAGTAGCTCATGCCTGTAAGAACAGAGCTTTGGGAGTGCAAGGCAGGCGGATCACTTGAGGC
CAGGAGTTCCAGACCAGCCTGGGCAACATAGTGAAACCCCATCTCTACAAAAAATAAAAAAGAATTATTGGAATG
TGTTTCTGTGTGCCTGTAATCCTAGCTATTCCGAAAGCTGAGGCAGGAGGATCTTTTGAGCCCAGGAGTTTGAGG
TTACAGGGAGTTATGATGTGCCAGTIGTACTCCAGCCTGGGGAACACCGAGACTCTGTCTTATTTAAAAAAANAAR
AAAAAAAATGCTTGCAATAATGCCTGGCACATAGAAGGTAACAGTAAGTGTTAACTGTAATAACCCAGGTCTAAG
TGTGTAAGGCAATAGAAAAATTGGGGCAAATAAGCCTGACCTATGTATCTACAGAATCAGTTTGAGCTTAGGTAA
CAGACCTGTGGAGCACCAGTAATTACACAGTAAGTGTTAACCAAAAGCATAGAATAGGAATATCTTGTTCAAGGG
ACCCCCAGCCTTATACATCTCAAGGTGCAGAAAGATGACTTAATATAGGACCCATTTTTTCCTAGTTCTCCAGAG
TTTTTATTGGTTCTTGAGAAAGTAGTAGGGGAATGTTTTAGAAAATGAATTGGTCCAACTGAAATTACATGTCAG
TAAGTTTTTATATATTGGTAAATTTTAGTAGACATGTAGAAGTTTTCTAATTAATCTGTGCCTTGAAACATTTTIC
TTTTTTCCTAAAGTGCTTAGTATTTTTTCCGTTTTTTGATTGGTTACTTGGGAGCTTTTTTGAGGAAATTTAGTG
AACTGCAGAATGGGTTTGCAACCATTTGGTATTTTTGTTTTGTTTTTTAGAGGATGTATGTGTATTTTAACATTT
CTTAATCATTTTTAGCCAGCTATGTTTGTTTTGCTGATTTGACAAACTACAGTTAGACAGCTATTCTCATTTTGC
TGATCATGACAAAATAATATCCTGAATTTTTAAATTTTGCATCCAGCTCTAAATTTTCTAAACATAAAATTGTCC
AAAAAATAGTATTTTCAGCCACTAGATTGTGTIGTTAAGTCTATTGTCACAGAGTCATTTTACTTTTAAGTATATG
TTTTTACATGTTAATTATGTTTGTTATTTTTAATTTTAACTTTTTAAAATAATTCCAGTCACTGCCAATACATGA
AAAATTGGTCACTGGAATTTTTTTTTTGACTTITTATTTTAGGTTCATGTGTACATGTGCAGGTGTGTTATACAGG
TAAATTGCGTGTCATGAGGGTTTGGTGTACAGGTGATTTCATTACCCAGGTAATAAGCATAGTACCCAATAGGTA
GTTTTTTGATCCTCACCCTTCTCCCACCCTCAAGTAGGCCCTGGTGTTGCTGTTTCCTICTTITGTGTCCATGTAT
ACTCAGTGTTTAGCTCCCACTTAGAAGTGAGAACATGCGGTAGTTGGTITTTICTGTTCCTGGATTAGTTCACTTAG
GATAATGACCTCTAGCTCCATCTGGTTTTTATGGCTGCATAGTATTCCATGGTGTATATGTATCACATTTTCTTT
ATCCAGTCTACCATTGATAGGCATTTAGGTTGATTCCCTGTCTTTGTTATCATGAATAGTGCTGTGATGAACATA
CACATGCATGTGTICTTTATGGTAGAAAAATTTGTATTCCTTTAGGTACATATAGAATAATGGGGTTGCTAGGGTG
AATGGTAGTTCTATTTTCAGTTATTTGAGAAATCTTCAAACTGCTTTTCATAATAGCTAAACTAATTTACAGTCC
CGCCAGCAGTGTATAAGTGTTCCCTITTTCTCCACAACCTTGCCAACATCTGTGATTTTTTGACTTTTTAATAATA
GCCATTCCTAGAGAATTGATTTGCAATTCTCTATTAGTGATATTAAGCATTTTTTCATATGCTTTTTAGCTGTICT
GTATATATTCTTCTGAAAAATTTTCATGTCCTTTGCCCAGTTTGTAGTGGGGTGGGTTGTTTTTTGCTTGTTAAT
TAGTTTTAAGTTCCTTCCAGATTCTGCATATCCCTTTGTTGGATACATGGTTTGCAGATATTTTTCTCCCATTGT
GTAGGTTGTCTTTTACTCTGTTGATAGTTTCTTTTGCCATGCAGGAGCTCGTTAGGTCCCATTTGTGTTTGTTTT
TGTTGCAGTTGCTTTTGGCGTICTTCATCATAAAATCTGTGCCAGGGCCTATGTCCAGAATGGTATTTCCTAGGTT
GTICTTCCAGGGTTTTTACAATTTTAGATTTTACGTTTATGTCTTTAATCCATCTTGAGTTGATTTTTGTATATGG
CACAAGGAAGGGGTCCAGTTTCACTCCAATTCCTATGGCTAGCAATTATCCCAGCACCATTTATTGAATACGGAG
TCCTTTCCCCATTGCTTGTTTTTTGTCAACTTTGTTGAAGATCAGATGGTTGTAAGTGTGTGGCTTTATTTCTTG
GCTCTCTATTCTCCATTGGTICTATGTGTCTGTTTTTATAACAGTACCCTGCTGTTCAGGTTCCTATAGCCTTTTA
GTATAAAATCGGCTAATGTGATGCCTCCAGCTTTGTTICTTITTTGCTTAGGATTGCTTTGGCTATTTGGGCTCCTT
TTTGGGTCCATATTAATTTTAAAACAGTTTTTTICTGGTTTTGTGAAGGATATCATTGGTAGTTTATAGGAATAGC
ATTGAATCTGTAGATTGCTTTGGGCAGTATGGCCATTTTAACAATATTAATTCTTCCTATCTATGAATATGGAAT
GTTTTTCCATGTGTTTGTGTCATCTICTTTATACCTGATGTATAAAGAAAAGCTGGTATTATTCCTACTCAATCTG
TTCCAAAAAATTGAGGAGGAGGAACTCTTCCCTAATGAGGCCAGCATCATTCTGATACCAAAACCTGGCAGAGAC
ACAACAGAAAAAAGAAAACTTCAGGCCAATATCCTTGATGAATATAGATGCAAAAATCCTCAACAAAATACTAGC
AAACCAAATCCAGCAGCACATCAAAAAGCTGATCTACTTTGATCAAGTAGGCTTTATCCCTGGGATGCAAGGTTG
GTTCAACATACACAAATCAATAAGTGTGATTCATCACATAAACAGAGCTAAAAACAAAAACCACAAGATTATCTC
AATAGGTAGAGAAAAGGTTGTCAATAAAATTTAACATCCTCCATGTTAAAAACCTTCAGTAGGTCAGGTGTAGTG
ACTCACACCTGTAATCCCAGCACTTTGGGAGGCCAAGGCGGGCATATCTCTTAAGCCCAGGAGTTCAAGACGAGC
CTAGGCAGCATGGTGAAACCCCATCTCTACAAAAAAAAAAAAAAANAARAATTAGCTTGGTATGGTGACATGCAC
CTATAGTCCCAGCTATTCAGGAGGTTGAGGTGGGAGGATTGTTTGAGCCCGGGAGGCAGAGGTTGGCAGCGAGCT
GAGATCATGCCACCGCACTCCAGCCTGGGCAACGGAGTGAGACCCTGTCTCAAAAAAGAAAAATCACAAACAATC
CTAAACAAACTAGGCATTGAAGGAACATGCCTCAAAAAAATAAGAACCATCTATGACAGACCCATAGCCAATATC
TTACCAAATGGGCAAAAGCTGGAAGTATTCTCCTTGAGAACCGTAACAAGACAAGGATGTCCACTCTCACCACTC
CTTTTCAGCATAGTTCTGGAAGTCCTAGCCAGAGCAATCAGGAAAGAGAAAGAAAGAAAGACATTCAGATAGGAA
GAGAAGAAGTCAAACTATTTCTGTITTGCAGGCAGTATAATTCTGTACCTAGAAAATCTCATAGTCTCTGCCCAGA
AACTCCTAAATCTGTTAAAAATTTCAGCAAAGTTTTGGCATTCTCTATACTCCAACACCTTCCAAAGTGAGAGCA
AAATCAAGAACACAGTCCCATTCACAATAGCCGCAAAACGAATAAAATACCTAGGAATCCAGCTAACCAGGGAGG
TGAAAGATCTCTATGAGAATTACAAAACACTGCTGAAAGAAATCAGAGATGACACAAACAAATGGAAATGTTCTT
TTTTAACACCTTGCTTTATCTAATTCACTTATGATGAAGATACTCATTCAGTGGAACAGGTATAATAAGTCCACT
CGATTAAATATAAGCCTTATTICTCTITTCCAGAGCCCAAGAAGGGGCACTATCAGTGCCCAGTCAATAATGACGAA
ATGCTAATATTTTTCCCCTITTACGGTTTCTTTCTTICTGTAGTGTGGTACACTCGTTTCTTAAGATAAGGAAACTT
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GAACTACCTTCCTGTITTGCTTICTACACATACCCATTICTICTITTTTTTGCCACTCTGGTCAGGTATAGGATGATCCC
TACCACTTTCAGTTAAAAACTCCTCCTCTTACTAAATGTTCTCTTACCCTCTGGCCTGAGTAGAACCTAGGGAAA
ATGGAAGAGAAAAAGATGAAAGGGAGGTGGGGCCTGGGAAGGGAATAAGTAGTCCTGTTTIGTITTGTGTGTTTGCT
TTAGCACCTGCTATATCCTAGGTGCTGTGTTAGGCACACATTATTTTAAGTGGCCATTATATTACTACTACTCAC
TCTGGTCGTTGCCAAGGTAGGTAGTACTTTCTTGGATAGTTGGTTCATGTTACTTACAGATGGTGGGCTTGTTGA
GGCAAACCCAGTGGATAATCATCGGAGTGTGTTCTCTAATCTCACTCAAATTTTTCTTCACATTTTTTGGTTTGT
TTTGGTTTTTGATGGTAGTGGCTTATTTTTGTTGCTGGTTTGTTTTTTGTTTTTTTTTGAGATGGCAAGAATTGG
TAGTTTTATTTATTAATTGCCTAAGGGTCTCTACTTTTTTTAAAAGATGAGAGTAGTAAAATAGATTGATAGATA
CATACATACCCTTACTGGGGACTGCTTATATTCTTTAGAGAAAAAATTACATATTAGCCTGACAAACACCAGTAA
AATGTAAATATATCCTTGAGTAAATAAATGAATGTATATTTTGTGTCTCCAAATATATATATCTATATTCTTACA
AATGTGTTTATATGTAATATCAATTTATAAGAACTTAAAATGTTGGCTCAAGTGAGGGATTGTGGAAGGTAGCAT
TATATGGCCATTTCAACATTTGAACTTTTTTCTTTTICTTCATTTTCTTCTTTTCTTCAGGAATATTTTTCAAGAT
GTCTTACACAGAGACACTCTAGTGAAAGCCTTCCTGGATCAGGTAAATGTTGAACTTGAGATTGTCAGAGTGAAT
GATATGACATGTTTTCTTTTTTAATATATCCTACAATGCCTGTTCTATATATTTATATTCCCCTGGATCATGCCC
CAGAGTTCTGCTCAGCAATTGCAGTTAAGTTAGTTACACTACAGTTICTCAGAAGAGTCTGTGAGGGCATGTCAAG
TGCATCATTACATTGGTTGCCTICTTIGTCCTAGATTTATGCTTCGGGAATTCAGACCTTTGTTTACAATATAATAA
ATATTATTGCTATCTTTTAAAGATATAATAATAAGATATAAAGTTGACCACAACTACTGTTTTTTGAAACATAGA
ATTCCTGGTTTACATGTATCAAAGTGAAATCTGACTTAGCTTTTACAGATATAATATATACATATATATATCCTG
CAATGCTTGTACTATATATGTAGTACAAGTATATATATATGTTTGTGTGTGTATATATATATAGTACGAGCATAT
ATACATATTACCAGCATTGTAGGATATATATATGTTTATATATTAAAAAAAAGTTATAAACTTAAAACCCTATTA
TGTTATGTAGAGTATATGTTATATATGATATGTAAAATATATAACATATACTCTATGATAGAGTGTAATATATTT
TTTATATATATTTTAACATTTATAAAATGATAGAATTAAGAATTGAGTCCTAATCTGTTTTATTAGGTGCTTTTT
GTAGTGTCTGGTCTTTCTAAAGTGTCTAAATGATTTTTCCTTTTGACTTATTAATGGGGAAGAGCCTGTATATTA
ACAATTAAGAGTGCAGCATTCCATACGTCAAACAACAAACATTTTAATTCAAGCATTAACCTATAACAAGTAAGT
TTTTTTTTTTTTTTTGAGAAAGGGAGGTTGTTTATTTGCCTGAAATGACTCAAAAATATTTTTGAAACATAGTGT
ACTTATTTAAATAACATCTTTATTGTTTCATTICTTTTAAAAAATATCTACTTAATTACACAGTTGAAGGAAATCG
TAGATTATATGGAACTTATTTCTTAATATATTACAGTTTGTTATAATAACATTCTGGGGATCAGGCCAGGAAACT
GTGTCATAGATAAAGCTTTGAAATAATGAGATCCTTATGTTTACTAGAAATTTTGGATTGAGATCTATGAGGTCT
GTGACATATTGCGAAGTTCAAGGAAAATTCGTAGGCCTGGAATTTCATGCTTCTCAAGCTGACATAAAATCCCTC
CCACTCTCCACCTCATCATATGCACACATTCTACTCCTACCCACCCACTCCACCCCCTGCAAAAGTACAGGTATA
TGAATGTCTCAAAACCATAGGCTCATCTTCTAGGAGCTTCAATGTTATTTGAAGATTTGGGCAGAAAAAATTAAG
TAATACGAAATAACTTATGTATGAGTTTTAAAAGTGAAGTAAACATGGATGTATTCTGAAGTAGAATGCAAAATT
TGAATGCATTTTTAAAGATAAATTAGAAAACTTCTAAAAACTGTCAGATTGTCTGGGCCTGGTGGCTTATGCCTG
TAATCCCAGCACTTTGGGAGTCCGAGGTGGGTGGATCACAAGGTCAGGAGATCGAGACCATCCTGCCAACATGGT
GAAACCCCGTCTCTACTAAGTATACAAAAATTAGCTGGGCGTGGCAGCGTGTGCCTGTAATCCCAGCTACCTGGG
AGGCTGAGGCAGGAGAATCGCTTGAACCCAGGAGGTGTAGGTTGCAGTGAGTCAAGATCGCGCCACTGCACTTTA
GCCTGGTGACAGAGCTAGACTCCGTCTCAAAAAAAAAAAAAANATATCAGATTGTTCCTACACCTAGTGCTTCTAT
ACCACACTCCTIGTITAGGGGGCATCAGTGGAAATGGTTAAGGAGATGTTTAGTGTGTATTGTCTGCCAAGCACTGT
CAACACTGTCATAGAAACTTCTGTACGAGTAGAATGTGAGCAAATTATGTGTTGAAATGGTTCCTICTCCCTGCAG
GICTTTCAGCTGAAACCTGGCTTATCTCTCAGAAGTACTTTCCTTGCACAGTTTCTACTTGTCCTTCACAGAAAA
GCCTTGACACTAATAAAATATATAGAAGACGATACGTGAGTAAAACTCCTACACGGAAGAAAAACCTTTGTACAT
TGTTTTTTTGTTTTGTTTCCTTITGTACATTTTCTATATCATAATTTTTGCGCTTCTTTTTTTTTTTTTTTTTTTIT
TTTTTTCCATTATTTTTAGGCAGAAGGGAAAAAAGCCCTTTAAATCTCTTCGGAACCTGAAGATAGACCTTGATT
TAACAGCAGAGGGCGATCTTAACATAATAATGGCTCTGGCTGAGAAAATTAAACCAGGCCTACACTCTTTTATCT
TTGGAAGACCTTTCTACACTAGTGTGCAAGAACGAGATGTTICTAATGACTTTTTAAATGTGTAACTTAATAAGCC
TATTCCATCACAATCATGATCGCTGGTAAAGTAGCTCAGTGGTGTGGGGAAACGTTCCCCTGGATCATACTCCAG
AATTCTGCTCTCAGCAATTGCAGTTAAGTAAGTTACACTACAGTTCTCACAAGAGCCTGTGAGGGGATGTCAGGT
GCATCATTACATTGGGTGTICICTTITTCCTAGATTTATGCTTTTGGGATACAGACCTATGTTTACAATATAATAAA
TATTATTGCTATCTTTTAAAGATATAATAATAGGATGTAAACTTGACCACAACTACTGTTTTTTTGAAATACATG
ATTCATGGTTTACATGTGTCAAGGTGAAATCTGAGTTGGCTTTTACAGATAGTTGACTTTICTATCTTTTGGCATT
CTTTGGTGTGTAGAATTACTGTAATACTTCTGCAATCAACTGAAAACTAGAGCCTTTAAATGATTTCAATTCCAC
AGAAAGAAAGTGAGCTTGAACATAGGATGAGCTTTAGAAAGAAAATTGATCAAGCAGATGTTTAATTGGAATTGA
TTATTAGATCCTACTTTGTGGATTTAGTCCCTGGGATTCAGTCTGTAGAAATGTCTAATAGTTCTCTATAGTCCT
TGTTCCTGGTGAACCACAGTTAGGGTGTTTTGTTTATTTTATTGTTCTTGCTATTGTTGATATTCTATGTAGTTG
AGCTCTGTAAAAGGAAATTGTATTTTATGTTTTAGTAATTGTTGCCAACTTTTTAAATTAATTTTCATTATTTTT
GAGCCAAATTGAAATGTGCACCTCCTGTGCCTTTTTTICTCCTTAGAAAATCTAATTACTTGGAACAAGTTCAGAT
TTCACTGGTCAGTCATTTTCATCTTIGTITTTCTTCTTGCTAAGTCTTACCATGTACCTGCTTTGGCAATCATTGCA
ACTCTGAGATTATAAAATGCCTTAGAGAATATACTAACTAATAAGATCTTTTTTTCAGAAACAGAAAATAGTTCC
TTGAGTACTTCCTTCTTGCATTTCTGCCTATGTTTTTGAAGTTGTTGCTGTTTGCCTGCAATAGGCTATAAGGAA
TAGCAGGAGAAATTTTACTGAAGTGCTGTTTTCCTAGGTGCTACTTTGGCAGAGCTAAGTTATCTTTTGTTTTCT
TAATGCGTTTGGACCATTTTGCTGGCTATAAAATAACTGATTAATATAATTCTAACACAATGTTGACATTGTAGT
TACACAAACACAAATAAATATTTTATTTAAAATTCTGGAAGTAATATAAAAGGGAAAATATATTTATAAGAAAGG
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GATAAAGGTAATAGAGCCCTICTGCCCCCCACCCACCAAATTTACACAACAAAATGACATGTTCGAATGTGAAAG
GTCATAATAGCTTTCCCATCATGAATCAGAAAGATGTGGACAGCTTGATGTTTTAGACAACCACTGAACTAGATG
ACTGTTGTACTGTAGCTCAGTCATTTAAAAAATATATAAATACTACCTTGTAGTGTCCCATACTGTGTTTTTTAC
ATGGTAGATTCTTATTTAAGTGCTAACTGGTTATTTTCTTTGGCTGGTTTATTGTACTGTTATACAGAATGTAAG
TTGTACAGTGAAATAAGTTATTAAAGCATGTGTAAACATTGTTATATATCTTTTCTCCTAAATGGAGAATTTTGA
ATAAAATATATTTGAAATTTT

SEQ ID NO:14

Reverse Complement of SEQ ID NO:13
AAAATTTCAAATATATTTTATTCAAAATTCTCCATTTAGGAGAAAAGATATATAACAATGTTTACACATGCTTTA
ATAACTTATTTCACTGTACAACTTACATTCTGTATAACAGTACAATAAACCAGCCAAAGAARAATAACCAGTTAGC
ACTTAAATAAGAATCTACCATGTAAAARAACACAGTATGGGACACTACAAGGTAGTATTTATATATTTTTTAAATG
ACTGAGCTACAGTACAACAGTCATCTAGTTCAGTGGTTGTCTAAAACATCAAGCTGTCCACATCTTTCTGATTCA
TGATGGGAAAGCTATTATGACCTTTCACATTCGAACATGTCATTTTGTTGTGTAAATTTGGTGGGTGGGGGGCAG
AAGGGCTCTATTACCTTTATCCCTTTCTTATAAATATATTTTCCCTTTTATATTACTTCCAGAATTTTAAATAAA
ATATTTATTTGTGTTTGTGTAACTACAATGTCAACATTGTGTTAGAATTATATTAATCAGTTATTTTATAGCCAG
CAAAATGGTCCAAACGCATTAAGAAAACAAAAGATAACTTAGCTCTGCCAAAGTAGCACCTAGGAAAACAGCACT
TCAGTAAAATTTCTCCTGCTATTCCTTATAGCCTATTGCAGGCAAACAGCAACAACTTCAAAAACATAGGCAGAA
ATGCAAGAAGGAAGTACTCAAGGAACTATTTTCTGTTTCTGAAAAAAAGATCTTATTAGTTAGTATATTICTCTAA
GGCATTTTATAATCTCAGAGTTGCAATGATTGCCAAAGCAGGTACATGGTAAGACTTAGCAAGAAGAAAACAAGA
TGAAAATGACTGACCAGTGAAATCTGAACTTGTTCCAAGTAATTAGATTTTCTAAGGAGAAAARAAGGCACAGGAG
GTGCACATTTCAATTTGGCTCAAAAATAATGAAAATTAATTTAAAAAGTTGGCAACAATTACTAAAACATAAAAT
ACAATTTCCTTTTACAGAGCTCAACTACATAGAATATCAACAATAGCAAGAACAATAAAATAAACAARACACCCT
AACTGTGGTTCACCAGGAACAAGGACTATAGAGAACTATTAGACATTTCTACAGACTGAATCCCAGGGACTAAAT
CCACAAAGTAGGATCTAATAATCAATTCCAATTAAACATCTIGCTTGATCAATTTTICTTTCTAAAGCTCATCCTAT
GTTCAAGCTCACTTTICTTTICTGTGGAATTGAAATCATTTAAAGGCTCTAGTTTTCAGTTGATTGCAGAAGTATTA
CAGTAATTCTACACACCAAAGAATGCCAAAAGATAGAAAGTCAACTATCTGTAAAAGCCAACTCAGATTTCACCT
TGACACATGTAAACCATGAATCATGTATTTCAAAAAAACAGTAGTTGTGGTCAAGTTTACATCCTATTATTATAT
CTTTAAAAGATAGCAATAATATTTATTATATTGTAAACATAGGTCTGTATCCCAAAAGCATAAATCTAGGAAAAG
AGACACCCAATGTAATGATGCACCTGACATCCCCTICACAGGCTCTTGTGAGAACTGTAGTGTAACTTACTTAACT
GCAATTGCTGAGAGCAGAATTCTGGAGTATGATCCAGGGGAACGTTTCCCCACACCACTGAGCTACTTTACCAGC
GATCATGATTGTGATGGAATAGGCTTATTAAGTTACACATTTAAAAAGTCATTAGAACATCTCGTTCTTGCACAC
TAGTGTAGAAAGGTCTTCCAAAGATAAAAGAGTGTAGGCCTGGTTTAATTTTCTCAGCCAGAGCCATTATTATGT
TAAGATCGCCCTCTGCTGTTAAATCAAGGTCTATCTTCAGGTTCCGAAGAGATTTAAAGGGCTTTTTTCCCTTCT
GCCTAAAAATAATGGAAAAAAAAAAAAAAAAAAAAAAAAAAGAAGCGCAAAAATTATGATATAGAAAATGTACAA
AGGAAACAAAACAAARAARAACAATGTACAAAGGTTTTTICTTCCGTGTAGGAGTTTTACTCACGTATCGTCTTCTAT
ATATTTTATTAGTGTCAAGGCTTTTCTGTGAAGGACAAGTAGAAACTGTGCAAGGAAAGTACTTCTGAGAGATAA
GCCAGGTTTCAGCTGAAAGACCTGCAGGGAGAGGAACCATTTCAACACATAATTTGCTCACATTCTACTCGTACA
GAAGTTTCTATGACAGTIGTITGACAGTGCTTGGCAGACAATACACACTAAACATCTCCTTAACCATTTCCACTGAT
GCCCCCTAACAGGAGTGTGGTATAGAAGCACTAGGTGTAGGAACAATCTGATATTTTTTTTITTITTITTTGAGACGG
AGTCTAGCTCTGTICACCAGGCTAAAGTGCAGTGGCGCGATCTTGACTCACTGCAACCTACACCTCCTGGGTTCAA
GCGATTCTCCTGCCTICAGCCTCCCAGGTAGCTGGGATTACAGGCACACGCTGCCACGCCCAGCTAATTTTTIGTAT
ACTTAGTAGAGACGGGGTTTCACCATGTTGGCAGGATGGTCTCGATCTCCTGACCTTGTGATCCACCCACCTCGG
ACTCCCAAAGTGCTGGGATTACAGGCATAAGCCACCAGGCCCAGACAATCTGACAGTTTTTAGAAGTTTTCTAAT
TTATCTTTAAAAATGCATTCAAATTTTGCATTCTACTTCAGAATACATCCATGTTTACTTCACTTTTAAAACTCA
TACATAAGTTATTTCGTATTACTTAATTTITTTCTGCCCAAATCTTCAAATAACATTGAAGCTCCTAGAAGATGAG
CCTATGGTTTTGAGACATTCATATACCTGTACTTTTGCAGGGGGTGGAGTGGGTGGGTAGGAGTAGAATGTGTGC
ATATGATGAGGTGGAGAGTGGGAGGGATTTTATGTCAGCTTGAGAAGCATGAAATTCCAGGCCTACGAATTTTCC
TTGAACTTCGCAATATGTCACAGACCTCATAGATCTCAATCCAAAATTTCTAGTAAACATAAGGATCTCATTATT
TCAAAGCTTTATCTATGACACAGTTTCCTGGCCTGATCCCCAGAATGTTATTATAACAAACTGTAATATATTAAG
AAATAAGTTCCATATAATCTACGATTTCCTTCAACTGTGTAATTAAGTAGATATTTTTTAAAAGAATGAAACAAT
AAAGATGTTATTTAAATAAGTACACTATGTTTCAAAAATATTTTTGAGTCATTTCAGGCAAATAAACAACCTCCC
TTTCTCAAAAAAAAARAAAAAAACTTACTTGTTATAGGTTAATGCTTGAATTAAAATGTTTGTTGTTTGACGTATG
GAATGCTGCACTCTTAATTGTTAATATACAGGCTCTTCCCCATTAATAAGTCAAAAGGAAAAATCATTTAGACAC
TTTAGAAAGACCAGACACTACAAAAAGCACCTAATAAAACAGATTAGGACTCAATTCTTAATTCTATCATTTTAT
AAATGTTAAAATATATATAAAAAATATATTACACTCTATCATAGAGTATATGTTATATATTTTACATATCATATA
TAACATATACTCTACATAACATAATAGGGTTTTAAGTTTATAACTTTTTTTTAATATATAAACATATATATATCC
TACAATGCTGGTAATATGTATATATGCTCGTACTATATATATATACACACACAAACATATATATATACTTGTACT
ACATATATAGTACAAGCATTGCAGGATATATATATGTATATATTATATCTGTAAAAGCTAAGTCAGATTTCACTT
TGATACATGTAAACCAGGAATTCTATGTTTCAAAAAACAGTAGTTGTGGTCAACTTTATATCTTATTATTATATC
TTTAAAAGATAGCAATAATATTTATTATATTGTAAACAAAGGTCTGAATTCCCGAAGCATAAATCTAGGACAAGA
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GGCAACCAATGTAATGATGCACTTGACATGCCCTCACAGACTCTTCTGAGAACTGTAGTGTAACTAACTTAACTG
CAATTGCTGAGCAGAACTCTGGGGCATGATCCAGGGGAATATAAATATATAGAACAGGCATTGTAGGATATATTA
AAAAAGAAAACATGTCATATCATTCACTCTGACAATCTCAAGTTCAACATTTACCTGATCCAGGAAGGCTTTCAC
TAGAGTGTCTCTGTGTAAGACATCTTGAAAAATATTCCTGAAGAAAAGAAGAAAATGAAGAAAAGAAAAAAGTTC
AAATGTTGAAATGGCCATATAATGCTACCTTCCACAATCCCTCACTTGAGCCAACATTTTAAGTTCTTATAAATT
GATATTACATATAAACACATTTGTAAGAATATAGATATATATATTTGGAGACACAAAATATACATTCATTTATTT
ACTCAAGGATATATTTACATTTTACTGGTIGTTTGTCAGGCTAATATGTAATTTTTTCTCTAAAGAATATAAGCAG
TCCCCAGTAAGGGTATGTATGTATCTATCAATCTATTTTACTACTCTCATCTTTTAAAAAAAGTAGAGACCCTTA
GGCAATTAATAAATAAAACTACCAATTCTTGCCATCTCAAAAAAANAACAAAAAACAAACCAGCAACAAAAATAAG
CCACTACCATCAAAAACCAAAACAAACCAAAAAATGTGAAGAAAAATTTGAGTGAGATTAGAGAACACACTCCGA
TGATTATCCACTGGGTTTGCCTCAACAAGCCCACCATCTGTAAGTAACATGAACCAACTATCCAAGAAAGTACTA
CCTACCTTGGCAACGACCAGAGTGAGTAGTAGTAATATAATGGCCACTTAAAATAATGTGTGCCTAACACAGCAC
CTAGGATATAGCAGGTGCTAAAGCAAACACACAAACAAACAGGACTACTTATTCCCTTCCCAGGCCCCACCTCCC
TTTCATCTTTTTCTCTTCCATTTTCCCTAGGTTCTACTCAGGCCAGAGGGTAAGAGAACATTTAGTAAGAGGAGG
AGTTTTTAACTGAAAGTGGTAGGGATCATCCTATACCTGACCAGAGTGGCAAAAAANGAGAATGGGTATGTGTAG
AAGCAAACAGGAAGGTAGTTCAAGTTTCCTTATCTTAAGAAACGAGTGTACCACACTACAGAAGAAAGAAACCGT
AAAGGGGAAAAATATTAGCATTTCGTCATTATTGACTGGGCACTGATAGTGCCCCTTICTTGGGCTCTGGAAAGAG
AATAAGGCTTATATTTAATCGAGTGGACTTATTATACCTGTTCCACTGAATGAGTATCTTCATCATAAGTGAATT
AGATAAAGCAAGGTGTTAAAAAAGAACATTTCCATTTIGTTTIGTGTCATCTCTGATTTICTTTCAGCAGTGTTTTGT
AATTCTCATAGAGATCTITTCACCTCCCTGGTTAGCTGGATTCCTAGGTATTTTATTCGTTTTGCGGCTATTGTGA
ATGGGACTGTIGTTICTTGATTTTGCTCTCACTTTGGAAGGTGTTGGAGTATAGAGAATGCCAAAACTTTGCTGAAA
TTTTTAACAGATTTAGGAGTTTCTGGGCAGAGACTATGAGATTTTCTAGGTACAGAATTATACTGCCTGCAAACA
GAAATAGTTTGACTTICTICTCTITCCTATCTGAATGTCTTICTTTCTTTCTCTTTCCTGATTGCTCTGGCTAGGAC
TTCCAGAACTATGCTGAAAAGGAGTGGTGAGAGTGGACATCCTTIGTICTTGTTACGGTTCTCAAGGAGAATACTTC
CAGCTTTTGCCCATTTGGTAAGATATTGGCTATGGGTCTGTCATAGATGGTTCTTATTTTTTTGAGGCATGTTCC
TTCAATGCCTAGTTTGTTTAGGATTGTTTGTGATTTTTCTTTTTTGAGACAGGGTCTCACTCCGTTGCCCAGGCT
GGAGTGCGGTGGCATGATCTCAGCTCGCTGCCAACCTCTGCCTCCCGGGCTCAAACAATCCTCCCACCTCAACCT
CCTGAATAGCTGGGACTATAGGTGCATGTCACCATACCAAGCTAATTTTTTTTTTTTITTITTITTTTTGTAGAGATG
GGGTTTCACCATGCTGCCTAGGCTCGTCTTGAACTCCTGGGCTTAAGAGATATGCCCGCCTTGGCCTCCCAAAGT
GCTGGGATTACAGGTGTGAGTCACTACACCTGACCTACTGAAGGTTTTTAACATGGAGGATGTTAAATTTTATTG
ACAACCTTTTICICTACCTATTGAGATAATCTTGTGGTITTTTIGTTTTTAGCTCTGTTTATGTGATGAATCACACTT
ATTGATTTGTGTATGTTGAACCAACCTTGCATCCCAGGGATAAAGCCTACTTGATCAAAGTAGATCAGCTTTTTG
ATGTGCTGCTGGATTTGGTTTGCTAGTATTTTGTTGAGGATTTTTGCATCTATATTCATCAAGGATATTGGCCTG
AAGTTTTCTTTTTTICIGTTIGTIGTCTCTGCCAGGTTTTGGTATCAGAATGATGCTGGCCTCATTAGGGAAGAGTTC
CTCCTCCTCAATTTTTTGGAACAGATTGAGTAGGAATAATACCAGCTTTTCTTTATACATCAGGTATAAAGAGAT
GACACAAACACATGGAAAAACATTCCATATTCATAGATAGGAAGAATTAATATTGTTAAAATGGCCATACTGCCC
AAAGCAATCTACAGATTCAATGCTATTCCTATAAACTACCAATGATATCCTTCACAAAACCAGAAAAAACTGTTT
TAAAATTAATATGGACCCAAAAAGGAGCCCAAATAGCCAAAGCAATCCTAAGCAAAAAGAACAAAGCTGGAGGCA
TCACATTAGCCGATTTTATACTAAAAGGCTATAGGAACCTGAACAGCAGGGTACTGTTATAAAAACAGACACATA
GACCAATGGAGAATAGAGAGCCAAGAAATAAAGCCACACACTTACAACCATCTGATCTTCAACAAAGTTGACAAA
AAACAAGCAATGGGGAAAGGACTCCGTATTCAATAAATGGTGCTGGGATAATTGCTAGCCATAGGAATTGGAGTG
AAACTGGACCCCTTCCTTGTGCCATATACAAAAATCAACTCAAGATGGATTAAAGACATAAACGTAAAATCTAAA
ATTGTAAAAACCCTGGAAGACAACCTAGGAAATACCATTCTGGACATAGGCCCTGGCACAGATTTTATGATGAAG
ACGCCAAAAGCAACTGCAACAAAAACAAACACAAATGGGACCTAACGAGCTCCTGCATGGCAAAAGAAACTATCA
ACAGAGTAAAAGACAACCTACACAATGGGAGAAAAATATCTGCAAACCATGTATCCAACAAAGGGATATGCAGAA
TCTGGAAGGAACTTAAAACTAATTAACAAGCAAAAAACAACCCACCCCACTACAAACTGGGCAAAGGACATGAAA
ATTTTTCAGAAGAATATATACAGACAGCTAAAAAGCATATGAAAAAATGCTTAATATCACTAATAGAGAATTGCA
AATCAATTCTCTAGGAATGGCTATTATTAAAAAGTCAAAAAATCACAGATGTTGGCAAGGTTGTGGAGAAAAGGG
AACACTTATACACTGCTGGCGGGACTGTAAATTAGTTTAGCTATTATGAAAAGCAGTTTGAAGATTTCTCAAATA
ACTGAAAATAGAACTACCATTCACCCTAGCAACCCCATTATTCTATATGTACCTAAAGGAATACAAATTTTTCTA
CCATAAAGACACATGCATGTGTATGTTCATCACAGCACTATTCATGATAACAAAGACAGGGAATCAACCTAAATG
CCTATCAATGGTAGACTGGATAAAGAAAATGTGATACATATACACCATGGAATACTATGCAGCCATAAAAACCAG
ATGGAGCTAGAGGTCATTATCCTAAGTGAACTAATCCAGGAACAGAAAACCAACTACCGCATGTTCTCACTTCTA
AGTGGGAGCTAAACACTGAGTATACATGGACACAAAGAAGGAAACAGCAACACCAGGGCCTACTTGAGGGTGGGA
GAAGGGTGAGGATCAAAAAACTACCTATTGGGTACTATGCTTATTACCTGGGTAATGAAATCACCTGTACACCAA
ACCCTCATGACACGCAATTTACCTGTATAACACACCTGCACATGTACACATGAACCTAAAATAAAAGTCAAAAAA
AAAATTCCAGTGACCAATTTTTCATGTATTGGCAGTGACTGGAATTATTTTAAAAAGTTAAAATTAAAAATAACA
AACATAATTAACATGTAAAAACATATACTTAAAAGTAAAATGACTCTGTGACAATAGACTTAACACACAATCTAG
TGGCTGAAAATACTATTTTTTGGACAATTTTATGTTTAGAAAATTTAGAGCTGGATGCAAAATTTAAAAATTCAG
GATATTATTTTGTCATGATCAGCAAAATGAGAATAGCTGTICTAACTGTAGTTTGTCAAATCAGCAAAACAAACAT
AGCTGGCTAAAAATGATTAAGAAATGTTAAAATACACATACATCCTCTAAAAAACAAAACAAAAATACCAAATGG
TTGCAAACCCATTCTGCAGTTCACTAAATTTCCTCAAAAAAGCTCCCAAGTAACCAATCAAAAAACGGAAAAAAT
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ACTAAGCACTTTAGGAAAAAAGAAAATGTTTCAAGGCACAGATTAATTAGAAAACTTCTACATGTCTACTAAAAT
TTACCAATATATAAAAACTTACTGACATGTAATTTCAGTTGGACCAATTCATTTTCTAAAACATTCCCCTACTAC
TTTCTCAAGAACCAATAAAAACTCTGGAGAACTAGGAAAAAATGGGTCCTATATTAAGTCATCTTTICTGCACCTT
GAGATGTATAAGGCTGGGGGTCCCTTGAACAAGATATTCCTATTCTATGCTTTTGGTTAACACTTACTGTGTAAT
TACTGGTGCTCCACAGGTCTGTTACCTAAGCTCAAACTGATTCTGTAGATACATAGGTCAGGCTTATTTGCCCCA
ATTTTTCTATTGCCTTACACACTTAGACCTGGGTTATTACAGTTAACACTTACTGTTACCTTCTATGTGCCAGGC
ATTATTGCAAGCATTTTTTTTTTTITTTTTTTTAAATAAGACAGAGTCTCGGTGTTCCCCAGGCTGGAGTACACTG
GCACATCATAACTCCCTGTAACCTCAAACTCCTGGGCTCAAAAGATCCTCCTGCCTCAGCTTTCGGAATAGCTAG
GATTACAGGCACACAGAAACACATTCCAATAATTCTTTTTTATTTTTTGTAGAGATGGGGTTTCACTATGTTGCC
CAGGCTGGTCTGGAACTCCTGGCCTCAAGTGATCCGCCTGCCTTGCACTCCCAAAGCTCTGTTCTTACAGGCATG
AGCTACTGTGCCTITTTITTCAACTGATAAAAGAGAAACACAAAAGTATACTATAATTCTTITTCCTGATTTCAGAAC
ATCTTTTAAGTGTTTACTTAGGGTTTTAGGATTATAGATTTATCATCATCATTTTTTTTTTCAAGTTGGGTCCAT
GCTCAACAATTAATTATCATTACTTTTCCTTTTGAATTTACTGTTCAGGCTTTTTTTTTTAAAAAAAAATAAGAA
GTGAATAACAATATAAAATGCAAAGTAAAAAAATGTTCCATTAATATATTTTAACAGTTTTGCTGTATTTTATAT
TCATATGTCAAGAAAAAAAAGACTTAGAATTACTTCTTTGGTTTTGTTAATAAGTCCATTCAATAACTGTTACAT
AATAGACTATACACAATGTAGGGGCTGGGGCTGGGGCTGTCTGGTTGGCCACTATTAAGCCCGGTACCTAGAACA
GTGCCTAGGAGCTCAATATATATTTATTAAACAAATAGTTAAATATTTACTTTAAGGGTTAATCTTACCTATTTT
AGGGTAAACACAATTGTATGGAAAAAGAAGAACATTTAAGAAAAAAATGCTTGATTAAATGTTTCTTCAAGCATA
ATTCTGCTGGTAATATTTCTTTCTTTTTAAATGCAACTTCTGTTTTGTTTTTATTCGTAAAAGACACAATTTCAT
ATTGCTTGACTACAGTACCAGCAGGCAGAGCATTACGTACAAATCAGGAGTAAAGCTTTCGTCAGTGTAGATGAT
CGTATCCTGAGCCATGTICTTCTTCTGAAGTGGCTCTCCAGAAGGCTGTCAGCTCGGATCTCATGTATCTACGCTG
ATTATAAATATGTTCATGACAGGGTGGCATCTGCTTCACAGTATTGACATCCACATCTATGTGTGTGGTGGGATA
TGGAGCATACATGACTTGCCGGAAAGGCAGCACAAAGCTTCCAGTTGAATCCTGTCAAAATAAAAGGAAAATTTA
CTGTCTTACATGCCAAACGATATGAATAATTGTTTTTTAATTTTAAAAAATGGTCTCTGATTTAGCAAATCCATC
TCTAAAAATTTATCCTAAGAAGCTATTCATGAGTGTGTGCAAAGTTTTAGTGACAGAAGTGTTCAGTATAGCATT
GGTTTCAATAGCAAAACATCAGAATGACCTAAGCATCCAAAGGAAGTGGTTAAGTAAATAAAAATGAATTTATTA
TTTGGCATCTATAGATGAAGTTGTTGAAGTTTGTGTTGATATTCAAAGAGGCTTAGAATCTGCTGTGAAAAAAGC
AGATTAGAACATGCAGAGATGATCCAGTGGGGGTGGGAGTCTTAAAGAAAATACATGCAAAAGGGAAAAAANGAC
TAGAAAGAGATATACCAAATATTAACAGTGGGTATTCACTGGATTCAAAATTACAAGTGTCTTTTAATTTCTTAA
TTATTCTATGCACCTCAATGAGTATGTATTTTTATAAAACAAATTTACTTICTTTCCTAATCAGTTGGGGTAGCCA
GTTACCATGTAATAATAACCTACTGCGTATGAGGCACTGTGCTATGAACAGAACAGAAGAAAGAGGCTATTTCCA
TTTTTTTACTATTATAATGCTGTGATAATCATCTTTGTATAATGTCAAAGGTATTTTCTGGAAAACTATATGATT
TGTATTTGCATGGAGAACTATTAAATATTTTTTCATTAGATCATAGTTTTGAAATTTCCTCTAGGCATCTGGTAT
AGGTCCCTTTCAGAACTAAAATTATATAATTAAATGAGAGGGTGCTGAGGAAACAAAAGTATTAAGCACTTTATT
ATGCCTTTAACAGGAGAAGTTCTAATTTACAGATATGTATAACTCAAATAGAAACTACGTTTCCTTTAACTAGTT
TCTATATTTAAATACTATCATTICTGAGTTCATAGCAGCACATTATTGAAAATGCACAAAAGCCTAATATAACTTG
TATTTGCAACAATTTTTAAATTTTTTTATTTCATTTTGCCGTGGCTACATCCTCAAGAAAGTAGTCACTATGAGA
CAATCACATAACCATTAGGAAAGCTATTTCTTCACGTICTTGGGACTATAATTGAAATAACAATAATAGATTCAAC
AAGGTGAACAACTTTCTITCCCTTTAAGTATTATAAATAATTGCTAATTTACATTTCTCTGTTTTGCTCCTTGACA
GTAGACTCAAATAAAAGAAAAATACAATTTTTTTCTAATATATATTATATATAGAAATATATATATTTTAGTACA
CATACATAGGAATTGCTTAAATCCTATAAGCTTICTTAAAGATGTTTAAAATTTTTTTTCAATAAAATTCAAATCT
ATTTAGTTAAAAAGAAATGATCTTATTTTTGATGTGCAACCTGATTTAAGCATGTGTTAAAAAAAAAARAAGTCCT
GAGGCTAGACATGTAGGAACAGGGACCCACCTGGAACACAAAGGGTATTCTATGGTGTTTCACTGATGATACTAA
CTATAAATCCATAAGACATATAGTICTATGTGCAGAACTGTGTAAAGGAAGTCAGTCTCTGGGCATGTCAATATGA
GATACATTAAATGCTAATATTTAAGATTTGTCTATAAAGAGTCTCAAAAATGATTTTAGAAAAGTGGTTTCACTT
GTGATAACTAGAAACTATACCTTTAGCAGGCCTTGTACAAAGAGCCCTGACTCATATTTAAATGATGATTCTGCT
TCACATAACCTGGAGCATTTTICTICICTGCTGGAGTCAGAAAAAGGCATAATGTTCTGACTATCTATAAAAGAAAR
TATTTTAGCATTAAAACATGAAGTAAAAAGACCACTGATTTGCTTATGAAAGATATCTGAAATTTTAATTGTTAT
TATCAATAAAACATATCCTAAGAAATAAGTATTCTTTAGTCACCTGGAATCCATGGGATGTAACAGTTGTTGCTT
AAAATAGGGATTCTGTGGTCAAATAAATTTAGAAAATGCTTGGTAAATTTACTGTATGGCATCTCAAAACCTTTA
ACATTTGGCTACATACTGTGACTCTTCAGGTGAATTATATCATCTGCAGACTTTCTCAGACTTATTTGACCATGC
AACTTTTATAGCTTICIGTTTAGTGGGTCTACACATGAAATTCGTTGTAAGAAATATCAAAGAATGTCCAGATCCT
CCAAAAAGAAGAGAATTAATTATTGAATTTGATTTAAAATAAGCAGGTCATTGGGTGGGATTTAGAAATCTGATT
CTAATAATATTTGACCTACAGCTCTATTAGGAAAAATAAAAAGGCATGTAACTATCTTGAAATTCAAACCATATC
CACAGTTATTATGTTAAAGGAGTGGTTTTCAACCTAGAGTGGTGGCAACTTCTTTCTCAAATTAAAACAAGATAA
AAGGTAAGCTATTCTCCCTCAAGAGGATGGAGGATGGGAAAAATGTTTAAAAAAAARAAAAAAAACACTCCAACT
ATGGAGCCTTITCTICCCTTCATAAAGCAGCTCGGCAGTCACTCTGTGCAACCTAAGGCTTTGGAGATCACAGATGG
AAAGCCACCTGTTTGAGGTAACAGAAGGAATAAGGTCACTAGTTCGTAGATGCAATATAATGACACAGGTATACT
AAGCTCTCATAAATGGTTATATGAGAAATATAAATTAAGGCTCATGTAAATATACAAAGTAGCTGATTACAAAAA
AAAATTATGAATATCTTTGTAAAGTATCATTTCCAACATATTTCCTATGTAAAACTTTTTTTAAAAAATTAGGTT
TGCTGAAATTGAAAGATACACATACTTATCTCTGAACTCTTTCTAACTAATGGTCAGTGAAGAAAAGTGCAAAAT
CCTTTAGTTTATTAGCTAATGCTTGGAAATGTAACTGTTCATTAATCCTTAATTAACTCAAGTAGCACTGAAGGA

254



10

15

20

25

30

35

40

45

50

55

60

WO 2022/256290 PCT/US2022/031519

AAGGGTCAGAAACATTACTGAATAAAGTATAATAATCAATGACCACTTAATCCCAATAGCTCCCTAGAAGGGACA
GATTTAGAAGGAAAGCGAAGACAATGAAATCAAGATGAATAAACAAATAACATTTCTTTGGAACTACTACCAAAA
GTACATGACTATCTTCAGATTTGTTAAAGATAACATTGGGAAATAGAAGAGTAATTTTTTTTATATATCTGATTT
TAATATATTCTCAAAACCATTTATACACTACTGACACTGGTATTTCCGAGCTATCAAAATAAACTGATAAATGAT
TCTTACTCAGTTTATTTCAAACTCACTGTTGCCACAAGGTGTCTTAGCAATTTGATGAGATTACATTGCCTCCTT
ATACTACTAGATCATTTTAATTGCAACCTACCATTTAAATGACAATCCATGATATATCATCAGTCTTAAAGAGTC
AAATCATTTGCTAGATTATAAAATAAACTACCTTATTTACTTTCTCTGCACTGCTACCTACTACAACGGAACAGC
CACAGGTTTGCAAGTGTGAGCTGATGGCACTGTAAGTTAAAGAAAACAGATTAAAAACATTGCCTATAAAACAAT
TTAACAAACTAAAAACAAAAAAAAGTAGGTGAGCTCTTCAAATAACTCAGAATAGCTTTATATGATAAACACCGA
AGCTATAAGCACAATGTTATCTTTTATTTGTATAGGAACCTACATTTTCTAGAGACCTTTCACAGAAATTTTCTT
ATTGAGCCTTAAAACAGCCCAATTAGTCAGTATAATATCATTTAATTAATGTATTTATTTATTGAAATACCATCA
TTTTATAGCTGAAGAAATTGACATGTAGAGAGATTAAGTGACTTACTTAAAGTCAAATGGGATTTAAAATGATGT
ATGAAAGGCTGACACTGAACAGATACAGGACTAAAGTGCTTCTGATTCAAGCCATTAAGGCTCTTAGGTTAAACA
CACTCATGCCTCTGATACTCCATCATGAGCCTAAAGGAAAAGACTGTGAACATAAAAGTGAATACTTTATACTTT
TACTTCTCTTTTATTAAAAGTAAAATTTCATGAAAATCTGTAACTGTGAAGAAACTTTAAAACAGAATATAAGAT
AATACATGTAAAGCAACTAGTAAAGGAACTAACATGTAGGCACTCAACAAATACTGGCTATTTCTAGAAGAAATG
TAAATAGGAAATGTTAGCTATGAGCTATTATTAAGTGTTTTTATGTTCCAGGCACTGTTCTAAGTGCTTTATATT
ATTTATCTTACTCAATGCTTATAACAACCCTACACATTAGGTACTATTACTATTATTGCCATTTTACAGATGAGG
AAATAGGTGTATAGAGAATTCAGGCACCTTGCCCACGGGTACACAGCATTAATCCAGGGAGTCTGGTTTAAGGGC
ACAAACTCTTAAGTACTAAACTCCACTGCTGGATGGAAAAAGATCAGTATAAATATGAATAATTTTGTTCTACGC
CTAAATAACTTAAGTTCATCTACAGTACAACTTAATATGAAAGGATTCTGTTAGCTTTAATGAGAAGTAAAACAA
GAAACCAGAATCAAGCAAGGGGCCATGATTTCTTGTCTGGGATGGAAACTCGGTTTCTTTAAATAGCAAATGGAA
TAACACCAAATATATATAGAAATATAATGAGTGAAAAATAACACAAATTTAAGCAACAGTTCAAATACGTAATGT
CCCTAGAACAATCTAAGTAGACAGTCTGTTATTTTICTTTCTTCCAAATCTTGTCATAGGTGAGCATAAGATGGTA
TCTGCTTCATCCAGCTTTTATGAAAAGAAAAATTCTTACTTGAGAAGAAAGCCTTCATGACAGCTGTCACCAATA
TCATCATCATTGAGTACTGTATCAGCTATCTAAAATGCATCAAAAAATAAAAAAATTAGTCTGGCTGTAACATAG
TGTTGAAATAACACTTTTAATATACAAGTTTTCGGAAGTCTGGATTCAATATAACACACTGCCTTCATTTCCGAG
AATCAAGACTCCCCAAAAAACAATCTCTGTGCACTACCATAAACTTCAGAAGAACAAATGTGAAAGCTGGTCAAG
CAGGTTAAACAATTTTTACAAGAACAACTTCCTCTTCTGAGCTGTCAGAATCAGGAGACTAACCTAAATGACAAA
ATCAGAAAACAACAAGAATAGTTTCCTAAAGGTATCTICTTAACACTCATAGTGTGTGATTCAAAACGTCCTCAAC
AAATGATTAAGGAAACTAAATTTGTGACTACAAGTAAACTTCCATTAATGGTTACTACTTTGGCACACAGTTTTG
TTTCAAAAGACACTACATTAAATATTAATTGCTCCTATAAGAGCTGGGATCCTCCCACTTTTAGGAATTATAAAA
GTAATGAAATAAACAAAATGAATTTAATTTTGTCATCACTGATCAAAAATGCCTCTGTTTTGCCATAAAATCCAG
GATTTTGTGTGTGCTTATTTGCTAAAGTGGCTAATACTGTATGTGAATAGTATGTATGACAAAGTCCTTACTATT
AAAATTAGAATATTAATAATATACATAATAATACTATAACCCCAAAAAACTCATAAAGTGTATAATTGCTCTCAT
TTAAACTTACATCTATTTCTTCAGGAACACTGTGTGATTTCATAGATGAAAGCAGTTCCATTACAGGAATCACTT
CTCCAGTAAGCATTGGAATAATACTCTGACCCTGCACAATAAAGTGACATGAAGTGAAGAAAATCACGTAATATG
AGAGAAGCTGGGCAATAAAAAATAAAAATAACATCAAACAATAACATTCTTTGATGAAAATACTTCGTAATTTGT
TCAAACACAGTATCAAACAAGTCTACTACATGTCTAAAGGATTTATATGCAATCCAAAGCTCACTTTTATTCTTT
CTTTTCTTTTTTTTTTTTTGAGATGGAGTTTTGCTTTCATTGCTCAGGCTGGAGTGCAATGGCGTGATCTCAGCT
CACTGCAACCTCTCCTCCCAGGTTCAAGTGACTCTCCTGTCTCATCCTCCCAAGTAGCTGGGACTATAGGTGCCG
CCACCATGCCCGGCTGATTTTTGTATTTTTAGTAGAGACGGGGTTTCGCCATGTTGGCCAGGTTGGTGTCAAATT
TCTGACCATGCCCGGCCCTAAAGCTCACTTTTATTCTTTAGAGAGTATGGAATCATTGGTTTATCGTTTACTGTT
ACATGCAATGATTAAGTCATCATGCCTCTTTTAGAAAAGATCTCCTTTAAAATTTGAGATAAAAAAAATTTGTTA
AAGGTCATCAATATATTTCATATTTAAAAATGAGGAAAACCAAGCACAAAAAGACTTTGAAATCCTTACCAAATA
GGTAAGGAAAACTTGAATCAATACCTAACCTCCATACTCATAAAAGTATAATCTACCCAAATGCAAATCAAAATC
AGCACATATATTTTAAGAATCAATAAAACAGAAAAATTCCCTTTAGAGCTATTTCAAGATATTACTACTTATTAC
ATCTTGAAATTGTAATTTTGAAATTTGTAGTCTATAGAATCAAACTGAAAATTCAGTATAACACATCACAAATGT
AAAGTGTCTCAAATATGGATGGTCCCTCATTTATTCACTACCACCACCAGTICTCATCAGTTTTGTGACCAACTTG
GTTAAGTAAATTTTTTGAGATATAAATGAAATTGTCAAATGACTATGCATTTTTAGCTAAACATATTTTTTAAAT
CATACATTATTTAAGATGAATTTAATACTAGTTGTTTTTCCTCACTTATTTTATGAAATGATTTTACTCAAAGTC
TTCATAAGCATCTTTAAGTTAGAATCTTTGTCAGACCCAGGGCCATTTTTGGAGTAACCTTAACCAGTTTTTCAG
AGCCCCATATTATTAAGTTGCTTGAGAATTTAAATGTGATGCTACTTCTGGAAGTTTTATCCTAAGCCATATGCC
CATTTGCATAATGCTGAAAGTTTTATTTAAAAAAAAACCATCCTTTAGTAACCTCCACAACTAACTATTCACTGT
TTTTAGTTTTTAAAGTAATAATTATCATGCCTGTTTACAATTACAATTCACACATTCAATCTAACAAGAATAATG
ACTAGATCCGTGTITAAATTTCCTTCCCTGTGAAGCAATTTTATCAGATGACAGCTACAACTGAAGTTGTTTCAAA
CTAATGCATCATCCCCAAACAGTATTGTTCAAAATAAAGTCGTTGTGAGATTTGCAAGAACTCAATCAAAAGGCA
ACTCCTCCTTITTCGGGAAGAATAATTTTGGGAAAATATTTCCTCTTAGGTTTAAGCATACATAGTATTTCATTCA
CAGTATCTCAGACATTATCAGTATAAGTGAATGAATAGCCTCACTGAAGCTCAACAACACCAAAAAANAANAARA
AAAAAAAAATCCTACAGGGCTAAATACAGAAGAGGCTCTAAAAGAAAATCTCTTAAGTTTCTATTCCTCCTTGTA
CTTCCCAAACTTGAACTTCTCAGCAGTAAGATAACATTTTTAAGAAGAGCACTTAAAAGAGAGACCAAAATTCAT
TAATAGTAGTCAACTTAAGTAAAGGTTTCTGGTTTGAAAAAACAAAATCCCAGTAAAAGCAGAATTTTAGTTGGT
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TCTAAGTTTCCTCAACTTGCGATAAGTTTACTTAATTAGTCTACTAATAACTAGTGGGTTAGAGGGTGCTGAAAG
TTACCCCATTCCTGGGGACCCTGCTTATTGACCAGCAAATAAGGACTGGGATTCTTTGGGTAAAGGGAAATCTTT
TCTTGTTAAGTCAGACCTTTACACAGAATAACTGTCTCTGAATTGGAAAGCTATCTACAAAAGTACAAACATAAC
AATTTGGTAAAGGAGATCATTGTATTGGGTTCTGTATTATGGCCATGTATTTTCACAAGTTTTTTTTTTTAATTA
CTTTTTTAAAGTATCATCTGICTCATTCATGCTAAAAAGAAGCAAAGAAAGGCAAAACAGCCATGTTTAAAATAT
TGGAGTTTTACAAGGAGCATTGAGGGTCACCCACAAGAGGAAATGGAAGTAAAAGTGAAGAACTCTTTCTTCACT
GGAGATTCTCCTTCAAAAGAACTTCTCTGCTTTACAGTGAAATAGTCTGTACTTAGTTTCCGCAGGGGAAGCCAC
ACCCTTGTAACCATGCTTCTCAAACTCTTAGTGTICTGTITCCTGAGGGGCATTCAAAGCCAAGGGATAAACATGGC
ACATTTTCCTAGAGGAGAGGGTAAGAAATATCACTGACAAATTTTAATACTAAAATAGTTATGGAATAAAATGTA
AATTGCATGAGTCTTAACGATACAACATAAGACTTAGAAGAAATATTGTGTGGACCTGGGCCTACACCCCAGACA
GATACCTCAGGGGTACATATGCTCTICCTTCTGTTACAGCTACTTCTAGGGAAAGGTTCGAGAAGTAGTACCTTAA
AGAACATATCAGAGACAATTTTTTTTATTTTTACTATGAACAAGTTATCCAAAATTTATTCTGGGCAAACAGAAA
AAAAANGGGAGCAAATATTAATTTGTAGATGCAATTACTATTTTCCTTTGTTTACTGATTTAACTCTTTGGGTTT
AAGATATGGAAATCTTCCTCCAGTTTATTCTGTACACCTCCATAAAAGCTCCATTAAAGGCTTATTCGTATGTCT
CCAAGGCCTTGACAAATGTAGCCATCAACCTTATACAGATACATGCTGTGAGAAAAACATTTGACAGTATGCAAT
TTGCATATACCTGATCTTCCATTCICTCTGTGCCTTCTAAGATAATCTTCTGGACATTITTCTTGTICTTTCCTGAG
CAAGAGAAAATTTATTTAAAAAAACAACCCACAACATTTTGATACTTGCTTATTTTTCAATAGACATGTTCTTGT
GTAGTAATTTAGTTCACAAGAAAAATACTTTCTACTTTAGGGAAAAAATGGGGGCAGGGGTAGGAAATTAACCCA
ACAAATGCATGTTCTCATAAACAATACAAAATAAAATCAAAACAACCTTTATTICTGCAGTGAAAAAAAGATAACT
TCACAGAAAACAGTCAATGTAACATCTGCATAGTTTCAAAAAGGAAAAGAATGACTTGCACTTTTCAAATTAAAC
ATTATGATGTTGTTTAAAAGATTCTCCTGATTTTAAGAGTTTCATAATGTGAGAAAAAAGGAAGTAAGCCTGCAA
ACATAGTAAAAAATTATTCTTTTAAAAGATATTATTTTTCCTTACTATTGGGCAAAAGCCTTTTAAAACTGGTAA
TGCTTAATGGACTTTCAGGTTAGTATCAAACTGGAACACAGGAAGGAGAATTCAATGTGTTCTTTAGATACATCA
AAACTATACTGAAATGTAAATAGCATTATATATTCAACTACAGGATTTAGGAAAACAATAATTTCTGTAAGATTA
AAAGGAATTCTICTTGGGAACCATTCCATTCAACCTCCTCATTTTATGAACCTGGGAACTTGGCAAAGAGGTTAAA
GAGACCAAAGGCTACATGACCAACAGCTTATGAAACTATTACTTTGAACTGTTATACTTACACATAGTAGTAAGC
AAAAGACAGAATTGTGCAATGAAAGGGAAACAAAAGGTATTAGAGTCAAAGGCTCCCAAGAAGAATCCAGGGTCT
AAAAGTTTCTTTATTTGTCTAAGCTTTAGCTTTTCATCTATAATGTGGAGCTACCATTTCGTACCTTCCACAGTT
AATATGAAGATGACAGGTATCAGACCAGATGTATTTGTATCTAATAGGGTAAATGCAAAATAAATAACATTTATT
GTTTGATGTTCACTGCATATAATTAAAAAAATAAGATTTATATGTACCAGAAAATAAGCTTTCAACAGATAGGTT
AACATGATTAATAAGCTGAAAAATCACTTACCTTATGCATCCATATTCTTCCTTTCCGGATTATATGTGTTAATC
TATCAACACACACTCTATGAAGTGGGAGGTAGAAACTAAGTTCTIGTCTGTGGAAGTATAATTGATAGTCCATATG
TGCTGCGATCCCCATTCCAGTTTCCATCAAAGATTAATGAAACAATAATCACTCCCTTTTCAGACAAGACAAAAR
ACTTTACATCTATAGCACCACTCTCTGCATTTCGAAGGATTTCTCCATTTAGAGTGTGGTTGGCAAGAAAAGTTA
TTTCTCCATCACTGAGAAGTACCTGTTCTGTCTTTGGAGCCCAAATGTGCCTTACTCTAGGACCAAGAATATTGT
CCCAGTAAGCAAAAGTAGCTGCTAATAAAGGTGATTTGCCACTTAAAGCAATCTCTGTCTTGGCAACAGCTGGAG
ATGGCGGTGGGCAAAGAGTCGACATCACTGCATTCCAACTGTCACATTATCCAAATGCTCCGGAGATATCTAAAC
AATGACATATGAAACCAATGATTAGGTTCAGCAATTTAAAGATATCCATCAAAACCCCAAATGATTTAGACATAT
TTGGTTTGTCCTCTTAAGTCAAAGATGTGGAATCCTGTTATCTCCTATCAGGATAAAGACATTCAACTAGCACAG
TAGGTGCACATTAAATGTTTGTTGATATGATCATTTTACAAGACATGGTAACTTGTTACTTATATTCAGGGCATA
CATTTAGAAATTCAAAGAAATAACTTAAAAAAGGGCTTCTTTACACTGATATTAAATGTTACATACTAAAGCTCA
TAGAATAGACCCGCAGTATTCCCAAATATCCAGTCCATGTGCAATTCTAGTATGACTGGAGATTTGGCCCCTAAC
CCATAGCAACTAAAAAGGAGAAAAACAGGAAGGGAAAGGCTCAGCTAGAGACTGACACTTGTGGGTTGAATTGTG
TCCCCCAAAAAGATATGTTCAATTCCTAACCCTTGGTGTACGTGAATGTGACCTTATCTAGAAATAAGTGTAATC
ATGTTAAAATGGGGTCATACTGGATTAGAGTGGGGCCTAATCCAATAACTGCTGTGTTTATAAGGAGAGAGATTT
GGAGACACAGAGACAAATGGTAGACAGCCATGTGAAGACAAAAGGCAGATACTGGATTGTTGAAACTACAAGGCA
AGAAAGGAACACTCAGGATTGCTGGTAACCACCAGAAGCCAGGAAGAGGCAAGGAAAGAGTCTTICTCTICTTGAAG
ATCATGCCCCTGTICAACACTTTGATTTCGGACTTCTAGCTTCTAGAATTGTGAGAGAATAAATTGCTGTTGTTTA
AAGCCACTCAGTTTGTGGTGCTTTGTTAAGTAATCTTAGAAAAGTAATACAACACCTAACAACAGAAATACTTTA
AAGCCGCTAAAAGGTCAAAAAAAANAAAAAAAAAANAAGACATGGAAATACCACAAGTCTGGAGCCATAACAAAAA
ATGGGCAAACAGTCCTGTATCCTCAGTGAACTCTCTGGTTATGAGAATACTGAAGCCCGATCCTGATGTTTAAAA
CGACATTGAAGTATCAAGACAAAGATAAAAATATTTAATATGCTAGCCAAGAAACCAATACAGCATTTCATCACT
GCAAAGAGAGTTCTACACTAAATGGCTAGAATTTAAAAGCTTTAGTTATTTAGAACACGTAGAAAACAGAAGGGC
TAAATAGGGCCCGTTCAAGCCTTTGAATTTAATGAGAAAACAGACATGAGGAGAAGAACATAAACGCTCACATCC
AAGACAGAACCCAGGGCTCTTGGTCCCCTTGCTCAACTTGTACATCTTAATCCACATAAACATACCACTCTAAAA
AGGTACATCCTATGTGATATTAATGTAAAACAAATCATTCTTGCAAATACAGTTATGTGCCATGTAACGTTTCAG
TCAATGGTAGACTGCATATATGATGGTAGTCCCATTAGATTACAATGGACCTGAAAATATGCTATTGCCTTAGTG
ACACTGTAACCATCATAAGGTCTTAGTACTATTTTGCAAGTTATTTAAAGTATAGCACATACAATTATTACAGTG
TACAACACTTGATAATAAACTACTACATTGCTGGTTTATGTATTCACTATACTATGCCTTTTATTGTTATTTTAG
AGTGCACTCCTTICTACTTTITTTTTTTTTTAAGTTAAATGTAAAACAGCCTCAGGCAAGTCCTTCAGGAGGTATTC
AACAGAAAGCACTGTTATCATAGGTGACAGCTACATGTGTGTTATTGCCCCTAAAAACCTTCCAGTGGGACAAGA
TGTGGAGGTGGAAGGCAGTGAGGTGGAAGGGAGTGATACTGATGATCCTAATCCTGTCTATGCCTAGGTGAAAGT
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GTGTGTGTTTTAGTTTTTAACAAAAACGACTAACAAGTAAAAAAAAAAATTTAAAATAGAAAATAGAAAAAAGCT
TCTAGAATAAGGATACAAAGAAAAAATATTTTTGTATAGCTATACAATGTATTTGTGTTTCAAGCTAAGTATTTT
AAAAGTTAAAAAATTAAAAAGTTTACAAAGTTAAAAAGTTATAATTTTTTATTGAAGAAAAACTGTTAAGATAAA
TTTGGTGTAGCTTCAGCGTACTGTGTTTATAGTCTACAGTGGTGTACAGTGTTCTAGGCCTTCACATTAATTCAC
CACTCACTCACTGACTCACCCAGAGCAACTTCTAGTCCTGCAAGCTCCATTCGTGGTAAGTGGCCTACACAGGTA
TACCATTATCTTTTATACCATACTTTTACTGTACCTTTTCTICTGTTTGCATATATTTAGATAAATATTTACCACT
GTGTTACAACTGTCTATAGTATTCAGTACAGTAACAGTTGTACAGGTTTGTGGCCTAGGAGCAACAGACTATACC
ATACGGCCTAGGTACATAAAGGCTATACTATCTAGGTTTGTGTAAGTACACTCTATGATGTTTGCATAATGACAA
AATCGCCTAATGATGCATTCCTAAGCAATGTGTGATTGTACTATAATTGAAGACTTGTTATCTAAGACTGAAAGT
AAAAAGAATTGCAATTTCACCTAAGCAAGTCTAAAACTGTGAAGTCTATTTATAATAATAGCAATACAAAGCAGC
TAATAGGCAAACTATGATATACCTATCTTTGCCATATGATTGCTTTGGGAGCTAACATTTGATCTGTAAATGTAT
GACAAAGTAAACAATTTTACTTAAAGAATTTCATCCACATCTTIGTCAAGAGAGTTCAGTCTGATGGAAAGCACTG
ACTTCTATTTACAGAGCATTAGATGAGTGCTTTTATCATATTATGAGTAGGCATACAGAGCCTGGCAAAACAGTT
AACTCTAAGTATGTACAGAAATGGTTGAACACAACGACAGTTTTAACACGTGTATTTGTAATTTCAAAAATTCAT
TTAGGTAATATTTACTTTTAAATATGTTGTATCAATTTAATAGTCTTAAGAGACAGCACTAGATATAAGCCGTAC
AGCTTCTTTAAAATATCCACTGTTTTTAATACAATGTAAGCAGTCAGTTTACAATGATCAAATATAGGAATGTAA
TCTGAATTGAAATGGTAATGACACTACTGCTGTCATAACTAACAACAGCAAACTGGAGGCCAACATAATGAATTA
AGTTAACATACAACCATAAAATTATATTGCAAACATATTTTTICTTTCATTCTTTTAGGTTAAAAAGGTGGATAAT
CATAAAGGCAATATTACAACTCTAATATTTCATCATTAAACTGAAAATAAAAGTATTTCCTAAAACAGAACTGAA
CCCTGGAGCAAAATCTGATTGAATTATAGGGAAACTTTTACCACGTTGTGAAAATTGAACTATTATACTGCTAGT
TACACTCTCACTCCTAACAGAATAAGAAAAAAANAATGGGCCGGGCATGGTGGGTCACACCTGTTATCCCAGCTC
TTTGGTAGGCCGAGGCAGGTGGATCACCTGAGGTCAGGAGCTCAAGACCAGCCTGGCCAACATGGTGAAACCCCA
CCTCTACTAAAAATACAAAAAATTAGCCGGGTGTGGTGGTGGACACCTGTAATCCCAGCTACTCGGGAGGCTGAG
GCAGGAGAATCTCTTGAACCCGGAGGTGGCAGAGGTTGCAATGAGCTGAGATGGCGCCACTGCACTCCAGCCTGG
GCGACAGAGAGAGACTCTGCCTCAAGAAAAAAACAAACAAACAAACAAACAAAANAGAATAAGAAAGAAAATGAAG
GACAAAGATCATACTGAATTGCTTAGTTTTAAATCCTACCAAAAGAAATAGCCTGGGAAATGAAATGTCACAGAG
AAGTATAATCAGGAGAGCTGTACAATTATTTTACTAATACTTGAAGTCATCGTICTTTGGTGAGAAAAATCCATAC
ATGCAAATGCAGCTGAAAAAAATCAGCTCAAAACCAATAGTTGTTTATGTACCTATCTTACGTACATGTAGTGCT
GTCTACTCCAGAGAGTTACCAAACATTAGCCAGTCTTTTGAGGGAAGCCAAGATTCAAATTGAGTGAGACGGTGG
CTTGCTCACAGGGTTCATGAGAGGTTTCCCAATACACTTTCTGGAAATAATCCCATACATGCAGACATGATTACA
TTAATTAACATCTGCTAAAACTGTTAGTAGAGTGCTAAGTTTGAGGTTTTGCTTTTTCTTTAAACGTCTGTTAAA
AAATCAACCATCTICTTCCCTGATTGGTATTTAGAAAGGTGGTTGGTCCACTGCTATTGTAGTGAAAATTCTACAA
TCATAAAGCCCTCACTTCTTGTITTTTTAGAGACAGGGTCTCGTTTTGTCATCCAGGCTGGAATGCACTGGCAGGA
TCATAGCTCTCGGTAACTTCAAACTCTTGGGCTCAAATGACCCTCCTGCCTCAGCCTCCCAAGTAGCTAGGACTA
CAGGTGCACATCACCACGCCCGGCTAAGTTTTTAATTTTTTGTAGAGACAGGGTCTACGTTGCCCAGGTTGAGCT
TGAACTCCTGGCTTCAAGTGATCCTCTTGCCTCCGCCTCCCAAAGCTCTGGCATTACAGGTGTAAGCCACCTTCT
CCAACCTGGCTCTCAATACTTGTAACCATGCTGTTTATTTTCTCCCAGCCCAAAGAGAAGCAGGATCCTAAACCG
TCCACTTTCCACAACAGGAGCTGCCCAGGACCACTTCAAGGACAGTGAACTGTTTACAGTACCAGAAAGTTCACA
ACACTTTCTCAATCTTCAACATCAGGGAAGACTGGAAGGTGAAGTTCATATCACTATCTGGCCATTTCTCACAGT
TCCAAGTTTCTCAGACAATAGGTAGGCTAACCTAGTCCTCCTGGGAACTATCTAATTAACGTAGAATAGAACCCG
AGGGCAGACTTGAAAAACAGAAGTCCTCCTTGGTTTACTTTIGTTTCTCTGAAAGCAAATTGTGGAGTGCCAACAT
AGCCAAACAAAATATTTTATCAACTTCATAAGGTGCTTIGTAATTTTTTCCTGGAGCAGGTAAATGCTGGCTTAGT
GAACAATCTGGAATGTGGTAATTACTCTCGTTCTTGTTTCAGATGTACTATCAGCATGTAGCAGTTTCCAACTGA
TTCAGGGTTTTCCTAAAGTGGCAGGCCTTGGCAGAGGTGGTGACAACAATGCCCGTGTCAAATGACACCGTATTT
CAAGTATTCTGACTCCAGGTTATTAATATCCCCTATATGATAGTCTTGTTTCTGTGATATTCACAGATTATGTTA
AAAGTTTCCCAAAGTCTGAGAAAAATCATATCTTAACAGTATCTTTTITITTTTTTTGATCCTTTGTACAAAAGTAG
AAGTAATGCCAGACAGATTACGTACCCTTGTTGTGAACAACTGGTGCATGGCAACTGTTTGAATAGAAATTTACC
AACTGCCACAACCAGGCAACTACTCTCCCAGAGCCTAACAATCTCGATTGCATCTGAAAGGGCCACCCCTCCTGG
GAAAGTGCAGGACCTCCCTICCTGTITTCTGAATACAAAGCCTGGTGGTGTTCAACGCGGCCAGATAGACCCAATGA
GCACACGGACATGTAATCTGTIGCACTTCTTTAGACAACTGATTACCATCAGTCAAGTGATGCCCAAGTCACAATA
GTCACTTCCTTTAAGCAAGTCTGTGTCATCTCGGAGCTGTGAAGCAACCAGGTCATGTCCCACAGAATGGGGAGC
ACACCGACTTGCATTGCTGCCCTCATATGCAAGTCATCACCACTCTCTAGAAGCTTGGGCTGAAATTGTGCAGGC
GTCTCCACACCCCCATCTCATCCCGCATGATCTCCTCGCCGGCAGGGACCGTCTCGGGTTCCTAGCGAACCCCGA
CTTGGTCCGCAGAAGCCGCGCGCCGCCCACCCTCCGGCCTTCCCCCAGGCGAGGCCTCTCAGTACCCGAGGCTCC
CTTTTCTCGAGCCCGCAGCGGCAGCGCTCCCAGCGGGTCCCCGGGAAGGAGACAGCTCGGGTACTGAGGGCGGGA
AAGCAAGGAAGAGGCCAGATCCCCATCCCTTGTCCCTGCGCCGCCGCCGCCGCCGCCGCCGCCGGGAAGCLLGGE
GCCCGGATGCAGGCAATTCCACCAGTCGCTAGAGGCGAAAGCCCGACACCCAGCTTCGGTCAGAGAAATGAGAGG
GAAAGTAAAAATGCGTCGAGCTCTGAGGAGAGCCCCCGCTTCTACCCGCGCCTCTTCCCGGCAGCCGAACCCCAA
ACAGCCACCCGCCAGGATGCCGCCTCCTCACTCACCCACTCGCCACCGCCTGCGCCTCCGCCGCCGCGGGCGCAG
GCACCGCAACCGCAGCCCCGCCCCGEGGLLCGLLLClGGGELLCECCllGALCCACGLLCCGGLeeeaGLeeeaaeee
CTAGCGCGCGACTCCTGAGTTCCAGAGCTTGCTACAGGCTGCGGTTGTTTCCCTCCTTIGTTTTCTTCTGGTTAAT
CTTTATCAGGTCTTTTICTTGTITCACCCTCAGCGAGTACTGTGAGAGCAAGTAGTGGGGAGAGAGGGTGGGAAAAA
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CAAAAACACACACCTCCTAAACCCACACCTGCTCTTGCTAGACCCCGCCCCCAAAAGAGAAGCAACCGGGCAGCA
GGGACGGCTGACACACCAAGCGTCATCTITTTACGTGGGCGGAACTTGTCGCTGTTTGACGCACCTCTCTTTCCTA
GCGGGACACCGTAGGTTACGT

SEQ ID NO:15

>NG_031977.2 Homo sapiens C90orf72-SMCR8 complex subunit (CY%orf72),
RefSegGene (LRG_658) on chromosome 9
TTGTAAGTTCTCTGAGGCATCCCCAGAAGCTGATGCTGCCATGCTTCCTATACAGCCTGCAGAACCATGAGTCAA
TTAAACCTCTTTTCTTTGTAAATTACCCAGTCTCAAGTATTTCTTTATAGCAATGCAAGAATGGACTAATACAGA
AAATTGTTACTGAGAAGAAGGGCATTGCTATAAAGATACCTGAAAATGTAGAAGTGACTTTGGAACCGGCTAACA
GGCAGAAGTTGAAACATTTTAGAGGGCTCAGAAGAAGACAGAAAGATGAGAGAAAGTTTGGAACTCGCTAGGAAC
TTGTTGAGTGGTTGTAACCAAAATACTGATAGTGATATAGACAGTGAAGTCCAGGCTGAGGAGGTCTCAGATGGA
AATGAGAAATTTATTGGGAATGAGTAAAGGTCAGGTTTGCTATGCTTTAGCAAAGAGCTTAGCTGCATTGTTCCT
CTGTTCTAGGGATCTGTGAAATCTTAGACTTAAGAATGATGATTTAGGGTATCTGGCAGAAGAAATTTCTAAGCA
GCAGAGTGTTCAAGAAGTAACCTAGCTGCTTICTAATAGCCTATGCTCATAGGCATGAGCACAGAAATGACCTGAA
ATTGGAACTTACACTTAAAAGGGAAGCAGAGCATAAAAGTTTGTAAATTTTGCAGCCTGGCCATGTGGTAGTAAA
GAAAAGCTCGTTCTCAGGAGAGGAAGTCAAGCAGGCTGCATAAATTTGCATAACTAAAAGGAAGGCAAGGGCTGA
TAACCAAAACAATGGGGAGAAAGACTCATAGGACTAACAGGCATTTTATTTTATTTTATTTTTATTTTATTATTA
TTATACTTTAAGTTTTAGGGTACATGTGCACAATGTGCAGGTTAGTTGCATATGTATACATGTGCCATGCTGGTG
TGCTGCACCCATTAACTCGTCATTTAGCATTAGGTATATCTCCTAATGCTATCCCTCCCCCCTCCCCCACCCCAC
AACAGTCCCCAGAGTGTGATGTTCCCCTTCCTGTGTCCATGTGTTCTCATTGTTCAATTCCCACCTATGAGTGAG
AACATGTGGTIGTTTIGGTTTTTTGACCTTGCAATAGTTTACTGAGAATGACGATTTCCAATTTCATCCATGTCCCT
ACAAAGGACATGAACTCATCATTTITTTATGGCTGCATAGTATTCCATGGTGTATATGTGCCACATTTTCTTAATC
CAGTCTATCACTGTTGGACATTTGGGTTGGTTCCAAGTCTTTGCTATTGTGAATAGTGCCACAATAAACATAGTG
TGCATGTGTCTTTATAGCAGCAGGATTTATAGTCCTTTGGGTATATACCCAGTGATGGGATGGCTGGGTCAAATG
GTATTTCTAGTTCTAGATCCCTGAGGAATCGCCACACTGACTTCCACAATGGTTGAACTAGTTTACAGTCCCACC
AACAGTGTAAAAGTGTTCCTAATAGGCATTTTAGGCTTTCATGGTGGTCCCTCTCATCACAGGCCCCGAGGCCTA
GGAGGACTGAATCATTTCCTGGGCCAGGCCTAGGGCCCCTGCTCCCTCTTACAGCCTTGGGACTCTGCTCCCTGA
ATCCCAGCTGCTCARAGGGGCCCAGGTACTGTTACAGTAGGTAGCTAATCAGGCATGAGTGGGGTAAGAGAGAAG
TCCCCACCACCCACCAGGAATGTCAGGCAACCATCAGATGATGGTCAGGCAGTTGTCATACTGCCTCTCTARAAAT
AGTAATTGGTTGCAGCCAGCACCAGGGAGAGGCAACTTCTCAATAGATAGAAACACCTGAAATTGGTAACTGGGC
GCTTCCAATAAGATCTCAGGAACTGAGAGAGTGGGCTTAACATGCACATTAAGAGGCAAAATGGTGAAGTATGAC
CTTTGGGGGCATTCCACCGGAAAAGGGAAGAAAGCCTCAGGTAAGCATGTATACAACTCCAGTAAACACACTGCA
CACGCTCACCTTCCAAGTGCAAGCAGGGCACCATGCATGCGGCAAGCTCACCCTTAGGGAAGGACCAAGGGAAAG
GGGCACAAGATGTCAGAAGTAGGCCAGTGTATAAGATCCTAGGTTCAAGGTCAAACAGGGCACTTGACCTCCAAG
GTGCCCACTTGGGCCTCTTCCAAATGTACTTTICCTTTCATTCCTGTTCTAAAGCTTTTTAATAAACTTTTACTCC
TGCTCTGAAACTTGTCGCAGTICTCTTTTTCTGCCTTATGCCTCTTGGTCAAATTCTTTCTTCTGAGGAGGCAAGA
ATTGAGGTTGCTGCAGACCCACATGGATTTGCAGCTGGTAACTCAGATAACTTTCACCAGTAAGAATACAGTTCA
GGCTGCTGCTTCACAGGGTGCCAGGCATAAGCCTTGGTGGCTTCCATAAGCTGTGAAGCCGGCGGGCGCACATAA
TGCAAGAGTTGAGGCTTAAGAAGCTCTGCCTAGATTTTAGAGGATGTATGAAAAAGCCTGGATGTCCAGACAGAA
GCCTGTTACTGGGGTGGAATCCTCATGGAGAACATCTACTAGGGAAGCAAGGAGAAGAAATGTGGGGTTGCAGCC
CCCACAGAGAGTCCCCTIGGGGCACTGCCTAGCAGAGCTATGACAAGACAGCCACCGTCCTCCAGACCCCAGAATG
GTAGATCCACCAACAACTTGCACCCTIGCAGCCTGGAAAAGCTGCAAGCACTCAATGCTAGCCCATGAGAGCAGCT
GTGGGAGATGAACCCTGGAAAACCACAGGGGTGGTTCTGCCCAAGGTTTTGGGAGCCCACTCATTGCATCAGTGT
TCCCTGGGTGTGAGTCAAAGGAGATTATTTCAGAGCTTTAACATTTAATGACTGCCCGGCTGGCTTTCAGACTTG
CAATGGGGCCCTATAGCCTCTTTICTTTTGGCAGATTTCTCCCTTTCGGAATGGCAGTATCTGCCCAATGCCTATA
CCCCCATTGTATCTTTGAAGCAATTACCTTGTTTTTGATTTTACAGGTTCATAGGTAGAAGGGACTAGCTTCGTC
TCAGGTGAGACTTGGGACTTTGGACTTTTGAATGAATGCTGGATCGAGTTAAGACTTTGGGGAACTGTTGGTAAG
GCACGACAGTATTTTGCAATATGAGAAGGACATTAGATTTGGGAGGGGCCAGAGTTGGAATAACATGGTTTGGAT
CTCTGTCCCCACCCAAATCTCATGTTCAACTGTAATCCCCAGTGTTGGAGGTTGGGCCTGGTGGGAGGTGAGTIGG
ATTATGGGGTGGCTTCTAATGGTTTTGTACAGTICCCCTCTTGGTACTATATAGTGAGTTICTGACAAGATCTAGTT
GTTTAAACGTATGTAGCACCTCCCATTTCTCTCTTCCCCCAGTTCCTGCCATGTGAAGTCTGGGGTCTCCCTATG
CCTTCCATCATGATTTTAAGTTCCCTATGGCCTGCCCAGAAGCTGATCCAGCCATGCTTICTTGTACAGCCTGCAG
AACTGTGAGCCATTAAACTTTTCTTTATAAATTACCCAGTTTCAGTTATTTCTTTATAGCAGTGTAAGAATGGAC
TAACACAATTATTAACGCTAGTCCTCATGTTGTACATTAAATCTCTAGATGTATTAGACGTAACTGCAACTTTGT
ACCCTACCCTACAATTTTCTTTCCCCCCAAGCCCCCCAACCAAGGGTCTACTCTGTTTCTATAAATTCAGTTGTT
TTTTAATTCCACGTATAAGTGAAGTACAACTCAGTGTAGAAACTTGGTAAATGCTAGCTACTTIGTTATAAGCTGT
CAGTCAAAATAAARAATACAGAGATGAATCTCTAAATTAAGTGATTTATTTGGGAAGAAAGAATTGCAATTAGGGC
ATACATGTAGATCAGATGGTICTTCGGTATATCCACACAACAAAGAAAAGGGGGAGGTTTTGTTAAAARAAGAGAAA
TGTTACATAGTGCTCTTTGAGAAAATTCATTGGCACTATTAAGGATCTGAGGAGCTGGTGAGTTTCAACTGGTGA
GTGATGGTGGTAGATAAAATTAGAGCTGCAGCAGGTCATTTTAGCAACTATTAGATAAAACTGGTCTCAGGTCAC
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AACGGGCAGTTGCAGCAGCTGGACTTGGAGAGAATTACACTGTGGGAGCAGTGTCATTTGTCCTAAGTGCTTTTIC
TACCCCCTACCCCCACTATTTTAGTTGGGTATAAAAAGAATGACCCAATTTGTATGATCAACTTTCACAAAGCAT
AGAACAGTAGGAAAAGGGTICTGTTTCTGCAGAAGGTGTAGACGTTGAGAGCCATTTTGTGTATTTATTCCTCCCT
TTCTTCCTCGGTGAATGATTAAAACGTTCTGTGTGATTTTTAGTGATGAAAAAGATTAAATGCTACTCACTGTAG
TAAGTGCCATCTCACACTTGCAGATCAAAAGGCACACAGTTTAAAAAACCTTTGTTTTTTTACACATCTGAGTGG
TGTAAATGCTACTCATCTGTAGTAAGTGGAATCTATACACCTGCAGACCAAAAGACGCAAGGTTTCAAAAATCTT
TGTGTTTTTTACACATCAAACAGAATGGTACGTTTTTCAAAAGTTAAAAAAARAACAACTCATCCACATATTGCAA
CTAGCAAAAATGACATTCCCCAGTGTGAAAATCATGCTTGAGAGAATTCTTACATGTAAAGGCAAAATTGCGATG
ACTTTGCAGGGGACCGTGGGATTCCCGCCCGCAGTGCCGGAGCTGTCCCCTACCAGGGTTTGCAGTGGAGTTTTG
AATGCACTTAACAGTGTCTTACGGTAAAAACAAAATTTCATCCACCAATTATGTGTTGAGCGCCCACTGCCTACC
AAGCACAAACAAAACCATTCAAAACCACGAAATCGTCTTCACTTTCTCCAGATCCAGCAGCCTCCCCTATTAAGG
TTCGCACACGCTATTGCGCCAACGCTCCTCCAGAGCGGGTCTTAAGATAAAAGAACAGGACAAGTTGCCCCGCCC
CATTTCGCTAGCCTCGTGAGAAAACGTCATCGCACATAGAAAACAGACAGACGTAACCTACGGTGTCCCGCTAGG
AAAGAGAGGTGCGTCAAACAGCGACAAGTTCCGCCCACGTAAAAGATGACGCTTGGTGTGTCAGCCGTCCCTGCT
GCCCGGTTGCTTCTICTTTTGGGGGCGGGGTCTAGCAAGAGCAGGTGTGGGTTTAGGAGGTGTGTGTTTTTGTTTT
TCCCACCCTCTCTCCCCACTACTTGCTCTCACAGTACTCGCTGAGGGTGAACAAGAAAAGACCTGATAAAGATTA
ACCAGAAGAAAACAAGGAGGGAAACAACCGCAGCCTGTAGCAAGCTCTGGAACTCAGGAGTCGCGCGCTAGGGGC
CGGGGCCGGGGCCGGGGCGETGGETCGEGEEGCGEGGECCCEGGEGECEGEGCCCEGEGCEGEGCTGCGGTTGCGGTGCCTGL
GCCCGCGGCGGCGGAGGCGCAGGCGGTGGCGAGTGGGTGAGTGAGGAGGCGGCATCCTGGCGGGTGGCTGTTTGG
GGTTCGGCTGCCGGGAAGAGGCGCGGGTAGAAGCGGGGGCTCTCCTCAGAGCTCGACGCATTTTTACTTTCCCTC
TCATTTCTCTGACCGAAGCTGGGTGTCGGGCTTTCGCCTCTAGCGACTGGTGGAATTGCCTGCATCCGGGCCCCG
GGCTTCCCGGCGGCGGCGEGCGEGCGEGCGGCGGCGCAGGGACAAGGGATGGGGATCTGGCCTCTTCCTTGCTTTCCC
GCCCTCAGTACCCGAGCTGTICTCCTTCCCGGGGACCCGCTGGGAGCGCTGCCGCTGCGGGCTCGAGAAAAGGGAG
CCTCGGGTACTGAGAGGCCTCGCCTGGGGGAAGGCCGGAGGGTGGGCGGCGCGCGGCTTCTGCGGACCAAGTCGG
GGTTCGCTAGGAACCCGAGACGGTCCCTGCCGGCGAGGAGATCATGCGGGATGAGATGGGGGTGTGGAGACGCCT
GCACAATTTCAGCCCAAGCTTICTAGAGAGTGGTGATGACTTGCATATGAGGGCAGCAATGCAAGTCGGTGTGCTC
CCCATTCTGTGGGACATGACCTGGTTGCTTCACAGCTCCGAGATGACACAGACTTGCTTAAAGGAAGTGACTATT
GTGACTTGGGCATCACTTGACTGATGGTAATCAGTTGTCTAAAGAAGTGCACAGATTACATGTCCGTGTGCTCAT
TGGGTCTATCTGGCCGCGTTGAACACCACCAGGCTTTGTATTCAGAAACAGGAGGGAGGTCCTGCACTTTCCCAG
GAGGGGTGGCCCTTTCAGATGCAATCGAGATTGTTAGGCTCTGGGAGAGTAGTTGCCTGGTTGTGGCAGTTGGTA
AATTTCTATTCAAACAGTTGCCATGCACCAGTTGTTCACAACAAGGGTACGTAATCTGTICTGGCATTACTTCTAC
TTTTGTACAAAGGATCAAAAAAAANAAANAGATACTGTTAAGATATGATTTTTCTCAGACTTTGGGAAACTTTTAAC
ATAATCTGTGAATATCACAGAAACAAGACTATCATATAGGGGATATTAATAACCTGGAGTCAGAATACTTGAAAT
ACGGTGTCATTTGACACGGGCATTGTTGTCACCACCTCTGCCAAGGCCTGCCACTTTAGGAAAACCCTGAATCAG
TTGGAAACTGCTACATGCTGATAGTACATCTGAAACAAGAACGAGAGTAATTACCACATTCCAGATTGTTCACTA
AGCCAGCATTTACCTGCTCCAGGAAAAAATTACAAGCACCTTATGAAGTTGATAAAATATTTTGTTTGGCTATGT
TGGCACTCCACAATTTGCTTTCAGAGAAACAAAGTAAACCAAGGAGGACTTCTGTTTTTCAAGTCTGCCCTCGGG
TTCTATTCTACGTTAATTAGATAGTTCCCAGGAGGACTAGGTTAGCCTACCTATTGTCTGAGAAACTTGGAACTG
TGAGAAATGGCCAGATAGTGATATGAACTTCACCTTCCAGTICTTICCCTGATGTTGAAGATTGAGAAAGTGTTGTG
AACTTTCTGGTACTGTAAACAGTTCACTGTCCTTGAAGTGGTCCTGGGCAGCTCCTGTTGTGGAAAGTGGACGGT
TTAGGATCCTGCTTCTCTTTGGGCTGGGAGAAAATAAACAGCATGGTTACAAGTATTGAGAGCCAGGTTGGAGAA
GGTGGCTTACACCTGTAATGCCAGAGCTTTGGGAGGCGGAGGCAAGAGGATCACTTGAAGCCAGGAGTTCAAGCT
CAACCTGGGCAACGTAGACCCTGTICTCTACAAAAAATTAAAAACTTAGCCGGGCGTGGTGATGTGCACCTGTAGT
CCTAGCTACTTGGGAGGCTGAGGCAGGAGGGTCATTTGAGCCCAAGAGTTTGAAGTTACCGAGAGCTATGATCCT
GCCAGTGCATTCCAGCCTGGATGACAAAACGAGACCCTGTICTCTAAAAAACAAGAAGTGAGGGCTTTATGATTGT
AGAATTTTCACTACAATAGCAGTGGACCAACCACCTTTCTAAATACCAATCAGGGAAGAGATGGTTGATTTTTTA
ACAGACGTTTAAAGAAAAAGCAAAACCTCAAACTTAGCACTCTACTAACAGTTTTAGCAGATGTTAATTAATGTA
ATCATGTCTGCATGTATGGGATTATTTCCAGAAAGTGTATTGGGAAACCTCTCATGAACCCTGTGAGCAAGCCAC
CGTCTCACTCAATTTGAATCTTGGCTTCCCTCAAAAGACTGGCTAATGTTTGGTAACTCTCTGGAGTAGACAGCA
CTACATGTACGTAAGATAGGTACATAAACAACTATTGGTTITTGAGCTGATTTTTTTCAGCTGCATTTGCATGTAT
GGATTTTTCTCACCAAAGACGATGACTTCAAGTATTAGTAAAATAATTGTACAGCTCTCCTGATTATACTTCTICT
GTGACATTTCATTTCCCAGGCTATTTCTTTTGGTAGGATTTAAAACTAAGCAATTCAGTATGATCTTTGTCCTTIC
ATTTTCTTTICTTATTCTITTTTIGTTTGTTTIGTTITGTTTGTTTTTTTCTTGAGGCAGAGTCTCTCTCTGTCGCCCAG
GCTGGAGTGCAGTGGCGCCATCTCAGCTCATTGCAACCTCTGCCACCTCCGGGTTCAAGAGATTCTCCTGCCTCA
GCCTCCCGAGTAGCTGGGATTACAGGTGTCCACCACCACACCCGGCTAATTTTTTGTATTTTTAGTAGAGGTGGG
GTTTCACCATGTTGGCCAGGCTGGTCTTGAGCTCCTGACCTCAGGTGATCCACCTGCCTCGGCCTACCAAAGAGC
TGGGATAACAGGTGTGACCCACCATGCCCGGCCCATTTTTTTTTTICTTATTCTGTTAGGAGTGAGAGTGTAACTA
GCAGTATAATAGTTCAATTTTCACAACGTGGTAAAAGTTTCCCTATAATTCAATCAGATTTTGCTCCAGGGTTCA
GTTCTGTTTTAGGAAATACTTTTATTTTCAGTTTAATGATGAAATATTAGAGTTGTAATATTGCCTTTATGATTA
TCCACCTTTTTAACCTAAAAGAATGAAAGAAAAATATGTTTGCAATATAATTTTATGGTTGTATGTTAACTTAAT
TCATTATGTTGGCCTCCAGTTTGCTGTTGTTAGTTATGACAGCAGTAGTGTCATTACCATTTCAATTCAGATTAC
ATTCCTATATTTGATCATTGTAAACTGACTGCTTACATTGTATTAAAAACAGTGGATATTTTAAAGAAGCTGTAC
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GGCTTATATCTAGTGCTGTICICTTAAGACTATTAAATTGATACAACATATTTAAAAGTAAATATTACCTAAATGA
ATTTTTGAAATTACAAATACACGTGTTAAAACTGTCGTITGTGTTCAACCATTTCTGTACATACTTAGAGTTAACT
GTTTTGCCAGGCTCTGTATGCCTACTCATAATATGATAAAAGCACTCATCTAATGCTCTGTAAATAGAAGTCAGT
GCTTTCCATCAGACTGAACTCTICTTGACAAGATGTGGATGAAATTCTTTAAGTAAAATTGTTTACTTTGTCATAC
ATTTACAGATCAAATGTTAGCTCCCAAAGCAATCATATGGCAAAGATAGGTATATCATAGTTTGCCTATTAGCTG
CTTTGTATTGCTATTATTATAAATAGACTTCACAGTTTTAGACTTGCTTAGGTGAAATTGCAATTCTTTTTACTT
TCAGTCTTAGATAACAAGTCTTCAATTATAGTACAATCACACATTGCTTAGGAATGCATCATTAGGCGATTTTGT
CATTATGCAAACATCATAGAGTGTACTTACACAAACCTAGATAGTATAGCCTTTATGTACCTAGGCCGTATGGTA
TAGTCTGTTGCTCCTAGGCCACAAACCTGTACAACTGTTACTGTACTGAATACTATAGACAGTTGTAACACAGTG
GTAAATATTTATCTAAATATATGCAAACAGAGAAAAGGTACAGTAAAAGTATGGTATAAAAGATAATGGTATACC
TGTGTAGGCCACTTACCACGAATGGAGCTTGCAGGACTAGAAGTTGCTCTGGGTGAGTCAGTGAGTGAGTGGTGA
ATTAATGTGAAGGCCTAGAACACTGTACACCACTGTAGACTATAAACACAGTACGCTGAAGCTACACCAAATTTA
TCTTAACAGTTTTTCTTCAATAAAAAATTATAACTTTTTAACTTTGTAAACTTTTTAATTTTTTAACTTTTAAAA
TACTTAGCTTGAAACACAAATACATTGTATAGCTATACAAAAATATTTTTTCTTTGTATCCTTATTCTAGAAGCT
TTTTTCTATTTTCTATTTTAAATTTTTTTTTTTACTTGTTAGTCGTTTTTGTTAAAAACTAAAACACACACACTT
TCACCTAGGCATAGACAGGATTAGGATCATCAGTATCACTCCCTTCCACCTCACTGCCTTCCACCTCCACATCTT
GTCCCACTGGAAGGTTTTTAGGGGCAATAACACACATGTAGCTGTCACCTATGATAACAGTGCTTTCTGTTGAAT
ACCTCCTGAAGGACTTGCCTGAGGCTGTTTTACATTTAACTTAAAAAAAAAAAAAGTAGAAGGAGTGCACTCTAA
AATAACAATAAAAGGCATAGTATAGTGAATACATAAACCAGCAATGTAGTAGTTTATTATCAAGTGTTGTACACT
GTAATAATTGTATGTGCTATACTTTAAATAACTTGCAAAATAGTACTAAGACCTTATGATGGTTACAGTGTCACT
AAGGCAATAGCATATTTTCAGGTCCATTGTAATCTAATGGGACTACCATCATATATGCAGTCTACCATTGACTGA
AACGTTACATGGCACATAACTGTATTTGCAAGAATGATTTGTTTTACATTAATATCACATAGGATGTACCTTTTT
AGAGTGGTATGTTTATGTGGATTAAGATGTACAAGTTGAGCAAGGGGACCAAGAGCCCTGGGTTCTGTCTTGGAT
GTGAGCGTTTATGTTCTTICTCCTCATGTCTGTTTTCTCATTAAATTCAAAGGCTTGAACGGGCCCTATTTAGCCC
TTCTGTTTTCTACGTGTTCTAAATAACTAAAGCTTTTAAATTCTAGCCATTTAGTGTAGAACTCTCTTTGCAGTG
ATGAAATGCTGTATTGGTTTCTTGGCTAGCATATTAAATATTTTTATCTTTGTCTTGATACTTCAATGTCGTTTT
AAACATCAGGATCGGGCTTCAGTATTCTCATAACCAGAGAGTTCACTGAGGATACAGGACTGTTTGCCCATTTTT
TGTTATGGCTCCAGACTTGTGGTATTTCCATGTCTTTTTTTTTTTTTTTTTTTTTGACCTTITTAGCGGCTTTAAA
GTATTTCTGTTGTTAGGTGTTGTATTACTTTTCTAAGATTACTTAACAAAGCACCACAAACTGAGTGGCTTTAAA
CAACAGCAATTTATTCTCTCACAATTCTAGAAGCTAGAAGTCCGAAATCAAAGTGTTGACAGGGGCATGATCTTC
AAGAGAGAAGACTCTTITCCTITGCCTCTTCCTGGCTTCTGGTGGTTACCAGCAATCCTGAGTGTTCCTTTCTTGCC
TTGTAGTTTCAACAATCCAGTATCTGCCTTTTGTICTTCACATGGCTGTCTACCATTTGTICTCTGTGTCTCCAAAT
CTCTCTCCTTATAAACACAGCAGTTATTGGATTAGGCCCCACTCTAATCCAGTATGACCCCATTTTAACATGATT
ACACTTATTTCTAGATAAGGTCACATTCACGTACACCAAGGGTTAGGAATTGAACATATCTTTTTGGGGGACACA
ATTCAACCCACAAGTGTCAGTCTCTAGCTGAGCCTTTCCCTTCCTGTTTTTICTCCTTTTTAGTTGCTATGGGTTA
GGGGCCAAATCTCCAGTCATACTAGAATTGCACATGGACTGGATATTTGGGAATACTGCGGGTCTATTCTATGAG
CTTTAGTATGTAACATTTAATATCAGTGTAAAGAAGCCCTTTTITTAAGTTATTTCTTTGAATTTCTAAATGTATG
CCCTGAATATAAGTAACAAGTTACCATGTCTTGTAAAATGATCATATCAACAAACATTTAATGTGCACCTACTGT
GCTAGTTGAATGTCTTTATCCTGATAGGAGATAACAGGATTCCACATCTTTGACTTAAGAGGACAAACCAAATAT
GTCTAAATCATTTGGGGTTTTGATGGATATCTTTAAATTGCTGAACCTAATCATTGGTTTCATATGTCATTGTTT
AGATATCTCCGGAGCATTTGGATAATGTGACAGTTGGAATGCAGTGATGTCGACTCTTTGCCCACCGCCATCTCC
AGCTGTTGCCAAGACAGAGATTGCTTTAAGTGGCAAATCACCTTTATTAGCAGCTACTTTTGCTTACTGGGACAA
TATTCTTGGTCCTAGAGTAAGGCACATTTGGGCTCCAAAGACAGAACAGGTACTTCTCAGTGATGGAGAAATAAC
TTTTCTTGCCAACCACACTCTAAATGGAGAAATCCTTCGAAATGCAGAGAGTGGTGCTATAGATGTAAAGTTTTT
TGTICTTGTCTGAAAAGGGAGTGATTATTGTTTCATTAATCTTTGATGGAAACTGGAATGGGGATCGCAGCACATA
TGGACTATCAATTATACTTCCACAGACAGAACTTAGTTTCTACCTCCCACTTCATAGAGTGTGTGTTGATAGATT
AACACATATAATCCGGAAAGGAAGAATATGGATGCATAAGGTAAGTGATTTTTCAGCTTATTAATCATGTTAACC
TATCTGTTGAAAGCTTATTTTICTGGTACATATAAATCTTATTTTTTTAATTATATGCAGTGAACATCAAACAATA
AATGTTATTTATTTTGCATTTACCCTATTAGATACAAATACATCTGGTCTGATACCTGTICATCTTCATATTAACT
GTGGAAGGTACGAAATGGTAGCTCCACATTATAGATGAAAAGCTAAAGCTTAGACAAATAAAGAAACTTTTAGAC
CCTGGATTCTTCTTGGGAGCCTTTGACTCTAATACCTTTTIGTTTCCCTTTCATTGCACAATTCTGTCTTTTGCTT
ACTACTATGTGTAAGTATAACAGTTCAAAGTAATAGTTTCATAAGCTGTTGGTCATGTAGCCTTTGGTCTICTTTA
ACCTCTTTGCCAAGTTCCCAGGTTCATAAAATGAGGAGGTTGAATGGAATGGTTCCCAAGAGAATTCCTTTTAAT
CTTACAGAAATTATTGTTTTCCTAAATCCTGTAGTTGAATATATAATGCTATTTACATTTCAGTATAGTTTTGAT
GTATCTAAAGAACACATTGAATTCTCCTTCCTGTGTTCCAGTTTGATACTAACCTGAAAGTCCATTAAGCATTAC
CAGTTTTAAAAGGCTTTTGCCCAATAGTAAGGAAAAATAATATCTTTTAAAAGAATAATTTTTTACTATGTTTGC
AGGCTTACTTCCTITTTITTCTCACATTATGAAACTCTTAAAATCAGGAGAATCTTTTAAACAACATCATAATGTTT
AATTTGAAAAGTGCAAGTCATTCTTTTCCTTTTTGAAACTATGCAGATGTTACATTGACTGTTTTCTGTGAAGTT
ATCTTTTTTTCACTGCAGAATAAAGGTTGTTTTGATTTTATTTTGTATTGTTTATGAGAACATGCATTTGTTGGG
TTAATTTCCTACCCCTGCCCCCATTTTTTCCCTAAAGTAGAAAGTATTTTTCTTGTGAACTAAATTACTACACAA
GAACATGTCTATTGAAAAATAAGCAAGTATCAAAATGTTGTGGGTTIGTTTTTTTAAATAAATTTTCTCTTGCTCA
GGAAAGACAAGAAAATGTCCAGAAGATTATCTTAGAAGGCACAGAGAGAATGGAAGATCAGGTATATGCAAATTG
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CATACTGTCAAATGTTTTTCTCACAGCATGTATCTGTATAAGGTTGATGGCTACATTTGTCAAGGCCTTGGAGAC
ATACGAATAAGCCTTTAATGGAGCTTTTATGGAGGTGTACAGAATAAACTGGAGGAAGATTTCCATATCTTAAAC
CCAAAGAGTTAAATCAGTAAACAAAGGAAAATAGTAATTGCATCTACAAATTAATATTTGCTCCCTITTTTTTTTC
TGTTTGCCCAGAATAAATTTTGGATAACTTGTTCATAGTAAAAATAAAAAAAATTGTCTCTGATATGTTICTTTAA
GGTACTACTTCTCGAACCTTTCCCTAGAAGTAGCTGTAACAGAAGGAGAGCATATGTACCCCTGAGGTATCTGTC
TGGGGTGTAGGCCCAGGTCCACACAATATTTCTTICTAAGTCTTATGTTGTATCGTTAAGACTCATGCAATTTACA
TTTTATTCCATAACTATTTTAGTATTAAAATTTGTCAGTGATATTTCTTACCCTCTCCTCTAGGAAAATGTGCCA
TGTTTATCCCTTGGCTTTGAATGCCCCTCAGGAACAGACACTAAGAGTTTGAGAAGCATGGTTACAAGGGTGTGG
CTTCCCCTGCGGAAACTAAGTACAGACTATTTCACTGTAAAGCAGAGAAGTTCTTTTGAAGGAGAATCTCCAGTG
AAGAAAGAGTTICTTCACTTTTACTTCCATTTCCTICTTIGTGGGTGACCCTCAATGCTCCTTGTAAAACTCCAATAT
TTTAAACATGGCTGTTTTGCCTITTCTTTGCTTCTTTTTAGCATGAATGAGACAGATGATACTTTAAAAAAGTAAT
TAAAAAAAAAAACTTGTGAAAATACATGGCCATAATACAGAACCCAATACAATGATCTCCTTTACCAAATTGTTA
TGTTTGTACTTTTGTAGATAGCTTTCCAATTCAGAGACAGTTATTCTGTGTAAAGGTCTGACTTAACAAGAAAAG
ATTTCCCTTTACCCAAAGAATCCCAGTCCTTATTTGCTGGTCAATAAGCAGGGTCCCCAGGAATGGGGTAACTTT
CAGCACCCTCTAACCCACTAGTTATTAGTAGACTAATTAAGTAAACTTATCGCAAGTTGAGGAAACTTAGAACCA
ACTAAAATTCTGCTTTTACTGGGATTTTGTTTTTTCAAACCAGAAACCTTTACTTAAGTTGACTACTATTAATGA
ATTTTGGTCICICTTTTAAGTGCTCTTCTTAAAAATGTTATCTTACTGCTGAGAAGTTCAAGTTTGGGAAGTACA
AGGAGGAATAGAAACTTAAGAGATTTTCTTTTAGAGCCTCTTCTGTATTTAGCCCTGTAGGATTTTTTTTTTTTT
TTTTTTTTTTGGTGTTGTTGAGCTTICAGTGAGGCTATTCATTCACTTATACTGATAATGTCTGAGATACTGTGAA
TGAAATACTATGTATGCTTAAACCTAAGAGGAAATATTTTCCCAAAATTATTCTTCCCGAAAAGGAGGAGTTGCC
TTTTGATTGAGTTCTTGCAAATCTCACAACGACTTTATTTTGAACAATACTGTTTGGGGATGATGCATTAGTTTG
AAACAACTTCAGTTGTAGCTGTCATCTGATAAAATTGCTTCACAGGGAAGGAAATTTAACACGGATCTAGTCATT
ATTCTTGTTAGATTGAATGTGTGAATTGTAATTGTAAACAGGCATGATAATTATTACTTTAAAAACTAAAAACAG
TGAATAGTTAGTTGTGGAGGTTACTAAAGGATGGTTTTTTTTTAAATAAAACTTTCAGCATTATGCAAATGGGCA
TATGGCTTAGGATAAAACTTCCAGAAGTAGCATCACATTTAAATTCTCAAGCAACTTAATAATATGGGGCTCTGA
AAAACTGGTTAAGGTTACTCCAAAAATGGCCCTGGGTICTGACAAAGATTCTAACTTAAAGATGCTTATGAAGACT
TTGAGTAAAATCATTTCATAAAATAAGTGAGGAAAAACAACTAGTATTAAATTCATCTTAAATAATGTATGATTT
AAAAAATATGTTTAGCTAAAAATGCATAGTCATTTGACAATTTCATTTATATCTCAAAAAATTTACTTAACCAAG
TTGGTCACAAAACTGATGAGACTGGTGGTGGTAGTGAATAAATGAGGGACCATCCATATTTGAGACACTTTACAT
TTGTGATGTGTTATACTGAATTTTCAGTTTGATTCTATAGACTACAAATTTCAAAATTACAATTTCAAGATGTAA
TAAGTAGTAATATCTTGAAATAGCTCTAAAGGGAATTTTTICTGTTTTATTGATTCTTAAAATATATGTGCTGATT
TTGATTTGCATTTGGGTAGATTATACTTTTATGAGTATGGAGGTTAGGTATTGATTCAAGTTTTCCTTACCTATT
TGGTAAGGATTTCAAAGTCTTTTTGTGCTTGGTTTTCCTCATTTTTAAATATGAAATATATTGATGACCTTTAAC
AAATTTTTTTTATCTCAAATTTTAAAGGAGATCTTTTCTAAAAGAGGCATGATGACTTAATCATTGCATGTAACA
GTAAACGATAAACCAATGATTCCATACTCTCTAAAGAATAAAAGTGAGCTTTAGGGCCGGGCATGGTCAGAAATT
TGACACCAACCTGGCCAACATGGCGAAACCCCGTCTCTACTAAAAATACAAAAATCAGCCGGGCATGGTGGCGGC
ACCTATAGTCCCAGCTACTTGGGAGGATGAGACAGGAGAGTCACTTGAACCTGGGAGGAGAGGTTGCAGTGAGCT
GAGATCACGCCATTGCACTCCAGCCTGAGCAATGAAAGCAAAACTCCATCTCAAAAAAAAAAAAAGAAAAGAAAG
AATAAAAGTGAGCTTTGGATTGCATATAAATCCTTTAGACATGTAGTAGACTTGTTTGATACTGTGTTTGAACAA
ATTACGAAGTATTTTCATCAAAGAATGTTATTIGTTTGATGTTATTTTTATTTTTTATTGCCCAGCTTCTCTCATA
TTACGTGATTTTCTTCACTTCATGTCACTTTATTGTGCAGGGTCAGAGTATTATTCCAATGCTTACTGGAGAAGT
GATTCCTGTAATGGAACTGCTTTCATCTATGAAATCACACAGTGTTICCTGAAGAAATAGATGTAAGTTTAAATGA
GAGCAATTATACACTTITATGAGTTTTTTGGGGTTATAGTATTATTATGTATATTATTAATATTCTAATTTTAATA
GTAAGGACTTTGTCATACATACTATTCACATACAGTATTAGCCACTTTAGCAAATAAGCACACACAAAATCCTGG
ATTTTATGGCAAAACAGAGGCATTTTTGATCAGTGATGACAAAATTAAATTCATTTTGTTTATTTCATTACTTTT
ATAATTCCTAAAAGTGGGAGGATCCCAGCTCTTATAGGAGCAATTAATATTTAATGTAGTGTCTTTTGAAACAAA
ACTGTGTGCCAAAGTAGTAACCATTAATGGAAGTTTACTTGTAGTCACAAATTTAGTTTCCTTAATCATTTGTTG
AGGACGTTTTGAATCACACACTATGAGTGTTAAGAGATACCTTTAGGAAACTATTCTTGTTGTTITTICTGATTTTG
TCATTTAGGTTAGTCTCCTGATTCTGACAGCTCAGAAGAGGAAGTTGTTCTTGTAAAAATTGTTTAACCTGCTTG
ACCAGCTTTCACATTTGTTICTTICTGAAGTTTATGGTAGTGCACAGAGATTGTTTTTTGGGGAGTCTTGATTCTCG
GAAATGAAGGCAGTGTGTTATATTGAATCCAGACTTCCGAAAACTTGTATATTAAAAGTGTTATTTCAACACTAT
GTTACAGCCAGACTAATTTTTTTATTTTTTGATGCATTTTAGATAGCTGATACAGTACTCAATGATGATGATATT
GGTGACAGCTGTCATGAAGGCTTTCTTCTCAAGTAAGAATTTTTCTTTTCATAAAAGCTGGATGAAGCAGATACC
ATCTTATGCTCACCTATGACAAGATTTGGAAGAAAGAAAATAACAGACTGTCTACTTAGATTGTTCTAGGGACAT
TACGTATTTGAACTGTTGCTTAAATTTGTGTTATTTTTCACTCATTATATTTCTATATATATTTGGTGTTATTCC
ATTTGCTATTTAAAGAAACCGAGTTTCCATCCCAGACAAGAAATCATGGCCCCTTGCTTGATTCTGGTTTCTTGT
TTTACTTCTCATTAAAGCTAACAGAATCCTTTCATATTAAGTTGTACTGTAGATGAACTTAAGTTATTTAGGCGT
AGAACAAAATTATTCATATTTATACTGATCTTTTTCCATCCAGCAGTGGAGTTTAGTACTTAAGAGTTTGTGCCC
TTAAACCAGACTCCCTGGATTAATGCTGTGTACCCGTGGGCAAGGTGCCTGAATTCTCTATACACCTATTTCCTIC
ATCTGTAAAATGGCAATAATAGTAATAGTACCTAATGTGTAGGGTTGTTATAAGCATTGAGTAAGATAAATAATA
TAAAGCACTTAGAACAGTGCCTGGAACATAAAAACACTTAATAATAGCTCATAGCTAACATTTCCTATTTACATT
TCTTCTAGAAATAGCCAGTATTTGTTGAGTGCCTACATGTTAGTTCCTTTACTAGTTGCTTTACATGTATTATCT
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TATATTCTGTTTTAAAGTTTCTTCACAGTTACAGATTTTCATGAAATTTTACTTTTAATAAAAGAGAAGTAAAAG
TATAAAGTATTCACTTTTATGTTCACAGTCTTTTCCTTTAGGCTCATGATGGAGTATCAGAGGCATGAGTGTGTT
TAACCTAAGAGCCTTAATGGCTTGAATCAGAAGCACTTTAGTCCTGTATCTGTTCAGTGTCAGCCTTTCATACAT
CATTTTAAATCCCATTTGACTTTAAGTAAGTCACTTAATCTCTCTACATGTCAATTTCTTCAGCTATAAAATGAT
GGTATTTCAATAAATAAATACATTAATTAAATGATATTATACTGACTAATTGGGCTGTTTTAAGGCTCAATAAGA
AAATTTCTGTGAAAGGTCTCTAGAAAATGTAGGTTCCTATACAAATAAAAGATAACATTGTGCTTATAGCTTCGG
TGTTTATCATATAAAGCTATTICTGAGTTATTTGAAGAGCTCACCTACTTTTTTTTGTTITTTAGTTTGTTAAATTG
TTTTATAGGCAATGTTTTTAATCTGTTTTCTTTAACTTACAGTGCCATCAGCTCACACTTGCAAACCTGTGGCTG
TTCCGTTGTAGTAGGTAGCAGTGCAGAGAAAGTAAATAAGGTAGTTTATTTTATAATCTAGCAAATGATTTGACT
CTTTAAGACTGATGATATATCATGGATTGTCATTTAAATGGTAGGTTGCAATTAAAATGATCTAGTAGTATAAGG
AGGCAATGTAATCTCATCAAATTGCTAAGACACCTTGTGGCAACAGTGAGTTTGAAATAAACTGAGTAAGAATCA
TTTATCAGTTTATTTTGATAGCTCGGAAATACCAGTGTCAGTAGTGTATAAATGGTTTTGAGAATATATTAAAAT
CAGATATATAAAAAAAATTACTCTTCTATTTCCCAATGTTATCTTTAACAAATCTGAAGATAGTCATGTACTTTT
GGTAGTAGTTCCAAAGAAATGTTATTTGTTTATTCATCTTGATTTCATTGTCTTCGCTTTCCTTCTAAATCTGTC
CCTTCTAGGGAGCTATTGGGATTAAGTGGTCATTGATTATTATACTTTATTCAGTAATGTTTCTGACCCTTTCCT
TCAGTGCTACTTGAGTTAATTAAGGATTAATGAACAGTTACATTTCCAAGCATTAGCTAATAAACTAAAGGATTT
TGCACTTTTCTTCACTGACCATTAGTTAGAAAGAGTTCAGAGATAAGTATGTGTATCTTTCAATTTCAGCAAACC
TAATTTTTTAAAAAAAGTTTTACATAGGAAATATGTTGGAAATGATACTTTACAAAGATATTCATAATTTTTTTIT
TGTAATCAGCTACTTTGTATATTTACATGAGCCTTAATTTATATTTCTCATATAACCATTTATGAGAGCTTAGTA
TACCTGTGTCATTATATTGCATCTACGAACTAGTGACCTTATTCCTTCTGTTACCTCAAACAGGTGGCTTTCCAT
CTGTGATCTCCAAAGCCTTAGGTTGCACAGAGTGACTGCCGAGCTGCTTTATGAAGGGAGAAAGGCTCCATAGTT
GGAGTGTTTTTTTTTTTTTTTTTAAACATTTTTCCCATCCTCCATCCTCTTGAGGGAGAATAGCTTACCTTTTAT
CTTGTTTTAATTTGAGAAAGAAGTTGCCACCACTCTAGGTTGAAAACCACTCCTTTAACATAATAACTGTGGATA
TGGTTTGAATTTCAAGATAGTTACATGCCTTTTTATTTTTCCTAATAGAGCTGTAGGTCAAATATTATTAGAATC
AGATTTCTAAATCCCACCCAATGACCTGCTTATTTTAAATCAAATTCAATAATTAATTCTCTTICTTITTTGGAGGA
TCTGGACATTCTTTGATATTTCTTACAACGAATTTCATGTGTAGACCCACTAAACAGAAGCTATAAAAGTTGCAT
GGTCAAATAAGTCTGAGAAAGTCTGCAGATGATATAATTCACCTGAAGAGTCACAGTATGTAGCCAAATGTTAAA
GGTTTTGAGATGCCATACAGTAAATTTACCAAGCATTTTCTAAATTTATTTGACCACAGAATCCCTATTTTAAGC
AACAACTGTTACATCCCATGGATTCCAGGTGACTAAAGAATACTTATTTICTTAGGATATGTTTTATTGATAATAA
CAATTAAAATTTCAGATATCTTTCATAAGCAAATCAGTGGTCTTTTTACTTCATGTTTTAATGCTAAAATATTTT
CTTTTATAGATAGTCAGAACATTATGCCTTTTTCTGACTCCAGCAGAGAGAAAATGCTCCAGGTTATGTGAAGCA
GAATCATCATTTAAATATGAGTCAGGGCTCTTTGTACAAGGCCTGCTAAAGGTATAGTTTCTAGTTATCACAAGT
GAAACCACTTTTCTAAAATCATTTTTGAGACTCTTTATAGACAAATCTTAAATATTAGCATTTAATGTATCTCAT
ATTGACATGCCCAGAGACTGACTTCCTTTACACAGTTCTGCACATAGACTATATGTCTTATGGATTTATAGTTAG
TATCATCAGTGAAACACCATAGAATACCCTTTGTGTTCCAGGTGGGTCCCTGTTCCTACATGTCTAGCCTCAGGA
CTTTTTTTTTTTTAACACATGCTTAAATCAGGTTGCACATCAAAAATAAGATCATTTICTTTTTAACTAAATAGAT
TTGAATTTTATTGAAAAAAAATTTTAAACATCTTTAAGAAGCTTATAGGATTTAAGCAATTCCTATGTATGTGTA
CTAAAATATATATATTTCTATATATAATATATATTAGAAAAAAATTGTATTTTTICTTTTATTTGAGTCTACTGTC
AAGGAGCAAAACAGAGAAATGTAAATTAGCAATTATTTATAATACTTAAAGGGAAGAAAGTTGTTCACCTTGTTG
AATCTATTATTGTTATTTCAATTATAGTCCCAAGACGTGAAGAAATAGCTTTCCTAATGGTTATGTGATTGTICTIC
ATAGTGACTACTTTCTTGAGGATGTAGCCACGGCAAAATGAAATAAAAAAATTTAAAAATTGTTGCAAATACAAG
TTATATTAGGCTTTTGTGCATTTTCAATAATGTGCTGCTATGAACTCAGAATGATAGTATTTAAATATAGAAACT
AGTTAAAGGAAACGTAGTTTCTATTTGAGTTATACATATCTGTAAATTAGAACTTCTCCTGTTAAAGGCATAATA
AAGTGCTTAATACTTTTGTITTCCTCAGCACCCTCTCATTTAATTATATAATTTTAGTTCTGAAAGGGACCTATAC
CAGATGCCTAGAGGAAATTTCAAAACTATGATCTAATGAAAAAATATTTAATAGTTCTCCATGCAAATACAAATC
ATATAGTTTTCCAGAAAATACCTTTGACATTATACAAAGATGATTATCACAGCATTATAATAGTAAAAAAATGGA
AATAGCCTCTITTICTTICTGTTCTGTTCATAGCACAGTGCCTCATACGCAGTAGGTTATTATTACATGGTAACTGGC
TACCCCAACTGATTAGGAAAGAAGTAAATTTGTTTTATAAAAATACATACTCATTGAGGTGCATAGAATAATTAA
GAAATTAAAAGACACTTGTAATTTTGAATCCAGTGAATACCCACTGTTAATATTTGGTATATCTCTTTCTAGTICT
TTTTTTCCCTTTTGCATGTATTTTCTTTAAGACTCCCACCCCCACTGGATCATCTCTGCATGTTCTAATCTGCTT
TTTTCACAGCAGATTCTAAGCCTCTTTGAATATCAACACAAACTTCAACAACTTCATCTATAGATGCCAAATAAT
AAATTCATTTTTATTTACTTAACCACTTICCTTITGGATGCTTAGGTCATTCTGATGTTTTGCTATTGAAACCAATG
CTATACTGAACACTTCTGTCACTAAAACTTTGCACACACTCATGAATAGCTTCTTAGGATAAATTTTTAGAGATG
GATTTGCTAAATCAGAGACCATTTTTTAAAATTAAAAAACAATTATTCATATCGTTTGGCATGTAAGACAGTAAA
TTTTCCTTTTATTTTGACAGGATTCAACTGGAAGCTTTGTGCTGCCTTTCCGGCAAGTCATGTATGCTCCATATC
CCACCACACACATAGATGTGGATGTCAATACTGTGAAGCAGATGCCACCCTGTCATGAACATATTTATAATCAGC
GTAGATACATGAGATCCGAGCTGACAGCCTTCTGGAGAGCCACTTCAGAAGAAGACATGGCTCAGGATACGATCA
TCTACACTGACGAAAGCTTTACTCCTGATTTGTACGTAATGCTCTGCCTGCTGGTACTGTAGTCAAGCAATATGA
AATTGTGTCTTTTACGAATAAAAACAAAACAGAAGTTGCATTTAAAAAGAAAGAAATATTACCAGCAGAATTATG
CTTGAAGAAACATTTAATCAAGCATTTTTTTCTTAAATGTTCTTCTTTTTCCATACAATTGTGTTTACCCTAAAA
TAGGTAAGATTAACCCTTAAAGTAAATATTTAACTATTTGTTTAATAAATATATATTGAGCTCCTAGGCACTGTT
CTAGGTACCGGGCTTAATAGTGGCCAACCAGACAGCCCCAGCCCCAGCCCCTACATTGTGTATAGTCTATTATGT
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AACAGTTATTGAATGGACTTATTAACAAAACCAAAGAAGTAATTCTAAGTCTTTTTTTTICTTGACATATGAATAT
AAAATACAGCAAAACTGTTAAAATATATTAATGGAACATTTTTTTACTTTGCATTTTATATTGTTATTCACTTCT
TATTTTTTTTTAAAAAAAAAAGCCTGAACAGTAAATTCAAAAGGAAAAGTAATGATAATTAATTGTTGAGCATGG
ACCCAACTTGAAAAAAAAAATGATGATGATAAATCTATAATCCTAAAACCCTAAGTAAACACTTAAAAGATGTTC
TGAAATCAGGAAAAGAATTATAGTATACTTTTGTGTTTCTCTTTTATCAGTTGAAAAAAGGCACAGTAGCTCATG
CCTGTAAGAACAGAGCTTTGGGAGTGCAAGGCAGGCGGATCACTTGAGGCCAGGAGTTCCAGACCAGCCTGGGCA
ACATAGTGAAACCCCATCTCTACAAAAAATAAAAAAGAATTATTGGAATGTGTTTCTGTGTGCCTGTAATCCTAG
CTATTCCGAAAGCTGAGGCAGGAGGATCTTTTGAGCCCAGGAGTTTGAGGTTACAGGGAGTTATGATGTGCCAGT
GTACTCCAGCCTGGGGAACACCGAGACTCTGTCTTATTTAAAAAAAAAAAAAAAAAAATGCTTGCAATAATGCCT
GGCACATAGAAGGTAACAGTAAGTGTTAACTGTAATAACCCAGGTCTAAGTGTGTAAGGCAATAGAAAAATTGGG
GCAAATAAGCCTGACCTATGTATCTACAGAATCAGTTTGAGCTTAGGTAACAGACCTGTGGAGCACCAGTAATTA
CACAGTAAGTGTTAACCAAAAGCATAGAATAGGAATATCTTGTTCAAGGGACCCCCAGCCTTATACATCTCAAGG
TGCAGAAAGATGACTTAATATAGGACCCATTTTTTCCTAGTTCTCCAGAGTTTTTATTGGTTCTTGAGAAAGTAG
TAGGGGAATGTTTTAGAAAATGAATTGGTCCAACTGAAATTACATGTCAGTAAGTTTTTATATATTGGTAAATTT
TAGTAGACATGTAGAAGTTTTCTAATTAATCTGTGCCTTGAAACATTTTCTTTTTTCCTAAAGTGCTTAGTATTT
TTTCCGTTTTTTGATTGGTTACTTGGGAGCTTTTTTGAGGAAATTTAGTGAACTGCAGAATGGGTTTGCAACCAT
TTGGTATTTTTGTTTTGTTTTTTAGAGGATGTATGTGTATTTTAACATTTCTTAATCATTTTTAGCCAGCTATGT
TTGTTTTGCTGATTTGACAAACTACAGTTAGACAGCTATTICTCATTTTGCTGATCATGACAAAATAATATCCTGA
ATTTTTAAATTTTGCATCCAGCTCTAAATTTTCTAAACATAAAATTGTCCAAAAAATAGTATTTTCAGCCACTAG
ATTGTGTGTTAAGTCTATTGTCACAGAGTCATTTTACTTTTAAGTATATGTTTTTACATGTTAATTATGTTTGTT
ATTTTTAATTTTAACTTTTTAAAATAATTCCAGTCACTGCCAATACATGAAAAATTGGTCACTGGAATTTTTTTT
TTGACTTTTATTTTAGGTTCATGTGTACATGTGCAGGTGTGTTATACAGGTAAATTGCGTGTCATGAGGGTTTGG
TGTACAGGTGATTTCATTACCCAGGTAATAAGCATAGTACCCAATAGGTAGTTTTITTGATCCTCACCCTTCTCCC
ACCCTCAAGTAGGCCCTIGGTGTTGCTGTTTCCTTCTTTGTGTCCATGTATACTCAGTGTTTAGCTCCCACTTAGA
AGTGAGAACATGCGGTAGTTGGTTTTCTGTTCCTGGATTAGTTCACTTAGGATAATGACCTCTAGCTCCATCTGG
TTTTTATGGCTGCATAGTATTCCATGGTGTATATGTATCACATTTTCTTTATCCAGTCTACCATTGATAGGCATT
TAGGTTGATTCCCTGTCTTTGTTATCATGAATAGTGCTGTGATGAACATACACATGCATGTGTCTTTATGGTAGA
AAAATTTGTATTCCTTTAGGTACATATAGAATAATGGGGTTGCTAGGGTGAATGGTAGTTCTATTTTCAGTTATT
TGAGAAATCTTCAAACTGCTTTTCATAATAGCTAAACTAATTTACAGTCCCGCCAGCAGTGTATAAGTGTTCCCT
TTTCTCCACAACCTTGCCAACATCTIGTGATTTTTTGACTTTTTAATAATAGCCATTCCTAGAGAATTGATTTGCA
ATTCTCTATTAGTGATATTAAGCATTTTTTCATATGCTTTTTAGCTGTCTGTATATATTCTTCTGAAAAATTTTC
ATGTCCTTTGCCCAGTITTGTAGTGGGGTGGGTTGTTTTTTGCTTGTTAATTAGTTTTAAGTTCCTTCCAGATTCT
GCATATCCCTTTGTTGGATACATGGTTTGCAGATATTTTTCTCCCATTGTGTAGGTTGTICTTTTACTCTGTTGAT
AGTTTCTTTTGCCATGCAGGAGCTCGTTAGGTCCCATTTGTGTTTGTTTTTGTTGCAGTTGCTTTTGGCGTCTTC
ATCATAAAATCTGTGCCAGGGCCTATGTCCAGAATGGTATTTCCTAGGTTGTCTTCCAGGGTTTTTACAATTTTA
GATTTTACGTTTATGTCTITTAATCCATCTTGAGTTGATTTTTGTATATGGCACAAGGAAGGGGTCCAGTTTCACT
CCAATTCCTATGGCTAGCAATTATCCCAGCACCATTTATTGAATACGGAGTCCTTTCCCCATTGCTTGTTTTTTG
TCAACTTTGTTGAAGATCAGATGGTTGTAAGTGTGTGGCTTTATTTCTTGGCTCTCTATTCTCCATTGGTCTATG
TGTICTGTTTTTATAACAGTACCCTGCTGTTCAGGTTCCTATAGCCTTTTAGTATAAAATCGGCTAATGTGATGCC
TCCAGCTTTGTTCTTTTTGCTTAGGATTGCTTTGGCTATTTGGGCTCCTTTTTGGGTCCATATTAATTTTAAAAC
AGTTTTTTCTGGTTTTGTGAAGGATATCATTGGTAGTTTATAGGAATAGCATTGAATCTGTAGATTGCTTTGGGC
AGTATGGCCATTTTAACAATATTAATTCTTICCTATCTATGAATATGGAATGTTTTTCCATGTGTTTGTGTCATCT
CTTTATACCTGATGTATAAAGAAAAGCTGGTATTATTCCTACTCAATCTGTTCCAAAAAATTGAGGAGGAGGAAC
TCTTCCCTAATGAGGCCAGCATCATTCTGATACCAAAACCTGGCAGAGACACAACAGAAAAAAGAAAACTTCAGG
CCAATATCCTTGATGAATATAGATGCAAAAATCCTCAACAAAATACTAGCAAACCAAATCCAGCAGCACATCAAA
AAGCTGATCTACTTTGATCAAGTAGGCTTTATCCCTGGGATGCAAGGTTGGTTCAACATACACAAATCAATAAGT
GTGATTCATCACATAAACAGAGCTAAAAACAAAAACCACAAGATTATCTCAATAGGTAGAGAAAAGGTTGTCAAT
AAAATTTAACATCCTCCATGTTAAAAACCTTCAGTAGGTCAGGTGTAGTGACTCACACCTGTAATCCCAGCACTT
TGGGAGGCCAAGGCGGGCATATCTCTTAAGCCCAGGAGTTCAAGACGAGCCTAGGCAGCATGGTGAAACCCCATC
TCTACAAAAAAAAAAAAAAAAAAARAATTAGCTTGGTATGGTGACATGCACCTATAGTCCCAGCTATTCAGGAGGT
TGAGGTGGGAGGATTGTTTGAGCCCGGGAGGCAGAGGTTGGCAGCGAGCTGAGATCATGCCACCGCACTCCAGCC
TGGGCAACGGAGTGAGACCCTGTCTCAAAAAAGAAAAATCACAAACAATCCTAAACAAACTAGGCATTGAAGGAA
CATGCCTCAAAAAAATAAGAACCATCTATGACAGACCCATAGCCAATATCTTACCAAATGGGCAAAAGCTGGAAG
TATTCTCCTTGAGAACCGTAACAAGACAAGGATGTCCACTCTCACCACTCCTTTTCAGCATAGTTCTGGAAGTCC
TAGCCAGAGCAATCAGGAAAGAGAAAGAAAGAAAGACATTCAGATAGGAAGAGAAGAAGTCAAACTATTTCTGTT
TGCAGGCAGTATAATTCTGTACCTAGAAAATCTCATAGTCTICTGCCCAGAAACTCCTAAATCTGTTAAAAATTTC
AGCAAAGTTTTGGCATTCTCTATACTCCAACACCTTCCAAAGTGAGAGCAAAATCAAGAACACAGTCCCATTCAC
AATAGCCGCAAAACGAATAAAATACCTAGGAATCCAGCTAACCAGGGAGGTGAAAGATCTCTATGAGAATTACAA
AACACTGCTGAAAGAAATCAGAGATGACACAAACAAATGGAAATGTTCTTTTTTAACACCTTGCTTTATCTAATT
CACTTATGATGAAGATACTCATTCAGTGGAACAGGTATAATAAGTCCACTCGATTAAATATAAGCCTTATTCTICT
TTCCAGAGCCCAAGAAGGGGCACTATCAGTGCCCAGTCAATAATGACGAAATGCTAATATTTTTCCCCTTTACGG
TTTCTTTCTTCTGTAGTGTGGTACACTCGTTTCTTAAGATAAGGAAACTTGAACTACCTTICCTGTTTGCTTCTAC
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ACATACCCATTCICTITITTTTTGCCACTCTGGTCAGGTATAGGATGATCCCTACCACTTTCAGTTAAAAACTCCTC
CTICTTACTAAATGTTCTCTTACCCTCTGGCCTGAGTAGAACCTAGGGAAAATGGAAGAGAAAAAGATGAAAGGGA
GGTGGGGCCTGGGAAGGGAATAAGTAGTCCTGTTTGTTTGTGTGTTTGCTTTAGCACCTGCTATATCCTAGGTGC
TGTGTTAGGCACACATTATTTTAAGTGGCCATTATATTACTACTACTCACTCTGGTCGTTGCCAAGGTAGGTAGT
ACTTTCTTGGATAGTTGGTTCATGTTACTTACAGATGGTGGGCTTGTTGAGGCAAACCCAGTGGATAATCATCGG
AGTGTGTTCICTAATCTCACTCAAATTTTTCTTCACATTTTTTGGTTTGTTTTGGTTTTTGATGGTAGTGGCTTA
TTTTTGTTGCTGGTTTGTTTTTTGTTTTTTTTTGAGATGGCAAGAATTGGTAGTTTTATTTATTAATTGCCTAAG
GGTCTCTACTTTTTTTAAAAGATGAGAGTAGTAAAATAGATTGATAGATACATACATACCCTTACTGGGGACTGC
TTATATTCTTTAGAGAAAAAATTACATATTAGCCTGACAAACACCAGTAAAATGTAAATATATCCTTGAGTAAAT
AAATGAATGTATATTTTGTIGTICTCCAAATATATATATCTATATTCTTACAAATGTGTTTATATGTAATATCAATT
TATAAGAACTTAAAATGTTGGCTCAAGTGAGGGATTGTGGAAGGTAGCATTATATGGCCATTTCAACATTTGAAC
TTTTTTCTTTTCTTCATTTTCTTCTITTTCTTCAGGAATATTTTTCAAGATGTCTTACACAGAGACACTCTAGTGA
AAGCCTTCCTGGATCAGGTAAATGTTGAACTTGAGATTGTCAGAGTGAATGATATGACATGTTTTCTTTTTTAAT
ATATCCTACAATGCCIGTTICTATATATTTATATTCCCCTGGATCATGCCCCAGAGTTCTGCTCAGCAATTGCAGT
TAAGTTAGTTACACTACAGTTCTCAGAAGAGTCTGTGAGGGCATGTCAAGTGCATCATTACATTGGTTGCCTICTT
GTCCTAGATTTATGCTTCGGGAATTCAGACCTTTGTTTACAATATAATAAATATTATTGCTATCTTTTAAAGATA
TAATAATAAGATATAAAGTTGACCACAACTACTGTTTTTTGAAACATAGAATTCCTGGTTTACATGTATCAAAGT
GAAATCTGACTTAGCTTTTACAGATATAATATATACATATATATATCCTGCAATGCTTGTACTATATATGTAGTA
CAAGTATATATATATGTTTGTIGTGTGTATATATATATAGTACGAGCATATATACATATTACCAGCATTGTAGGAT
ATATATATGTTTATATATTAAAAAAAAGTTATAAACTTAAAACCCTATTATGTTATGTAGAGTATATGTTATATA
TGATATGTAAAATATATAACATATACTCTATGATAGAGTGTAATATATTTTTTATATATATTTTAACATTTATAA
AATGATAGAATTAAGAATTGAGTCCTAATCTGTTTTATTAGGTGCTTTTTGTAGTGTCTGGTCTTTCTAAAGTGT
CTAAATGATTTTTCCTTTTGACTTATTAATGGGGAAGAGCCTGTATATTAACAATTAAGAGTGCAGCATTCCATA
CGTCAAACAACAAACATTTTAATTCAAGCATTAACCTATAACAAGTAAGTTTTTTTTITTTITTTTTGAGAAAGGGA
GGTTGTTTATTTGCCTGAAATGACTCAAAAATATTTTTGAAACATAGTGTACTTATTTAAATAACATCTTTATTG
TTTCATTCTTTTAAAAAATATCTACTTAATTACACAGTTGAAGGAAATCGTAGATTATATGGAACTTATTTCTTA
ATATATTACAGTTTGTTATAATAACATTCTGGGGATCAGGCCAGGAAACTGTGTCATAGATAAAGCTTTGAAATA
ATGAGATCCTITATGTTTACTAGAAATTTTGGATTGAGATCTATGAGGTCTGTGACATATTGCGAAGTTCAAGGAA
AATTCGTAGGCCTGGAATTTCATGCTTCTCAAGCTGACATAAAATCCCTCCCACTCTCCACCTCATCATATGCAC
ACATTCTACTCCTACCCACCCACTCCACCCCCTGCAAAAGTACAGGTATATGAATGTCTCAAAACCATAGGCTCA
TCTTCTAGGAGCTTCAATGTTATTTGAAGATTTGGGCAGAAAAAATTAAGTAATACGAAATAACTTATGTATGAG
TTTTAAAAGTGAAGTAAACATGGATGTATTCTGAAGTAGAATGCAAAATTTGAATGCATTTTTAAAGATAAATTA
GAAAACTTCTAAAAACTGTCAGATTGTCTGGGCCTGGTGGCTTATGCCTGTAATCCCAGCACTTTGGGAGTCCGA
GGTGGGTGGATCACAAGGTCAGGAGATCGAGACCATCCTGCCAACATGGTGAAACCCCGTCTCTACTAAGTATAC
AAAAATTAGCTGGGCGTGGCAGCGTGTGCCTGTAATCCCAGCTACCTGGGAGGCTGAGGCAGGAGAATCGCTTGA
ACCCAGGAGGTGTAGGTTGCAGTGAGTCAAGATCGCGCCACTGCACTTTAGCCTGGTGACAGAGCTAGACTCCGT
CTCAAAAAAAAAAAAAAATATCAGATTGTTCCTACACCTAGTGCTTICTATACCACACTCCTGTTAGGGGGCATCA
GTGGAAATGGTTAAGGAGATGTTTAGTGTGTATTGTCTGCCAAGCACTGTCAACACTGTCATAGAAACTTCTGTA
CGAGTAGAATGTGAGCAAATTATGTGTTGAAATGGTTCCTICTCCCTGCAGGTCTTTCAGCTGAAACCTGGCTTAT
CTCTCAGAAGTACTTTCCTTGCACAGTTTCTACTTGTCCTTCACAGAAAAGCCTTGACACTAATAAAATATATAG
AAGACGATACGTGAGTAAAACTCCTACACGGAAGAAAAACCTTTGTACATTGTTTTTTTIGTTTTGTTTCCTTTGT
ACATTTTCTATATCATAATTTTTGCGCTTICTTITTTTTTTTTTTTTTTITTTITTTTTTCCATTATTTTTAGGCAGAA
GGGAAAAAAGCCCTTTAAATCTCTTCGGAACCTGAAGATAGACCTTGATTTAACAGCAGAGGGCGATCTTAACAT
AATAATGGCTCTGGCTGAGAAAATTAAACCAGGCCTACACTCTTTTATCTTTGGAAGACCTTTCTACACTAGTGT
GCAAGAACGAGATGTTCTAATGACTTTTTAAATGTGTAACTTAATAAGCCTATTCCATCACAATCATGATCGCTG
GTAAAGTAGCTCAGTGGTIGTGGGGAAACGTTCCCCTGGATCATACTCCAGAATTCTGCTCTCAGCAATTGCAGTT
AAGTAAGTTACACTACAGTTCTCACAAGAGCCTGTGAGGGGATGTCAGGTGCATCATTACATTGGGTGTCTCTTT
TCCTAGATTTATGCTTTTGGGATACAGACCTATGTTTACAATATAATAAATATTATTGCTATCTTTTAAAGATAT
AATAATAGGATGTAAACTTGACCACAACTACTGTTTTITTTGAAATACATGATTCATGGTTTACATGTGTCAAGGT
GAAATCTGAGTTGGCTTTTACAGATAGTTGACTTTCTATCTTTTGGCATTCTTTGGTGTGTAGAATTACTGTAAT
ACTTCTGCAATCAACTGAAAACTAGAGCCTTTAAATGATTTCAATTCCACAGAAAGAAAGTGAGCTTGAACATAG
GATGAGCTTTAGAAAGAAAATTGATCAAGCAGATGTTTAATTGGAATTGATTATTAGATCCTACTTTGTGGATTT
AGTCCCTGGGATTCAGTCTGTAGAAATGTCTAATAGTTCTCTATAGTCCTTIGTTCCTGGTGAACCACAGTTAGGG
TGTTTTGTTTATTTTATTGTTICTTGCTATTGTTGATATTCTATGTAGTTGAGCTCTGTAAAAGGAAATTGTATTT
TATGTTTTAGTAATTGTTGCCAACTTTTTAAATTAATTTTCATTATTTTTGAGCCAAATTGAAATGTGCACCTCC
TGTGCCTTTTTTCTCCTTAGAAAATCTAATTACTTGGAACAAGTTCAGATTTCACTGGTCAGTCATTTTCATCTT
GTTTTCTTICTTGCTAAGTCTTACCATGTACCTGCTTTGGCAATCATTGCAACTCTGAGATTATAAAATGCCTTAG
AGAATATACTAACTAATAAGATCTTTTTTTCAGAAACAGAAAATAGTTCCTTGAGTACTTICCTTCTTGCATTTCT
GCCTATGTTTTTGAAGTTGTTGCTGTTTGCCTGCAATAGGCTATAAGGAATAGCAGGAGAAATTTTACTGAAGTG
CTGTTTTCCTAGGTGCTACTTTGGCAGAGCTAAGTTATCTTTTIGTTTTCTTAATGCGTTTGGACCATTTTGCTGG
CTATAAAATAACTGATTAATATAATTCTAACACAATGTTGACATTGTAGTTACACAAACACAAATAAATATTTTA
TTTAAAATTCTGGAAGTAATATAAAAGGGAAAATATATTTATAAGAAAGGGATAAAGGTAATAGAGCCCTTCTGC
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CCCCCACCCACCAAATTTACACAACAAAATGACATGTTCGAATGTGAAAGGTCATAATAGCTTTCCCATCATGAA
TCAGAAAGATGTGGACAGCTTGATGTTTTAGACAACCACTGAACTAGATGACTGTTGTACTGTAGCTCAGTCATT
TAAAAAATATATAAATACTACCTTGTAGTGTCCCATACTGTGTITTTTTACATGGTAGATTCTTATTTAAGTGCTA
ACTGGTTATTTTICTITTIGGCTGGTTTATTGTACTGTTATACAGAATGTAAGTTGTACAGTGAAATAAGTTATTAAA
GCATGTGTAAACATTGTTATATATCTTTTCTCCTAAATGGAGAATTTTGAATAAAATATATTTGAAATTTTGCCT
CTTTCAGTTGTTCATTCAGAAAAAAATACTATGATATTTGAAGACTGATCAGCTTICTGTTCAGCTGACAGTCATG
CTGGATCTAAACTTTTTTTAAAATTAATTTTGTCTTTTCAAAGAAAAAATATTTAAAGAAGCTTTATAATATAAT
CTTATGTTAAAAAAACTTTCTGCTTAACTCTCTGGATTTCATTTTGATTTTTCAAATTATATATTAATATTTCAA
ATGTAAAATACTATTTAGATAAATTGTTTTTAAACATTICTTATTATTATAATATTAATATAACCTAAACTGAAGT
TATTCATCCCAGGTATCTAATACATGTATCCAAAGTAAAAATCCAAGGAATCTGAACACTTTCATCTGCAAAGCT
AGGAATAGGTTTGACATTTTCACTCCAAGAAAAAGTTTTTTTTTGAAAATAGAATAGTTGGGATGAGAGGTTTCT
TTAAAAGAAGACTAACTGATCACATTACTATGATTCTCAAAGAAGAAACCAAAACTTCATATAATACTATAAAGT
AAATATAAAATAGTTCCTTICTATAGTATATTTCTATAATGCTACAGTTTAAACAGATCACTCTTATATAATACTA
TTTTGATTTTGATGTAGAATTGCACAAATTGATATTTCTCCTATGATCTGCAGGGTATAGCTTAAAGTAACAAAA
ACAGTCAACCACCTCCATTTAACACACAGTAACACTATGGGACTAGTTTTATTACTTCCATTTTACAAATGAGGA
AACTAAAGCTTAAAGATGTGTAATACACCGCCCAAGGTCACACAGCTGGTAAAGGTGGATTTCATCCCAGACAGT
TACAGTCATTGCCATGGGCACAGCTCCTAACTTAGTAACTCCATGTAACTGGTACTCAGTGTAGCTGAATTGAAA
GGAGAGTAAGGAAGCAGGTTTTACAGGTCTACTTGCACTATTCAGAGCCCGAGTGTGAATCCCTGCTGTGCTGCT
TGGAGAAGTTACTTAACCTATGCAAGGTTCATTTTGTAAATATTGGAAATGGAGTGATAATACGTACTTCACCAG
AGGATTTAATGAGACCTTATACGATCCTTAGTTCAGTACCTGACTAGTGCTTCATAAATGCTTTTTCATCCAATC
TGACAATCTCCAGCTTGTAATTGGGGCATTTAGAACATTTAATATGATTATTGGCATGGTAGGTTAAAGCTGTCA
TCTTGCTGTTTTCTATTTGTTICTTTTTGTTTTCTCCTTACTTTTGGATTTTTTTATTCTACTATGTCTTTTCTAT
TGTICTTATTAACTATACTCTTTGATTTATTTTAGTGGTTGTTTTAGGGTTATACCTCTTTCTAATTTACCAGTTT
ATAACCAGTTTATATACTACTTGACATATAGCTTAAGAAACTTACTGTTGTTGTICTTTTTGCTGTTATGGTCTTA
ACGTTTTTATTTCTACAAACATTATAAACTCCACACTTTATTGTTTTTTAATTTTACTTATACAGTCAATTATCT
TTTAAAGATATTTAAATATAAACATTCAAAACACCCCAATTAAAAGTCAGAGATTGTTAATACCACATGATCTCA
CTTACACACAGAATTGAAAAACTTGGAACTCATAGAAGCAGAGAGTAAAAACATGGTTACCAGGTGCTGGGGAGA
GGCGGTGGGCTGGGGAGATGTTGGTCAAAGTTAGACAGGAGGAATAAGTTCAAGAGATCTATTGTACAACTTATT
CAGTTAGATAGGAGGAATAAGCTAAAGATCAAGAGATCTATTGTACAATGTGACTATAACCAACAACATATATTG
TACACTTGAAAATTGCTAACAGTATCTTTTAAGTGTTCTCTCTACAAATAAATATGTGAGGTAATGTATATATTA
ATTAACTGTAGTICATTTCACAATGTATACTTATTTCAAAACATCATATTGTATGCTATAAATATATACAACTTTT
ATTTTTCAATTTTAGAAATGTCCTTAAAAAATCAGATTTTCAGATCAGATAAAAAAGCAAGACCCAACTATATGC
TGCCAACAGGAAACACACCTTAAAAATAAAGGACGAACAAACAGATTAAAAGTAAAAGGATGGAGAAAAGATACA
TCATATTGGTAATTAGAAGAAAACTGGAGTGACAATATGAAACAAAATAGATTTCAGAGCAAAGAATATTACCAG
GGGTAAAAATGATCATTTTATAATGATAAAAGAGTCAGTTCAGCAAAAGGATATAACAGTCCTAAATGTTTTTTC
ACCTCATAGCTGTGTCAAAATAGATGAAGCAAAAACTGATAGAACTGTAAGAAGTAGACAAGTCCACAATTATGT
TTGGAGATTTTTTTITTTTTTTTTTTTTGTCGCCCAGGCTGGAGTGCAGTGGCAGGATCTCAGCTCACTGCAAGCT
CCGCCTCCCAGGTTCACGCCATTCTCCTGCTTCAGCCTCCCCAGTAGCTGGGACTACAGGCGGCCACCACCACGC
CTGGCTAATTTTTTTGTATTTTTAGTAGAGACGGGGTTTCACCGTGTTAGCCAGGATGGTCTCGATCTCCTGACC
TCGTGATCTGCCTGCCTCGGCCTCCCAAAGTGCTGGGATTACAGGCATGAGCCACTGCACGCAGCCTGGAGATTT
TAATATCCTTTCAATGTTTAGTAGAACAAGAATACACAAAATCAGTAAGGATATAGAAGATTAGAACAAGACTAT
CAAACAATTTGACTTAAATGACATTTGTAGAGCACAGCAGTCCCCAACAACAATAAATCACACATTCTTTCCAAG
AGTACATGAAACATGTACCAAGATAGACCGTATTTTGAGCCATGAAACAAATCTTGATAAATTTAAAAGGATTCA
AGTCATAGAAAATATGTTCTCTGACCACAATGGAATTAAATTATTAACCAATAACAAATATCTGGGAAAACCTCA
AAAACTTGGACACCAGCGCTTTTAAAAGACTAAATAATTTCTAAATTATCTGTGTTGGGGGGAAAAGAGAAATGG
ATTAGAGAGCAAAAAGGGTATCAGAGTGCTGTGGTACGATTTTTATGAAGAGTGGAACAGAATCTGCCTTTGGCG
TTTCCCCACTACAGCCCATTCTITCACATTGATAACAGCATGATCCTTICTAAAATTAAATCTAACGATCACTTICTG
CTTAATGGCTCTCCAACACTTACAGAATTAGGTCCAAAATTCTAGCACAGTTTCTGTTCATCTTTICTAACCTTTC
TTCCCACAGGTCTAGCTAGTACGTATTTICTTTTATTGCATTTATTACACTATTCCTTTGCTTATCTATCTCCCCA
CCTAGGCTAAAGAACAAGATTCTTIGTICTTTTTCATTTTTGTGTICTCAGTGCCTAGCATGGTGCCAGGCACACAGC
ATGCTTCCAGTAAATGTTAGCTGGATGGATGTAATGAGTATATTAAATATTAATTTATTTGTTTTTCCCCAAAAA
GAATTATTTCCTGCAAATCAAGGAAATTGCTTTCTTTATATAATCAAAAACTTATTTTCCCAGAAGATTCTTCAT
TAAAAATTAAGCCTATGCACAACCTAGCTCTAAAGTTTCAAAGATTTTAGGCAGCAATTTTTCAATCTTITTTGAA
GTAATACATTTGAATCTTTTCAAATTTCTGTTTCTGCATTTGTGCCACACCATCTCATCTCTTGCTGAAATGTTT
TTGTTAAATTAATTGCTTGATAAATTGCTAAGTACTTTTCATCAGACCAATTAGGACAATAGTAAGTATCCATCT
GTGGAGCGCGGACATTCAAGAAATCTGATCCAGTATTTAGAAAGTCATTCCTGAGCTGAGTTGGCTCAAACTGGC
ACCTTCTGGCATTTGCTTGTGGGTGGGGAATGTGGAATGCTTTGAAAGCTGAATGAGTTTGTCAAGTTTTAAAAT
TCCCTTATGGCTAAAGGAAAACAACATTCATTGTTTAAAAACACCATTGTTTGTTITTTTICTGCTTTTTTGTTICTT
TGGAGCCTGAATCTGCAAAAACACTCACACCCAGCATTTTGCTTCATGTACCACTCCTAAGATGTTTTTAGAGAC
TTGAATAGTGTCTCCGCACTACTTTTTATTGTGATTGTTCAGAATGTTCATAACAAATGGTAAAAAGTCAGTTTT
AGTGCTCAAATTGAGTTTTATGGAGAAAGACCATAATTTATGTTTGTCATTGTAAATTGATAGGAGAATTTTTGG
AAGTTTGCGTCCTAGAACCAGATTTCCAAGGCTCAGATCCTTATTTTCTCACTTCCTAGCTGTGTGACCTTAGAC
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AAGGTATTAAACCTGTICTGTGCTGCCTCAGTGTCCTCATCTATTCTTTAAGAGTAAGAATAGAACCTACCCGATA
GAGTCACTTGAAGATTAAGTGGGTTAGTAAATTCAGAATGCTTGGAACAGTAACTAGCACAGAATAAGTGTCCAA
TAAAATTGGGTTGCAGCTATTATCAGTATTATTCCTGTCATAATCATCATCACCATTAAGCAATTAAATGTAGAG
TTCCAAAATTTGATTATGAAACTACAGTTATACAGCCATGATTCCCGGTGATACCACGTCAGTAACAAGATTATT
TCCTTAGCTTGAGCCAGTCACTACCTCATTGCATGTGGCAGAGTGTGTTGCCGTAGGCAAATGTCATTGTAGGGA
ATGAAAAAAAAATTGCCTGTGAGCTGCTCTCCAGAGGCCTCATCCCATTTTCCCATCGTICCACTTTACTCCATCT
CCACTGCCACTATTAGGACCTTATCATTTCTTGTCTAGATTAATTCAACAGCTTCCTTCCTTCTAGTCTCCATGA
TTTCACCCACTAGCCATCCCCTICCCCTTTGCCCAATTTTCTCCATTTATGGTAGAGTGATCTTTCTAATAGGAAA
CTCCTGACTTGCCTTAAAAAGCCCTCATTGAGGCCGGACGTGGTGGCTCATGCCTGTAATCCCAGCACTTTGGGA
GGCCGAGGCAGGTGGATCACGAGGTCAAGAGATTGAGACCATCGTGACTAACACAGTGAAACCCCATCTGTACTA
AAAATACAAGAAATTAGCCAGGCGTGGTGGCGGGTGCCTGTAGTCGCAGCTACTTGGGAGGCTGAGGCAGGAGAA
TGGCGTGAACCCGGGAGGCAGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCACTCCAGCCTGGGCGACAGAGTG
AGACTCCGTCTCAAAAAAAAARAAGCCCTCATTGACAACCTTCAACCCACAATCCATGGTGAAGCACAGGAGCCTT
GGGGATCTGCCCCCAGCACACCTCTCCACCCTTIGTCTICTCACTGCTCCTGCCTTCATGGAGAGCCCTGATGAACT
ATTTGTAGTTTCCCCTGACTCACCTTGCTGTTACTGGGCCTGTGTGCGTGTTGCTCCCACTACCTGCAATACGCT
TACCCACTTCACCTGGGTGAACTTTACTTAGGATTCACCTTAGGTGGGCATCATGTTCTTCCAGGCCCCTCCTCT
AACTTTTAGTTGAGAGTATTCCAGACTTAAGGCTCCATGGGATAGGGATCTTGTCTATGCACCAGCTTATTCCCA
ACTGCCTGGCACGTAATGCATTTATTAAATATATATTGAATTGATTACCCTACTTGGGGCTCTTGTTTGCTTCTA
CACTTACAGTTCTAGCATAGCACTTAACTCATTATCATGCATCATTATTATGGGTTTGTTTTGTCTCCCATTAGA
CTGTGAGCTCCACAAGGCTGTIGTICCTTGTCTTATACATCATTGTATTTCCAGCTTCCAACATAGTGCTTGCCATG
ACACAGGAAGTCAGTAAGCTCTGAATGAATGAATAGTATCTACATACCATTAATCTGAGGTTTAAAGTTTCCCCA
AATTCTGAAGCAAGGGGATTTACGGACTTCCCTGACAATTTTTGGATGTCATCCCAATGATACCACTAACATTTT
AAGGGACAGCTTGCATATATACATTTTTCTGGATGGCAGTTTTTTTTCCCACAGGCTTCATCAGATATTTCTCCA
TAGCCTTCCTCAGATTCTCAAAGGGGTCTCTGATTCCCCCAAAAGATAAGAAACTGTCATAAAAAATTATTTCTA
AATATCAATTGTTAAATAAAATGTTTGCAAAGCAGCCTGATGAATCATTTCAGGCCACTTGACCCCGATGAGTTA
GAGAGTTTGTGCTCTGCAATCTGACTGCTTCCAGCAGTCTCACTGCTGCTGGACTGTGGCACTTCCAATTGGCAG
CAGGGCAAGTTTCTTCTGGATGAATATTCTGTCATAGGGGTCCCCCTTCCACACATACCTGTAGGAGCAGTTTGA
AACTCATATGCATGGTICTTCCTGGTTCTAGGCACATGAGTCATTTAAGCTGCTGGAGCCAGGACCAGCTAGTATG
CTAGCCCGGCATTCAGAAAGTTAAAATTTGGGGTCAAAACTGAGAACCTTCTTTGATCCACCTTGGCCAGACATT
TTCTCTGGCTTCCATTAATAGCCTCAACATTTTITTTTTTTTCTGGCCTAGACCCACACAGGCAAGAGACCAGAGC
TTCTCTAAGGAGCTAAGGGAAAGCACATTTTAAAAATAACTTGAGCAAATGAATTCATCTGGCAAAAGCAACCCC
ACTACGTAAAATAAACCTTTTTAGTTTCGCAATAGCAGTTCCTGAAAATGTAAACAACCTCAGGGTCTACATGCA
CTGAATCATTTGCTGAACAGAAAGTCCCTGGTCCAAATTCTGCAAGAATAAACACCTTACAAAACTAGGGGTCAA
TGACCTTCATATGGGAACAAGGAGGGTGTGGGGGGCAGCAACCCACCCTGAGGACAATGAGAAAGTCTTGAGACT
TGATATTCAAAATGCTGGCTTTICTAAACCAAAAACTGGCATGAGTGGAGGGAGAAGGGGAGGGTGGGCACAGTCT
ATGCCTCAGGCTICTTGCTCAGACCCTACCAGGCCCCTGCCTTCCCTAGGGAAAGCGAGAGTCTACTCACTGTCAT
GAAGCCAGAGGAAGGCCCTIGCAGGTTTCACTGTGTGTTCTGTTGACAAGATGATGGTTCCATTGAAACTGTAATA
ACATACTTGGCCAACTAAGCCCATACGATCGTAGTAACTTTGTACCCAGTCCTAGCTTTTCAAACATAATGATAA
TATGTTCTTTCTAATGTGGCCCATACTGTTCTAATGAACTTATGCTGAGTTTTTCTGAGTACTAGAATAATATTC
GCCATAAATAATAGATATAATTATTCTCATTTAATATTTGCGTAGCTCTTCTTTAAAGCAGAAAGTATTTTCTCA
TTCCTTACTAGAACCTTTICTGTIGTGAGGAGCACTGAGCTAGAACCCATATCTTAGAATGGTCAGAATTTGGAGAA
ATTCAGGGAAAAGGCACTGGACTCATTTTTAAAGACTAGAAAATGCAACCTCCAGAAAAAGATTCAAGAGTTTTT
TACTCCCAGAGATGTAGGAAAGATTGGAGTAAATCTTAATATTATATTTCAGGTAAACAAAGGATCACTGTCAAA
ATAGCAGCATTTATTGAGTAATGGCTGTGTGCCAGGTACTTTACAGTTTCACATTTAACCCTCATAATAACCTTG
TAAAGTGGATATCCCCTCAGTACATGATGAGAACACTGAAGCTTAGGTTAAATGATTGTCCAAATCGGACAATCA
TTTTCAAAATCTCCCCCTTITTITITTICTCCTTTCTTATCTGCAAGGCAGATTGCCCTTTCCCTTTCAGTGAAACTTG
TGCATGACCACATGACTCICTTTGGCCAATGAAACATGAACAAGCAGCGTTTATCACTTTCAGATGGAAGGCTTT
GCATGAGCTTTGCCTCCTTTTCACTCTGCCACAGTGGCCACTAACATTCCAGATAGTGGCGCTCTGCAGGCTAGG
TCCTATAGTGGGAGCTATGGGCAGAGCCCCCTTTCCCACCCCCATCAAGATGTGCATGCTGCATAAGCCATGCAT
TAATCTTTGCAGTTTTAAGCCACTAAGTTTTGGAGTTATATTAATCATTAATCATGGTTCTCAAGAGAAACAGAG
TGGGGGAGTGGTATTCATTATGGGAATTGGCTTACATGATTATGGAAGCTGAGTAGTCCCCCAGTCTGCTGTTTT
TGAGCTGGAGAACTAGAGGAGCCAGTGGTATAATTCAGCCCAAGCCTGAAGGCCTGAGAAATGGGATGGGGGAAT
TGGGAGGGTGGGTGTGCTAGGGTAGGATAAGTCCTGAAGTTCAAAGGCCAGCCAGAAGGTGGATGTTTCAGCACC
AGAAGAGAGAGCAAATTCGCTTTTCTTCTGCCTTTTTGTCCTCTCTGGGCCCTCAATGGATTGGATGATGCCCTC
CCACATTGGTAAGGGTGGATCTTCTATACTCAGTCTGCTAATTTCTTCCAGAAACATCTTCACAGACACATCCAG
AAATAATGTTTTACCAGCTATCTCGGTATCCCTTAGCCTAGTCCATATTTAAAAATTAATGATCACAAGCAGTTG
TTTGTTTCCACAGCAAAACCTGGGTGACAGACCAAGTGACCCAGATGACTAGAATTTGACCTICTTTTGTTGCCC
ACACCATACTCTGAACTAACATGCTGTGCTGCCTTCCAAGTGGAGAATGATGGCTAAGTATCTTCTACCTAATTT
GAGTCACAGAAAAAAAAAAAAAAGGTTATTAACTGCAGTGACAAGAATTGTGATTCCCCAGGGGGCAGATCAAGA
CTGATAGATAAGAGAAGTGAGGAACATCTGGGGAATGTCCATTGAAAATTTACTCAGAAGAGAAGAATAATTAAT
ATAATAATATGATATATTGAATTATAATAAATAATATTTTGATGTATTTCCTTCCAGGCATGTTTAAGTTATAGA
CTTTGAGTATATTTTCTCAAAGGGGGTTCTATGTAAGAGACTATTTCTTAATATAGTTCCTAGCTTGGAATTGCT
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CTTGCTGGTTTAAGCTGAGCTTATTTTATTACAGACTTCACAACAATAACGTTTTCCTTCACTAGTCAGTACACA
AGATGGTCTTCATTTCCAGTTTGGAATCCCACACTATCAGAGCCTGAGACAAGGACTAGTATGCAGTTAGTTTGT
TTGGGAGGTGATTCCAGGAAGTGGGAATGAGAGATCAGTCAGCCTGCAACACGAAGGAGGAAAAGTCAATATAAG
GATGAATTTGGCAATTGGCCGTTTCATGCAACTGGGGCTAAATTTTGCTTGGCTCTCTAAGAAATGTAAAGAATG
CCTCCCGTAATTGCTCACCTCAAGTATTTATTCATTGGCTCTCATGCTCCATTGGTTGTCCATGAGAACTTTAGC
CCTCCCTCGCTGCAGCACAGACACTGTGCTTTCTCCTAGGCTGAGCAAGCTCCTGCATCTGTGGAAACCGTCCCG
GGGCAGATAGTGAAATAATGACTGCTGCGTGCTTGAGATCTGGGAAAGAGGCCACATCATAAGTGCACTGAAATC
AGAGATGTGTCAAGAGATGTGACACAGGGCATCTGAGGTGTICTACTGCACCAGCTATAACTCCCTAAACGCTAAT
CTCAGTTCTTACAGAGGGGATGGATGCAAGGGAACAGTCATGATTGAGAGCACCGAAGAAGCTCTGTATGAACCT
TAGGCAAGTTTCCTAATCTCCAAAATGAAGGTAATAATACCCACCATCCAAGATCTTCGGGAGGAATAGATGAAC
TAATGTATGTGAAAATGTCCAGCACAGGTCCTAACCCATAGTAGGTGCTCACCAAATGTTAGTTCCCTGCCCTCC
ACGTTGTGTIGTATCCGGAGCTGCACTAGATGCTGAGGCAAATGGTCTCAAATGTACTTTAACACTTAATGACTGA
GATTTTTTCTGAGCTGCCTACAGGTTATTGACTATATTCATTATTAATAATAATATATATGGCCACTTCAGGCAA
CTGGGGCTAAATTTTGCTTGGCTCTCTAAGAAATGTAAAGAATGCCTCCTGTAATTGCTCACCTCAAGTATTTAT
TCATTGGCTCTCGTGCTTTATTGGTTGTCCCTGAGGACTTTAGCCCTCTCTCACTGCAGCACAGACACTGTGCTT
TCTCCTAGTTTCTGTGGCAAGTGACAGGAGCCCACCTCAAACTAAAGCAAAAGGGACTTCATTGGCTCTTGTAGC
TAGGAATTCCAGGGTTGGCACTGGCTTTGGGCACTACTGGATGCAGGAATTCAAACAATGTCTTCAACTCTTTICT
TTTGGTGTTTCTCTCAGCTGTGCTICTCTTGTCGTTTCTTTTTCCCATTTTACAGATAAGTTCATCCGTAACTGA
GAGAGGTGAAAAGGGGATGGCTGCAGAGAACTCTGGCTTATATCATCCTTGCTTGCTGACCTCAAGGTCCATGTA
TAAATTCTCAGAGAAGAAGCCCTICTIGGTTGGTGATGCTTGGAACATGCCCTGGAGGGTGGGCCCCTTGAAGTGGA
GCTTGCTGGAACCACATGGGCTGGAGCAAGGCGCTAGGGCCAGAAGAGAGAGGTAGGCAGGGCTGCTGGCCAGGC
ACTCTTCACCAAGACAAGGCAAGAGGAGGGGCATGATTGAGGCAGTGATACAGAAAGCAGACAGTAGAGGTCGTG
GCAAGTGTGCCGTTACTTGCTACCTGTGGTTGATGGGAGAGTCACACCACATTTAGGAGGAGAGAATCCATTTGC
CACTTCTGACAATGCCACAAGAATCACATATTTCATCCAGAGGTTGAATTTGGCCCATGCTGAGCTTTAAAATAC
AGAGCTGTCTTGGAACAATGGCTCAGTACATTCATTTGGTGTCCAACAAAGCCTGCCTCTIGTTGCCTTCCCTICTC
TCTGTGTGCCCTTCAAGATCTTCATTGTGCTTTGGGGAGAGAAAGAGAAAATGTCATATCAGGGTAGCTCACCCC
ATGTGTCCTGGACTCAGGAAAAGAGTATCTTATCACCTTACTCTTTTGTTATTATAAAAAATAAAGTTGAACGTC
TTCAAATAAAATAAAGAAGTATAGAAAAAATTTTAAATTAACCTGTTATGATTCTACCTAGAGAACCATTGTCAA
CATCTTGGTATATGTACTTCCAGATACTTTCCTATGAATATATACATTGTAGATTTTTTAATATTAAAAGGCTAT
CATGCTGCTTTGTATACAGGCTTICTTTACTGATATGTAATATAATACACAGACAAATATACAAATCCTAAGCCA
TCAACTCATTGAATTTTTATTCATTGTTTTTAATACCTGCATTGTGTTCCATTGTTAGGCTATGTCACAACATAT
TTAATTAAGCCCCTATTGATGAATATTAATTTACTCTATTTGCCAGTTCATTCCAGTCCAACATTTATTGAGTGT
CTACTTACGGGCCAGGCACTCTTGTATTCATCAAGATCACCACATTATCTGTATCAGTTATTTATTGCCACAATA
AAACTGCATAACAAATCACTCCAAAATGTAGCACCTTAAAACTACAACTACTTATTATTTCTCAAGAGTCAATGG
GTCAGCTGAGCAGTTCTGCCGATAGGGGTCAAGGTCAACACATTTCAACTAGACTACTTGTAAAAAAGAATGAGT
GTCTGGGTAGGTGTGTTICTTCTAAAAATAAAACAAGGAATGAGGAAATTGCAGGTAGGATAAGAGGGGTGGTTGG
CAACCAAACCCCACAAAAGGCAGACAAATTTTAAGGAAACATAATGCCAGACTCCTATGTCATCATCCAAGTAGA
TGCAGTGAAGTATAACCTGGGGCGTAGTAGGGTAGGAGTGGGGAGAGCAGAGGAGAAGGAAGGGAGATTGCTTTT
CATCACTTTTGGATTCCCTAATAACAGACATGACTGCCAGTATTAAAATTTAACAAAGGATATCTGATCATTAAT
TTTCCTGTATAAGTCACTGGTGATCTTCAACATCTCTCCCTICCCTTCCTCCCTTCCTTCCTCCCACCCTCCCTTIC
CTTCCTTCTTTCCTICTTTTGCTTTCAACTTCCTTTTCTCGTTTICCTTTTGCTTTCTTTCTCTTCTCCCTTTTTTC
TGTCACTCTGGGCGTATGTAGTAGTGTAAAAAGGTTGACAGAGAAATCAAATATAACAGGAGCAGGGCCCTGAGA
AAAGCACCTGGCATCCTGTAGGCAAACCATTGTTTCTAAAAGAAGGGACTGAGAGATTGAGGAGCTCAGGACATT
GCCAAATGAACAAGGCAAGCACATTTATTCAGTACCAAACAAACGGAAAACGGCCTTTCCAAATAACTGACCTAT
AAAACAGCCTTTTCACAAGAGTACCGTAATTACTGGCCAACAGCAACAATGAAAAACAACTCCCAAACAAAGAAA
TATTTCTGGATTAAAAGCCATGAGATCTGGATTCTAACAAGCTGTGCTCCTCAAACTACAAGTACAAAATCTGGC
TCTAAACTAACAAGCTATGAGCCTCAAACTGATGACTGGCATGTTTGGGTCTCCATCTCCTTICTTGGGGGTTGGG
GTCTTAGAGACCCTTTTCCACGCCCTGATTCTCTTACTAGTGTGTATGCTTTCCTTTTGACTTCTCATGCTGACC
GTCTGAGCAGGAGTGAGAAGCAATTTCAAAGGAAAACATCGTTTATCATCTGCTGAAAGAAACCAAAAAGAACAC
AGGAAAACAAAAAGACAAGGAAAGGGAATGAAAATGTAATTCATTTTATTAAAAAGAAGAATTATTCTTCTGGGA
CACTGGATAGAAACCTTAATGAGTTACCTAGCTATCATAAATCCTCTAACAGAGAAGAGAAGAGAAAGAAACAAA
GACGGAAGAGGGCAGGATAAAAGAAAGAAAAANAGGAAGGGAAAAATGAAGGAAGGAAGTTATCTATTCATTTCTA
CAGAGACTCTGCTGAGCAGTAGACAAGAAGACTTGGGAAAAATTTAACTGAAACTTTTCCAAAAATCTTTTCAGA
GG

SEQ ID NO:16

Reverse Comlement of SEQ ID NO:15
CCTCTGAAAAGATTTTTGGARAAAGTTTCAGTTAAATTTTTCCCAAGTCTTCTTIGTCTACTGCTCAGCAGAGTCTC
TGTAGAAATGAATAGATAACTTICCTTCCTTCATTTTTCCCTTICCTTTTTTICTTTCTTITTATCCTGCCCTCTTCCG
TCTTTGTTTCTTTICTCTTICTCTTICTCTGTTAGAGGATTTATGATAGCTAGGTAACTCATTAAGGTTTCTATCCAG
TGTCCCAGAAGAATAATTCTTCTTTTTAATAAAATGAATTACATTTTCATTCCCTTTCCTTGTICTTTTTGTTTTC
CTGTGTTCTTTTTGGTTTCTTTCAGCAGATGATAAACGATGTTTTICCTTTGAAATTGCTTCTCACTCCTGCTCAG
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ACGGTCAGCATGAGAAGTCAAAAGGAAAGCATACACACTAGTAAGAGAATCAGGGCGTGGAAAAGGGTCTCTAAG
ACCCCAACCCCCAAGAAGGAGATGGAGACCCAAACATGCCAGTCATCAGTTTGAGGCTCATAGCTTGTTAGTTTA
GAGCCAGATTTTGTACTTGTAGTTTGAGGAGCACAGCTTGTTAGAATCCAGATCTCATGGCTTTTAATCCAGAAA
TATTTCTTTGTTTGGGAGTTGTTTTTCATTGTTGCTGTTGGCCAGTAATTACGGTACTCTTGTGAAAAGGCTGTT
TTATAGGTCAGTTATTTGGAAAGGCCGTTTTCCGTTTGTTTGGTACTGAATAAATGTGCTTGCCTTIGTTCATTTG
GCAATGTCCTGAGCTCCTCAATCTCTCAGTCCCTTICTTTTAGAAACAATGGTTTGCCTACAGGATGCCAGGTGCT
TTTCTCAGGGCCCTGCTCCTGTTATATTTGATTTCTCTGTCAACCTTITTTACACTACTACATACGCCCAGAGTGA
CAGAAAAAAGGGAGAAGAGAAAGAAAGCAAAAGGAAACGAGAAAAGGAAGTTGAAAGCAAAAGAGGAAAGAAGGA
AGGAAGGGAGGGTGGGAGGAAGGAAGGGAGGAAGGGAGGGAGAGATGTTGAAGATCACCAGTGACTTATACAGGA
AAATTAATGATCAGATATCCTTTGTTAAATTTTAATACTGGCAGTCATGTICTGTTATTAGGGAATCCAAAAGTGA
TGAAAAGCAATCTCCCTTCCTICTCCTCTGCTCTCCCCACTCCTACCCTACTACGCCCCAGGTTATACTTCACTG
CATCTACTTGGATGATGACATAGGAGTCTGGCATTATGTTTCCTTAAAATTTGTCTGCCTTTTGTGGGGTTTGGT
TGCCAACCACCCCTCTTATCCTACCTGCAATTTCCTCATTCCTTIGTTTTATTTTTAGAAGAACACACCTACCCAG
ACACTCATTICTITTITTTACAAGTAGTICTAGTTGAAATGTGTTGACCTTGACCCCTATCGGCAGAACTGCTCAGCTG
ACCCATTGACTCTITGAGAAATAATAAGTAGTTGTAGTTTTAAGGTGCTACATTTTGGAGTGATTTGTTATGCAGT
TTTATTGTGGCAATAAATAACTGATACAGATAATGTGGTGATCTTGATGAATACAAGAGTGCCTGGCCCGTAAGT
AGACACTCAATAAATGTTGGACTGGAATGAACTGGCAAATAGAGTAAATTAATATTCATCAATAGGGGCTTAATT
AAATATGTTGTGACATAGCCTAACAATGGAACACAATGCAGGTATTAAAAACAATGAATAAAAATTCAATGAGTT
GATGGCTTAGGATTTGTATATTTGTCTGTGTATTATATTACATATCAGTAAAGAAAGCCTGTATACAAAGCAGCA
TGATAGCCTTTTAATATTAAAAAATCTACAATGTATATATTCATAGGAAAGTATCTGGAAGTACATATACCAAGA
TGTTGACAATGGTTCTCTAGGTAGAATCATAACAGGTTAATTTAAAATTTTTTCTATACTTICTTTATTTTATTTG
AAGACGTTCAACTTTATTTTTTATAATAACAAAAGAGTAAGGTGATAAGATACTCTTTTCCTGAGTCCAGGACAC
ATGGGGTGAGCTACCCTGATATGACATTTTCTICTTTCTCTCCCCAAAGCACAATGAAGATCTTGAAGGGCACACA
GAGAGAGGGAAGGCAACAGAGGCAGGCTTTGTTGGACACCAAATGAATGTACTGAGCCATTGTTCCAAGACAGCT
CTGTATTTTAAAGCTCAGCATGGGCCAAATTCAACCTCTGGATGAAATATGTGATTCTTGTGGCATTGTCAGAAG
TGGCAAATGGATTCTCTCCTCCTAAATGTGGTGTGACTCTCCCATCAACCACAGGTAGCAAGTAACGGCACACTT
GCCACGACCTCTACTGTICTIGCTTICTGTATCACTGCCTCAATCATGCCCCTCCTCTTGCCTTGTICTTGGTGAAGA
GTGCCTGGCCAGCAGCCCTGCCTACCTCTCTCTTCTGGCCCTAGCGCCTTGCTCCAGCCCATGTGGTTCCAGCAA
GCTCCACTTCAAGGGGCCCACCCTCCAGGGCATGTTCCAAGCATCACCAACCAGAGGGCTTCTTCTCTGAGAATT
TATACATGGACCTTGAGGTCAGCAAGCAAGGATGATATAAGCCAGAGTTCTCTGCAGCCATCCCCTTTTCACCTC
TCTCAGTTACGGATGAACTTATCTGTAAAATGGGAAAAAGAAACGACAAGAGAAGCACAGCTGAGAGAAACACCA
AAAGAAAGAGTTGAAGACATTGTTTGAATTCCTGCATCCAGTAGTGCCCAAAGCCAGTGCCAACCCTGGAATTCC
TAGCTACAAGAGCCAATGAAGTCCCTITTTGCTTTAGTTTGAGGTGGGCTCCTGTCACTTGCCACAGAAACTAGGA
GAAAGCACAGTGTICTGTGCTGCAGTGAGAGAGGGCTAAAGTCCTCAGGGACAACCAATAAAGCACGAGAGCCAAT
GAATAAATACTTGAGGTGAGCAATTACAGGAGGCATTICTTTACATTTCTTAGAGAGCCAAGCAAAATTTAGCCCC
AGTTGCCTGAAGTGGCCATATATATTATTATTAATAATGAATATAGTCAATAACCTGTAGGCAGCTCAGAAAAAA
TCTCAGTCATTAAGTGTTAAAGTACATTTGAGACCATTTGCCTCAGCATCTAGTGCAGCTCCGGATACACACAAC
GTGGAGGGCAGGGAACTAACATTTGGTGAGCACCTACTATGGGTTAGGACCTGTGCTGGACATTTTCACATACAT
TAGTTCATCTATTCCTCCCGAAGATCTTGGATGGTGGGTATTATTACCTTCATTTTGGAGATTAGGAAACTTGCC
TAAGGTTCATACAGAGCTTICTTICGGTGCTCTCAATCATGACTGTTCCCTTGCATCCATCCCCTICTGTAAGAACTG
AGATTAGCGTTTAGGGAGTTATAGCTGGTGCAGTAGACACCTCAGATGCCCTGTGTCACATCTCTTGACACATCT
CTGATTTCAGTGCACTTATGATGTGGCCTCTTTCCCAGATCTCAAGCACGCAGCAGTCATTATTTCACTATCTGC
CCCGGGACGGTTTCCACAGATGCAGGAGCTTGCTCAGCCTAGGAGAAAGCACAGTGTCTGTGCTGCAGCGAGGGA
GGGCTAAAGTTCTCATGGACAACCAATGGAGCATGAGAGCCAATGAATAAATACTTGAGGTGAGCAATTACGGGA
GGCATTCTTTACATTTCTTAGAGAGCCAAGCAAAATTTAGCCCCAGTTGCATGAAACGGCCAATTGCCAAATTCA
TCCTTATATTGACTTTTCCTCCTTCGTGTTGCAGGCTGACTGATCTCTCATTCCCACTTCCTGGAATCACCTCCC
AAACAAACTAACTGCATACTAGTCCTTGTCTCAGGCTCTGATAGTGTGGGATTCCAAACTGGAAATGAAGACCAT
CTTGTGTACTGACTAGTGAAGGAAAACGTTATTGTTGTGAAGTCTGTAATAAAATAAGCTCAGCTTAAACCAGCA
AGAGCAATTCCAAGCTAGGAACTATATTAAGAAATAGTCTCTTACATAGAACCCCCTTTGAGAAAATATACTCAA
AGTCTATAACTTAAACATGCCTGGAAGGAAATACATCAAAATATTATTTATTATAATTCAATATATCATATTATT
ATATTAATTATTCTTICTICTTCTGAGTAAATTTTCAATGGACATTCCCCAGATGTTCCTCACTTICTCTTATCTATC
AGTCTTGATCTGCCCCCTGGGGAATCACAATTCTTGTCACTGCAGTTAATAACCTTTTTITTTTTTTTTCTGTGAC
TCAAATTAGGTAGAAGATACTTAGCCATCATTCTCCACTTGGAAGGCAGCACAGCATGTTAGTTCAGAGTATGGT
GTGGGCAACAAAAGAAGGTCAAATTCTAGTCATCTGGGTCACTTGGTCTGTCACCCAGGTTTTGCTGTGGAAACA
AACAACTGCTTGTGATCATTAATTTTTAAATATGGACTAGGCTAAGGGATACCGAGATAGCTGGTAAAACATTAT
TTCTGGATGTGTCTGTGAAGATGTTTCTGGAAGAAATTAGCAGACTGAGTATAGAAGATCCACCCTTACCAATGT
GGGAGGGCATCATCCAATCCATTGAGGGCCCAGAGAGGACAAAAAGGCAGAAGAAAAGCGAATTTGCTCTCTCTT
CTGGTGCTGAAACATCCACCTTCTGGCTGGCCTTTGAACTTCAGGACTTATCCTACCCTAGCACACCCACCCTCC
CAATTCCCCCATCCCATTTCTCAGGCCTTCAGGCTTGGGCTGAATTATACCACTGGCTCCTCTAGTTCTCCAGCT
CAAAAACAGCAGACTGGGGGACTACTCAGCTTCCATAATCATGTAAGCCAATTCCCATAATGAATACCACTCCCC
CACTCTGTTTCTCTTGAGAACCATGATTAATGATTAATATAACTCCAAAACTTAGTGGCTTAAAACTGCAAAGAT
TAATGCATGGCTTATGCAGCATGCACATCTTGATGGGGGTGGGAAAGGGGGCTCTGCCCATAGCTCCCACTATAG
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GACCTAGCCTGCAGAGCGCCACTATCTGGAATGTTAGTGGCCACTGTGGCAGAGTGAAAAGGAGGCAAAGCTCAT
GCAAAGCCTTCCATCTGAAAGTGATAAACGCTGCTTGTTCATGTTTCATTGGCCAAAGAGAGTCATGTGGTCATG
CACAAGTTTCACTGAAAGGGAAAGGGCAATCTGCCTTGCAGATAAGAAAGGAGAAAAAAAGGGGGAGATTTTGAA
AATGATTGTCCGATTTGGACAATCATTTAACCTAAGCTTCAGTGTTCTCATCATGTACTGAGGGGATATCCACTT
TACAAGGTTATTATGAGGGTTAAATGTGAAACTGTAAAGTACCTGGCACACAGCCATTACTCAATAAATGCTGCT
ATTTTGACAGTGATCCTITTGTTTACCTGAAATATAATATTAAGATTTACTCCAATCTTTCCTACATCTCTGGGAG
TAAAAAACTCTTGAATCTTTTTCTGGAGGTTGCATTTTCTAGTICTTTAAAAATGAGTCCAGTGCCTTTTICCCTGA
ATTTCTCCAAATTCTGACCATTCTAAGATATGGGTTCTAGCTCAGTGCTCCTCACACAGAAAGGTTCTAGTAAGG
AATGAGAAAATACTTTCTGCTTTAAAGAAGAGCTACGCAAATATTAAATGAGAATAATTATATCTATTATTTATG
GCGAATATTATTCTAGTACTCAGAAAAACTCAGCATAAGTTCATTAGAACAGTATGGGCCACATTAGAAAGAACA
TATTATCATTATGTTTGAAAAGCTAGGACTGGGTACAAAGTTACTACGATCGTATGGGCTTAGTTGGCCAAGTAT
GTTATTACAGTTTCAATGGAACCATCATCTTGTCAACAGAACACACAGTGAAACCTGCAGGGCCTTCCTCTGGCT
TCATGACAGTGAGTAGACTCTCGCTTTCCCTAGGGAAGGCAGGGGCCTGGTAGGGTCTGAGCAAGAGCCTGAGGC
ATAGACTGTGCCCACCCTCCCCTTCTCCCTCCACTCATGCCAGTTTTTGGTTTAGAAAGCCAGCATTTTGAATAT
CAAGTCTCAAGACTTTCTICATTGTCCTCAGGGTGGGTTGCTGCCCCCCACACCCTCCTTIGTTCCCATATGAAGGT
CATTGACCCCTAGTTTTGTAAGGTGTTTATTCTTGCAGAATTTGGACCAGGGACTTTCTGTTCAGCAAATGATTC
AGTGCATGTAGACCCTGAGGTTGTTTACATTTTCAGGAACTGCTATTGCGAAACTAAAAAGGTTTATTTTACGTA
GTGGGGTTGCTTTTGCCAGATGAATTCATTTGCTCAAGTTATTTTTAAAATGTGCTTTCCCTTAGCTCCTTAGAG
AAGCTCTGGICTICTITGCCTGTGTGGGTCTAGGCCAGAAAAAAAAAAAATGTTGAGGCTATTAATGGAAGCCAGAG
AAAATGTCTGGCCAAGGTGGATCAAAGAAGGTTCTCAGTTTTGACCCCAAATTTTAACTTTCTGAATGCCGGGCT
AGCATACTAGCTGGTCCTGGCTCCAGCAGCTTAAATGACTCATGTGCCTAGAACCAGGAAGACCATGCATATGAG
TTTCAAACTGCTCCTACAGGTATGTGTGGAAGGGGGACCCCTATGACAGAATATTCATCCAGAAGAAACTTGCCC
TGCTGCCAATTGGAAGTGCCACAGTCCAGCAGCAGTGAGACTGCTGGAAGCAGTCAGATTGCAGAGCACAAACTC
TCTAACTCATCGGGGTCAAGTGGCCTGAAATGATTCATCAGGCTGCTTTGCAAACATTTTATTTAACAATTGATA
TTTAGAAATAATTTTTTATGACAGTTTCTTATCTTTTGGGGGAATCAGAGACCCCTTTGAGAATCTGAGGAAGGC
TATGGAGAAATATCTGATGAAGCCTGTGGGAAAAAAAACTGCCATCCAGAAAAATGTATATATGCAAGCTGTCCC
TTAAAATGTTAGTGGTATCATTGGGATGACATCCAAAAATTGTCAGGGAAGTCCGTAAATCCCCTTGCTTCAGAA
TTTGGGGAAACTTTAAACCTCAGATTAATGGTATGTAGATACTATTCATTCATTCAGAGCTTACTGACTTCCTGT
GTCATGGCAAGCACTATGTTGGAAGCTGGAAATACAATGATGTATAAGACAAGGACACAGCCTTGTGGAGCTCAC
AGTCTAATGGGAGACAAAACAAACCCATAATAATGATGCATGATAATGAGTTAAGTGCTATGCTAGAACTGTAAG
TGTAGAAGCAAACAAGAGCCCCAAGTAGGGTAATCAATTCAATATATATTTAATAAATGCATTACGTGCCAGGCA
GTTGGGAATAAGCTGGTGCATAGACAAGATCCCTATCCCATGGAGCCTTAAGTCTGGAATACTCTCAACTAAAAG
TTAGAGGAGGGGCCTGGAAGAACATGATGCCCACCTAAGGTGAATCCTAAGTAAAGTTCACCCAGGTGAAGTGGG
TAAGCGTATTGCAGGTAGTGGGAGCAACACGCACACAGGCCCAGTAACAGCAAGGTGAGTCAGGGGAAACTACAA
ATAGTTCATCAGGGCTICTCCATGAAGGCAGGAGCAGTGAGAGACAAGGGTGGAGAGGTGTGCTGGGGGCAGATCC
CCAAGGCTCCTGTGCTTCACCATGGATTGTGGGTTGAAGGTTGTCAATGAGGGCTTTTTTTTTTTGAGACGGAGT
CTCACTCTGTCGCCCAGGCTGGAGTGCAGTGGCGCAATCTCGGCTCACTGCAAGCTCTGCCTCCCGGGTTCACGC
CATTCTCCTGCCTCAGCCTCCCAAGTAGCTGCGACTACAGGCACCCGCCACCACGCCTGGCTAATTTCTTGTATT
TTTAGTACAGATGGGGTTTCACTGTIGTTAGTCACGATGGTCTCAATCTCTTGACCTCGTGATCCACCTGCCTCGG
CCTCCCAAAGTGCTGGGATTACAGGCATGAGCCACCACGTCCGGCCTCAATGAGGGCTTTTTAAGGCAAGTCAGG
AGTTTCCTATTAGAAAGATCACTCTACCATAAATGGAGAAAATTGGGCAAAGGGGAGGGGATGGCTAGTGGGTGA
AATCATGGAGACTAGAAGGAAGGAAGCTGTTGAATTAATCTAGACAAGAAATGATAAGGTCCTAATAGTGGCAGT
GGAGATGGAGTAAAGTGGACGATGGGAAAATGGGATGAGGCCTCTGGAGAGCAGCTCACAGGCAATTTTTTTTTC
ATTCCCTACAATGACATTTGCCTACGGCAACACACTCTGCCACATGCAATGAGGTAGTGACTGGCTCAAGCTAAG
GAAATAATCTTGTTACTGACGTGGTATCACCGGGAATCATGGCTGTATAACTGTAGTTTCATAATCAAATTTTGG
AACTCTACATTTAATTGCTTAATGGTGATGATGATTATGACAGGAATAATACTGATAATAGCTGCAACCCAATTT
TATTGGACACTTATTCTGTIGCTAGTTACTGTTCCAAGCATTICTGAATTTACTAACCCACTTAATCTTCAAGTGAC
TCTATCGGGTAGGTTCTATTCTTACTCTTAAAGAATAGATGAGGACACTGAGGCAGCACAGACAGGTTTAATACC
TTGTCTAAGGTCACACAGCTAGGAAGTGAGAAAATAAGGATCTGAGCCTTGGAAATCTGGTTCTAGGACGCAAAC
TTCCAAAAATTCTCCTATCAATTTACAATGACAAACATAAATTATGGTCTTTCTCCATAAAACTCAATTTGAGCA
CTAAAACTGACTTTTTACCATTTGTTATGAACATTCTGAACAATCACAATAAAAAGTAGTGCGGAGACACTATTC
AAGTCTCTAAAAACATCTTAGGAGTGGTACATGAAGCAAAATGCTGGGTGTGAGTGTTTTTGCAGATTCAGGCTC
CAAAGAACAAAAAAGCAGAAAAAACAAACAATGGTGTTTTTAAACAATGAATGTTGTTTTCCTTTAGCCATAAGG
GAATTTTAAAACTTGACAAACTCATTCAGCTTTCAAAGCATTCCACATTCCCCACCCACAAGCAAATGCCAGAAG
GTGCCAGTTTGAGCCAACTCAGCTCAGGAATGACTTTCTAAATACTGGATCAGATTTCTTGAATGTCCGCGCTCC
ACAGATGGATACTTACTATTGTCCTAATTGGTCTGATGAAAAGTACTTAGCAATTTATCAAGCAATTAATTTAAC
AAAAACATTTCAGCAAGAGATGAGATGGTGTGGCACAAATGCAGAAACAGAAATTTGAAAAGATTCAAATGTATT
ACTTCAAAAAGATTGAAAAATTGCTGCCTAAAATCTTTGAAACTTTAGAGCTAGGTTGTGCATAGGCTTAATTTT
TAATGAAGAATCTTCTGGGAAAATAAGTTTTTGATTATATAAAGAAAGCAATTTCCTTGATTTGCAGGAAATAAT
TCTTTTTGGGGAAAAACAAATAAATTAATATTTAATATACTCATTACATCCATCCAGCTAACATTTACTGGAAGC
ATGCTGTGTGCCTGGCACCATGCTAGGCACTGAGACACAAAAATGAAAAAGACAAGAATCTTGTTCTTTAGCCTA
GGTGGGGAGATAGATAAGCAAAGGAATAGTGTAATAAATGCAATAAAAGAAATACGTACTAGCTAGACCTGTGGG
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AAGAAAGGTTAGAAAGATGAACAGAAACTGTGCTAGAATTTTGGACCTAATTCTGTAAGTGTTGGAGAGCCATTA
AGCAGAAGTGATCGTTAGATTTAATTTTAGAAGGATCATGCTGTTATCAATGTGAAGAATGGGCTGTAGTGGGGA
AACGCCAAAGGCAGATTCTGTTCCACTCTTCATAAAAATCGTACCACAGCACTCTGATACCCTTTTTGCTICTCTA
ATCCATTTCTICTTTTCCCCCCAACACAGATAATTTAGAAATTATTTAGTCTTTTAAAAGCGCTGGTGTCCAAGTT
TTTGAGGTTTTCCCAGATATTTGTTATTGGTTAATAATTTAATTCCATTGTGGTCAGAGAACATATTTTICTATGA
CTTGAATCCTTTTAAATTTATCAAGATTTGTTTCATGGCTCAAAATACGGTCTATCTTGGTACATGTTTCATGTA
CTICTTGGAAAGAATGTGTGATTTATTGTTGTTGGGGACTGCTGTGCTCTACAAATGTCATTTAAGTCAAATTGTT
TGATAGTCTTGTTCTAATCTTICTATATCCTTACTGATTTTGTGTATTCTTGTTCTACTAAACATTGAAAGGATAT
TAAAATCTCCAGGCTGCGTGCAGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCAGGCAGATCAC
GAGGTCAGGAGATCGAGACCATCCTGGCTAACACGGTGAAACCCCGTCTCTACTAAAAATACAAAAARAATTAGCC
AGGCGTGGTGGTGGCCGCCTGTAGTCCCAGCTACTGGGGAGGCTGAAGCAGGAGAATGGCGTGAACCTGGGAGGC
GGAGCTTGCAGTGAGCTGAGATCCTGCCACTGCACTCCAGCCTGGGCGACAAAAAAAAAAAAAANAAARAATCTCC
AAACATAATTGTGGACTTGTCTACTTCTTACAGTTCTATCAGTTTTTGCTTCATCTATTTTGACACAGCTATGAG
GTGAAAAAACATTTAGGACTGTTATATCCTTTTGCTGAACTGACTCTTTTATCATTATAAAATGATCATTTTTAC
CCCTGGTAATATTCTTTGCTCTGAAATCTATTTTGTTTCATATTGTCACTCCAGTTTTICTTICTAATTACCAATAT
GATGTATCTTTTCTCCATCCTITTTACTTTTAATCTGTTTGTTCGTCCTTTATTTTTAAGGTGTGTITTCCTGTTGG
CAGCATATAGTTGGGTCTITGCTTTITTTATCTGATCTGAAAATCTGATTTTTTAAGGACATTTCTAAAATTGAAAA
ATAAAAGTTGTATATATTTATAGCATACAATATGATGTTTTGAAATAAGTATACATTGTGAAATGACTACAGTTA
ATTAATATATACATTACCTCACATATTTATTTGTAGAGAGAACACTTAAAAGATACTGTTAGCAATTTTCAAGTG
TACAATATATGTTGTTGGTTATAGTCACATTGTACAATAGATCTCTTGATCTTTAGCTTATTCCTCCTATCTAAC
TGAATAAGTTGTACAATAGATCTICTITGAACTTATTCCTCCTGTICTAACTTTGACCAACATCTCCCCAGCCCACCG
CCTCTCCCCAGCACCTGGTAACCATGTTTTTACTCTCTGCTTICTATGAGTTCCAAGTTTTTCAATTCTGTGTGTA
AGTGAGATCATGTGGTATTAACAATCTCTGACTTTTAATTGGGGTGTTTTGAATGTTTATATTTAAATATCTTTA
AAAGATAATTGACTGTATAAGTAAAATTAAAAAACAATAAAGTGTGGAGTTTATAATGTTTGTAGAAATAAAAAC
GTTAAGACCATAACAGCAAAAAGACAACAACAGTAAGTTTICTTAAGCTATATGTCAAGTAGTATATAAACTGGTT
ATAAACTGGTAAATTAGAAAGAGGTATAACCCTAAAACAACCACTAAAATAAATCAAAGAGTATAGTTAATAAGA
CAATAGAAAAGACATAGTAGAATAAAAAAATCCAAAAGTAAGGAGAAAACAAAAAGAACAAATAGAAAACAGCAA
GATGACAGCTTTAACCTACCATGCCAATAATCATATTAAATGTTCTAAATGCCCCAATTACAAGCTGGAGATTGT
CAGATTGGATGAAAAAGCATTTATGAAGCACTAGTCAGGTACTGAACTAAGGATCGTATAAGGTCTCATTAAATC
CTCTGGTGAAGTACGTATTATCACTCCATTTCCAATATTTACAAAATGAACCTTGCATAGGTTAAGTAACTTCTC
CAAGCAGCACAGCAGGGATTCACACTCGGGCTCTGAATAGTGCAAGTAGACCTGTAAAACCTGCTTCCTTACTCT
CCTTTCAATTCAGCTACACTGAGTACCAGTTACATGGAGTTACTAAGTTAGGAGCTGTGCCCATGGCAATGACTG
TAACTGTCTGGGATGAAATCCACCTTTACCAGCTGTGTGACCTTGGGCGGTGTATTACACATCTTTAAGCTTTAG
TTTCCTCATTTGTAAAATGGAAGTAATAAAACTAGTCCCATAGTGTTACTGTGTGTTAAATGGAGGTGGTTGACT
GTITTTTGTTACTTTAAGCTATACCCTGCAGATCATAGGAGAAATATCAATTTGTGCAATTCTACATCAAAATCAA
AATAGTATTATATAAGAGTGATCTGTTTAAACTGTAGCATTATAGAAATATACTATAGAAGGAACTATTTTATAT
TTACTTTATAGTATTATATGAAGTTTTGGTTTCTTCTTTGAGAATCATAGTAATGTGATCAGTTAGTCTTCTTTT
AAAGAAACCTCTCATCCCAACTATTCTATTTTCAAAAAAAAACTTTTTCTTGGAGTGAAAATGTCAAACCTATTC
CTAGCTTTGCAGATGAAAGTGTTCAGATTCCTTGGATTTTTACTTTGGATACATGTATTAGATACCTGGGATGAA
TAACTTCAGTTTAGGTTATATTAATATTATAATAATAAGAATGTTTAAAAACAATTTATCTAAATAGTATTTTAC
ATTTGAAATATTAATATATAATTTGAAAAATCAAAATGAAATCCAGAGAGTTAAGCAGAAAGTTTTTTTAACATA
AGATTATATTATAAAGCTTICTTTAAATATTTTTTICTTITGAAAAGACAAAATTAATTTTAAAAAAAGTTTAGATCC
AGCATGACTGTCAGCTGAACAGAAGCTGATCAGTCTTCAAATATCATAGTATTTTTTTCTGAATGAACAACTGAA
AGAGGCAAAATTTCAAATATATTTTATTCAAAATTCTCCATTTAGGAGAAAAGATATATAACAATGTTTACACAT
GCTTTAATAACTTATTTCACTGTACAACTTACATTCTGTATAACAGTACAATAAACCAGCCAAAGAAAATAACCA
GTTAGCACTTAAATAAGAATCTACCATGTAAAAAACACAGTATGGGACACTACAAGGTAGTATTTATATATTTTT
TAAATGACTGAGCTACAGTACAACAGTCATCTAGTTCAGTGGTTGTCTAAAACATCAAGCTGTCCACATCTTTICT
GATTCATGATGGGAAAGCTATTATGACCTTTCACATTCGAACATGTCATTTTGTTGTGTAAATTTGGTGGGTGGG
GGGCAGAAGGGCTCTATTACCTTTATCCCTTTCTTATAAATATATTTTCCCTTTTATATTACTTCCAGAATTTTA
AATAAAATATTTATTTGTGTTTGTGTAACTACAATGTCAACATTGTGTTAGAATTATATTAATCAGTTATTTTAT
AGCCAGCAAAATGGTCCAAACGCATTAAGAAAACAAAAGATAACTTAGCTCTGCCAAAGTAGCACCTAGGAAAAC
AGCACTTCAGTAAAATTTCTCCTGCTATTCCTTATAGCCTATTGCAGGCAAACAGCAACAACTTCAAAAACATAG
GCAGAAATGCAAGAAGGAAGTACTCAAGGAACTATTTTCTIGTTTCTGAAAAAAAGATCTTATTAGTTAGTATATT
CTCTAAGGCATTTTATAATCTCAGAGTTGCAATGATTGCCAAAGCAGGTACATGGTAAGACTTAGCAAGAAGAAA
ACAAGATGAAAATGACTGACCAGTGAAATCTGAACTTGTTCCAAGTAATTAGATTTTCTAAGGAGAAAAAAGGCA
CAGGAGGTGCACATTTCAATTTGGCTCAAAAATAATGAAAATTAATTTAAAAAGTTGGCAACAATTACTAAAACA
TAAAATACAATTTCCTTTTACAGAGCTCAACTACATAGAATATCAACAATAGCAAGAACAATAAAATAAACAAAR
CACCCTAACTGTGGTTCACCAGGAACAAGGACTATAGAGAACTATTAGACATTTCTACAGACTGAATCCCAGGGA
CTAAATCCACAAAGTAGGATCTAATAATCAATTCCAATTAAACATCTGCTTGATCAATTTTCTTTCTAAAGCTCA
TCCTATGTTCAAGCTCACTTTICTTICTGTGGAATTGAAATCATTTAAAGGCTCTAGTTTTCAGTTGATTGCAGAA
GTATTACAGTAATTCTACACACCAAAGAATGCCAAAAGATAGAAAGTCAACTATCTGTAAAAGCCAACTCAGATT
TCACCTTGACACATGTAAACCATGAATCATGTATTTCAAAAAAACAGTAGTTGTGGTCAAGTTTACATCCTATTA
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TTATATCTTTAAAAGATAGCAATAATATTTATTATATTGTAAACATAGGTCTGTATCCCAAAAGCATAAATCTAG
GAAAAGAGACACCCAATGTAATGATGCACCTGACATCCCCTCACAGGCTCTTGTGAGAACTGTAGTGTAACTTAC
TTAACTGCAATTGCTGAGAGCAGAATTCTGGAGTATGATCCAGGGGAACGTTTCCCCACACCACTGAGCTACTTT
ACCAGCGATCATGATTIGTGATGGAATAGGCTTATTAAGTTACACATTTAAAAAGTCATTAGAACATCTCGTTICTT
GCACACTAGTGTAGAAAGGTCTTCCAAAGATAAAAGAGTGTAGGCCTGGTTTAATTTTCTCAGCCAGAGCCATTA
TTATGTTAAGATCGCCCTICTGCTGTTAAATCAAGGTCTATCTTCAGGTTCCGAAGAGATTTAAAGGGCTTTTTTIC
CCTTCTGCCTAAAAATAATGGAAAAAAAAAAANAAAAAAAAANAANAGAAGCGCAAAAATTATGATATAGAAAAT
GTACAAAGGAAACAAAACAAAAAAACAATGTACAAAGGTTTTTICTTCCGTGTAGGAGTTTTACTCACGTATCGTC
TTCTATATATTTTATTAGTGTICAAGGCTTTTCTGTGAAGGACAAGTAGAAACTGTGCAAGGAAAGTACTTCTGAG
AGATAAGCCAGGTTTCAGCTGAAAGACCTGCAGGGAGAGGAACCATTTCAACACATAATTTGCTCACATTCTACT
CGTACAGAAGTTTCTATGACAGTGTTGACAGTGCTTGGCAGACAATACACACTAAACATCTCCTTAACCATTTCC
ACTGATGCCCCCTAACAGGAGTGTGGTATAGAAGCACTAGGTGTAGGAACAATCTGATATTTITTITTTITTTITITITTG
AGACGGAGTICTAGCTCTGTCACCAGGCTAAAGTGCAGTGGCGCGATCTTGACTCACTGCAACCTACACCTCCTGG
GTTCAAGCGATTCTCCTGCCTCAGCCTCCCAGGTAGCTGGGATTACAGGCACACGCTGCCACGCCCAGCTAATTT
TTGTATACTTAGTAGAGACGGGGTTTCACCATGTTGGCAGGATGGTCTCGATCTCCTGACCTTGTGATCCACCCA
CCTCGGACTCCCAAAGTGCTGGGATTACAGGCATAAGCCACCAGGCCCAGACAATCTGACAGTTTTTAGAAGTTT
TCTAATTTATCTTTAAAAATGCATTCAAATTTTGCATTCTACTTCAGAATACATCCATGTTTACTTCACTTTTAA
AACTCATACATAAGTTATTTCGTATTACTTAATTTTTTCTGCCCAAATCTTCAAATAACATTGAAGCTCCTAGAA
GATGAGCCTATGGTTTTGAGACATTCATATACCTGTACTTTTGCAGGGGGTGGAGTGGGTGGGTAGGAGTAGAAT
GTGTGCATATGATGAGGTGGAGAGTGGGAGGGATTTTATGTCAGCTTGAGAAGCATGAAATTCCAGGCCTACGAA
TTTTCCTTGAACTTCGCAATATGTCACAGACCTCATAGATCTCAATCCAAAATTTCTAGTAAACATAAGGATCTC
ATTATTTCAAAGCTTTATCTATGACACAGTTTCCTIGGCCTGATCCCCAGAATGTTATTATAACAAACTGTAATAT
ATTAAGAAATAAGTTCCATATAATCTACGATTTCCTTCAACTGTGTAATTAAGTAGATATTTTTTAAAAGAATGA
AACAATAAAGATGTTATTTAAATAAGTACACTATGTTTCAAAAATATTTTTGAGTCATTTCAGGCAAATAAACAA
CCTCCCTTTCTCAAAAAAAAAAAAAAAACTTACTTGTTATAGGTTAATGCTTGAATTAAAATGTTTGTITGTTTGA
CGTATGGAATGCTGCACTCTTAATTGTTAATATACAGGCTCTTICCCCATTAATAAGTCAAAAGGAAAAATCATTT
AGACACTTTAGAAAGACCAGACACTACAAAAAGCACCTAATAAAACAGATTAGGACTCAATTCTTAATTCTATCA
TTTTATAAATGTTAAAATATATATAAAAAATATATTACACTCTATCATAGAGTATATGTTATATATTTTACATAT
CATATATAACATATACTCTACATAACATAATAGGGTTTTAAGTTTATAACTTTTTTTTAATATATAAACATATAT
ATATCCTACAATGCTGGTAATATGTATATATGCTCGTACTATATATATATACACACACAAACATATATATATACT
TGTACTACATATATAGTACAAGCATTGCAGGATATATATATGTATATATTATATCTGTAAAAGCTAAGTCAGATT
TCACTTTGATACATGTAAACCAGGAATTCTATGTTTCAAAAAACAGTAGTTGTGGTCAACTTTATATCTTATTAT
TATATCTTTAAAAGATAGCAATAATATTTATTATATTGTAAACAAAGGTCTGAATTCCCGAAGCATAAATCTAGG
ACAAGAGGCAACCAATGTAATGATGCACTTGACATGCCCTCACAGACTCTTCTGAGAACTGTAGTGTAACTAACT
TAACTGCAATTGCTGAGCAGAACTCTGGGGCATGATCCAGGGGAATATAAATATATAGAACAGGCATTGTAGGAT
ATATTAAAAAAGAAAACATGTCATATCATTCACTCTGACAATCTCAAGTTCAACATTTACCTGATCCAGGAAGGC
TTTCACTAGAGTGTCTCTGTGTAAGACATCTTGAAAAATATTCCTGAAGAAAAGAAGAAAATGAAGAAAAGAAAR
AAGTTCAAATGTTGAAATGGCCATATAATGCTACCTTCCACAATCCCTCACTTGAGCCAACATTTTAAGTTCTTA
TAAATTGATATTACATATAAACACATTTGTAAGAATATAGATATATATATTTGGAGACACAAAATATACATTCAT
TTATTTACTCAAGGATATATTTACATTTTACTGGTGTTTGTCAGGCTAATATGTAATTTTTTCTCTAAAGAATAT
AAGCAGTCCCCAGTAAGGGTATGTATGTATCTATCAATCTATTTTACTACTCTCATCTTTTAAAAAAAGTAGAGA
CCCTTAGGCAATTAATAAATAAAACTACCAATTCTTGCCATCTCAAAAAAAAACAAAAAACAAACCAGCAACAAA
AATAAGCCACTACCATCAAAAACCAAAACAAACCAAAAAATGTGAAGAAAAATTTGAGTGAGATTAGAGAACACA
CTCCGATGATTATCCACTGGGTTTGCCTCAACAAGCCCACCATCTGTAAGTAACATGAACCAACTATCCAAGAAA
GTACTACCTACCTTGGCAACGACCAGAGTGAGTAGTAGTAATATAATGGCCACTTAAAATAATGTGTGCCTAACA
CAGCACCTAGGATATAGCAGGTGCTAAAGCAAACACACAAACAAACAGGACTACTTATTCCCTTCCCAGGCCCCA
CCTCCCTTTCATCTTTTTICTICTTCCATTTTCCCTAGGTTCTACTCAGGCCAGAGGGTAAGAGAACATTTAGTAAG
AGGAGGAGTTTTTAACTGAAAGTGGTAGGGATCATCCTATACCTGACCAGAGTGGCAAAAAANAGAGAATGGGTAT
GTGTAGAAGCAAACAGGAAGGTAGTTCAAGTTTCCTTATCTTAAGAAACGAGTGTACCACACTACAGAAGAAAGA
AACCGTAAAGGGGAAAAATATTAGCATTTCGTCATTATTGACTGGGCACTGATAGTGCCCCTTICTTGGGCTCTGG
AAAGAGAATAAGGCTTATATTTAATCGAGTGGACTTATTATACCTGTTCCACTGAATGAGTATCTTCATCATAAG
TGAATTAGATAAAGCAAGGTGTTAAAAAAGAACATTTCCATTTGTTTGTGTCATCTCTGATTTCTTTCAGCAGTG
TTTTGTAATTCTCATAGAGATCTTTICACCTCCCTGGTTAGCTGGATTCCTAGGTATTTTATTCGTTTTGCGGCTA
TTGTGAATGGGACTGTGTTICTTGATTTTGCTCTCACTTTGGAAGGTGTTGGAGTATAGAGAATGCCAAAACTTTG
CTGAAATTTTTAACAGATTTAGGAGTTTCTGGGCAGAGACTATGAGATTTTCTAGGTACAGAATTATACTGCCTG
CAAACAGAAATAGTTTGACTICTTICTCTTCCTATCTGAATGTCTTTICTTTCTTTCTCTTTCCTGATTGCTCTGGC
TAGGACTTCCAGAACTATGCTGAAAAGGAGTGGTGAGAGTGGACATCCTTGTCTTGTTACGGTTCTCAAGGAGAA
TACTTCCAGCTTTTGCCCATTTGGTAAGATATTGGCTATGGGTCTGTCATAGATGGTTCTTATTTTTTTGAGGCA
TGTTCCTTCAATGCCTAGTTTGTTTAGGATTGTTTGTGATTTTICTTTTTTGAGACAGGGTCTCACTCCGTTGCC
CAGGCTGGAGTGCGGTGGCATGATCTCAGCTCGCTGCCAACCTCTGCCTCCCGGGCTCAAACAATCCTCCCACCT
CAACCTCCTGAATAGCTGGGACTATAGGTGCATGTCACCATACCAAGCTAATTTTTTTTTITTTTTTTITITTTITGTA
GAGATGGGGTTTCACCATGCTGCCTAGGCTCGTICTTGAACTCCTGGGCTTAAGAGATATGCCCGCCTTGGCCTCC
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CAAAGTGCTGGGATTACAGGTGTGAGTCACTACACCTGACCTACTGAAGGTTTTTAACATGGAGGATGTTAAATT
TTATTGACAACCTTTTCTICTACCTATTGAGATAATCTTGTGGTTTTTGTTTTTAGCTCTGTTTATGTGATGAATC
ACACTTATTGATTTGTIGTATGTTGAACCAACCTTGCATCCCAGGGATAAAGCCTACTTGATCAAAGTAGATCAGC
TTTTTGATGTGCTGCTGGATTTGGTTTGCTAGTATTTTGTTGAGGATTTTTGCATCTATATTCATCAAGGATATT
GGCCTGAAGTTTTCTTTTTTICTGTITGTGTCTCTGCCAGGTTTTGGTATCAGAATGATGCTGGCCTCATTAGGGAA
GAGTTCCTCCTCCTCAATTTTTTGGAACAGATTGAGTAGGAATAATACCAGCTTTTCTTTATACATCAGGTATAA
AGAGATGACACAAACACATGGAAAAACATTCCATATTCATAGATAGGAAGAATTAATATTGTTAAAATGGCCATA
CTGCCCAAAGCAATCTACAGATTCAATGCTATTCCTATAAACTACCAATGATATCCTTCACAAAACCAGAAAARA
CTGTTTTAAAATTAATATGGACCCAAAAAGGAGCCCAAATAGCCAAAGCAATCCTAAGCAAAAAGAACAAAGCTG
GAGGCATCACATTAGCCGATTTTATACTAAAAGGCTATAGGAACCTGAACAGCAGGGTACTGTTATAAAAACAGA
CACATAGACCAATGGAGAATAGAGAGCCAAGAAATAAAGCCACACACTTACAACCATCTGATCTTCAACAAAGTT
GACAAAAAACAAGCAATGGGGAAAGGACTCCGTATTCAATAAATGGTGCTGGGATAATTGCTAGCCATAGGAATT
GGAGTGAAACTGGACCCCTTCCTTIGTGCCATATACAAAAATCAACTCAAGATGGATTAAAGACATAAACGTAAAA
TCTAAAATTGTAAAAACCCTGGAAGACAACCTAGGAAATACCATTCTGGACATAGGCCCTGGCACAGATTTTATG
ATGAAGACGCCAAAAGCAACTGCAACAAAAACAAACACAAATGGGACCTAACGAGCTCCTGCATGGCAAAAGAAA
CTATCAACAGAGTAAAAGACAACCTACACAATGGGAGAAAAATATCTGCAAACCATGTATCCAACAAAGGGATAT
GCAGAATCTGGAAGGAACTTAAAACTAATTAACAAGCAAAAAACAACCCACCCCACTACAAACTGGGCAAAGGAC
ATGAAAATTTTTCAGAAGAATATATACAGACAGCTAAAAAGCATATGAAAAAATGCTTAATATCACTAATAGAGA
ATTGCAAATCAATTCTCTAGGAATGGCTATTATTAAAAAGTCAAAAAATCACAGATGTTGGCAAGGTTGTGGAGA
AAAGGGAACACTTATACACTGCTGGCGGGACTGTAAATTAGTTTAGCTATTATGAAAAGCAGTTTGAAGATTTCT
CAAATAACTGAAAATAGAACTACCATTCACCCTAGCAACCCCATTATTCTATATGTACCTAAAGGAATACAAATT
TTTCTACCATAAAGACACATGCATGTGTATGTTCATCACAGCACTATTCATGATAACAAAGACAGGGAATCAACC
TAAATGCCTATCAATGGTAGACTGGATAAAGAAAATGTGATACATATACACCATGGAATACTATGCAGCCATAAA
AACCAGATGGAGCTAGAGGTCATTATCCTAAGTGAACTAATCCAGGAACAGAAAACCAACTACCGCATGTTCTCA
CTTCTAAGTGGGAGCTAAACACTGAGTATACATGGACACAAAGAAGGAAACAGCAACACCAGGGCCTACTTGAGG
GTGGGAGAAGGGTGAGGATCAAAAAACTACCTATTGGGTACTATGCTTATTACCTGGGTAATGAAATCACCTGTA
CACCAAACCCTCATGACACGCAATTTACCTGTATAACACACCTGCACATGTACACATGAACCTAAAATAAAAGTC
AAAAAAAAAATTCCAGTGACCAATTTTTCATGTATTGGCAGTGACTGGAATTATTTTAAAAAGTTAAAATTAAAA
ATAACAAACATAATTAACATGTAAAAACATATACTTAAAAGTAAAATGACTCTGTGACAATAGACTTAACACACA
ATCTAGTGGCTGAAAATACTATTTTTTGGACAATTTTATGTTTAGAAAATTTAGAGCTGGATGCAAAATTTAAAA
ATTCAGGATATTATTTTGTCATGATCAGCAAAATGAGAATAGCTGTCTAACTGTAGTTTGTCAAATCAGCAAAAC
AAACATAGCTGGCTAAAAATGATTAAGAAATGTTAAAATACACATACATCCTCTAAAAAACAAAACAAAAATACC
AAATGGTTGCAAACCCATTCTGCAGTTCACTAAATTTCCTCAAAAAAGCTCCCAAGTAACCAATCAAAAAACGGA
AAAAATACTAAGCACTTTAGGAAAAAAGAAAATGTTTCAAGGCACAGATTAATTAGAAAACTTCTACATGTCTAC
TAAAATTTACCAATATATAAAAACTTACTGACATGTAATTTCAGTTGGACCAATTCATTTTCTAAAACATTCCCC
TACTACTTTCTCAAGAACCAATAAAAACTCTGGAGAACTAGGAAAAAATGGGTCCTATATTAAGTCATCTITTICTG
CACCTTGAGATGTATAAGGCTGGGGGTCCCTTGAACAAGATATTCCTATTCTATGCTTTTGGTTAACACTTACTG
TGTAATTACTGGTGCTCCACAGGTCTGTTACCTAAGCTCAAACTGATTCTGTAGATACATAGGTCAGGCTTATTT
GCCCCAATTTTTCTATTGCCTTACACACTTAGACCTGGGTTATTACAGTTAACACTTACTGTTACCTICTATGTG
CCAGGCATTATTGCAAGCATTTTTTTTTTTTTITTTTTTAAATAAGACAGAGTCTCGGTGTTCCCCAGGCTGGAGT
ACACTGGCACATCATAACTCCCTGTAACCTCAAACTCCTGGGCTCAAAAGATCCTCCTGCCTCAGCTTTCGGAAT
AGCTAGGATTACAGGCACACAGAAACACATTCCAATAATTCTITTTTTATTTTTTGTAGAGATGGGGTTTCACTAT
GTTGCCCAGGCTGGTCTGGAACTCCTGGCCTCAAGTGATCCGCCTGCCTTGCACTCCCAAAGCTCTGTITCTTACA
GGCATGAGCTACTGTGCCTTTTTTCAACTGATAAAAGAGAAACACAAAAGTATACTATAATTCTTTTCCTGATTT
CAGAACATCTTTTAAGTGTTTACTTAGGGTTTTAGGATTATAGATTTATCATCATCATTTTTTTTITTCAAGTTGG
GTCCATGCTCAACAATTAATTATCATTACTTTTCCTTTTGAATTTACTGTTCAGGCTTTTTTTTTTAAAAAAARA
TAAGAAGTGAATAACAATATAAAATGCAAAGTAAAAAAATGTTCCATTAATATATTTTAACAGTTTTGCTGTATT
TTATATTCATATGTCAAGAAAAAAAAGACTTAGAATTACTTICTTITGGTTTTGTTAATAAGTCCATTCAATAACTG
TTACATAATAGACTATACACAATGTAGGGGCTGGGGCTGGGGCTGTCTGGTTGGCCACTATTAAGCCCGGTACCT
AGAACAGTGCCTAGGAGCTCAATATATATTTATTAAACAAATAGTTAAATATTTACTTTAAGGGTTAATCTTACC
TATTTTAGGGTAAACACAATTGTATGGAAAAAGAAGAACATTTAAGAAAAAAATGCTTGATTAAATGTTTCTTCA
AGCATAATTCTGCTGGTAATATTTICTTTCTTTTTAAATGCAACTTCTGTTTTGTTTTTATTCGTAAAAGACACAA
TTTCATATTGCTTGACTACAGTACCAGCAGGCAGAGCATTACGTACAAATCAGGAGTAAAGCTTTCGTCAGTGTA
GATGATCGTATCCTGAGCCATGTCTTCTTCTGAAGTGGCTCTCCAGAAGGCTGTCAGCTCGGATCTCATGTATCT
ACGCTGATTATAAATATGTTCATGACAGGGTGGCATCTGCTTCACAGTATTGACATCCACATCTATGTGTGTGGT
GGGATATGGAGCATACATGACTTGCCGGAAAGGCAGCACAAAGCTTCCAGTTGAATCCTGTCAAAATAAAAGGAA
AATTTACTGTICTTACATGCCAAACGATATGAATAATTGTTTTTTAATTTTAAAAAATGGTCTCTGATTTAGCAAA
TCCATCTCTAAAAATTTATCCTAAGAAGCTATTCATGAGTGTGTGCAAAGTTTTAGTGACAGAAGTGTTCAGTAT
AGCATTGGTTTCAATAGCAAAACATCAGAATGACCTAAGCATCCAAAGGAAGTGGTTAAGTAAATAAAAATGAAT
TTATTATTTGGCATCTATAGATGAAGTTGTTGAAGTTTGTGTTGATATTCAAAGAGGCTTAGAATCTGCTGTGAA
AAAAGCAGATTAGAACATGCAGAGATGATCCAGTGGGGGTGGGAGTCTTAAAGAAAATACATGCAAAAGGGAAAA
AAAGACTAGAAAGAGATATACCAAATATTAACAGTGGGTATTCACTGGATTCAAAATTACAAGTGTCTTTTAATT
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TCTTAATTATTCTATGCACCTCAATGAGTATGTATTTTTATAAAACAAATTTACTTICTTTCCTAATCAGTTGGGG
TAGCCAGTTACCATGTAATAATAACCTACTGCGTATGAGGCACTGTGCTATGAACAGAACAGAAGAAAGAGGCTA
TTTCCATTTTTTTACTATTATAATGCTGTGATAATCATCTTTGTATAATGTCAAAGGTATTTTCTGGAAAACTAT
ATGATTTGTATTTGCATGGAGAACTATTAAATATTTTTTCATTAGATCATAGTTTTGAAATTTCCTCTAGGCATC
TGGTATAGGTCCCTTTCAGAACTAAAATTATATAATTAAATGAGAGGGTGCTGAGGAAACAAAAGTATTAAGCAC
TTTATTATGCCTTTAACAGGAGAAGTTCTAATTTACAGATATGTATAACTCAAATAGAAACTACGTTTCCTTTAA
CTAGTTTCTATATTTAAATACTATCATTCTGAGTTCATAGCAGCACATTATTGAAAATGCACAAAAGCCTAATAT
AACTTGTATTTGCAACAATTTTTAAATTTTTTTATTTCATTTTGCCGTGGCTACATCCTCAAGAAAGTAGTCACT
ATGAGACAATCACATAACCATTAGGAAAGCTATTTICTTCACGTCTTGGGACTATAATTGAAATAACAATAATAGA
TTCAACAAGGTGAACAACTTTCTITCCCTTTAAGTATTATAAATAATTGCTAATTTACATTTCTICTGTTTTGCTCC
TTGACAGTAGACTCAAATAAAAGAAAAATACAATTTTTTTICTAATATATATTATATATAGAAATATATATATTTT
AGTACACATACATAGGAATTGCTTAAATCCTATAAGCTTCTTAAAGATGTTTAAAATTTTTTTTCAATAAAATTC
AAATCTATTTAGTTAAAAAGAAATGATCTTATTTTTGATGTGCAACCTGATTTAAGCATGTGTTAAAAAAAANAA
AGTCCTGAGGCTAGACATGTAGGAACAGGGACCCACCTGGAACACAAAGGGTATTCTATGGTGTTTCACTGATGA
TACTAACTATAAATCCATAAGACATATAGTCTATGTGCAGAACTGTGTAAAGGAAGTCAGTCTCTGGGCATGTCA
ATATGAGATACATTAAATGCTAATATTTAAGATTTGTICTATAAAGAGTCTCAAAAATGATTTTAGAAAAGTGGTT
TCACTTGTGATAACTAGAAACTATACCTTTAGCAGGCCTTGTACAAAGAGCCCTGACTCATATTTAAATGATGAT
TCTGCTTCACATAACCTGGAGCATTTTCTCTCTGCTGGAGTCAGAAAAAGGCATAATGTTCTGACTATCTATAAA
AGAAAATATTTTAGCATTAAAACATGAAGTAAAAAGACCACTGATTTGCTTATGAAAGATATCTGAAATTTTAAT
TGTTATTATCAATAAAACATATCCTAAGAAATAAGTATTCTTTAGTCACCTGGAATCCATGGGATGTAACAGTTG
TTGCTTAAAATAGGGATTCTGTGGTCAAATAAATTTAGAAAATGCTTGGTAAATTTACTGTATGGCATCTCAAAA
CCTTTAACATTTGGCTACATACTGTGACTCTTCAGGTGAATTATATCATCTGCAGACTTTCTCAGACTTATTTGA
CCATGCAACTTTTATAGCTTICTGTITTAGTGGGTCTACACATGAAATTCGTTGTAAGAAATATCAAAGAATGTCCA
GATCCTCCAAAAAGAAGAGAATTAATTATTGAATTTGATTTAAAATAAGCAGGTCATTGGGTGGGATTTAGAAAT
CTGATTCTAATAATATTTGACCTACAGCTCTATTAGGAAAAATAAAAAGGCATGTAACTATCTTGAAATTCAAAC
CATATCCACAGTTATTATGTTAAAGGAGTGGTTTTCAACCTAGAGTGGTGGCAACTTCTTTCTCAAATTAAAACA
AGATAAAAGGTAAGCTATTCTCCCTCAAGAGGATGGAGGATGGGAAAAATGTTTAAAAAAAAAAARAAARAACACT
CCAACTATGGAGCCTTTCTCCCTTCATAAAGCAGCTCGGCAGTCACTCTGTGCAACCTAAGGCTTTGGAGATCAC
AGATGGAAAGCCACCTGTTTGAGGTAACAGAAGGAATAAGGTCACTAGTTCGTAGATGCAATATAATGACACAGG
TATACTAAGCTCTCATAAATGGTTATATGAGAAATATAAATTAAGGCTCATGTAAATATACAAAGTAGCTGATTA
CAAAAAAAAATTATGAATATCTTTGTAAAGTATCATTTCCAACATATTTCCTATGTAAAACTTTTTTTAAAAAAT
TAGGTTTGCTGAAATTGAAAGATACACATACTTATCTCTGAACTCTTTCTAACTAATGGTCAGTGAAGAAAAGTG
CAAAATCCTTTAGTTTATTAGCTAATGCTTGGAAATGTAACTGTTCATTAATCCTTAATTAACTCAAGTAGCACT
GAAGGAAAGGGTCAGAAACATTACTGAATAAAGTATAATAATCAATGACCACTTAATCCCAATAGCTCCCTAGAA
GGGACAGATTTAGAAGGAAAGCGAAGACAATGAAATCAAGATGAATAAACAAATAACATTTCTTTGGAACTACTA
CCAAAAGTACATGACTATCTTCAGATTTGTTAAAGATAACATTGGGAAATAGAAGAGTAATTTTTTTTATATATC
TGATTTTAATATATTCTCAAAACCATTTATACACTACTGACACTGGTATTTCCGAGCTATCAAAATAAACTGATA
AATGATTCTTACTCAGTTTATTTCAAACTCACTGTTGCCACAAGGTGTCTTAGCAATTTGATGAGATTACATTGC
CTCCTTATACTACTAGATCATTTTAATTGCAACCTACCATTTAAATGACAATCCATGATATATCATCAGTCTTAA
AGAGTCAAATCATTTGCTAGATTATAAAATAAACTACCTTATTTACTTTCTCTGCACTGCTACCTACTACAACGG
AACAGCCACAGGTTTGCAAGTGTGAGCTGATGGCACTGTAAGTTAAAGAAAACAGATTAAAAACATTGCCTATAA
AACAATTTAACAAACTAAAAACAAAAAAAAGTAGGTGAGCTCTTCAAATAACTCAGAATAGCTTTATATGATAAA
CACCGAAGCTATAAGCACAATGTTATCTTTTATTTGTATAGGAACCTACATTTTCTAGAGACCTTTCACAGAAAT
TTTCTTATTGAGCCTTAAAACAGCCCAATTAGTCAGTATAATATCATTTAATTAATGTATTTATTTATTGAAATA
CCATCATTTTATAGCTGAAGAAATTGACATGTAGAGAGATTAAGTGACTTACTTAAAGTCAAATGGGATTTAAAA
TGATGTATGAAAGGCTGACACTGAACAGATACAGGACTAAAGTGCTTCTGATTCAAGCCATTAAGGCTCTTAGGT
TAAACACACTCATGCCTCTGATACTCCATCATGAGCCTAAAGGAAAAGACTGTGAACATAAAAGTGAATACTTTA
TACTTTTACTTCTCTTTTATTAAAAGTAAAATTTCATGAAAATCTGTAACTGTGAAGAAACTTTAAAACAGAATA
TAAGATAATACATGTAAAGCAACTAGTAAAGGAACTAACATGTAGGCACTCAACAAATACTGGCTATTTCTAGAA
GAAATGTAAATAGGAAATGTTAGCTATGAGCTATTATTAAGTGTTTTTATGTTCCAGGCACTGTTCTAAGTGCTT
TATATTATTTATCTTACTCAATGCTTATAACAACCCTACACATTAGGTACTATTACTATTATTGCCATTTTACAG
ATGAGGAAATAGGTGTATAGAGAATTCAGGCACCTTGCCCACGGGTACACAGCATTAATCCAGGGAGTCTGGTTT
AAGGGCACAAACTCTTAAGTACTAAACTCCACTGCTGGATGGAAAAAGATCAGTATAAATATGAATAATTTTGTT
CTACGCCTAAATAACTTAAGTTCATCTACAGTACAACTTAATATGAAAGGATTCTGTTAGCTTTAATGAGAAGTA
AAACAAGAAACCAGAATCAAGCAAGGGGCCATGATTTCTTGTCTGGGATGGAAACTCGGTTTCTTTAAATAGCAA
ATGGAATAACACCAAATATATATAGAAATATAATGAGTGAAAAATAACACAAATTTAAGCAACAGTTCAAATACG
TAATGTCCCTAGAACAATCTAAGTAGACAGTCTGTTATTTTICTTTCTTCCAAATCTTGTCATAGGTGAGCATAAG
ATGGTATCTGCTTCATCCAGCTTTTATGAAAAGAAAAATTCTTACTTGAGAAGAAAGCCTTCATGACAGCTGTCA
CCAATATCATCATCATTGAGTACTGTATCAGCTATCTAAAATGCATCAAAAAATAAAAAAATTAGTCTGGCTGTA
ACATAGTGTTGAAATAACACTTTTAATATACAAGTTTTCGGAAGTCTGGATTCAATATAACACACTGCCTTCATT
TCCGAGAATCAAGACTCCCCAAAAAACAATCTCTGTGCACTACCATAAACTTCAGAAGAACAAATGTGAAAGCTG
GTCAAGCAGGTTAAACAATTTTTACAAGAACAACTTCCTICTTCTGAGCTGTCAGAATCAGGAGACTAACCTAAAT
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GACAAAATCAGAAAACAACAAGAATAGTTTCCTAAAGGTATCTCTTAACACTCATAGTGTGTGATTCAAAACGTC
CTCAACAAATGATTAAGGAAACTAAATTTGTGACTACAAGTAAACTTCCATTAATGGTTACTACTTTGGCACACA
GTTTTGTTTCAAAAGACACTACATTAAATATTAATTGCTCCTATAAGAGCTGGGATCCTCCCACTTTTAGGAATT
ATAAAAGTAATGAAATAAACAAAATGAATTTAATTTTGTCATCACTGATCAAAAATGCCTCTGTTTTGCCATAAA
ATCCAGGATTTTGTGIGTGCTTATTTGCTAAAGTGGCTAATACTGTATGTGAATAGTATGTATGACAAAGTCCTT
ACTATTAAAATTAGAATATTAATAATATACATAATAATACTATAACCCCAAAAAACTCATAAAGTGTATAATTGC
TCTCATTTAAACTTACATCTATTTCTTCAGGAACACTGTGTGATTTCATAGATGAAAGCAGTTCCATTACAGGAA
TCACTTCTCCAGTAAGCATTGGAATAATACTCTGACCCTGCACAATAAAGTGACATGAAGTGAAGAAAATCACGT
AATATGAGAGAAGCTGGGCAATAAAAAATAAAAATAACATCAAACAATAACATTCTTTGATGAAAATACTTCGTA
ATTTGTTCAAACACAGTATCAAACAAGTCTACTACATGTCTAAAGGATTTATATGCAATCCAAAGCTCACTTTTA
TTCTTTCTTTTCTTITTTTTTTTTTTGAGATGGAGTTTTGCTTTCATTGCTCAGGCTGGAGTGCAATGGCGTGATC
TCAGCTCACTGCAACCTCTICCTICCCAGGTTCAAGTGACTCTCCTIGTCTCATCCTCCCAAGTAGCTGGGACTATAG
GTGCCGCCACCATGCCCGGCTGATTTTTGTATTTTTAGTAGAGACGGGGTTTCGCCATGTTGGCCAGGTTGGTGT
CAAATTTCTGACCATGCCCGGCCCTAAAGCTCACTTTTATTCTTTAGAGAGTATGGAATCATTGGTTTATCGTTT
ACTGTTACATGCAATGATTAAGTCATCATGCCTCTTTTAGAAAAGATCTCCTTTAAAATTTGAGATAAAAAAAAT
TTGTTAAAGGTCATCAATATATTTCATATTTAAAAATGAGGAAAACCAAGCACAAAAAGACTTTGAAATCCTTAC
CAAATAGGTAAGGAAAACTTGAATCAATACCTAACCTCCATACTCATAAAAGTATAATCTACCCAAATGCAAATC
AAAATCAGCACATATATTTTAAGAATCAATAAAACAGAAAAATTCCCTTTAGAGCTATTTCAAGATATTACTACT
TATTACATCTTGAAATTGTAATTTTGAAATTTGTAGTCTATAGAATCAAACTGAAAATTCAGTATAACACATCAC
AAATGTAAAGTGTCTCAAATATGGATGGTCCCTCATTTATTCACTACCACCACCAGTICTCATCAGTTTTGTGACC
AACTTGGTTAAGTAAATTTTTTGAGATATAAATGAAATTGTCAAATGACTATGCATTTTTAGCTAAACATATTTT
TTAAATCATACATTATTTAAGATGAATTTAATACTAGTTGTITTTTCCTCACTTATTTTATGAAATGATTTTACTC
AAAGTCTTCATAAGCATCTTTAAGTTAGAATCTTTGTCAGACCCAGGGCCATTTTTGGAGTAACCTTAACCAGTT
TTTCAGAGCCCCATATTATTAAGTTGCTTGAGAATTTAAATGTGATGCTACTTICTGGAAGTTTTATCCTAAGCCA
TATGCCCATTTGCATAATGCTGAAAGTTTTATTTAAAAAAAAACCATCCTTTAGTAACCTCCACAACTAACTATT
CACTGTTTTTAGTTTTTAAAGTAATAATTATCATGCCTGTTTACAATTACAATTCACACATTCAATCTAACAAGA
ATAATGACTAGATCCGTGTTAAATTTCCTTCCCTGTGAAGCAATTTTATCAGATGACAGCTACAACTGAAGTTGT
TTCAAACTAATGCATCATCCCCAAACAGTATTGTTCAAAATAAAGTCGTTGTGAGATTTGCAAGAACTCAATCAA
AAGGCAACTCCTICCTITITTCGGGAAGAATAATTTTGGGAAAATATTTCCTCTTAGGTTTAAGCATACATAGTATTT
CATTCACAGTATCTCAGACATTATCAGTATAAGTGAATGAATAGCCTCACTGAAGCTCAACAACACCAAAAAANA
AAAAAAAAAAAAAAATCCTACAGGGCTAAATACAGAAGAGGCTCTAAAAGAAAATCTCTTAAGTTTCTATTCCTC
CTTGTACTTCCCAAACTTGAACTTICTCAGCAGTAAGATAACATTTTTAAGAAGAGCACTTAAAAGAGAGACCAAA
ATTCATTAATAGTAGTCAACTTAAGTAAAGGTTTCTGGTTTGAAAAAACAAAATCCCAGTAAAAGCAGAATTTTA
GTTGGTTCTAAGTTTCCTCAACTTGCGATAAGTTTACTTAATTAGTCTACTAATAACTAGTGGGTTAGAGGGTGC
TGAAAGTTACCCCATTCCTGGGGACCCTGCTTATTGACCAGCAAATAAGGACTGGGATTCTTTGGGTAAAGGGAA
ATCTTTTCTTGTTAAGTCAGACCTTTACACAGAATAACTGTCTCTGAATTGGAAAGCTATCTACAAAAGTACAAA
CATAACAATTTGGTAAAGGAGATCATTGTATTGGGTTICTGTATTATGGCCATGTATTTTCACAAGTTTTTTTTTT
TAATTACTTTTTTAAAGTATCATCTGTCTCATTCATGCTAAAAAGAAGCAAAGAAAGGCAAAACAGCCATGTTTA
AAATATTGGAGTTTTACAAGGAGCATTGAGGGTCACCCACAAGAGGAAATGGAAGTAAAAGTGAAGAACTCTTTIC
TTCACTGGAGATTCTCCTTCAAAAGAACTTCTCTGCTTTACAGTGAAATAGTCTGTACTTAGTTTCCGCAGGGGA
AGCCACACCCTTGTAACCATGCTTCTCAAACTCTTAGTGTCTGTTCCTGAGGGGCATTCAAAGCCAAGGGATAAA
CATGGCACATTTTCCTAGAGGAGAGGGTAAGAAATATCACTGACAAATTTTAATACTAAAATAGTTATGGAATAA
AATGTAAATTGCATGAGTCTTAACGATACAACATAAGACTTAGAAGAAATATTGTGTGGACCTGGGCCTACACCC
CAGACAGATACCTCAGGGGTACATATGCTCTCCTTCTGTTACAGCTACTTCTAGGGAAAGGTTCGAGAAGTAGTA
CCTTAAAGAACATATCAGAGACAATTTTTTTTATTTTTACTATGAACAAGTTATCCAAAATTTATTCTGGGCAAA
CAGAAAAAAANAGGGAGCAAATATTAATTTGTAGATGCAATTACTATTTTCCTTTGTTTACTGATTTAACTCTTT
GGGTTTAAGATATGGAAATCTTCCTCCAGTTTATTCTGTACACCTCCATAAAAGCTCCATTAAAGGCTTATTCGT
ATGTCTCCAAGGCCTTGACAAATGTAGCCATCAACCTTATACAGATACATGCTGTGAGAAAAACATTTGACAGTA
TGCAATTTGCATATACCTGATCTTCCATTCTCTCTGTGCCTTCTAAGATAATCTTCTGGACATTTTICTTGTCTTT
CCTGAGCAAGAGAAAATTTATTTAAAAAAACAACCCACAACATTTTGATACTTGCTTATTTTTCAATAGACATGT
TCTTGTGTAGTAATTTAGTTCACAAGAAAAATACTTTCTACTTTAGGGAAAAAATGGGGGCAGGGGTAGGAAATT
AACCCAACAAATGCATGTTCTCATAAACAATACAAAATAAAATCAAAACAACCTTTATTCTGCAGTGAAAAARAAG
ATAACTTCACAGAAAACAGTCAATGTAACATCTGCATAGTTTCAAAAAGGAAAAGAATGACTTGCACTTTTCAAA
TTAAACATTATGATGTTGTTTAAAAGATTCTCCTGATTTTAAGAGTTTCATAATGTGAGAAAAAAGGAAGTAAGC
CTGCAAACATAGTAAAAAATTATTCTTTTAAAAGATATTATTTTTCCTTACTATTGGGCAAAAGCCTTTTAAAAC
TGGTAATGCTTAATGGACTTTCAGGTTAGTATCAAACTGGAACACAGGAAGGAGAATTCAATGTGTTCTTTAGAT
ACATCAAAACTATACTGAAATGTAAATAGCATTATATATTCAACTACAGGATTTAGGAAAACAATAATTTCTGTA
AGATTAAAAGGAATTCTCTTGGGAACCATTCCATTCAACCTCCTCATTTTATGAACCTGGGAACTTGGCAAAGAG
GTTAAAGAGACCAAAGGCTACATGACCAACAGCTTATGAAACTATTACTTTGAACTGTTATACTTACACATAGTA
GTAAGCAAAAGACAGAATTGTGCAATGAAAGGGAAACAAAAGGTATTAGAGTCAAAGGCTCCCAAGAAGAATCCA
GGGTCTAAAAGTTTCTTTATTTGTICTAAGCTTTAGCTTTTCATCTATAATGTGGAGCTACCATTTCGTACCTTCC
ACAGTTAATATGAAGATGACAGGTATCAGACCAGATGTATTTGTATCTAATAGGGTAAATGCAAAATAAATAACA
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TTTATTGTTTGATGTTCACTGCATATAATTAAAAAAATAAGATTTATATGTACCAGAAAATAAGCTTTCAACAGA
TAGGTTAACATGATTAATAAGCTGAAAAATCACTTACCTTATGCATCCATATTCTTCCTTTCCGGATTATATGTG
TTAATCTATCAACACACACTCTATGAAGTGGGAGGTAGAAACTAAGTTCTGTCTGTGGAAGTATAATTGATAGTC
CATATGTGCTGCGATCCCCATTCCAGTTTCCATCAAAGATTAATGAAACAATAATCACTCCCTTTTCAGACAAGA
CAAAAAACTTTACATCTATAGCACCACTCTCTGCATTTCGAAGGATTTCTCCATTTAGAGTGTGGTTGGCAAGAA
AAGTTATTTCTCCATCACTGAGAAGTACCTGTITCTGTCTTTGGAGCCCAAATGTGCCTTACTCTAGGACCAAGAA
TATTGTCCCAGTAAGCAAAAGTAGCTGCTAATAAAGGTGATTTGCCACTTAAAGCAATCTCTGTCTTGGCAACAG
CTGGAGATGGCGGTGGGCAAAGAGTCGACATCACTGCATTCCAACTGTCACATTATCCAAATGCTCCGGAGATAT
CTAAACAATGACATATGAAACCAATGATTAGGTTCAGCAATTTAAAGATATCCATCAAAACCCCAAATGATTTAG
ACATATTTGGTTTIGTCCTCTTAAGTCAAAGATGTGGAATCCTGTTATCTCCTATCAGGATAAAGACATTCAACTA
GCACAGTAGGTGCACATTAAATGTTTGTTGATATGATCATTTTACAAGACATGGTAACTTGTTACTTATATTCAG
GGCATACATTTAGAAATTCAAAGAAATAACTTAAAAAAGGGCTTCTTTACACTGATATTAAATGTTACATACTAA
AGCTCATAGAATAGACCCGCAGTATTCCCAAATATCCAGTCCATGTGCAATTCTAGTATGACTGGAGATTTGGCC
CCTAACCCATAGCAACTAAAAAGGAGAAAAACAGGAAGGGAAAGGCTCAGCTAGAGACTGACACTTGTIGGGTTGA
ATTGTGTCCCCCAAAAAGATATGTTCAATTCCTAACCCTTGGTGTACGTGAATGTGACCTTATCTAGAAATAAGT
GTAATCATGTTAAAATGGGGTCATACTGGATTAGAGTGGGGCCTAATCCAATAACTGCTGTGTTTATAAGGAGAG
AGATTTGGAGACACAGAGACAAATGGTAGACAGCCATGTGAAGACAAAAGGCAGATACTGGATTGTTGAAACTAC
AAGGCAAGAAAGGAACACTCAGGATTGCTGGTAACCACCAGAAGCCAGGAAGAGGCAAGGAAAGAGTCTTCTICTC
TTGAAGATCATGCCCCTGTICAACACTTTGATTTCGGACTTICTAGCTTCTAGAATTGTGAGAGAATAAATTGCTGT
TGTTTAAAGCCACTCAGTTTGTIGGTGCTTTGTTAAGTAATCTTAGAAAAGTAATACAACACCTAACAACAGAAAT
ACTTTAAAGCCGCTAAAAGGTCAAAAAAAAAAAANAANAANAAGACATGGAAATACCACAAGTCTGGAGCCATAA
CAAAAAATGGGCAAACAGTCCTGTATCCTCAGTGAACTCTICTGGTTATGAGAATACTGAAGCCCGATCCTGATGT
TTAAAACGACATTGAAGTATCAAGACAAAGATAAAAATATTTAATATGCTAGCCAAGAAACCAATACAGCATTIC
ATCACTGCAAAGAGAGTTCTACACTAAATGGCTAGAATTTAAAAGCTTTAGTTATTTAGAACACGTAGAAAACAG
AAGGGCTAAATAGGGCCCGTTCAAGCCTTTGAATTTAATGAGAAAACAGACATGAGGAGAAGAACATAAACGCTC
ACATCCAAGACAGAACCCAGGGCTCTTGGTCCCCTTGCTCAACTTGTACATCTTAATCCACATAAACATACCACT
CTAAAAAGGTACATCCTATGTGATATTAATGTAAAACAAATCATTCTTGCAAATACAGTTATGTGCCATGTAACG
TTTCAGTCAATGGTAGACTGCATATATGATGGTAGTCCCATTAGATTACAATGGACCTGAAAATATGCTATTGCC
TTAGTGACACTGTAACCATCATAAGGTCTTAGTACTATTTTGCAAGTTATTTAAAGTATAGCACATACAATTATT
ACAGTGTACAACACTTGATAATAAACTACTACATTGCTGGTTTATGTATTCACTATACTATGCCTTTTATTGTTA
TTTTAGAGTGCACTCCTTICTACTTTITTTTTTTTTTAAGTTAAATGTAAAACAGCCTCAGGCAAGTCCTTCAGGAG
GTATTCAACAGAAAGCACTGTITATCATAGGTGACAGCTACATGTGTIGTTATTGCCCCTAAAAACCTTCCAGTGGG
ACAAGATGTGGAGGTGGAAGGCAGTGAGGTGGAAGGGAGTGATACTGATGATCCTAATCCTGTCTATGCCTAGGT
GAAAGTGTGTGTGTTTTAGTTTTTAACAAAAACGACTAACAAGTAAAAAAAAAANATTTAAAATAGAAAATAGARAA
AAAGCTTCTAGAATAAGGATACAAAGAAAAAATATTTTTGTATAGCTATACAATGTATTTGTGTTTCAAGCTAAG
TATTTTAAAAGTTAAAAAATTAAAAAGTTTACAAAGTTAAAAAGTTATAATTTTTTATTGAAGAAAAACTGTTAA
GATAAATTTGGTGTAGCTTCAGCGTACTGTGTTTATAGTCTACAGTGGTGTACAGTGTTCTAGGCCTTCACATTA
ATTCACCACTCACTCACTGACTCACCCAGAGCAACTTCTAGTCCTGCAAGCTCCATTCGTGGTAAGTGGCCTACA
CAGGTATACCATTATCTTTTATACCATACTTTTACTGTACCTTTTCTCTGTTTGCATATATTTAGATAAATATTT
ACCACTGTGTTACAACTGTICTATAGTATTCAGTACAGTAACAGTTGTACAGGTTTGTGGCCTAGGAGCAACAGAC
TATACCATACGGCCTAGGTACATAAAGGCTATACTATCTAGGTTTGTGTAAGTACACTCTATGATGTTTGCATAA
TGACAAAATCGCCTAATGATGCATTCCTAAGCAATGTGTGATTGTACTATAATTGAAGACTTGTTATCTAAGACT
GAAAGTAAAAAGAATTGCAATTTCACCTAAGCAAGTCTAAAACTGTGAAGTCTATTTATAATAATAGCAATACAA
AGCAGCTAATAGGCAAACTATGATATACCTATCTTTGCCATATGATTGCTTTGGGAGCTAACATTTGATCTGTAA
ATGTATGACAAAGTAAACAATTTTACTTAAAGAATTTCATCCACATCTTGTCAAGAGAGTTCAGTCTGATGGAAA
GCACTGACTTCTATTTACAGAGCATTAGATGAGTGCTTTTATCATATTATGAGTAGGCATACAGAGCCTGGCAAA
ACAGTTAACTCTAAGTATGTACAGAAATGGTTGAACACAACGACAGTTTTAACACGTGTATTTGTAATTTCAAAA
ATTCATTTAGGTAATATTTACTTTTAAATATGTTGTATCAATTTAATAGTCTTAAGAGACAGCACTAGATATAAG
CCGTACAGCTTICTTTAAAATATCCACTGTTTTTAATACAATGTAAGCAGTCAGTTTACAATGATCAAATATAGGA
ATGTAATCTGAATTGAAATGGTAATGACACTACTGCTGTCATAACTAACAACAGCAAACTGGAGGCCAACATAAT
GAATTAAGTTAACATACAACCATAAAATTATATTGCAAACATATTTTTCTTTCATTCTTTTAGGTTAAAAAGGTG
GATAATCATAAAGGCAATATTACAACTCTAATATTTCATCATTAAACTGAAAATAAAAGTATTTCCTAAAACAGA
ACTGAACCCTGGAGCAAAATCTGATTGAATTATAGGGAAACTTTTACCACGTTGTGAAAATTGAACTATTATACT
GCTAGTTACACTCTCACTCCTAACAGAATAAGAAAAAAAAAATGGGCCGGGCATGGTGGGTCACACCTGTTATCC
CAGCTCTTTGGTAGGCCGAGGCAGGTGGATCACCTGAGGTCAGGAGCTCAAGACCAGCCTGGCCAACATGGTGAA
ACCCCACCTICTACTAAAAATACAAAAAATTAGCCGGGTGTGGTGGTGGACACCTGTAATCCCAGCTACTCGGGAG
GCTGAGGCAGGAGAATCTCTTGAACCCGGAGGTGGCAGAGGTTGCAATGAGCTGAGATGGCGCCACTGCACTCCA
GCCTGGGCGACAGAGAGAGACTCTGCCTCAAGAAAAAAACAAACAAACAAACAAACAAAANAGAATAAGAAAGARAA
ATGAAGGACAAAGATCATACTGAATTGCTTAGTTTTAAATCCTACCAAAAGAAATAGCCTGGGAAATGAAATGTC
ACAGAGAAGTATAATCAGGAGAGCTGTACAATTATTTTACTAATACTTGAAGTCATCGICTTTGGTGAGAAAAAT
CCATACATGCAAATGCAGCTGAAAAAAATCAGCTCAAAACCAATAGTTGTTTATGTACCTATCTTACGTACATGT
AGTGCTGTCTACTCCAGAGAGTTACCAAACATTAGCCAGTCTTTTGAGGGAAGCCAAGATTCAAATTGAGTGAGA
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CGGTGGCTTGCTCACAGGGTTCATGAGAGGTTTCCCAATACACTTTICTGGAAATAATCCCATACATGCAGACATG
ATTACATTAATTAACATCTGCTAAAACTGTTAGTAGAGTGCTAAGTTTGAGGTTTTGCTTTTTCTTTAAACGTCT
GTTAAAAAATCAACCATCICTITCCCTGATTGGTATTTAGAAAGGTGGTTGGTCCACTGCTATTGTAGTGAAAATT
CTACAATCATAAAGCCCTCACTTICTITGTTTTTTAGAGACAGGGTCTCGTTTTGTCATCCAGGCTGGAATGCACTG
GCAGGATCATAGCTCTCGGTAACTTCAAACTCTTGGGCTCAAATGACCCTCCTGCCTCAGCCTCCCAAGTAGCTA
GGACTACAGGTGCACATCACCACGCCCGGCTAAGTTTTTAATTTTTTGTAGAGACAGGGTCTACGTTGCCCAGGT
TGAGCTTGAACTCCTGGCTTCAAGTGATCCTCTTGCCTCCGCCTCCCAAAGCTCTGGCATTACAGGTGTAAGCCA
CCTTCTCCAACCTGGCTCTCAATACTTGTAACCATGCTGTITTATTTTCTCCCAGCCCAAAGAGAAGCAGGATCCT
AAACCGTCCACTTTCCACAACAGGAGCTGCCCAGGACCACTTCAAGGACAGTGAACTGTTTACAGTACCAGAAAG
TTCACAACACTTTCTCAATCTTCAACATCAGGGAAGACTGGAAGGTGAAGTTCATATCACTATCTGGCCATTTCT
CACAGTTCCAAGTTTCTCAGACAATAGGTAGGCTAACCTAGTCCTCCTGGGAACTATCTAATTAACGTAGAATAG
AACCCGAGGGCAGACTTGAAAAACAGAAGTCCTCCTTIGGTTTACTTTGTTTCTCTGAAAGCAAATTGTGGAGTGC
CAACATAGCCAAACAAAATATTTTATCAACTTCATAAGGTGCTTGTAATTTTTTCCTGGAGCAGGTAAATGCTGG
CTTAGTGAACAATCTGGAATGTGGTAATTACTCTCGTTCTTGTTTCAGATGTACTATCAGCATGTAGCAGTTTCC
AACTGATTCAGGGTTTTCCTAAAGTGGCAGGCCTTGGCAGAGGTGGTGACAACAATGCCCGTGTCAAATGACACC
GTATTTCAAGTATTCTGACTCCAGGTTATTAATATCCCCTATATGATAGTCTTGTTTICTGTGATATTCACAGATT
ATGTTAAAAGTTTCCCAAAGTCTGAGAAAAATCATATCTTAACAGTATCTTTTTTTTTTTTGATCCTTTGTACAA
AAGTAGAAGTAATGCCAGACAGATTACGTACCCTTIGTTGTGAACAACTGGTGCATGGCAACTGTTTGAATAGAAA
TTTACCAACTGCCACAACCAGGCAACTACTCTCCCAGAGCCTAACAATCTCGATTGCATCTGAAAGGGCCACCCC
TCCTGGGAAAGTGCAGGACCTCCCTICCTGTTTCTGAATACAAAGCCTGGTGGTGTTCAACGCGGCCAGATAGACC
CAATGAGCACACGGACATGTAATCTGTGCACTTICTTTAGACAACTGATTACCATCAGTCAAGTGATGCCCAAGTC
ACAATAGTCACTTICCTTTAAGCAAGTCTGTGTCATCTCGGAGCTGTGAAGCAACCAGGTCATGTCCCACAGAATG
GGGAGCACACCGACTTGCATTGCTGCCCTCATATGCAAGTCATCACCACTCTCTAGAAGCTTGGGCTGAAATTGT
GCAGGCGTCTCCACACCCCCATCTCATCCCGCATGATCTCCTCGCCGGCAGGGACCGTCTCGGGTTCCTAGCGAA
CCCCGACTTGGTCCGCAGAAGCCGCGCGCCGCCCACCCTCCGGCCTTCCCCCAGGCGAGGCCTCTCAGTACCCGA
GGCTCCCTTTTCTCGAGCCCGCAGCGGCAGCGCTCCCAGCGGGTCCCCGGGAAGGAGACAGCTCGGGTACTGAGG
GCGGGAAAGCAAGGAAGAGGCCAGATCCCCATCCCTTGTCCCTGCGCCGCCGCLCGCLCGCLCGCCGCCGCCGGGAAG
CCCGGGGCCCGGATGCAGGCAATTCCACCAGTCGCTAGAGGCGAAAGCCCGACACCCAGCTTICGGTCAGAGAAAT
GAGAGGGAAAGTAAAAATGCGTCGAGCTCTGAGGAGAGCCCCCGCTTCTACCCGCGCCTCTTCCCGGCAGCCGAA
CCCCAAACAGCCACCCGCCAGGATGCCGCCTCCTCACTCACCCACTCGCCACCGCCTGCGCCTCCGCCGLCGLGG
GCGCAGGCACCGCAACCGCAGCCCCGLLCCGGGELLCGLLCCCEGGLLLGLCCCGALCCACGLLeLaGLeeeaaLee
CGGCCCCTAGCGCGCGACTCCTGAGTTCCAGAGCTTGCTACAGGCTGCGGTTGTTTCCCTCCTTGTTTTCTTICTG
GTTAATCTTTATCAGGTICTITTITCTTGTTCACCCTCAGCGAGTACTGTGAGAGCAAGTAGTGGGGAGAGAGGGTGG
GAAAAACAAAAACACACACCTCCTAAACCCACACCTGCTICTTGCTAGACCCCGCCCCCAAAAGAGAAGCAACCGG
GCAGCAGGGACGGCTGACACACCAAGCGTCATCTTTTACGTGGGCGGAACTTGTCGCTGTTTGACGCACCTCTICT
TTCCTAGCGGGACACCGTAGGTTACGTICTIGTICTGTTTTCTATGTGCGATGACGTTTTCTCACGAGGCTAGCGAAA
TGGGGCGGGGCAACTTGTCCTGTTICTTTTATCTTAAGACCCGCTCTGGAGGAGCGTTGGCGCAATAGCGTGTGCG
AACCTTAATAGGGGAGGCTGCTGGATCTGGAGAAAGTGAAGACGATTTCGTGGTTTTGAATGGTTTTGTTTGTGC
TTGGTAGGCAGTGGGCGCTCAACACATAATTGGTGGATGAAATTTTGTTTTTACCGTAAGACACTGTTAAGTGCA
TTCAAAACTCCACTGCAAACCCTGGTAGGGGACAGCTCCGGCACTGCGGGCGGGAATCCCACGGTCCCCTGCAAA
GTCATCGCAATTTTGCCTITTACATGTAAGAATTCTCTCAAGCATGATTTTCACACTGGGGAATGTCATTTTTGCT
AGTTGCAATATGTGGATGAGTTGTTTTTTTTTAACTTTTGAAAAACGTACCATTCTGTTTGATGTGTAAAAAACA
CAAAGATTTTTGAAACCTTGCGTICTITTTGGTCTGCAGGTGTATAGATTCCACTTACTACAGATGAGTAGCATTTA
CACCACTCAGATGTGTAAAAAAACAAAGGTTTTTTAAACTGTGTGCCTTTTGATCTGCAAGTGTGAGATGGCACT
TACTACAGTGAGTAGCATTTAATCTTTTTCATCACTAAAAATCACACAGAACGTTTTAATCATTCACCGAGGAAG
AAAGGGAGGAATAAATACACAAAATGGCTCTCAACGTICTACACCTTCTGCAGAAACAGACCCTTTTCCTACTGTT
CTATGCTTTGTGAAAGTTGATCATACAAATTGGGTCATTICTTTTTATACCCAACTAAAATAGTGGGGGTAGGGGG
TAGAAAAGCACTTAGGACAAATGACACTGCTCCCACAGTGTAATTCTCTCCAAGTCCAGCTGCTGCAACTGCCCG
TTGTGACCTGAGACCAGTTTTATCTAATAGTTGCTAAAATGACCTGCTGCAGCTCTAATTTTATCTACCACCATC
ACTCACCAGTTGAAACTCACCAGCTCCTCAGATCCTTAATAGTGCCAATGAATTTTCTCAAAGAGCACTATGTAA
CATTTCTCTTTTTTAACAAAACCTCCCCCTTTTICTTTIGTTIGTGTGGATATACCGAAGACCATCTGATCTACATGT
ATGCCCTAATTGCAATTCTTTCTTCCCAAATAAATCACTTAATTTAGAGATTCATCTICTGTATTTTTATTTTGAC
TGACAGCTTATAACAAGTAGCTAGCATTTACCAAGTTTCTACACTGAGTTGTACTTCACTTATACGTGGAATTAA
AAAACAACTGAATTTATAGAAACAGAGTAGACCCTTGGTTGGGGGGCTTGGGGGGAAAGAAAATTGTAGGGTAGG
GTACAAAGTTGCAGTTACGTCTAATACATCTAGAGATTTAATGTACAACATGAGGACTAGCGTTAATAATTGTGT
TAGTCCATTCTTACACTGCTATAAAGAAATAACTGAAACTGGGTAATTTATAAAGAAAAGTTTAATGGCTCACAG
TTCTGCAGGCTGTACAAGAAGCATGGCTGGATCAGCTTCTGGGCAGGCCATAGGGAACTTAAAATCATGATGGAA
GGCATAGGGAGACCCCAGACTTCACATGGCAGGAACTGGGGGAAGAGAGAAATGGGAGGTGCTACATACGTTTAA
ACAACTAGATCTTGTCAGAACTCACTATATAGTACCAAGAGGGGACTGTACAAAACCATTAGAAGCCACCCCATA
ATCCACTCACCTCCCACCAGGCCCAACCTCCAACACTGGGGATTACAGTTGAACATGAGATTTGGGTGGGGACAG
AGATCCAAACCATGTTATTCCAACTCTGGCCCCTCCCAAATCTAATGTCCTTCTCATATTGCAAAATACTGTCGT
GCCTTACCAACAGTTCCCCAAAGTCTTAACTCGATCCAGCATTCATTCAAAAGTCCAAAGTCCCAAGTCTCACCT
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GAGACGAAGCTAGTCCCTTCTACCTATGAACCTGTAAAATCAAAAACAAGGTAATTGCTTCAAAGATACAATGGG
GGTATAGGCATTGGGCAGATACTGCCATTCCGAAAGGGAGAAATCTGCCAAAAGAAAGAGGCTATAGGGCCCCAT
TGCAAGTCTGAAAGCCAGCCGGGCAGTCATTAAATGTTAAAGCTCTGAAATAATCTCCTTTGACTCACACCCAGG
GAACACTGATGCAATGAGTGGGCTCCCAAAACCTTGGGCAGAACCACCCCTGTGGTTTTCCAGGGTTCATCTCCC
ACAGCTGCTCTICATGGGCTAGCATTGAGTGCTTGCAGCTTTTCCAGGCTGCAGGGTGCAAGTTGTTGGTGGATCT
ACCATTCTGGGGTICTGGAGGACGGTGGCTGTCTTGTCATAGCTCTGCTAGGCAGTGCCCCAGGGGACTCTICTGTG
GGGGCTGCAACCCCACATTTCTTCTICCTTGCTTCCCTAGTAGATGTTCTCCATGAGGATTCCACCCCAGTAACAG
GCTTCTGTCTGGACATCCAGGCTTTTTCATACATCCTCTAAAATCTAGGCAGAGCTTCTTAAGCCTCAACTCTTG
CATTATGTGCGCCCGCCGGCTTCACAGCTTATGGAAGCCACCAAGGCTTATGCCTGGCACCCTGTGAAGCAGCAG
CCTGAACTGTATTCTTACTGGTGAAAGTTATCTGAGTTACCAGCTGCAAATCCATGTGGGTCTGCAGCAACCTCA
ATTCTTGCCTCCTCAGAAGAAAGAATTTGACCAAGAGGCATAAGGCAGAAAAAGAGACTGCGACAAGTTTCAGAG
CAGGAGTAAAAGTTTATTAAAAAGCTTTAGAACAGGAATGAAAGGAAAGTACATTTGGAAGAGGCCCAAGTGGGC
ACCTTGGAGGTCAAGTGCCCTGTTTGACCTTGAACCTAGGATCTTATACACTGGCCTACTTCTGACATCTTGTGC
CCCTTTCCCTTGGTCCTTCCCTAAGGGTGAGCTTGCCGCATGCATGGTGCCCTGCTTGCACTTGGAAGGTGAGCG
TGTGCAGTGTGTTTACTGGAGTTGTATACATGCTTACCTGAGGCTTTICTTCCCTTTTCCGGTGGAATGCCCCCAA
AGGTCATACTTCACCATTTTGCCTCTTAATGTGCATGTTAAGCCCACTCTCTCAGTTCCTGAGATCTTATTGGAA
GCGCCCAGTTACCAATTTCAGGTGTITTCTATCTATTGAGAAGTTGCCTCTCCCTGGTGCTGGCTGCAACCAATTA
CTATTTTAGAGAGGCAGTATGACAACTGCCTGACCATCATCTGATGGTTGCCTGACATTCCTGGTGGGTGGTGGG
GACTTCTCTCTTACCCCACTCATGCCTGATTAGCTACCTACTGTAACAGTACCTGGGCCCCTTTGAGCAGCTGGG
ATTCAGGGAGCAGAGTCCCAAGGCTGTAAGAGGGAGCAGGGGCCCTAGGCCTGGCCCAGGAAATGATTCAGTCCT
CCTAGGCCTCGGGGCCTGTGATGAGAGGGACCACCATGAAAGCCTAAAATGCCTATTAGGAACACTTTTACACTG
TTGGTGGGACTGTAAACTAGTTCAACCATTGTGGAAGTCAGTGTGGCGATTCCTCAGGGATCTAGAACTAGAAAT
ACCATTTGACCCAGCCATCCCATCACTGGGTATATACCCAAAGGACTATAAATCCTGCTGCTATAAAGACACATG
CACACTATGTTTATTGTGGCACTATTCACAATAGCAAAGACTTGGAACCAACCCAAATGTCCAACAGTGATAGAC
TGGATTAAGAAAATGTGGCACATATACACCATGGAATACTATGCAGCCATAAAAAATGATGAGTTCATGTCCTTT
GTAGGGACATGGATGAAATTGGAAATCGTCATTCTCAGTAAACTATTGCAAGGTCAAAAAACCAAACACCACATG
TTCTCACTCATAGGTGGGAATTGAACAATGAGAACACATGGACACAGGAAGGGGAACATCACACTCTGGGGACTG
TTGTGGGGTGGGGGAGGGGGGAGGGATAGCATTAGGAGATATACCTAATGCTAAATGACGAGTTAATGGGTGCAG
CACACCAGCATGGCACATGTATACATATGCAACTAACCTGCACATTGTGCACATGTACCCTAAAACTTAAAGTAT
AATAATAATAAAATAAAAATAAAATAAAATAAAATGCCTGTTAGTCCTATGAGTCTTTCTCCCCATTGTTTTGGT
TATCAGCCCTTGCCTTCCTTTTAGTTATGCAAATTTATGCAGCCTGCTTGACTTCCTCTCCTGAGAACGAGCTTT
TCTTTACTACCACATGGCCAGGCTGCAAAATTTACAAACTTTTATGCTCTGCTTCCCTTTTAAGTGTAAGTTCCA
ATTTCAGGTCATTTCTIGTGCTCATGCCTATGAGCATAGGCTATTAGAAGCAGCTAGGTTACTTICTTGAACACTCT
GCTGCTTAGAAATTTCTTCTGCCAGATACCCTAAATCATCATTCTTAAGTCTAAGATTTCACAGATCCCTAGAAC
AGAGGAACAATGCAGCTAAGCTCTTTGCTAAAGCATAGCAAACCTGACCTTTACTCATTCCCAATAAATTTCTCA
TTTCCATCTGAGACCTCCTCAGCCTGGACTTCACTGTCTATATCACTATCAGTATTTTGGTTACAACCACTCAAC
AAGTTCCTAGCGAGTTCCAAACTTTCTCTCATCTTTCTGTCTTCTTCTGAGCCCTCTAAAATGTTTCAACTTCTG
CCTGTTAGCCGGTTCCAAAGTCACTTCTACATTTTCAGGTATCTTTATAGCAATGCCCTTCTTCTCAGTAACAAT
TTTCTGTATTAGTCCATTCTTGCATTGCTATAAAGAAATACTTGAGACTGGGTAATTTACAAAGAAAAGAGGTTT
AATTGACTCATGGTTCTGCAGGCTGTATAGGAAGCATGGCAGCATCAGCTTCTGGGGATGCCTCAGAGAACTTAC
AA

>SEQ ID NO: 17 nucleotides 3127-5607 of NG_031977.2

GAGTTGGAATAACATGGTTTGGATCTCTGTCCCCACCCAAATCTCATGTTCAACTGTAATCCCCAGTGTTGGAGG
TTGGGCCTGGTGGGAGGTGAGTGGATTATGGGGTGGCTTCTAATGGTTTTGTACAGTCCCCTCTTGGTACTATAT
AGTGAGTTCTGACAAGATCTAGTTGTTTAAACGTATGTAGCACCTCCCATTTCTCTCTTCCCCCAGTTCCTGCCA
TGTGAAGTCTGGGGTCTCCCTATGCCTTCCATCATGATTTTAAGTTCCCTATGGCCTGCCCAGAAGCTGATCCAG
CCATGCTTCTTGTACAGCCTGCAGAACTGTGAGCCATTAAACTTTTCTTTATAAATTACCCAGTTTCAGTTATTT
CTTTATAGCAGTGTAAGAATGGACTAACACAATTATTAACGCTAGTCCTCATGTTGTACATTAAATCTCTAGATG
TATTAGACGTAACTGCAACTTTGTACCCTACCCTACAATTTTICTTTCCCCCCAAGCCCCCCAACCAAGGGTCTAC
TCTGTTTICTATAAATTCAGTTGTTTTTTAATTCCACGTATAAGTGAAGTACAACTCAGTGTAGAAACTTGGTAAA
TGCTAGCTACTTGTTATAAGCTGTCAGTCAAAATAAAAATACAGAGATGAATCTCTAAATTAAGTGATTTATTTG
GGAAGAAAGAATTGCAATTAGGGCATACATGTAGATCAGATGGTCTTCGGTATATCCACACAACAAAGAANMAGGG
GGAGGTTTTGTTAAAAAAGAGAAATGTTACATAGTGCTCTTTGAGAAAATTCATTGGCACTATTAAGGATCTGAG
GAGCTGGTGAGTTTCAACTGGTGAGTGATGGTGGTAGATAAAATTAGAGCTGCAGCAGGTCATTTTAGCAACTAT
TAGATAARAACTGGTCTCAGGTCACAACGGGCAGTTGCAGCAGCTGGACTTGGAGAGAATTACACTGTGGGAGCAG
TGTCATTTGTCCTAAGTGCTTTTCTACCCCCTACCCCCACTATTTTAGTTGGGTATAAAAAGAATGACCCAATTT
GTATGATCAACTTTCACAAAGCATAGAACAGTAGGAAAAGGGTCTGTTTCTGCAGAAGGTGTAGACGTTGAGAGC
CATTTTGTGTATTTATTCCTCCCTTTICTTCCTCGGTGAATGATTAAAACGTTCTGTGTGATTTTTAGTGATGARAA
AAGATTAAATGCTACTCACTGTAGTAAGTGCCATCTCACACTTGCAGATCAAAAGGCACACAGTTTAAAAAACCT
TTGTTTTTTTACACATCTGAGTGGTGTAAATGCTACTCATCTGTAGTAAGTGGAATCTATACACCTGCAGACCAA
AAGACGCAAGGTTTCAAAAATCTTTIGTIGTITTTTTACACATCAAACAGAATGGTACGTTTTTCAAAAGTTAAAAAA
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AAACAACTCATCCACATATTGCAACTAGCAAAAATGACATTCCCCAGTGTGAAAATCATGCTTGAGAGAATTCTT
ACATGTAAAGGCAAAATTGCGATGACTTTGCAGGGGACCGTGGGATTCCCGCCCGCAGTGCCGGAGCTGTCCCCT
ACCAGGGTTTGCAGTGGAGTTTTGAATGCACTTAACAGTGTCTTACGGTAAAAACAAAATTTCATCCACCAATTA
TGTGTTGAGCGCCCACTGCCTACCAAGCACAAACAAAACCATTCAAAACCACGAAATCGTCTTCACTTTICTCCAG
ATCCAGCAGCCTCCCCTATTAAGGTTCGCACACGCTATTGCGCCAACGCTCCTCCAGAGCGGGTCTTAAGATAAA
AGAACAGGACAAGTTGCCCCGCCCCATTTCGCTAGCCTCGTGAGAAAACGTCATCGCACATAGAAAACAGACAGA
CGTAACCTACGGTGTCCCGCTAGGAAAGAGAGGTGCGTCAAACAGCGACAAGTTCCGCCCACGTAAAAGATGACG
CTTGGTGTGTCAGCCGTCCCTGCTGCCCGGTTGCTTICTCTTTTGGGGGCGGGGTCTAGCAAGAGCAGGTGTGGGT
TTAGGAGGTGTGTGTTTTTGTITTTTCCCACCCTCTCTCCCCACTACTTGCTCTCACAGTACTCGCTGAGGGTGAA
CAAGAAAAGACCTGATAAAGATTAACCAGAAGAAAACAAGGAGGGAAACAACCGCAGCCTGTAGCAAGCTCTGGA
ACTCAGGAGTCGCGCGCTAGGGGCCGGGGCLCGGEGGLCCEEEGCGETGGTCGGGGCEGGLCCEGEGGGELEGGECCLGGGG
CGGGGCTGCGGTTGCGGTGCCTGCGCCCGCGGLCGGCGEGAGGCGCAGGCGGTGGCGAGTGGGTGAGTGAGGAGGCG
GCATCCTGGCGGGTGGCTGTTTGGGGTTCGGCTGCCGGGAAGAGGCGCGGGTAGAAGCGGGGGCTCTCCTCAGAG
CTCGACGCATTTTTACTTITCCCTCTCATTTCTCTGACCGAAGCTGGGTGTCGGGCTTTCGCCTCTAGCGACTGGT
GGAATT

>SEQ ID NO: 18 Reverse complement of SEQ ID NO: 17 (hg38_dna
range=chr9:27573260-27575740)
AATTCCACCAGTICGCTAGAGGCGAAAGCCCGACACCCAGCTTICGGTCAGAGARAATGAGAGGGAAAGTAAARAATGC
GTCGAGCTCTGAGGAGAGCCCCCGCTTICTACCCGCGCCTCTTCCCGGCAGCCGAACCCCARACAGCCACCCGCCA
GGATGCCGCCTCCTCACTCACCCACTCGCCACCGCCTGCGCCTCCGCCGCCGCGGGCGCAGGCACCGCAACCGCA
GCCCCGCCCCGGGCCCGCCCCCGGGCCCGCCCCGACCACGLCCLCCGGLLCCCGGCCCCGGCCCCTAGCGCGCGACTC
CTGAGTTCCAGAGCTTGCTACAGGCTGCGGTTGTTTCCCTCCTTGTTTTICTTCTGGTTAATCTTTATCAGGTCTT
TTCTTGTTCACCCTCAGCGAGTACTGTGAGAGCAAGTAGTGGGGAGAGAGGGTGGGAAARAACAAAAACACACACC
TCCTAAACCCACACCTIGCTCTTGCTAGACCCCGCCCCCAAAAGAGAAGCAACCGGGCAGCAGGGACGGCTGACAC
ACCAAGCGTCATCTTTTACGTGGGCGGAACTTGTCGCTGTTTGACGCACCTCTICTTTCCTAGCGGGACACCGTAG
GTTACGTICTGICTIGITTTCTATGTGCGATGACGTTTTCTCACGAGGCTAGCGAAATGGGGCGGGGCAACTTGTCC
TGTTCTTTTATCTTAAGACCCGCTCTGGAGGAGCGTTGGCGCAATAGCGTGTGCGAACCTTAATAGGGGAGGCTG
CTGGATCTGGAGAAAGTGAAGACGATTTCGTIGGTTTTGAATGGTTTTIGTTTGTIGCTTGGTAGGCAGTGGGCGCTC
AACACATAATTGGTGGATGAAATTTTGTTTTTACCGTAAGACACTGTTAAGTGCATTCAAAACTCCACTGCAAAC
CCTGGTAGGGGACAGCTCCGGCACTGCGGGCGGGAATCCCACGGTCCCCTGCAAAGTCATCGCAATTTTIGCCTTT
ACATGTAAGAATTCTCTCAAGCATGATTTTCACACTGGGGAATGTCATTTITTGCTAGTTGCAATATGTGGATGAG
TTGTTTTTTTTTAACTTTTGAAAAACGTACCATTICTGTTTGATGTGTAAAAAACACAAAGATTTTTGAAACCTTG
CGTICTTTTGGTCTGCAGGTGTATAGATTCCACTTACTACAGATGAGTAGCATTTACACCACTCAGATGTGTAAAA
AAACAAAGGTTTTTTAAACTGTGTGCCTTTTGATCTGCAAGTGTGAGATGGCACTTACTACAGTGAGTAGCATTT
AATCTTTTTCATCACTAAAAATCACACAGAACGTITTTAATCATTCACCGAGGAAGAAAGGGAGGAATAAATACAC
AARAATGGCTCTCAACGTCTACACCTTCTGCAGAAACAGACCCTTTTICCTACTGTTCTATGCTTTGTGAAAGTTGA
TCATACAAATTGGGTCATTCTTTTTATACCCAACTAAAATAGTGGGGGTAGGGGGTAGAAAAGCACTTAGGACAA
ATGACACTGCTCCCACAGTGTAATTCTCTCCAAGTCCAGCTGCTGCAACTGCCCGTTGTGACCTGAGACCAGTTT
TATCTAATAGTTGCTAAAATGACCTGCTGCAGCTCTAATTTTATCTACCACCATCACTCACCAGTTGAAACTCAC
CAGCTCCTCAGATCCTTAATAGTGCCAATGAATTTTCTCAAAGAGCACTATGTAACATTTICTCTTTTTTAACAAA
ACCTCCCCCTTTICTTTIGTTGTGTGGATATACCGAAGACCATCTGATCTACATGTATGCCCTAATTGCAATTICTT
TCTTCCCAAATAAATCACTTAATTTAGAGATTCATCTICTGTATTTTTATTTTGACTGACAGCTTATAACAAGTAG
CTAGCATTTACCAAGTTTCTACACTGAGTTGTACTTCACTTATACGTGGAATTAAAAAACAACTGAATTTATAGA
AACAGAGTAGACCCTTGGTTGGGGGGCTTGGGGGGAAAGAARATTGTAGGGTAGGGTACAAAGTTGCAGTTACGT
CTAATACATCTAGAGATTTAATGTACAACATGAGGACTAGCGTTAATAATTGTGTTAGTCCATTCTTACACTGCT
ATAAAGAAATAACTGAAACTGGGTAATTTATAAAGAAAAGTTTAATGGCTCACAGTTCTGCAGGCTGTACAAGAA
GCATGGCTGGATCAGCTTCTGGGCAGGCCATAGGGAACTTAAAATCATGATGGAAGGCATAGGGAGACCCCAGAC
TTCACATGGCAGGAACTGGGGGAAGAGAGAAATGGGAGGTGCTACATACGTTTAAACAACTAGATCTTGTCAGAA
CTCACTATATAGTACCAAGAGGGGACTGTACAAAACCATTAGAAGCCACCCCATAATCCACTCACCTCCCACCAG
GCCCAACCTCCAACACTGGGGATTACAGTTGAACATGAGATTTGGGTGGGGACAGAGATCCAAACCATGTTATTC
CAACTC

>SEQ ID NO: 19 nucleotides 5127-5607 of NG_031977.2
GGGTCTAGCAAGAGCAGGTGTGGGTTTAGGAGGTGTGTGTTITTTIGTTTTTCCCACCCTCTCTCCCCACTACTTGC
TCTCACAGTACTCGCTGAGGGTGAACAAGAAAAGACCTGATAAAGATTAACCAGAAGAAAACAAGGAGGGAAACA
ACCGCAGCCTGTAGCAAGCTCTGGAACTCAGGAGTCGCGCGCTAGGGGCCGGGGELCGEGEGEGECCGEGEEGELGETGETCGG
GGCGGGCCCGGEGEGEGLGEGEGCCCGEEGEGELGEGEEGELCTGCEGETTGCGGTGCCTGCGCCCGCGGLGGLGGAGGLGLAGGLGEG
TGGCGAGTGGGTGAGTGAGGAGGCGGCATCCTGGCGGGTGGCTGTTTGGGGTTCGGCTGCCGGGAAGAGGCGLGG
GTAGAAGCGGGGGCTCTCCTCAGAGCTCGACGCATTTTTACTTTICCCTCTCATTTCTCTGACCGAAGCTGGGTGT
CGGGCTTTCGCCTCTAGCGACTGGTGGAATT
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>SEQ ID NO: 20 Reverse complement of SEQ ID NO: 19 (hg38_dna
range=chr9:27573260-27573740)
AATTCCACCAGTICGCTAGAGGCGAAAGCCCGACACCCAGCTTICGGTCAGAGARAATGAGAGGGAAAGTAAARAATGC
GTCGAGCTCTGAGGAGAGCCCCCGCTTICTACCCGCGCCTCTTCCCGGCAGCCGAACCCCARACAGCCACCCGCCA
GGATGCCGCCTCCTCACTCACCCACTCGCCACCGCCTGCGCCTCCGCCGCCGCGGGCGCAGGCACCGCAACCGCA
GCCCCGCCCCGGGCCCGCCCCCGGGCCCGCCCCGACCACGLCCLCCGGLLCCCGGCCCCGGCCCCTAGCGCGCGACTC
CTGAGTTCCAGAGCTTGCTACAGGCTGCGGTTGTTTCCCTCCTTGTTTTICTTCTGGTTAATCTTTATCAGGTCTT
TTCTTGTTCACCCTCAGCGAGTACTGTGAGAGCAAGTAGTGGGGAGAGAGGGTGGGAAARAACAAAAACACACACC
TCCTAAACCCACACCTGCTICTTGCTAGACCC

SEQ ID NO. 21
CAGCTTCGGTCAGAGAAATGAGAGGGAAAGTAAAAATGCGTCGAGCTCT

SEQ ID NO. 22
CGCGACTCCTGAGTTCCAGAGCTTGCTACAGGC

SEQ ID NO. 23
AGGCTGCGGTTGTITTCCCTCCTTGTTT

SEQ ID NO. 24
GGTTGTTTCCCTCCTTGTTTTICTTICTGGTTAATCTTTATCAGGTCTTTTCTTGTTCACCCTCAGCGAGTACTGTG
AGAG

SEQ ID NO. 25
CTCAGCGAGTACTGTGAGAGCAAG

SEQ ID NO. 26
ACCTCCTAAACCCACACCTGCTCTTGCTAGACC

SEQ ID NO.27
CAGCTTCGGTCAGAGAAATGAGAGGGAAAGTAAAAATGCGTCGAGCTC

SEQ ID NO. 28
CGCGACTCCTGAGTTCCAGAGCTT

SEQ ID NO. 29
GACTCCTGAGTTCCAGAGCTTGCTACAGGC

SEQ ID NO. 30
GGCTGCGGTTGTTTCCCTCCTTGTTT

SEQ ID NO. 31
GGTTGTTTCCCTCCTTGTTTTICTTICTGGTTAATCTTTATCAGGTCTTTTCTTGTTCACCCTCAGCGAGTACTGTG
AGAG

SEQ ID NO. 32
CAGCTTCGGTCAGAGAAATGAGAGGGAAAGTAAAAATGCGTCGAGC

SEQ ID NO. 33
ACTCCTGAGTTCCAGAGCTTGCTACAG

SEQ ID NO. 34
CTGCGGTTGTTTCCCTCCTTGTTT

SEQ ID NO. 35
GGTTGTTTCCCTCCTTGTTTTICTTICTGGTTAATCTTT

SEQ ID NO. 36
TTTCTTICTGGTTAATCTTTATCAGGTCTTTTCTTGTTCACCCTCAGCGAG

SEQ ID NO. 37
GAGAGGGAAAGTAAAAATGCGTCG
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SEQ ID NO. 38
GGTTGTTTCCCTCCTTGTTTTICTTICTGGTTAATCTTT

SEQ ID NO. 39
TTTCTTICTGGTTAATCTTTATCAGGTCTTTTCTTGTTCACCCTCAGCG

SEQ ID NO. 40
GTTTCCCTCCTTGTTTTCTTCTGGTTAATCTTT

SEQ ID NO. 41
TTTCTTCTGGTTAATCTTTATCAGGTCTTTTCTTGTTCACCCTCAGC

SEQ ID NO. 42
GTTTCCCTCCTTGITTTCTITCTGGTT

SEQ ID NO. 43
CTCCTTGTTTTICTTICTGGTTAATCTTT

SEQ ID NO. 44
TTTCTTICTGGTTAATCTTTATCAGGTCTTTTCTTGTTCACCC

SEQ ID NO. 45
TCCTTGTTTTCTTCTGGTTAATCTTT

SEQ ID NO. 46
TTTCTTCTGGTTAATCTTTATCAGGTCTTTTCTT

SEQ ID NO. 47
ATCTTTATCAGGICTTITTCTTGTTCACCC

SEQ ID NO. 51
TGCGTCAAACAGCGACAAGTTCCGC

SEQ ID NO. 52
GCCCACGTAAAAGATGACGCTTGGTGTGTC

SEQ ID NO. 53
CTTGCTCTCACAGTACTCGCTGAGGG

SEQ ID NO. 54
TCGCTGAGGGTGAACAAGAAAAGACCTGATAAAGATTAACCAGAAGAAAACAAGGAGG

SEQ ID NO. 55
TTACTTTCCCTCTCATTTCTCTGACCG

SEQ ID NO. 56
TCCCTCTCATTTCTCTGACCGAAGCT

SEQ ID NO. 57
GGAGACGCCTGCACAATTTCAGCCCAAGCTTCTAGAGAGT

SEQ ID NO. 58
CAGCCCAAGCTTCTAGAGAGTGGTGATGACTTGC

SEQ ID NO. 59
TAGAGAGTGGTGATGACTTGCATATGAGG

SEQ ID NO. 60
CTGTGGGACATGACCTGGTTGCTT

SEQ ID NO. 61
GGACATGACCTGGTTGCTTCACAGCTCC
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SEQ ID NO. 62
CCTGGTTGCTTCACAGCTCCGAGATGACACAGACTTGCTTAAAGGAAGTGA

SEQ ID NO. 63
TGCGTCAAACAGCGACAAGTTCCGC

SEQ ID NO. 64
CCCACGTAAAAGATGACGCTTGGTGT

SEQ ID NO. 65
GTAAAAGATGACGCTTGGTGTGTC

SEQ ID NO. 66
CTTGCTCTCACAGTACTCGCTGAGGG

SEQ ID NO. 67

TCGCTGAGGGTGAACAAGAAAAGACCTGATAAAGATTAACCAGAAGAAAACAAGGAGG

SEQ ID NO. 68
TTACTTTCCCTCTCATTTCTCTGACCG

SEQ ID NO. 69
TCCCTCTCATTTCTCTGACCGAAGC

SEQ ID NO. 70
CGCCTGCACAATTTCAGCCCAAGCTTCTAGAGAGT

SEQ ID NO. 71
CCAAGCTTCTAGAGAGTGGTGATGA

SEQ ID NO. 72
TAGAGAGTGGTGATGACTTGCATATG

SEQ ID NO. 73
GGACATGACCTGGTTGCTTCACAGCTCC

SEQ ID NO. 74
CTCCGAGATGACACAGACTTGCTT

SEQ ID NO. 75
GAGATGACACAGACTTGCTTAAAGGAA

SEQ ID NO. 76
GCGTCAAACAGCGACAAGTTCCGC

SEQ ID NO. 77
GTAAAAGATGACGCTTGGTGTGTC

SEQ ID NO. 78
TGAACAAGAAAAGACCTGATAAAGATTAACCAGAAGAAAACAAGGAGG

SEQ ID NO. 79
TTACTTTCCCTCTCATTTCTCTGAC

SEQ ID NO. 80
CCAAGCTTCTAGAGAGTGGTGATG

SEQ ID NO. 81
ATGACCTGGTTGCTTCACAGCTCC

SEQ ID NO. 82
CTCCGAGATGACACAGACTTGCTT
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SEQ ID NO. 83
GAGATGACACAGACTTGCTTAAAGGA

SEQ ID NO. 84
GCGTCAAACAGCGACAAGTTCCGC

SEQ ID NO. 85
TGAACAAGAAAAGACCTGATAAAGATTAACCAGAAGAAAACAAGGAGG

SEQ ID NO. 86
TTACTTTCCCTCTCATTTCTCTGA

SEQ ID NO. 87
ATGACCTGGTTGCTTCACAGCTCC

SEQ ID NO. 88
CTCCGAGATGACACAGACTTGCTT

SEQ ID NO. 89
GAGATGACACAGACTTGCTTAAAGGA

SEQ ID NO. 90
AGAAAAGACCTGATAAAGATTAAC

SEQ ID NO. 91
AAGACCTGATAAAGATTAACCAGA

SEQ ID NO. 92
TTACTTTCCCTCTCATTTCTCTGA

SEQ ID NO. 93
CTCCGAGATGACACAGACTTGCTT

SEQ ID NO: 94

>hg38_dna
gtttaaacTCCCCCAGGCGAGGCCTCTCAGTACCCGAGGCTCCCTTTTCTCGAGCCCGCAGCGGCAGCGCTCCCA
GCGGGTCCCCGGGAAGGAGACAGCTCGGGTACTGAGGGCGGGARAAGCAAGGAAGAGGCCAGATCCCCATCCCTIG
TCCCTGCGCCGCCGCCGCCGCCGCCGCCGCCGGGAAGCCCGGGGCCCGGATGCAGGCAATTICCACCAGTCGCTAG
AGGCGAAAGCCCGACACCCAGCTTCGGTCAGAGAAATGAGAGGGAAAGTAAAAATGCGTICGAGCTCTGAGGAGAG
CCCCCGCTTCTACCCGCGCCTICTTCCCGGCAGCCGAACCCCAAACAGCCACCCGCCAGGATGCCGCCTICCTICACT
CACCCACTCGCCACCGCCTGCGCCTCCGCCGCCGCGGGCGCAGGCACCGCAACCGCAGCCCCGCCCCGGGLLLCGL
CCCCGGGCCCGCCCCGACCACGCCCCGGCCCCGGCCCCGGCCCCTAGCGCGCGACTCCTGAGTTCCAGAGCTTGE
TACAGGCTGCGGTTIGTTTICCCTCCTTGTTTTICTTICTGGTTAATCTTTATCAGGTICTTTTCTTGTTCACCCTCAGC
GAGTACTGTGAGAGCAAGTAGTGGGGAGAGAGGGTGGGAAAAACAAAAACACACACCTCCTAAACCCACACCTGC
TCTTGCTAGACCCGCGGCCGC

SEQ ID NO: 100
GGGGCC
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We claim:

1. A double stranded ribonucleic acid (dsSRNA) agent for reducing the level of a C90rf72
antisense RNA transcript, wherein the dsRNA agent comprises a sense strand and an antisense strand
forming a double stranded region, wherein the sense strand comprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID NO:17,
and the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the corresponding portion of the nucleotide
sequence of SEQ ID NO:18; and wherein the sense strand, the antisense strand, or both the sense

strand and the antisense strand comprises at least one modified nucleotide.

2. A double stranded ribonucleic acid (dsSRNA) agent for reducing the leve of a C90rf72
antisense RNA transcript, wherein the dsRNA agent comprises a sense strand and an antisense strand
forming a double stranded region, wherein the sense strand comprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID NO:19,
and the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the corresponding portion of the nucleotide
sequence of SEQ ID NO:20; and wherein the sense strand, the antisense strand, or both the sense

strand and the antisense strand comprises at least one modified nucleotide.

3. A double stranded ribonucleic acid (dsSRNA) agent for reducing the level of a C90rf72
antisense RNA transcript,

wherein the dsRNA agent comprises a sense strand and an antisense strand forming a double
stranded region,

wherein the sense strand or the antisense strand is a sense strand or an antisense strand
selected from the group consisting of any of the sense strands and antisense strands in any one of
Tables 2, 3, 10A, 10C, 11, and 12; and

wherein the sense strand, the antisense strand, or both the sense strand and the antisense

strand comprises at least one modified nucleotide.

4. A double stranded ribonucleic acid (dsSRNA) agent for reducing the level of a C90rf72
antisense RNA transcript, wherein the dsRNA agent comprises a sense strand and an antisense strand
forming a double stranded region,

wherein the sense strand comprises at least 15 contiguous nucleotides differing by no more
than three nucleotides from nucleotides 27573296-27573318; 27573314-27573336; 27573319-
27573341; 27573562-27573584; 27573585-27573607; 27573592-27573614; 27573599-27573621;
27573608-27573630; 27573616-27573638; 27573619-27573641; 27573622-27573644; 27573633
27573655; 27573690-27573712; or 27573717-27573739 of SEQ ID NO: 13; and
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wherein the sense strand, the antisense strand, or both the sense strand and the antisense

strand comprises at least one modified nucleotide.

5. The dsRNA agent of any one of claims 1-4, wherein the sense strand or the antisense strand is
a sense strand or an antisense strand selected from the sense strand or antisense strand of a duplex
selected from the group consisting of AD-1446213.1; AD-1446217.1; AD-1446222.1; AD-
1446234.1; AD-1446243.1; AD-1446246.1; AD-1446252.1; AD-1446259.1; AD-1446265.1; AD-
1446268.1; AD-1446271.1; AD-1446279.1; AD-1446289.1; and AD-1446294.1.

6. The dsRNA agent of any one of claims 1-5, wherein the sense strand or the antisense strand is
a sense strand or an antisense strand selected from the sense strand or antisense strand of a duplex

selected from the group consisting of AD-1446213.1, AD-1446246.1; and AD-1446268.1.

7. A double stranded ribonucleic acid (dsSRNA) agent for reducing the level of a C90rf72 sense
RNA transcript,

wherein the dsRNA agent comprises a sense strand and an antisense strand forming a double
stranded region,

wherein the antisense strand comprises at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from any one of the antisense nucleotide sequences in any one of Tables 5, 6,
10B, and 10D; and

wherein the sense strand, the antisense strand, or both the sense strand and the antisense

strand comprises at least one modified nucleotide.

8. A double stranded ribonucleic acid (dsRNA) for reducing the level of a c90rf72 RNA,

wherein said dsSRNA comprises a sense strand and an antisense strand forming a double
stranded region,

wherein the sense strand comprises at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 1-23; 15-37; 33-55; 37-
59; 59-81, 62-84, or 62-91 of SEQ ID NO: 1, and the antisense strand comprises at least 15
contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID NO:5; and

wherein the sense strand, the antisense strand, or both the sense strand and the antisense

strand comprises at least one modified nucleotide.

9. The dsRNA agent of claim 7 or 8, wherein the antisense strand comprises at least 15
contiguous nucleotides differing by no more than three nucleotides from any one of the antisense
strand nucleotide sequences of a duplex selected from the group consisting of

AD-1446073.1; AD-1446075.1; AD-1285246.2; AD-1446084.1; AD-1446087.1; AD-1446090.1; and
AD1446095.1.
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10. A double stranded ribonucleic acid (dsRNA) for reducing the level of a c9orf72 sense RNA
transcript,

wherein said dsSRNA comprises a sense strand and an antisense strand forming a double
stranded region,

wherein the sense strand comprises at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 5197-5219; 5213-
5235; 5223-5245, 5226-5248; 5227-5249, 5228-5250, 5229-5251, 5230-5252, 5231-5253, 5233-5255;
5235-5256, 5241-5263; 5245-5267; 5248-5270; 5539-5561; 5547-5569; 5917-5939; 5936-5958;
5954-5976; 6008-6030; 6021-6043; 6036-6058; 6043-6065; or 6048-6070 of SEQ ID NO: 15, and the
antisense strand comprises at least 15 contiguous nucleotides from the corresponding nucleotide
sequence of SEQ ID NO:16; and

wherein the sense strand, the antisense strand, or both the sense strand and the antisense

strand comprises at least one modified nucleotide.

11. The dsRNA agent of claim 7 or 10, wherein the antisense strand comprises at least 15
contiguous nucleotides differing by no more than three nucleotides from any one of the antisense
strand nucleotide sequences of a duplex selected from the group consisting of AD-1285231.1, AD-
1285232.1, AD-1285233.1, AD-1285235.1, AD-1285237.1, AD-1285239.1, AD-1285240.1, AD-
1285242.1, AD-1285244.1; AD-1285238.1; AD-1285243.1; AD-1285234.1; AD-1285241.1; AD-
1285236.1; AD-1446111.1; AD-1446117.1; AD-1446147.1; AD-1446157.1; AD-1446168.1; AD-
1446180.1; AD-1446189.1; AD-1446196.1; AD-1446202.1; AD-1446205.1.

12. The dsRNA agent of any one of claims 7, 10 and 11, wherein the antisense strand comprises
at least 15 contiguous nucleotides differing by no more than three nucleotides from any one of the
antisense strand nucleotide sequences of a duplex selected from the group consisting of AD-

1285238.1 and AD-1285234.1.

13. A double stranded ribonucleic acid (dsRNA) for reducing the level of a c9orf72 sense RNA
transcript,

wherein said dsSRNA comprises a sense strand and an antisense strand forming a double
stranded region,

wherein the sense strand comprises at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 5015-5052; 5017-5040;
5032-5059; 5032-5055; 5033-5055; 5035-5059; 5036-5059; 5058-5087; 5059-5087; 5059-5084;
5064-5087; 5197-5222; 5213-5267; 5223-5252; 5229-5252; 5233-5263; 5516-5570; 5539-5565;
5539-5562; 5545-5570; 5545-5569; 5593-5616; 5883-5950; 5917-5950; 5919-5950; 5923-5950;
5934-5977; 5934-5957; 5938-5977; 5938-5965; 5938-5961; 5947-5977; 5947-5973; 5972-6001;
5973-5997; 6006-6029; 6011-6070; 6011-6039; 6011-6038; 6015-6038; 6019-6045; 6019-6042;
6033-6070; 6035-6065; 6035-6059; or 6040-6063 of SEQ ID NO: 15, and the antisense strand
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comprises at least 15 contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID
NO:16; and
wherein the sense strand, the antisense strand, or both the sense strand and the antisense

strand comprises at least one modified nucleotide.

14. A double stranded ribonucleic acid (dsRNA) for reducing the level of a c9orf72 sense RNA
transcript,

wherein said dsSRNA comprises a sense strand and an antisense strand forming a double
stranded region,

wherein the sense strand comprises at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 15-52; 17-40; 32-59;
32-55; 35-59; 36-59; 58-87; 59-87; 59-84; or 64-87 of SEQ ID NO: 1, and the antisense strand
comprises at least 15 contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID
NO:5; and

wherein the sense strand, the antisense strand, or both the sense strand and the antisense

strand comprises at least one modified nucleotide.

15. A double stranded ribonucleic acid (dsRNA) for reducing the level of a c9orf72 antisense
RNA transcript,

wherein said dsSRNA comprises a sense strand and an antisense strand forming a double
stranded region,

wherein the sense strand comprises at least 15 contiguous nucleotides differing by no more
than three nucleotides from any one of the nucleotide sequence of nucleotides 27573296-27573584;
27573296-27573575; 27573301-27573338; 27573318-27573342; 27573555-27573583; 27573581-
27573607; 27573584-27573607; 27573588-27573671; 27573588-27573666; 27573588-27573624;
27573592-27573624; 27573592-27573617; 27573598-27573624; 27573599-27573623; 27573606-
27573655; 27573606-27573652; 27573606-27573647; 27573654-27573712; or 27573707-27573740
of SEQ ID NO: 13, and the antisense strand comprises at least 15 contiguous nucleotides from the
corresponding nucleotide sequence of SEQ ID NO:14; and

wherein the sense strand, the antisense strand, or both the sense strand and the antisense

strand comprises at least one modified nucleotide.

16. A double stranded ribonucleic acid (dsSRNA) agent for reducing the level of a C90rf72 sense
RNA transcript,

wherein the dsRNA agent comprises a sense strand and an antisense strand forming a double
stranded region,

wherein the antisense strand comprises at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from any one of the antisense nucleotide sequences in any one of Tables 8

and 9; and
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wherein the sense strand, the antisense strand, or both the sense strand and the antisense

strand comprises at least one modified nucleotide.

17. The dsRINA agent of any one of claims 1-16, wherein the sense strand, the antisense strand, or

both the sense strand and the antisense strand is conjugated to one or more lipophilic moieties.

18. The dsRNA agent of any one of claim 1-17, wherein the lipophilic moiety is conjugated to

one or more internal positions in the double stranded region of the dsSRNA agent.

19. The dsRNA agent of any one of claims 1-18, wherein the lipophilic moiety is conjugated via a

linker or carrier.

20. The dsRNA agent of any one of claims 1-19, wherein lipophilicity of the lipophilic moiety,

measured by logKow, exceeds 0.

21. The dsRNA agent of any one of claims 1-20, wherein the hydrophobicity of the double-
stranded RNAi agent, measured by the unbound fraction in a plasma protein binding assay of the

double-stranded RNAi agent, exceeds 0.2.

22. The dsRINA agent of claim 21, wherein the plasma protein binding assay is an electrophoretic

mobility shift assay using human serum albumin protein.

23. The dsRNA agent of claim 1, wherein no more than five of the sense strand nucleotides and

no more than five of the nucleotides of the antisense strand are unmodified nucleotides

24. The dsRINA agent of claim 1, wherein all of the nucleotides of the sense strand and all of the

nucleotides of the antisense strand are modified nucleotides.

25. The dsRNA agent of any one of claims 1, 23 and 24, wherein at least one of the modified
nucleotides is selected from the group consisting of a deoxy-nucleotide, a 3'-terminal deoxy-thymine
(dT) nucleotide, a 2'-O-methyl modified nucleotide, a 2’-fluoro modified nucleotide, a 2'-deoxy-
modified nucleotide, a 2'-O-hexadecyl nucleotide, a 2'-phosphate nucleotide, a 2'-5'-linked
ribonucleotide (3-RNA), a locked nucleotide, an unlocked nucleotide, a conformationally restricted
nucleotide, a constrained ethyl nucleotide, an abasic nucleotide, an inverted abasic residue, a 2'-
amino-modified nucleotide, a 2'-O-allyl-modified nucleotide, 2'-C-alkyl-modified nucleotide, 2'-
hydroxy-modified nucleotide, a 2"-methoxyethyl modified nucleotide, a 2'-O-alkyl-modified

nucleotide, 2',3'-seco-modified nucleotide, a morpholino nucleotide, a phosphoramidate, a non-natural
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base comprising nucleotide, a tetrahydropyran modified nucleotide, a 1,5-anhydrohexitol modified
nucleotide, a cyclohexenyl modified nucleotide, a nucleotide comprising a 5'-phosphorothioate group,
a nucleotide comprising a 5'-methylphosphonate group, a nucleotide comprising a 5' phosphate or 5'
phosphate mimic, a nucleotide comprising vinyl phosphonate, a nucleotide comprising glycol nucleic
acid (GNA), a nucleotide comprising a glycol nucleic acid S-Isomer (S-GNA), a nucleotide
comprising 2-hydroxymethyl-tetrahydrofuran-5-phosphate, a nucleotide comprising 2'-
deoxythymidine-3'phosphate, a nucleotide comprising 2'-deoxyguanosine-3'-phosphate, and a
terminal nucleotide linked to a cholesteryl derivative and a dodecanoic acid bisdecylamide group; and

combinations thereof.

26. The dsRNA agent of claim 25, wherein the modified nucleotide is selected from the group
consisting of a 2'-deoxy-2'-fluoro modified nucleotide, a 2’-deoxy-modified nucleotide, 3'-terminal
deoxy-thymine nucleotides (dT), a locked nucleotide, 2'-O-hexadecyl nucleotide, a 2'-phosphate
nucleotide, a glycol nucleotide, a vinyl-phosphonate nucleotide, an abasic nucleotide, a 2'-amino-
modified nucleotide, a 2'-alkyl-modified nucleotide, a morpholino nucleotide, a phosphoramidate, and

a non-natural base comprising nucleotide.

27. The dsRNA agent of claim 25, wherein the modified nucleotide comprises a short sequence of

3'-terminal deoxy-thymine nucleotides (dT).
28. The dsRNA agent of claim 25, wherein the mooodified nucleotides are 2'-O-methyl modified
nucleotides, GNA modified nucleotides, 2'-O-hexadecyl modified nucleotides, 2'-phosphate modified

nucleotides, vinyl-phosphonate modified nucleotides, and 2’ fluoro modified nucleotides.

29. The dsRNA agent of any one of claims 1-28, comprising at least one phosphorothioate

internucleotide linkage.

30. The dsRNA agent of claim 29, wherein the dsRNA agent comprises 6-8 phosphorothioate

internucleotide linkages.

31. The dsRNA agent of any one of claims 1-30, wherein each strand is no more than 30

nucleotides in length.

32. The dsRNA agent of any one of claims 1-31, wherein at least one strand comprises a 3’

overhang of at least 1 nucleotide.
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33.

The dsRNA agent of any one of claims 1-31, wherein at least one strand comprises a 3’

overhang of at least 2 nucleotides.

34.

The dsRNA agent of any one of claims 1-33, wherein the double stranded region is 15-30

nucleotide pairs in length.

35.

length.

36.

length.

37.

length.

38.

length.

39.

length.

40.

length.

41.

length.

42.

length.

43.

The dsRNA agent of claim 34, wherein the double stranded region is 17-23 nucleotide pairs in

The dsRNA agent of claim 34, wherein the double stranded region is 17-25 nucleotide pairs in

The dsRNA agent of claim 34, wherein the double stranded region is 23-27 nucleotide pairs in

The dsRNA agent of claim 34, wherein the double stranded region is 19-21 nucleotide pairs in

The dsRNA agent of claim 34, wherein the double stranded region is 21-23 nucleotide pairs in

The dsRNA agent of any one of claims 1-39, wherein each strand is 19-30 nucleotides in

The dsRNA agent of any one of claims 1-39, wherein each strand is 19-23 nucleotides in

The dsRNA agent of any one of claims 1-40, wherein each strand is 21-23 nucleotides in

The dsRNA agent of claim 18, wherein the one or more lipophilic moieties are conjugated to

one or more internal positions on at least one strand via a linker or carrier.

44.

The dsRNA agent of claim 43, wherein the internal positions include any positions except the

terminal two positions from each end of the at least one strand.
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45. The dsRNA agent of claim 43, wherein the internal positions include any positions except the

terminal three positions from each end of the at least one strand.

46. The dsRNA agent of claim 43, wherein the internal positions exclude a cleavage site region of

the sense strand.

47. The dsRNA agent of claim 46, wherein the internal positions include any positions except

positions 9-12, counting from the 5'-end of the sense strand.

48. The dsRNA agent of claim 46, wherein the internal positions include any positions except

positions 11-13, counting from the 3'-end of the sense strand.

49. The dsRNA agent of claim 43, wherein the internal positions exclude a cleavage site region of

the antisense strand.

50. The dsRNA agent of claim 49, wherein the internal positions include any positions except

positions 12-14, counting from the 5'-end of the antisense strand.

51. The dsRNA agent of claim 49, wherein the internal positions include any positions except
positions 11-13 on the sense strand, counting from the 3'-end, and positions 12-14 on the antisense

strand, counting from the 5'-end.

52. The dsRNA agent of any one of claims 18-51, wherein the one or more lipophilic moieties are
conjugated to one or more of the internal positions selected from the group consisting of positions 4-8
and 13-18 on the sense strand, and positions 6-10 and 15-18 on the antisense strand, counting from the

5'end of each strand.

53. The dsRNA agent of claim 52, wherein the one or more lipophilic moieties are conjugated to
one or more of the internal positions selected from the group consisting of positions 5, 6, 7, 15, and 17
on the sense strand, and positions 15 and 17 on the antisense strand, counting from the 5'-end of each

strand.

54. The dsRNA agent of claim 18, wherein the internal positions in the double stranded region

exclude a cleavage site region of the sense strand.

55. The dsRNA agent of any one of claims 18-54, wherein the sense strand is 21 nucleotides in

length, the antisense strand is 23 nucleotides in length, and the lipophilic moiety is conjugated to
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position 21, position 20, position 15, position 1, position 7, position 6, or position 2 of the sense

strand or position 16 of the antisense strand, counting form the 5’ end.

56. The dsRNA agent of claim 55, wherein the lipophilic moiety is conjugated to position 21,

position 20, position 15, position 1, or position 7 of the sense strand, counting form the 5’ end.

57. The dsRNA agent of claim 55, wherein the lipophilic moiety is conjugated to position 21,

position 20, or position 15 of the sense strand, counting form the 5’ end.

58. The dsRNA agent of claim 55, wherein the lipophilic moiety is conjugated to position 20 or

position 15 of the sense strand, counting form the 5' end.

59. The dsRNA agent of claim 55, wherein the lipophilic moiety is conjugated to position 16 of the

antisense strand, counting form the 5' end.

60. The dsRNA agent of any one of claims 18-59, wherein the lipophilic moiety is an aliphatic,

alicyclic, or polyalicyclic compound.

61. The dsRNA agent of claim 60, wherein the lipophilic moiety is selected from the group
consisting of lipid, cholesterol, retinoic acid, cholic acid, adamantane acetic acid, 1-pyrene butyric
acid, dihydrotestosterone, 1,3-bis-O(hexadecyl)glycerol, geranyloxyhexyanol, hexadecylglycerol,
borneol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid, O3-

(oleoyDlithocholic acid, O3-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine.

62. The dsRNA agent of claim 60, wherein the lipophilic moiety contains a saturated or
unsaturated C4-C30 hydrocarbon chain, and an optional functional group selected from the group

consisting of hydroxyl, amine, carboxylic acid, sulfonate, phosphate, thiol, azide, and alkyne.

63. The dsRNA agent of claim 62, wherein the lipophilic moiety contains a saturated or

unsaturated C6-C18 hydrocarbon chain.

64. The dsRNA agent of claim 62, wherein the lipophilic moiety contains a saturated or

unsaturated C16 hydrocarbon chain.

65. The dsRNA agent of claim 64, wherein the saturated or unsaturated C16 hydrocarbon chain is

conjugated to position 6, counting from the 5'-end of the strand.
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66. The dsRNA agent of any one of claims 18-65, wherein the lipophilic moiety is conjugated via
a carrier that replaces one or more nucleotide(s) in the internal position(s) or the double stranded

region.

67. The dsRNA agent of claim 66, wherein the carrier is a cyclic group selected from the group
consisting of pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl,
piperazinyl, [1,3]dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl,
isothiazolidinyl, quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl; or is an acyclic moiety

based on a serinol backbone or a diethanolamine backbone.

68. The dsRNA agent of any one of claims 18-65, wherein the lipophilic moiety is conjugated to
the double-stranded iRNA agent via a linker containing an ether, thioether, urea, carbonate, amine,
amide, maleimide-thioether, disulfide, phosphodiester, sulfonamide linkage, a product of a click

reaction, or carbamate.

69. The dsRNA agent of any one of claims 18-68, wherein the lipophilic moiety is conjugated to

a nucleobase, sugar moiety, or internucleosidic linkage.

70. The dsRNA agent of any one of claims 18-69, wherein the lipophilic moiety or targeting
ligand is conjugated via a bio-cleavable linker selected from the group consisting of DNA, RNA,
disulfide, amide, functionalized monosaccharides or oligosaccharides of galactosamine, glucosamine,

glucose, galactose, mannose, and combinations thereof.

71. The dsRNA agent of any one of claims 18-70, wherein the 3’ end of the sense strand is

protected via an end cap which is a cyclic group having an amine, said cyclic group being selected
from the group consisting of pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl,
piperidinyl, piperazinyl, [1,3]dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl,

isothiazolidinyl, quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl.

72. The dsRNA agent of any one of claims 1-16, further comprising a targeting ligand that targets

a neuronal cell, a cell in a neuronal tissue, a cell in a central nervous system tissue, or a liver tissue.

73. The dsRNA agent of claim 72, wherein the targeting ligand is a GalNAc conjugate.

74. The dsRNA agent of any one of claims 1-73, further comprising one or more of:a terminal,
chiral modification occurring at the first internucleotide linkage at the 3' end of the antisense strand,

having the linkage phosphorus atom in Sp configuration,
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a terminal, chiral modification occurring at the first internucleotide linkage at the 5 end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and
a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense

strand, having the linkage phosphorus atom in either Rp configuration or Sp configuration.

75. The dsRNA agent of any one of claims 1-73, further comprising one or more of:

a terminal, chiral modification occurring at the first and second internucleotide linkages at the 3" end
of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5 end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5' end of the sense

strand, having the linkage phosphorus atom in either Rp or Sp configuration.

76. The dsRNA agent of any one of claims 1-73, further comprising one or more of:

a terminal, chiral modification occurring at the first, second and third internucleotide linkages at the
3" end of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense

strand, having the linkage phosphorus atom in either Rp or Sp configuration.

7. The dsRNA agent of any one of claims 1-73, further comprising one or more of:

a terminal, chiral modification occurring at the first, and second internucleotide linkages at the 3’ end
of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the third internucleotide linkages at the 3’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense

strand, having the linkage phosphorus atom in either Rp or Sp configuration.

78. The dsRNA agent of any one of claims 1-73, further comprising one or more of:

a terminal, chiral modification occurring at the first, and second internucleotide linkages at the 3’ end
of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first, and second internucleotide linkages at the 5" end

of the antisense strand, having the linkage phosphorus atom in Rp configuration, and
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a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense

strand, having the linkage phosphorus atom in either Rp or Sp configuration.

79. The dsRNA agent of any one of claims 1-78, further comprising a phosphate or phosphate

mimic at the 5'-end of the antisense strand.

80. The dsRNA agent of claim 79, wherein the phosphate mimic is a 5'-vinyl phosphonate (VP).

81. The dsRNA agent of any one of claims 1-80, wherein the base pair at the 1 position of the 5’-

end of the antisense strand of the duplex is an AU base pair.

82. The dsRNA agent of any one of claims 1-81, wherein the sense strand is 21 nucleotides in

length and the antisense strand is 23 nucleotides in length.

83. A cell containing the dsRNA agent of any one of claims 1-82.

84. A pharmaceutical composition for inhibiting expression of a C9orf72, comprising the dsSRNA

agent of any one of claims 1-82.

85. A pharmaceutical composition comprising the dsRNA agent of any one of claims 1-82 and a

lipid formulation.

86. The pharmaceutical composition of claim 84 or 85, wherein dsSRNA agent is in an unbuffered
solution.

87. The pharmaceutical composition of claim 86, wherein the unbuffered solution is saline or
water.

88. The pharmaceutical composition of claim 84 or 85, wherein said dsRNA agent is in a buffer
solution.

89. The pharmaceutical composition of claim 88, wherein the buffer solution comprises acetate,

citrate, prolamine, carbonate, or phosphate or any combination thereof.

90. The pharmaceutical composition of claim 88, wherein the buffer solution is phosphate

buffered saline (PBS).
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91. A composition comprising two or more double stranded ribonucleic acid (dsSRNA) agents for
inhibiting expression of C9orf72,

wherein each dsRNA agent independently comprises a sense strand and an antisense strand
forming a double stranded region,

wherein a first dSRNA agent targeting the antisense strand of C9orf72 is selected from the
group consisting of

a) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID NO:17
and an antisense strand comprising a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the corresponding portion of the nucleotide
sequence of SEQ ID NO:18,

b) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID NO:19
and an antisense strand comprising a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the corresponding portion of the nucleotide
sequence of SEQ ID NO:20,

c) a dsRNA agent comprising an antisense comprising a nucleotide sequence selected
from the group consisting of any of the antisense strand nucleotide sequences in any one of Tables 2,
3, 10A, 10C, 11, and 12;

d) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than three nucleotides from nucleotides 27573296-27573318;
27573314-27573336; 27573319-27573341; 27573562-27573584; 27573585-27573607; 27573592-
27573614; 27573599-27573621; 27573608-27573630; 27573616-27573638; 27573619-27573641;
27573622-27573644; 27573633-27573655; 27573690-27573712; or 27573717-27573739 of SEQ ID
NO: 13; and

e) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than three nucleotides from any one of the nucleotide sequence of
nucleotides 27573296-27573584; 27573296-27573575; 27573301-27573338; 27573318-27573342;
27573555-27573583; 27573581-27573607; 27573584-27573607; 27573588-27573671; 27573588-
27573666; 27573588-27573624; 27573592-27573624; 27573592-27573617; 27573598-27573624;
27573599-27573623; 27573606-27573655; 27573606-27573652; 27573606-27573647; 27573654
27573712; or 27573707-27573740 of SEQ ID NO: 13, and an antisense strand comprising at least 15
contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID NO:14; and

wherein a second dsRNA agent targeting the sense strand of C9orf72 is selected from the
group consisting of

a) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID NO:1

and an antisense strand comprising a nucleotide sequence comprising at least 15 contiguous
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nucleotides differing by no more than 3 nucleotides from the corresponding portion of the nucleotide
sequence of SEQ ID NO:5,

b) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID NO:15
and an antisense strand comprising a nucleotide sequence comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the corresponding portion of the nucleotide
sequence of SEQ ID NO:16,

c) a dsRNA agent comprising an antisense strand comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from any one of the antisense nucleotide
sequences in any one of Tables 5, 6, 10B, and 10D;

d) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than three nucleotides from any one of the nucleotide sequence of
nucleotides 1-23; 15-37; 33-55; 37-59; 59-81; 62-84, or 69-91 of SEQ ID NO: 1, and an antisense
strand comprising at least 15 contiguous nucleotides from the corresponding nucleotide sequence of
SEQ ID NO:5;

e) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than three nucleotides from any one of the nucleotide sequence of
nucleotides 5197-5219; 5213-5235; 5223-5245; 5226-5248; 5227-5249; 5228-5250, 5229-5251,
5230-5252, 5231-5253, 5233-5255; 5235-5256, 5241-5263; 5245-5267; 5233-5255; 5248-5270;
5539-5561; 5547-5569; 5917-5939; 5936-5958; 5954-5976; 6008-6030; 6021-6043; 6036-6058;
6043-6065; or 6048-6070 of SEQ ID NQO: 15, and an antisense strand comprising at least 15
contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID NO:16;

f) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than three nucleotides from any one of the nucleotide sequence of
nucleotides 5015-5052; 5017-5040; 5032-5059; 5032-5055; 5033-5055; 5035-5059; 5036-5059;
5058-5087; 5059-5087; 5059-5084; 5064-5087; 5197-5222; 5213-5267; 5223-5252; 5229-5252;
5233-5263; 5516-5570; 5539-5565; 5539-5562; 5545-5570; 5545-5569; 5593-5616; 5883-5950;
5917-5950; 5919-5950; 5923-5950; 5934-5977; 5934-5957; 5938-5977; 5938-5965; 5938-5961;
5947-5977; 5947-5973; 5972-6001; 5973-5997; 6006-6029; 6011-6070; 6011-6039; 6011-6038;
6015-6038; 6019-6045; 6019-6042; 6033-6070; 6035-6065; 6035-6059; or 6040-6063 of SEQ ID
NO: 15, and an antisense strand comprising at least 15 contiguous nucleotides from the corresponding
nucleotide sequence of SEQ ID NO:16;

g) a dsRNA agent comprising a sense strand comprising at least 15 contiguous
nucleotides differing by no more than three nucleotides from any one of the nucleotide sequence of
nucleotides 15-52; 17-40; 32-59; 32-55; 35-59; 36-59; 58-87; 59-87; 59-84; or 64-87 of SEQ ID NO:
1, and an antisense strand comprising at least 15 contiguous nucleotides from the corresponding

nucleotide sequence of SEQ ID NO:5; and
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h) a dsRNA agent comprising an antisense strand comprising at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from any one of the antisense nucleotide
sequences in any one of Tables 8§ and 9; and

wherein the sense strand, the antisense strand, or both the sense strand and the antisense
strand of the first dsSRNA, the second dsRNA agent, or both the first and second dsRNA agent

comprises at least one modified nucleotide.

92. The composition of claim 91, wherein the sense strand or the antisense strand comprises at
least 15 contiguous nucleotides differing by no more than three nucleotides from any one of the sense
strand or the antisense strand nucleotide sequences of a duplex selected from the group consisting

of AD-1446213.1; AD-1446217.1; AD-1446222.1; AD-1446234.1; AD-1446243.1; AD-1446246.1;
AD-1446252.1; AD-1446259.1; AD-1446265.1; AD-1446268.1; AD-1446271.1; AD-1446279.1;
AD-1446289.1; and AD-1446294.1.

93. The composition of claim 91 or 92, wherein the sense strand or the antisense strand comprises
at least 15 contiguous nucleotides differing by no more than three nucleotides from any one of the
sense strand or the antisense strand nucleotide sequences of a duplex selected from the group

consisting of AD-1446213.1; AD-1446246.1; and AD-1446268.1.

94. The composition of any one of claims 91-93, wherein the sense strand or the antisense strand
comprises at least 15 contiguous nucleotides differing by no more than three nucleotides from any one
of the sense strand or the antisense strand nucleotide sequences of a duplex selected from the group
consisting of AD-1446073.1; AD-1446075.1; AD-1285246.2; AD-1446084.1; AD-1446087.1; AD-
1446090.1; and AD-1446095.1.

95. The composition of any one of claims 91-94, wherein wherein the sense strand or the
antisense strand comprises at least 15 contiguous nucleotides differing by no more than three
nucleotides from any one of the sense strand or the antisense strand nucleotide sequences of a duplex

selected from the group consisting of AD-1285238.1 and AD-1285234.1.

96. The composition of any one of claims 91-95, wherein the sense strand or the antisense strand
comprises at least 15 contiguous nucleotides differing by no more than three nucleotides from any one
of the sense strand or the antisense strand nucleotide sequences of a duplex selected from the group
consisting of AD-1285231.1, AD-1285232.1, AD-1285233.1, AD-1285235.1, AD-1285237.1, AD-
1285239.1, AD-1285240.1, AD-1285242.1, AD-1285244.1; AD-1285243.1; AD-1285241.1; AD-
1285236.1; AD-1446111.1; AD-1446117.1; AD-1446147.1; AD-1446157.1; AD-1446168.1; AD-
1446180.1; AD-1446189.1; AD-1446196.1; AD-1446202.1; AD-1446205.1.
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97. The composition of claim 91, wherein the antisense strand of the first dSRNA agent comprises
at least 15 contiguous nucleotides differing by no more than three nucleotides from any one of the
antisense strand nucleotide sequences of a duplex selected from the group consisting of AD-
1446213.1, AD-1446246.1, and AD-1446268.1; and the antisense strand of the second dsRNA agent
comprises at least 15 contiguous nucleotides differing by no more than three nucleotides from any one
of the antisense strand nucleotide sequences of a duplex selected from the group consisting of AD-

1285238.1 and AD-1285234.1.

98. The composition of claim 91, wherein

a) the first dsSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446213; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285238;

b) the first dSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446213; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285234;

c) the first dsSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446246; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285238;

d) the first dSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446246; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285234;

¢) the first dsSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446268; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the antisense sequence of AD-1285238;

f) the first dsSRNA agent comprises an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
antisense sequence of AD-1446268; and the second dsRNA agent comprises an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides differing by no more

than 3 nucleotides from the antisense sequence of AD-1285234.
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99. The composition of claim 98, wherein

a) the first dSSRNA agent comprises the antisense strand and/or the sense strand of AD-
1446213 and the second dsRNA agent comprises the antisense strand and/or the sense strand of AD-
1285238;

b) the first dSRNA agent comprises the antisense strand and/or the sense strand of AD-
1446213 and the second dsRNA agent comprises the antisense strand and/or the sense strand of AD-
1285234;

c) the first dsSRNA agent comprises the antisense strand and/or the sense strand of AD-
1446246 and the second dsRNA agent comprises the antisense strand and/or the sense strand of AD-
1285238;

d) the first dSRNA agent comprises the antisense strand and/or the sense strand of AD-
1446246 and the second dsRNA agent comprises the antisense strand and/or the sense strand of AD-
1285234;

e) the first dsSRNA agent comprises the antisense strand and/or the sense strand of AD-
1446268 and the second dsRNA agent comprises the antisense strand and/or the sense strand of AD-
1285238; or

f) the first dsSRNA agent comprises the antisense strand and/or the sense strand of AD-
1446268 and the second dsRNA agent comprises the antisense strand and/or the sense strand of AD-
1285234.

100.  The composition of any one of claims 91-99, wherein the fisrt dsrNA, the second dsRNA

agent, or both the first and second dsRNA agents is conjugated to one or more lipophilic moieties.

101.  The composition of any one of claims 91-100, wherein the lipophilic moiety is conjugated to
one or more internal positions in the double stranded region of the first dsSRNA agent, the second

dsRNA agent or both the first and second dsRNA agent.

102.  The composition of any one of claims 91-101, wherein the lipophilic moiety is conjugated to
the first dSRNA agent, the second dsRNA agent or both the first and second dsRNA agent via a linker

or carrier.
103.  The composition of any one of claims 91-102, wherein lipophilicity of the lipophilic moiety,

measured by logKow, conjugated to the first dsSRNA agent, the second dsRNA agent or both the first
and second dsRNA agent exceeds 0.
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104.  The composition of any one of claims 91-103, wherein the hydrophobicity of the the first
dsRNA agent, the second dsRNA agent or both the first and second dsRNA agents, measured by the

unbound fraction in a plasma protein binding assay of the dsRNA agent, exceeds 0.2.

105.  The composition of claim 104, wherein the plasma protein binding assay is an electrophoretic

mobility shift assay using human serum albumin protein.

106.  The composition of claim 91, wherein no more than five of the sense strand nucleotides and
no more than five of the nucleotides of the antisense strand of the first dSSRNA agent, the second

dsRNA agent or both the first and second dsRNA agent are unmodified nucleotides

107.  The composition of claim 91, wherein all of the nucleotides of the sense strand and all of the
nucleotides of the antisense strand of the first dSSRNA agent, the second dsSRNA agent or both the first

and second dsRNA agent are modified nucleotides.

108.  The composition of any one of claims 91, 106 and107, wherein at least one of the modified
nucleotides is selected from the group consisting of a deoxy-nucleotide, a 3'-terminal deoxy-thymine
(dT) nucleotide, a 2'-O-methyl modified nucleotide, a 2’-fluoro modified nucleotide, a 2'-deoxy-
modified nucleotide, a 2'-O-hexadecyl nucleotide, a 2'-phosphate nulcoeitde, a locked nucleotide, an
unlocked nucleotide, a conformationally restricted nucleotide, a constrained ethyl nucleotide, an
abasic nucleotide, an inverted abasic residue, a 2'-amino-modified nucleotide, a 2'-O-allyl-modified
nucleotide, 2'-C-alkyl-modified nucleotide, 2'-hydroxy-modified nucleotide, a 2'-methoxyethyl
modified nucleotide, a 2'-O-alkyl-modified nucleotide, 2',3'-seco-modified nucleotide, a morpholino
nucleotide, a phosphoramidate, a non-natural base comprising nucleotide, a tetrahydropyran modified
nucleotide, a 1,5-anhydrohexitol modified nucleotide, a cyclohexenyl modified nucleotide, a
nucleotide comprising a 5'-phosphorothioate group, a nucleotide comprising a 5'-methylphosphonate
group, a nucleotide comprising a 5’ phosphate or 5’ phosphate mimic, a nucleotide comprising vinyl
phosphonate, a nucleotide comprising adenosine-glycol nucleic acid (GNA), a nucleotide comprising
thymidine-glycol nucleic acid (GNA) S-Isomer, a nucleotide comprising 2-hydroxymethyl-
tetrahydrofuran-5-phosphate, a nucleotide comprising 2'-deoxythymidine-3'phosphate, a nucleotide
comprising 2'-deoxyguanosine-3'-phosphate, and a terminal nucleotide linked to a cholesteryl

derivative and a dodecanoic acid bisdecylamide group; and combinations thereof.

109.  The composition of claim 108, wherein the modified nucleotide is selected from the group
consisting of a 2'-deoxy-2'-fluoro modified nucleotide, a 2’-deoxy-modified nucleotide, 3'-terminal
deoxy-thymine nucleotides (dT), a locked nucleotide, 2'-O-hexadecyl nucleotide, a 2'-phosphate

nucleotide, a glycol nucleotide, a vinyl-phosphonate nucleotide, an abasic nucleotide, a 2'-amino-
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modified nucleotide, a 2'-alkyl-modified nucleotide, a morpholino nucleotide, a phosphoramidate, and

a non-natural base comprising nucleotide.

110.  The composition of claim 108, wherein the modified nucleotide comprises a short sequence of

3'-terminal deoxy-thymine nucleotides (dT).

111.  The composition of claim 108, wherein the mooodified nucleotides are 2'-O-methyl modified
nucleotides, GNA modified nucleotides, 2'-O-hexadecyl modified nucleotides, 2'-phosphate modified

nucleotides, vinyl-phosphonate modified nucleotides, and 2'fluoro modified nucleotides.

112, The composition of any one of claims 91-111, wherein the first dSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents comprise at least one phosphorothioate

internucleotide linkage.

113.  The composition of claim 112, wherein the the first dSRNA agent, the second dsRNA agent or

both the first and second dsRNA agents comprises 6-8 phosphorothioate internucleotide linkages.

114.  The composition of any one of claims 91-113, wherein each strand of the first dSRNA agent,
the second dsRNA agent or both the first and second dsRNA agents is no more than 30 nucleotides in

length.

115.  The composition of any one of claims 91-114, wherein at least one strand of the first dSRNA
agent, the second dsRNA agent or both the first and second dsRNA agents comprises a 3' overhang of

at least 1 nucleotide.

116.  The composition of any one of claims 91-115, wherein at least one strand of the first dSRNA
agent, the second dsRNA agent or both the first and second dsRNA agents comprises a 3' overhang of

at least 2 nucleotides.
117.  The composition of any one of claims 91-116, wherein the double stranded region of the first
dsRNA agent, the second dsRNA agent or both the first and second dsRNA agent is 15-30 nucleotide

pairs in length.

118.  The composition of claim 117, wherein the double stranded region of the first dsSRNA agent,

the second dsRNA agent or both the first and second dsRNA agent is 17-23 nucleotide pairs in length.
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119.  The composition of claim 117, wherein the double stranded region of the first dsSRNA agent,
the second dsRNA agent or both the first and second dsRNA agents is 17-25 nucleotide pairs in
length.

120.  The composition of claim 117, wherein the double stranded region of the first dsSRNA agent,
the second dsRNA agent or both the first and second dsRNA agents is 23-27 nucleotide pairs in
length.

121.  The composition of claim 117, wherein the double stranded region of the first dSRINA agent,
the second dsRNA agent or both the first and second dsRNA agents is 19-21 nucleotide pairs in
length.

122. The composition of claim 117, wherein the double stranded region of the first dSRNA agent,
the second dsRNA agent or both the first and second dsRNA agents is 21-23 nucleotide pairs in
length.

123, The composition of any one of claims 91-122, wherein each strand of the first dSRNA agent,
the second dsRNA agent or both the first and second dsSRNA agents is 19-30 nucleotides in length.

124.  The composition of any one of claims 91-122, wherein each strand of the first dSRNA agent,
the second dsRNA agent or both the first and second dsSRNA agents is 19-25 nucleotides in length.

125.  The composition of any one of claims 91-122, wherein each strand of the first dSRNA agent,
the second dsRNA agent or both the first and second dsSRNA agents is 19-23 nucleotides in length.

126.  The composition of any one of claims 91-122, wherein each strand of the first dSRNA agent,
the second dsRNA agent or both the first and second dsSRNA agents is 21-23 nucleotides in length.

127.  The composition of claim 101, wherein the one or more lipophilic moieties are conjugated to
one or more internal positions on at least one strand of the first dsSRNA agent, the second dsRNA

agent or both the first and second dsRNA agents via a linker or carrier.
128.  The composition of claim 127, wherein the internal positions of the first dSRNA agent, the

second dsRNA agent or both the first and second dsRNA agents include all positions except the

terminal two positions from each end of the at least one strand.
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129.  The composition of claim 127, wherein the internal positions of the first dSRNA agent, the
second dsRNA agent or both the first and second dsRNA agents include all positions except the

terminal three positions from each end of the at least one strand.

130.  The composition of claim 127, wherein the internal positions of the first dSRNA agent, the
second dsRNA agent or both the first and second dsRNA agents exclude a cleavage site region of the

sense strand.

131.  The composition of claim 130, wherein the internal positions of the first dSRNA agent, the
second dsRNA agent or both the first and second dsRNA agents include all positions except positions

9-12, counting from the 5-end of the sense strand.

132. The composition of claim 130, wherein the internal positions of the first dSRNA agent, the
second dsRNA agent or both the first and second dsRNA agents include all positions except positions

11-13, counting from the 3'-end of the sense strand.

133.  The composition of claim 127, wherein the internal positions of the first dSRNA agent, the
second dsRNA agent or both the first and second dsRNA agents exclude a cleavage site region of the

antisense strand.

134.  The composition of claim 133, wherein the internal positions of the first dSRNA agent, the
second dsRNA agent or both the first and second dsRNA agents include all positions except positions

12-14, counting from the 5'-end of the antisense strand.

135.  The composition of claim 133, wherein the internal positions of the first dSRNA agent, the
second dsRNA agent or both the first and second dsRNA agents include all positions except positions
11-13 on the sense strand, counting from the 3'-end, and positions 12-14 on the antisense strand,

counting from the 5'-end.

136.  The composition of any one of claims 101-135, wherein the one or more lipophilic moieties
are conjugated to one or more of the internal positions of the first dsSRNA agent, the second dsRNA
agent or both the first and second dsRNA agents selected from the group consisting of positions 4-8
and 13-18 on the sense strand, and positions 6-10 and 15-18 on the antisense strand, counting from the

5'end of each strand.

137.  The composition of claim 136, wherein the one or more lipophilic moieties are conjugated to

one or more of the internal positions of the first dsSRNA agent, the second dsRNA agent or both the
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first and second dsRNA agents selected from the group consisting of positions 5, 6, 7, 15, and 17 on
the sense strand, and positions 15 and 17 on the antisense strand, counting from the 5'-end of each

strand.

138.  The composition of claim 101, wherein the internal positions in the double stranded region of
the first dSRNA agent, the second dsRINA agent or both the first and second dsSRNA agents exclude a

cleavage site region of the sense strand.

139.  The composition of any one of claims 101-138, wherein the sense strand is 21 nucleotides in
length, the antisense strand is 23 nucleotides in length, and the lipophilic moiety is conjugated to
position 21, position 20, position 15, position 1, position 7, position 6, or position 2 of the sense

strand or position 16 of the antisense strand.

140.  The composition of claim 139, wherein the lipophilic moiety is conjugated to the first dSSRNA
agent, the second dsRNA agent or both the first and second dsRNA agents at position 21, position 20,

position 15, position 1, or position 7 of the sense strand.

141.  The composition of claim 139, wherein the lipophilic moiety is conjugated to the first dSSRNA
agent, the second dsRNA agent or both the first and second dsRNA agents at position 21, position 20,

or position 15 of the sense strand.

142.  The composition of claim 139, wherein the lipophilic moiety is conjugated to the first dSSRNA
agent, the second dsRNA agent or both the first and second dsRNA agents at position 20 or position

15 of the sense strand.

143.  The composition of claim 139, wherein the lipophilic moiety is conjugated to the first dSRNA
agent, the second dsRNA agent or both the first and second dsRNA agents at position 16 of the

antisense strand.

144.  The composition of any one of claims 101-143, wherein the lipophilic moiety conjugated to
the first dSRNA agent, the second dsSRNA agent or both the first and second dsRNA agents is an

aliphatic, alicyclic, or polyalicyclic compound.
145.  The composition of claim 144, wherein the lipophilic moiety is selected from the group

consisting of lipid, cholesterol, retinoic acid, cholic acid, adamantane acetic acid, 1-pyrene butyric

acid, dihydrotestosterone, 1,3-bis-O(hexadecyl)glycerol, geranyloxyhexyanol, hexadecylglycerol,
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borneol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid, O3-

(oleoyDlithocholic acid, O3-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine.

146.  The composition of claim 144, wherein the lipophilic moiety contains a saturated or
unsaturated C4-C30 hydrocarbon chain, and an optional functional group selected from the group

consisting of hydroxyl, amine, carboxylic acid, sulfonate, phosphate, thiol, azide, and alkyne.

147.  The composition of claim 144, wherein the lipophilic moiety contains a saturated or

unsaturated C6-C18 hydrocarbon chain.

148.  The composition of claim 144, wherein the lipophilic moiety contains a saturated or

unsaturated C16 hydrocarbon chain.

149.  The composition of claim 148, wherein the saturated or unsaturated C16 hydrocarbon chain is

conjugated to position 6, counting from the 5'-end of the strand.

150.  The composition of any one of claims 101-149, wherein the lipophilic moiety is conjugated to
the first dSRNA agent, the second dsRINA agent or both the first and second dsSRNA agents via a

carrier that replaces one or more nucleotide(s) in the internal position(s) or the double stranded region.

151.  The composition of claim 150, wherein the carrier is a cyclic group selected from the group
consisting of pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl,
piperazinyl, [1,3]dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl,
isothiazolidinyl, quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl; or is an acyclic moiety

based on a serinol backbone or a diethanolamine backbone.

152.  The composition of any one of claims 101-149, wherein the lipophilic moiety is conjugated to
the double-stranded iRNA agent of the first dSRNA agent, the second dsRNA agent or both the first
and second dsRNA agents via a linker containing an ether, thioether, urea, carbonate, amine, amide,
maleimide-thioether, disulfide, phosphodiester, sulfonamide linkage, a product of a click reaction, or

carbamate.
153.  The composition of any one of claims 101-152, wherein the lipophilic moiety is conjugated to

a nucleobase, sugar moiety, or internucleosidic linkage of the first dsSRNA agent, the second dsRNA

agent or both the first and second dsRNA agents.
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154.  The composition of any one of claims 101-153, wherein the lipophilic moiety or targeting
ligand is conjugated to the first dSSRNA agent, the second dsRNA agent or both the first and second
dsRNA agents via a bio-cleavable linker selected from the group consisting of DNA, RNA, disulfide,
amide, functionalized monosaccharides or oligosaccharides of galactosamine, glucosamine, glucose,

galactose, mannose, and combinations thereof.

155. The composition of any one of claims 101-154, wherein the 3’ end of the sense strand the first
dsRNA agent, the second dsRNA agent or both the first and second dsRNA agents is protected via an
end cap which is a cyclic group having an amine, said cyclic group being selected from the group
consisting of pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl,
piperazinyl, [1,3]dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl,

isothiazolidinyl, quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl.

156.  The composition of any one of claims 91-99, wherein the first dSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents further comprises a targeting ligand that
targets a neuronal cell, a cell in a neuronal tissue, or a cell in a central nervous system tissue, or a liver

tissue.

157.  The composition of claim 156, wherein the targeting ligand is a GalNAc conjugate.

158.  The composition of any one of claims 91-157, wherein the first dSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents further comprises one or more of:

a terminal, chiral modification occurring at the first internucleotide linkage at the 3’ end of the
antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense

strand, having the linkage phosphorus atom in either Rp configuration or Sp configuration.

159.  The composition of any one of claims 91-157, wherein the first dSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents further comprises one or more of:

a terminal, chiral modification occurring at the first and second internucleotide linkages at the 3’ end
of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense

strand, having the linkage phosphorus atom in either Rp or Sp configuration.
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160.  The composition of any one of claims 91-157, wherein the first dSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents further comprises one or more of:

a terminal, chiral modification occurring at the first, second and third internucleotide linkages at the
3" end of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense

strand, having the linkage phosphorus atom in either Rp or Sp configuration.

161.  The composition of any one of claims 91-157, wherein the first dSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents further comprises one or more of:

a terminal, chiral modification occurring at the first, and second internucleotide linkages at the 3’ end
of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the third internucleotide linkages at the 3’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense

strand, having the linkage phosphorus atom in either Rp or Sp configuration.

162.  The composition of any one of claims 91-157, wherein the first dSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents further comprises one or more of:

a terminal, chiral modification occurring at the first, and second internucleotide linkages at the 3’ end
of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first, and second internucleotide linkages at the 5" end
of the antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5’ end of the sense

strand, having the linkage phosphorus atom in either Rp or Sp configuration.
163.  The composition of any one of claims 91-162, wherein the the first dSSRNA agent, the second
dsRNA agent or both the first and second dsRNA agents further comprises a phosphate or phosphate

mimic at the 5'-end of the antisense strand.

164.  The composition of claim 163, wherein the phosphate mimic is a 5'-vinyl phosphonate (VP).
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165.  The composition of any one of claims 91-164, wherein the base pair at the 1 position of the
5’-end of the antisense strand of the duplex of the first dSSRNA agent, the second dsRNA agent or both

the first and second dsRNA agents is an AU base pair.

166.  The composition of any one of claims 1-82, wherein the sense strand is 21 nucleotides in

length and the antisense strand is 23 nucleotides in length.

167. A cell containing the compostion of any one of claims 91-165.

168.  The composition of any one of claims 91-165 which is a pharmaceutical composition for

inhibiting expression of a C9orf72.

169.  The composition of any one of claims 91-165 which is a pharmaceutical composition

comprising a lipid formulation.

170. A method of reducing the level of one or more C9orf72 RNA transcripts in a cell, the method
comprising contacting the cell with any one or more of the dsRNA agents of any one of claims 1-82,
or the composition of any one of claims 91-165, or the pharmaceutical composition of any one of

claims 84-90, 168, and 169, thereby inhibiting expression of C9orf72 in the cell.

171.  The method of claim 170, wherein the cell is within a subject.

172. The method of claim 171, wherein the subject is a human.

173.  The method of claim 171 or 172, wherein the subject has a C9orf72-associated disorder.

174.  The method of claim 173, wherein the C9orf72-associated disorder is selected from the group
consisting of C9orf72 amyotrophic lateral sclerosis, frontotemporal dementia, Huntington-Like
Syndrome Due To C9orf72 Expansions, parkinsonism, olivopontocerebellar degeneration,

corticobasal syndrome, and Alzheimer’s disease.

175.  The method of any one of claims 170-174, wherein contacting the cell with the dSRNA agent
reduces the level of sense and/or antisense hexanucleotide-repeat-containing C9orf72 RNA transcripts

by at least 50%, 60%, 70%, 80%, 90%, or 95%.

176.  The method of any one of claims 170-175, wherein reducing the level of sense and/or
antisense hexanucleotide-repeat-containing C9orf72 RNA transcripts decreases the level of one or

more dipeptide-repeat (DPR) proteins selected from the group consisting of poly(glycine-alanine),
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poly(glycine-arginine), poly(glycine-proline), poly(proline-alanine), and poly(proline-arginine) by at
least 50%, 60%, 70%, 80%, 90%, or 95%.

177.  The method of any one of claims 170-176, wherein contacting the cell with the dSRNA agent
inhibits the expression of C9orf72 mRNA by no more than 50%, 40%, 30%, 20%, 10% or 5%.

178.  The method of any one of claims 170-177, wherein inhibiting expression of C9orf72
decreases C9orf72 protein level in serum of the subject by no more than 50%, 40%, 30%, 20%, 10%
or 5%.

179. A method of reducing repeat-length-dependent formation of C9orf72 RNA foci in a cell, the
method comprising contacting the cell with any one or more of the dSRNA agents of any one of
claims 1-82, or the composition of any one of claims 91-165, or the pharmaceutical composition of
any one of claims 84-90, 168, and 169, thereby reducing repeat-length-dependent formation of
C9orf72 RNA foci in the cell.

180. A method of reducing accumulation or aggregation of poly(glycine-alanine) peptides,
poly(glycine-proline) peptides, poly(glycine-arginine) peptides, poly(alanine-proline) peptides, or
poly(proline-arginine) peptides in a cell, the method comprising contacting the cell with any one or
more of the dSRNA agents of any one of claims 1-82, or the composition of any one of claims 91-165,
or the pharmaceutical composition of any one of claims 84-90, 168, and 169, thereby reducing
accumulation or aggregation of poly(glycine-alanine) peptides, poly(glycine-proline) peptides,
poly(glycine-arginine) peptides, poly(alanine-proline) peptides, or poly(proline-arginine) peptides in
the cell.

181. A method of treating a subject having a disorder that would benefit from reduction in C9orf72
expression, comprising administering to the subject a therapeutically effective amount of any one or
more of the dSRNA agents of any one of claims 1-82, or the composition of any one of claims 91-165,
or the pharmaceutical composition of any one of claims 84-90, 168, and 169, thereby treating the

subject having the disorder that would benefit from reduction in C9orf72 expression.

182. A method of preventing at least one symptom in a subject having a disorder that would
benefit from reduction in C9orf72 expression, comprising administering to the subject a
prophylactically effective amount of any one or more of the dsRNA agents of any one of claims 1-82,
or the composition of any one of claims 91-165, or the pharmaceutical composition of any one of
claims 84-90, 168, and 169, thereby preventing at least one symptom in the subject having the

disorder that would benefit from reduction in C9o0rf72 expression.

183.  The method of claim 181 or 182, wherein the disorder is a C9orf72-associated disorder.
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184.  The method of claim 183, wherein the C9orf723-associated disorder is selected from the
group consisting of C9orf72 amyotrophic lateral sclerosis, frontotemporal dementia, Huntington-Like
Syndrome Due To C9orf72 Expansions, parkinsonism, olivopontocerebellar degeneration,

corticobasal syndrome, and Alzheimer’s disease.

185.  The method of claim 181 or 182, wherein the subject is human.

186.  The method of any one of claims 181-185, wherein the administration of the agent to the
subject causes a decrease in a repeat-length-dependent formation of RNA foci, a sequestration of
specific RNA-binding proteins, or an accumulation or aggregation or poly(glycine-alanine) peptides,
poly(glycine-proline) peptides, poly(glycine-arginine) peptides, poly(alanine-proline) peptides, or
poly(proline-arginine) peptides.

187.  The method of claim 186, wherein the repeat-length-dependent formation of RNA foci, the
sequestration of specific RNA-binding proteins, or the accumulation or aggregation or poly(glycine-
alanine) peptides, poly(glycine-proline) peptides, poly(glycine-arginine) peptides, poly(alanine-
proline) peptides, or poly(proline-arginine) peptides is decreased by more than 50% and the
expression of C9orf72 mature RNA is inhibited by less than 50%.

188.  The method of any one of claims 181-187, wherein administration of the agent to the subject
causes a decrease in the level of one or more dipeptide-repeat (DPR) proteins selected from the group
consisting of poly(glycine-alanine), poly(glycine-arginine), poly(glycine-proline), poly(proline-

alanine), and poly(proline-arginine).

189.  The method of claim 188, wherein the level of one or more aberrant dipeptide-repeat (DPR)
proteins is decreased by more than 50%, 60%, 70%, 80%, 90%, or 95%.

190.  The method of claim 189, wherein the level of poly(glycine-alanine) and/or poly(glycine-
proline) is decreased by more than 50%, 60%, 70%, 80%, 90%, or 95%.

191.  The method of any one of claims 181-190, wherein the dSRNA agent is administered to the
subject at a dose of about 0.01 mg/kg to about 50 mg/kg.

192.  The method of any one of claims 181-191, wherein the dsSRNA agent is administered to the

subject subcutaneously.

193.  The method of any one of claims 181-191, wherein the dSRNA agent is administered to the

subject intrathecally.
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194.  The method of any one of claims 181-191, wherein the dsSRNA agent is administered to the

subject intracerebroventricularly.

195. The method of any one of claims 181-194, further comprising determining the level of

C9orf72 in a sample(s) from the subject.

196.  The method of claim 195, wherein the level of C9orf72 in the subject sample(s) is a C9orf72

protein level in a blood, serum, or cerebrospinal fluid sample(s).

197.  The method of any one of claims 181-196, further comprising administering to the subject an

additional therapeutic agent.

198. A kit comprising any one or more of the dsSRNA agents of any one of claims 1-82, or the
composition of any one of claims 91-165, or the pharmaceutical composition of any one of claims 84-

90, 168, and 169.

199. A vial comprising any one or more of the the dsSRNA agents of any one of claims 1-82, or the
composition of any one of claims 91-165, or the pharmaceutical composition of any one of claims 84-

90, 168, and 169.

200. A syringe comprising any one or more of the dsSRNA agents of any one of claims 1-82, or the
composition of any one of claims 91-165, or the pharmaceutical composition of any one of claims 84-

90, 168, and 169.
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