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COMPOSITIONS AND METHODS FOR SILENCING MYOU EXPRESSION

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the bevefit of priority to U.S. Provisional Application No.
63/215,804, filed on June 28, 2021, claims the benefit of priority to U.S. Provisional Application
No. 63/287,404, filed on December 8, 2021, and claims the benefit of priority to U.S. Provisional
Application No. 63/351,033, filed on June 10, 2022. The entire contents of the foregoing

applications are hereby tncorporated herein by reference.

SEQUENCE LISTING

The 1ustant application contains a Sequence Listing which has been submitted
electronically in ASCH format and is hereby incorporated by reference in its entirety. Said
ASCH copy, created on June 22, 2022 is named A108868 1490W0 SL txt and is

596,467 bytes in size.

FIELD OF THE DISCLOSURE

The disclosure relates to the specific inhibition of the expression of the MYOC.

BACKGROUND

Glaucoma (e.g., primary open angle glaucoma (POAG)) is a major cause of irreversible
vision foss in today’s aging population. MYOC protein misfolding cecludes its secretion from
trabecular meshwork cells, leading to elevated eve pressure that in turn compresses and damages
the optic nerve reducing its ability to transmit visual information to the brain, which results in

vision loss. New treatments for glaucoma are needed.

SUMMARY
The present disclosure describes methods and iIRNA compositions for modulating the
expression of MYOC. In certain embodiments, expression of MYOC is reduced or inhibited
using a MYOC-specific iRNA. Such inhibition can be usetul in treating disorders related to
MYOU expression, such as ocular disorders {e.g., glaucoma, e.g., primary open angle glaucoma

(POAG)).
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Accordingly, described herein are compositions and methods that effect the RNA-
tnduced silencing complex (RISCy-mediated cleavage of RNA trauscripts of MYOC, such asin a
cell or in a subject {e.g., in a mammal, such as a human subject). Also described are
compositions and methods for treating a disorder related to expression of MYOC, such as
glaucoma {e.g., primary open angle glaucoma (POAG))

The iIRNAs (e.g., dsRNAs) included in the compositions featured herein include an RNA
strand (the antisense strand} having a region, e.g., a region that is 30 nuclectides or less,
generally 19-24 nucleotides in length, that is substantially complementary to at least part of an
MRNA transcript of MYOC {e.g., a burvan MYOC) (also referred to herein as a “MYOC-
specific iIRNA™). In some embodiments, the MYOC mRNA transeript is a human MYOC
mRNA transcript, e.g., SEQ ID NO: 1 heretn.

In some embodiments, the iIRNA {e.g,, dsRNA) described herein comprises an antisense
strand having a region that is substantially complementary to a region of a human MYOC
mRNA. In some embodiments, the human MYOC mRNA has the sequence NM_000261 .2
(SEQ ID NG: 1). The sequence of NM_000261.2 is also herein incorporated by reference in its
entirety. The reverse complement of SEQ 1D NO: 1 is provided as SEQ ID NO: 2 herein.

In some aspects, the present disclosure provides a double stranded ribonucleic acid
{dsRNA)} agent for inhibiting expression of myocilin (MYOC), wherein the dsRNA agent
comprises a sense strand and an antisense strand forming a double stranded region, wherein the
sense sirand comprises a nucleotide sequence comprising af least 15 contiguous nucleotides, with
0, 1, 2, or 3 mismatches, of a portion of a coding strand of buman MYOC and the antisense
strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1,
2, ot 3 mismatches, of the corresponding portion of a non-coding strand of human MYOC such
that the sense strand 1s complementary to the at least 15 contiguous nucleotides in the antisense
strand.

In some aspects, the present disclosure provides a double stranded ribonucleic acid
(dsRNA} agent for inhibiting expression of MYOC, 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, with 0, 1, 2, or 3
mismatches, of a portion of nuclectide sequence of SEQ I NO: 2 such that the sense strand is

complementary to the at least 15 contiguous nucleotides in the antisense strand.
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In some aspects, the present disclosure provides a double stranded ribonucleic acid
{dsRINA) agent for inhibiting expression of MYOC, wherein the dsRNA agent comprises a sense
strand and an antisense strand forming a double stranded region, wherein the antisense strand
comprises a sucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3
mismatches, from the antisense strand nucleotide sequence of duplex AD-1565804 and the sense
strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1,
2, or 3 mismatches, from the sense strand nucieotide sequence of duplex AD-1565804.

In some aspects, the present disclosure provides a double stranded ribonucleic acid
{dsRNA) agent for inhibiting expression of MYOC, wheretn 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, with 0, 1,2, or 3
mismatches, from the antisense strand nuclectide sequence of duplex AD-1565837 and the sense
strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1,
2, ot 3 mismatches, from the sense strand nucleotide sequence of duplex AD-1505837.

In some aspects, the present disclosure provides a human cell or tissue comprising a
reduced level of MYOCU mRNA or a level of MYQC protein as compared to an otherwise similar
untreated cell or tissue, wherein optionally the cell or tissue is not genetically engineered (e.g.,
wherein the cell or tissue comprises one or more naturally arising mutations, e.g., MYGC
mutations), wherein optionally the level is reduced by at least 10%, 15%, 20%, 25%, 30%, 35%,
40%, 453%, S0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%. In some embodiments,
the human cell or tissue is a trabecular meshwork tissue, a ciliary body, a retinal pigment
epithelium (RPE), a retinal tissue, an astrooyte, a pericyte, a Miller cell, a ganglion cell, an
endothelial cell, a photoreceptor cell, a retinal blood vessel {e.g., including endothelial cells and
vascular smooth muscle cells), or choroid tissue, e.g., a choroid vessel.

The present disclosure also provides, in some aspects, a cell containing the dsRNA agent
described herein.

In another aspect, provided berein is a human ocular cell, ez, {a cell of the trabecular
meshwork, a cell of the ciliary body, an RPE cell, a retinal cell, an astrocyte, a pericyte, a Miller
cell, a ganglion cell, an endothelial cell, or a photoreceptor cell) comprising a reduced level of

MYOU mRNA or a level of MYOC protein as compared to an otherwise similar untreated cell.
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In some embodiments, the level is reduced by at least 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, SS¥, 60%, 65%, T0%, T5%. 80%, 83%, 90%, or 95%.

In some aspects, the present disclosure also provides a pharmaceutical composition for
inhibiting expression of a gene encoding MYOC, comprising a dsRNA agent described herein.

The present disclosure also provides, in some aspects, a method of inhibiting expression
of MYOC in a cell, the method comprising:

(2} contacting the cell with the dsRNA agent described herein, or a pharmaceutical
composition described herein; and

(b} maintaining the cell produced 1o step (a) for a time sufficient to obtain
degradation of the mRNA transcript of MYOC, thereby inhibiting expression of the MYOC in
the cell.

The present disclosure also provides, inn some aspects, a method of inhibiting expression
of MYOC in a cell, the method comprising:

{(a} contacting the cell with the dsRNA agent described herein, or a2 pharmaceutical
composition described herein; and

(b}  maintaining the cell produced in step (3) for a time sufficient to reduce levels of
MYOC mRNA, MYOC protein, or both of MYOC mRNA and protein, thereby inhibiting
expression of the MYOC in the cell.
The present disclosure also provides, in some aspects, a method of inhibiting expression of
MYOC in an ocular cell or tissue, the method comprising:

(a) contacting the cell or tissue with a dsRNA agent that binds MYOC; and

(b) maintaining the cell or tissue produced in step {(a) for a time sufficient to reduce
fevels of MYOC mRNA, MYOC protein, or both of MYOU mRNA and protein, thereby
inhibiting expression of MYOC in the cell or tissue.

The present disclosure also provides, in some aspects, a method of treating a subject
diagnosed with MY OQC-associated disorder comprising administering to the subject a
therapeutically effective amount of the dsRNA agent described herein or a pharmaceutical
composition described herein, thereby treating the disorder.

In any of the aspects herein, e.g., the compositions and methods above, any of the

embodiments herein {e.g., below) may apply.
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In some embodiments, the coding strand of human MYOC has the sequence of SEQ 1D
NO: 1 In some embodiments, the non-coding strand of human MYOC has the sequence of SEQ
D NG 2

In some embodiments, the sense strand comprises a nucleotide sequence comprising at
least 15 contiguous nucleotides, with 0, or 1, 2, or 3 mismatches, of the corresponding portion of
the nucleotide sequence of SEQ ID NO: 1.

In some embodiments, the dsRNA agent comprises a sense strand and an antisense
strand, wherein the antisense strand comprises a nucleotide sequence comprising at least 17
contiguous nucleotides, with O, 1, 2, or 3 mismatches, of 4 portion of nucleotide sequence of
SEQ ID NO: 2 such that the sense strand is complementary to the at least 17 contiguous
nucieotides in the antisense strand. In some embodiments, the sense strand comprises a
nuclectide sequence comprising at least 17 contiguous nucleotides, with 0, or 1, 2, or 3
mismatches, of the corresponding portion of the nucleotide sequence of SEQ ID NG: 1.

in some embodiments, the dsRNA agent comprises a sense strand and an antisense
strand, wherein the antisense strand comprises a nucleotide sequence comprising at least 19
contiguous nucleotides, with G, 1, 2, or 3 mismatches, of a portion of nucleotide sequence of
SEGQ ID NO: 2 such that the sense strand is complementary to the at least 19 contiguous
nucleotides in the antisense strand. In some embodiments, the sense strand comprises a
nucleotide sequence comprising at least 19 contiguous nuclectides, with 0, 1, 2, or 3 mismatches,
of the corresponding portion of the nucleotide sequence of SEQ ID NO: 1.

in some embodiments, the dsSRNA agent comprises a sense strand and an antisense
strand, wherein the antisense strand comprises a nucleotide sequence comprising at least 21
contiguous nucleotides, with &, 1, 2, or 3 mismaiches, of a portion of nuctectide sequence of
SEQ ID NO: 2 such that the sense strand is complementary to the at least 21 contiguous
nucleotides in the antisense strand. In some embodiments, the sense strand comprises a
nuclectide sequence comprising at least 21 contiguous nucleotides, with 0, or 1,2, or 3
musmatches, of the corresponding portion of the nucleotide sequence of SEQ ID NG: 1

In some embodiments, the portion of the sense strand is a portion within a sense strand in
any one of Tables 2A and 2B.

In some embodiments, the portion of the antisense strand is a portion within an antisense

strand in any one of Tables 2Aand 2B,
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In some embodiments, the antisense strand comprises a nucleotide sequence comprising
at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one of the antisense
sequences listed in any one of Tables 2A and 2B. In some embodiments, the sense strand
comprises a sucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3
mismatches, from a sense sequence listed in any one of Tables 2A and 2B that corresponds to the
antisense sequence.

in some embodiments, the antisense strand comprises a nucleotide sequence comprising
at least 17 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one of the antisense
sequences listed in any one of Tables 2A and 2B. In some embodiments, the sense strand
comprises a nucleotide sequence comprising at least 17 contiguous nucleotides, with 0, 1,2, or 3
misratches, from a sense sequence listed in any one of Tables 2A and 2B that corresponds {o the
antisense sequence.

In some embodiments, the antisense strand comprises a nucleotide sequence comprising
at least 19 contiguous nucleotides, with G, 1, 2, or 3 mismatches, from one of the antisense
sequences listed in any one of Tables 2A and 2B. In some embodiments, the sense strand
comprises a nucleotide sequence comprising at least 19 contiguous nucleotides, with 0, 1, 2, or 3
mismaiches, from a sense sequence listed in any one of Tables 2A and 2B that corresponds to the
antisense sequence.

In some embodiments, the antisense strand comprises a nucleotide sequence comprising
at feast 21 contiguous nucleotides, with 6, 1, 2, or 3 mismatches, from one of the antisense
sequences listed in any one of Tables 2A and 2B. In some embodiments, the sense strand
comprises a nucleotide sequence comprising at least 21 contiguous nucleotides, with 0, 1, 2, or 3
mismatches, from a sense sequence listed in any one of Tables 2A and 2B that corresponds to the
antisense sequence.

In some ernbodiments, the sense strand of the dsRNA agent is at least 23 nuclectides in
length, e.g., 23-30 nucleotides in length.

In some embodiments, at feast one of the sense sirand and the antisense strand is
conjugated to one or more lipophilic moieties. In some embodiments, the lipophilic moiety s
conjugated to one or more positions in the double stranded region of the dsRNA agent. In some
embodiments, the lipophilic moiety is conjugated via a linker or carrier. In some embodiments,

Hipophilicity of the Hpophilic moiety, measured by logKow, exceeds 0.
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in some embodiments, the hydrophobicity of the double-stranded RINAI agent, measured by the
unbound fraction in a plasma protein binding assay of the double-stranded RNAJ agent, exceeds
0.2. In some embodiments, the plasma protein binding assay is an electrophoretic mobility shift
assay using human serum albumin proteiv.

In some embodiments, the dsRNA agent comprises at least one modified nucleotide. In
some embodiments, no more than five of the sense strand nucleotides and not more than five of
the nucleotides of the antisense strand are unmodified nucleotides. In some embodiments, all of
the nucleotides of the sense strand and all of the nucleotides of the antisense strand comprise a
modification.

In some embodiments, at east one of the modified nucleotides is selected from the group
consisting of a deoxy-nuclectide, a 3’ -terminal deoxy-thymine (dT) nucleotide, a 27-0O-methyl
modified nucleotide, a 2°-fluoro modified nucleotide, a 2"-deoxy-modified nuclectide, a focked
nuclectide, an unlocked nucleotide, a conformationally restricted nucleotide, a constrained ethyl
nucleotide, an abasic nucleotide, a 2’-amino-modified nucleotide, a 27-0-allyl-modified
nucleotide, 27-C-alkyl-modified nucleotide, a 27-methoxyethyl modified nucleotide, a 2°-0-
alkyl-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 phosphorothioate
group, a nucleotide comprising a methylphosphonate group, a nucleotide comprising a 5'-
phosphate, a nucleotide comprising a 5”-phosphate mimic, a glycol modified nucleotide, and a
27-0-{N-methylacetamide} modified mucleotide; and combinations thereof. In some
embodiments, no more than five of the sense strand nucleotides and not more than five of the
nucleotides of the antisense strand include modifications other than 27-O-methyl modified
nucleotide, a 27 -fluoro modified nucleotide, a 2°-deoxy-moditied nucleotide, unlocked nucleic
acids (UNA) or glycerol nucleic acid (GNA).

In some embodiments, the dsSRNA comprises a non-nuclectide spacer (wherein optionally
the non-nucleotide spacer comprises a C3-C6 alkyl) between two of the contiguous nucieotides
of the sense strand or between two of the contiguous nucleotides of the antisense strand.

In some embodiments, each strand is no more than 30 nucleotides tn length. In some

embodiments, at least one strand comprises a 37 overhang of at least 1 nucleotide. In some
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embodiments, at least one strand comprises a 37 overhang of at least 2 nuclestides. In some
embodiments, at least one strand comprises a 37 overhang of 2 nucleotides.

In some embodiments, the double stranded region is 15-30 nuclectide pairs in length. In
some embodiments, the double stranded region is 17-23 nucleotide pairs in length. In some
embodiments, the double stranded region is 17-25 nucleoctide pairs in length. In some
embodiments, the double stranded region is 23-27 nucleotide pairs in length. In some
embodiments, the double stranded region is 19-21 nucleotide pairs in length. In some
embodiments, the double stranded region is 21-23 nucleotide pairs in length. In some
embodiments, each strand has 19-30 nucleotides. In some embodiments, each strand has 19-23
nucleotides. In some embodiments, each strand has 21-23 nucleotides.

In some erbodiments, the agent comprises at least one phosphorothioate or
methylphosphonate internuclectide linkage. In some embodiments, the phosphorothicate or
methyiphosphonate internucleotide linkage is at the 3 -terminus of one strand. In some
embodiments, the strand is the antisense strand. In some embodiments, the sirand is the sense
strand.

In some embodiments, the phosphorothicate or methviphosphonate interpucleoctide
linkage is at the §’-terminus of one strand. In some embodiments, the strand is the antisense
strand. In some embodiments, the strand is the sense strand.

In some embodiments, each of the 5°- and 3 ~terminus of one strand comprises a
phosphorothioate or methylphosphonate internucieotide linkage. In some embodiments, the
strand is the antisense sirand.

In some embodiments, the base pair at the | position of the 5"-end of the antisense strand
of the duplex is an AU base pair.

In some embodiments, the sense strand has a total of 21 nucleotides and the antisense
strand has a total of 23 nucleotides.

In some embodiments, one or more lipophilic moieties are conjugated to one or more
internal positions on at least one strand. In some embodiments, the one or more lpophilic
moieties are conjugated to one or more internal positions on at least one strand via a linker or
carrier.

In some embodiments, the internal positions include all positions except the terroinal two

positions from each end of the at least one strand. In some embodiments, the internal positicns
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include all positions except the terminal three positions from each end of the at least one strand.
in some embodiments, the internal positions exclude a cleavage site region of the sense strand.
in some embodiments, the internal positions include all positions except positions 9-12, counting
from the 57-end of the sense strand. In some embodiments, the internal positions include ali
positions except positions 11-13, counting from the 3’-end of the sense strand. In some
embodiments, the internal positions exclude a cleavage site region of the antisense strand. In
some embodiments, the internal positions include all posttions except positions 12-14, counting
from the 5’-end of the antisense strand. In some embodiments, the internal positions include all
positions except positions 11-13 on the sense strand, counting from the 37-end, and positions 12-
14 on the antisense strand, counting from the 5 -end.

In some embodiments, the one or more lipophilic moieties are conjugated to one or more
of the internal positions selected from the group consisting of positions 4-& 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 some embodiments, 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.

In some embodiments, the positions in the double stranded region exclude a cleavage site
region of the sense strand.

In some embodiments, 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 &, or position 2 of the sense strand or position 16 of
the antisense strand. In some embodiments, the lipophilic moiety is conjugated to position 21,
position 20, position 15, position 1, or position 7 of the sense strand. In some embodiments, the
lipophilic moiety is conjugated to position 21, position 20, or position 15 of the sense sirand. In
some embodiments, the lipophilic moiety 1s conjugated to position 20 or position 15 of the sense
strand. In some embodiments, the lipophilic moiety is conjugated to position 16 of the antisense
strand. In some embodiments, the lipophilic moiety is conjugated to position 6, counting from
the 5’-end of the sense strand.

In some embodiments, the lipophilic motety is an aliphatic, alicyclic, or polyalicyclic

compound. In some embodiments, the lipophilic moiety is selected from the group consisting of
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lipid, cholesterol, retinoic acid, cholic acid, adamantane acetic acid, 1-pyrene butyric acid,
dibydrotestosterone, 1,3-bis-O¢hexadecyl)glycerol, geranyloxvhexyanol, hexadecylglycerol,
borneol, menthol, 1,3-propanediol, heptadecy!l group, palmitic acid, mysistic acid, O3-
(oleoyllithocholic acid, O3-(oleoylicholenic acid, dimethoxytrityl, or phenoxazine. In some
embodiments, the lipophilic motety contains a saturated or unsaturated C4-C30 hydrocarbon
chain, and an optional functional group selected from the group consisting of hydroxyl, amine,
carboxytic acid, sulfonate, phosphate, thiol, azide, and alkyne. In some embodiments, the
lipophilic moiety contains a saturated or unsaturated C6-C18 hydrocarbon chain. In some
embodiments, the hpophilic motety contains a saturated or unsaturated C16 hydrocarbon chain.

In some embodiments, the lipophilic moiety is conjugated via a carrier that replaces one
or more nuclectide(s} in the internal position{s) or the double stranded region. In some
embodiments, the carrier is a cyclic group selected from the group consisting of pyrrolidinyl,
pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl,
[1,31dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyt, isothiazolidinyl,
quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl; or is an acyclic moiety based on a
serinol backbone or a diethanclamine backbone.

In some embodiments, the lipophilic moiety is conjugated to the double-stranded iRNA
agent via a hinker containing an ether, thicether, urea, carbonate, amine, amide, maleimide-
thioether, disulfide, phosphodiester, sulfonanmide linkage, a product of a click reaction, or
carbamate.

fn some embodiments, the lipophilic motety is conjugated to a nuclecbase, sugar moiety,
or internucleosidic linkage.

In some embodiments, 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 some embodiments, the 37 end of the sense sirand 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, pyrazolidinyi, imidazolinyl, inudazolidinyl, piperidinyl, piperazinyl,
[1,3ldioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, iscthiazolidinyl,

quinoxalinyl, pyridazinonyi, tetrahydrofuranyl, and decalinyl.

10
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In some embodiments, the dsRNA agent further comprises a targeting ligand, e.g., a
Higand that targets an ocular tissue or a liver tissue. Tun some embodiments, the ocular tissue is a
trabecular meshwork tissue, a ciliary body, a retinal tissue, a retinal pigment epithelium (RPE} or
choroid tissue, e.g., a choroid vessel.

In some embodiments, the ligand is conjugated to the sense strand. In some
embodiments, the higand i1s conjugated to the 37 end or the 57 end of the sense strand. In some
embodiments, the ligand is conjugated to the 37 end of the sense strand.

In some embodiments, the ligand comprises N-acetylgalactosamine (GalNAc). In some
embodiments, the targeting ligand comprises one or more GalNAc conjugates or one or more
GallNAc derivatives. In some embodiments, the ligand is one or more GalNAc conjugates or one
or more GalNAc derivatives are aftached through a monovalent linker, or a bivalent, trivalent, or

tetravalent branched linker. In some embodiments, the ligand is

Ho OH
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In some embodiments, the dsRNA agent 18 conjugated to the ligand as shown in the following

schematic

11
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wherein X is G or 8 In some embodiments, the X is (3.

In some embodiments, the dsRNA agent further comprises a terminal, chiral modification
occurring at the first internucleotide Hinkage at the 37 end of the antisense strand, having the

5  linkage phosphorus atom in Sp configuration, a terminal, chiral modification cccurring at the
first internucleotide Hinkage at the 57 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 37 end of the sense strand, having the linkage phosphorus atom in
either Rp configuration or Sp configuration.

10 In some embodiments, the dsRNA agent further comprises a terminal, chiral medification
occurring at the first and second internucleotide linkages at the 37 end of the antisense strand,
having the linkage phosphorus atom in Sp configuration, a terminal, chiral modification
occurring at the first internuclectide linkage at the 57 end of the antisense strand, having the
linkage phosphorus atom in Rp configuration, and a terminal, chiral modification occurring at

15 the first internuclectide linkage at the $7 end of the sense strand, having the linkage phosphorus
atom in either Rp or Sp configuration.

In some embodiments, 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

20 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.

12
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In some embodiments, the dsRNA agent further comprises a terminal, chiral modification
occurring at the first, and second internucleotide linkages at the 37 end of the antisense atrand,
having the linkage phosphorus atom in Sp configuration, a terminal, chiral modification
occurring at the third internucleotide linkages at the 37 end of the antisense strand, having the
linkage phosphorus atom in Rp configuration, a terminal, chiral modification occcurring at the
first internucleotide linkage at the 37 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 57 end of the sense strand, having the linkage phosphorus atom in
either Rp or Sp configuration.

In some embodiments, the dsRINA agent further comprises a terminal, chiral medification
occurting at the first, and second internucteotide linkages at the 37 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 57 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 57 end of the sense strand, having the linkage
phosphorus atom in either Rp or Sp configuration.

In some embodiments, the dsRNA agent further comprises a phosphate or phosphate
mimic at the 5”-end of the antisense strand. In some embodiments, the phosphate mimicisa 5'-
vinyl phosphonate (VP).

In various embodiments of the aforementioned dsRNA agents, the dsRINA agent targets a
hotspot region of an mRNA encoding MYOC.

In ancther aspect, the present invention provides a dsRNA agent that targets a hotspot
region of a myocilin (MYOC) mRNA.

In some embodiments, a cell described herein, e.g., a human cell, was produced by a
process coruprising contacting a human cell with the dsRNA agent described herein.

In some embodiments, a pharmaceutical composition described herein comprises the
dsRNA agent and a lipid formoulation.

In some embodiments (e.g., embodiments of the methods described herein), the cell is
within a subiect. In some embodiments, the subject is a human. In some embodiments, the level
of MYOC mRNA is inhibited by at least 56%. In some embodiments, the level of MYOC

rotein is inhibited by at least 50%. In some embodiments, the expression of MYOC is inhibited
p 3 Y
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by at least 50%. In some embodiments, inhibiting expression of MYOC decreases the MYOC
protein level 1o a biological sample {e.g., an agueous ocular fluid sample) from the subject by at
least 30%, 40%, 50%, 60%, T70%, 80%, 90%, or 95%. In some embodiments, inhibiting
expression of MYOC geoe decreases the MYOU mRNA fevel in a biological sarple (e.g., an
aqueous ocular fluid sample) from the subject by at least 30%, 40%, 50%, 60%, 70%, 80%, 90%,
or 95%.

In some embodiments, the subject has been diagnosed with a MYOC-~assoctated disorder.
In some embodiments, the subject meets at least one diagnostic criterion for a MYQOC-associated
disorder. In some embodiments, the MYOC associated disorder is glaucoma. In some
embodiments, the MYOC associated disorder is primary open angle glaucoma (POAG).

In some embodiments, the ocular cell or tissue is a trabecular meshwork tissue, a ciliary
body, RPE, a retinal cell, an astrocyte, a pericyte, a Miiller cell, a ganglion cell, an endothelial
cell, a photoreceptor cell, a retinal blood vessel (e g, including endothelial cells and vascular
smooth muscle cells), or choroid tissue, e.g., a choroid vessel.

In some embodiments, the MYQOC-associated disorder is a glaucoma. In some
embodiments, the glaucoma is caused by or associated with an elevated eye pressure. In some
embodiments, the glaucoma primary open angle glaucoma (POAG)).

In some embodiments, treating comprises amelioration of at least one sign or symptom of
the disorder. In some embodiments, the at least one sign or symptom includes a measure of one
or more of optic nerve damage, vision loss, tunnel vision, blurred vision, eye pain or presence,
fevel, or activity of MYOC (e.g, MYOC gene, MYOCU mRNA, or MYOC protein).

In some embodiments, a fevel of the MYOC that is higher than a reference level is
indicative that the subject has glaucoma. In some embodiments, treating comprises prevention
of progression of the disorder. In some embodiments, the treating comprises one or more of {a)
inhibiting or reducing the expression or activity of MYQC,; (b) reducing the level of misfolded
MYOC protein; (¢} reducing trabecular meshwork cell death; (d} decreasing intraocular pressure;
or {e} increasing visual acuity.

In some embodiments, the treating results in at least a 30% roean reduction from baselive
of MYOC mRNA in the trabecular meshwork tissue, ciliary body, retina, RPE, a retinal blood
vessel (e.g., including endothelial cells and vascular smooth muscle cells), or choroid tissue, e.g,,

a choroid vessel. In some embodiments, the treating results in at least a 60% mean reduction
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from baseline of MYOC mRNA in the trabecular meshwork tissue, ciliary body, retina, RPE, a
retinal blood vessel (e.g, including endothelial cells and vascular smooth muscle cells), or
choroid tissue, e.g., a choroid vessel. In some embodiments, the treating results in at least a 90%
mean reduction from baseline of MYOCU mRNA in the trabecular meshwork tissue, ciliary body,
retina, RPE, a retinal blood vessel (e.g., including endothelial cells and vascular smooth muscle
cells), or choroid tissue, e.g., a choroid vessel.

in some embodiments, after treatment the subject experiences at least an 8~week duration
of knockdown following a single dose of dsRNA as assessed by MYOC protein in the retina. In
some embodiments, treating results in at feast a 12-week duration of knockdown following a
single dose of dsRNA as assessed by MYOC protein in the retina. In some embodiments,
treating results in at feast a 16~-week duration of knockdown following a single dose of dsRNA as
assessed by MYOC protein in the retina.

In some embodiments, the subject is human.

In some embodiments, the dsRNA agent is administered at a dose of about 0.01 mg/kg to
about 50 mg/kg.

In some embodiments, the dsRNA agent is administered to the subject intraccularly. In
some embodiments, the intraocular administration comprises intravitreal administration, e.g.,
intravitreal injection; transscleral adminisiration, e.g., transscleral injection; subconjunctival
administration, e.g., subconjunctival injection; retrobulbar administration, e.g., retrobulbar
injection; intracarveral administration, e.g., intracameral injection, or subretinal administration,
e.g., subretinal injection.

In some embodiments, the dsRNA agent i1s administered to the subject intravenously. In
some embodiments, the dsSRNA agent is administered to the subject topically.

In some embodiments, a method described herein further comprises measuring a level of
MYOC (e.g.. MYOC gene, MYOC mRNA, or MYOC protein} in the subject. To some
embodiments, measuring the level of MYOC in the subject comprises measuring the level of
MYOC protein o a biological sample from the subject {e.g2., an agqueous ocular fluid sample). In
some embodiments, a method described herein further comprises performing a blood test, an
imaging test, or an aqueous ocular fluid biopsy (e g., an aqueous humor tap).

In some embodiments, a method described herein further measuring a level of MYQC

{e.g, MYOC gene, MYOC mRNA, or MYOC protein) in the subject is performed prior to
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treatment with the dsRNA agent or the pharmaceutical composition. In some embodiments,
upon determination that a subject has a level of MYOC thai is greater than a reference level, the
dsRINA agent or the pharmaceutical composition is administered to the subject. In some
embodiments, measuring level of MYOC in the subject is performed after treatment with the
dsRNA agent or the pharmaceutical composition.

In some embodiments, a method described herein further comprises treating the subject
with a therapy suitable for treatment or prevention of a MY C-associated disorder, e.g., wherein
the therapy comprises laser trabeculoplasty surgery, trabeculectomy surgery, a minimally
invasive glaucoma surgery, or placement of a drainage tube in the eye. In some embodiments, a
method described herein further comprises administering to the subject an additional agent
suitable for treatment or prevention of a MYOC-associated disorder. In some embodiments, the
additional agent comprises a carbonic anhydrase inhibitor, a prostaglandin, a beta blocker, an
alpha-adrenergic agonist, & carbonic anhydrase inhibitor, a Rho kinase inhibitor, or a cholinergic
agent, or any combination thereof. In some embodiments, the additional agent comprises an oral
medication or an eye drop.

All publications, patent applications, patents, and other references mentioned herein are

incorporated by reference in their entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, which are incorporated in and constitute a part of this
specification, tlustrate several features of the present disclosure.

The patent or application file contains at least one drawing executed in color. Copies of
this patent or patent application publication with color drawing(s) will be provided by the Gffice
upon request and payment of the necessary fee.

Figure 1A shows the experimental setup for testing the effect of human MYOC siRNA
AIX-822899 on intraccular pressure (JOP) in SAM mice comprising a humanized MYOC locus
comprising a Y437H mutation (SAM-MYOC mice, homozygous for each allele} treated with
AAV2Y3F-5AM-g4.

Figure 1B shows intraocular pressure (I0P) in SAM mice comprising a humanized
MYOC Tocus comprising a Y437H mutation (SAM-MYOCU mice, homozygous for each allele)
treated with AAVZ. Y3F-SAM-g4 or nothing {naive}, and in which the AAV2 Y3F-SAM-g4-~
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treated mice were subsequently treated with either human MY siRINA or a control uciferase
siRNA.

Figure 2A shows the experimental setup for testing the effect of human AMYOC siRNAs
AD-822899, AD-1565804, AD-1565837, AD-1193173, and AD-1565503 on intraocular pressure
{1OP) in SAM mice comprising a humanized MYOC locus comprising a Y43 7H mutation (SAM-
MYOC mice, homozygous for each allele) treated with LV-SAM-g4.

Figure 2B shows intraocular pressure (IOP) in SAM mice comprising a humanized
AMYOC tocus comprising a Y437H mutation (SAM-MYOC mice, homozygous for each allele)
treated with LV-SAM-g4 or PBS, and in which the LV-SAM-gd-treated mice were subsequently
treated with human AVOC siRNA AD-822899, AD-1505804, AD-1565837, AD-1193175, or
AD-1565503.

Figure 2€ shows ¢PCR results showing the percentage of human MYOC mRNA
expression relative to Gapdh in SAM mice comprising a humanized MYOC locus comprising a
Y437H mutation (SAM-MYOUC mice, homozygous for gach allele) treated with LV-SAM-g4 or
PBS, and in which the LV-SAM-gd-treated mice were subsequently treated with human AMYOC
siRNA AD-822899, AD-1565804, ADX-1565837, AD-1193175, or AD-1565503.

Figure 2D shows RNASCOPE® analysis of human MYOC mRNA expression in eyes
from SAM mice comprising a humanized MYOC locus comprising a Y437H mutation (SAM-
MYOC mice, homozygous for each allele) treated with LV-SAM-g4 or PBS, and in which the
LV-SAM-gd-treated mice were subsequently treated with buman MYOC siRNA AI3-1565804 or
AD-1565837.

Figure 3A shows the experimental setup for testing the effect of human MYOC siRNAs
AD-1565804 or AD-1565837 on intraccular pressure (IOP) in SAM mice comprising a
humanized MYOC locus comprising a Y437H mutation (SAM-MYOC mice, homozygous for
each allefe} treated with LV-SAM-g4.

Figure 3B shows intraccular pressure (I0P) in SAM mice comprising a humanized
MYOC Tocus comprising a Y437H mutation (SAM-MYOC mice, homozygous for each allele}
treated with LY-SAM-g4 or PBS, and in which the LV-SAM-gd-treated mice were subsequently
treated with human MY OC siBRNA AD-1565804 or AD-1565837.

Figure 3C shows gPCR results showing the percentage of human MYOC mRNA

expression relative to Gapdh in SAM mice comprising a humanized MYOC locus comprising a
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Y437H mutation (SAM-MYOC mice, homozygous for each allele) treated with LV-SAM-g4 or
PBS, and in which the LV-SAM-g4-treated mice were subsequently treated with human MYOC
siRNA AD-1565804 or AD-1565837.

Figure 4 shows the percent MYOC protein remaining relative to PBS inthe TM at day
&5 after dosing with either AD-1565837 duplex or AD-1565804 duplex in the non-human
primate (NHP) model. Results are shown for two different MYOC antibodies, R&D and Abnova.

Figure 5 depicts the percent MYOU protein remaining in the aqueous humor relative to
pre-dose at days -35, 22, 50, and 85 after dosing with either AD-1565837 duplex or AD-1565804
duplex in the non-human primate (NHP) model.

Figure 6A shows the percent MYOCU protein remaining relative to PBS in the vitreous
humor and ciliary body at day 85 after dosing with either AD-1563837 duplex or AD-1565804
duplex in the non-human primate (NHP) model.

Figure 6B shows the percent MYOC protein remaining relative to PBS in the iris and
sclera at day 85 after dosing wiih either AD-1565837 duplex or AD-1565804 duplex in the non-
human primate {NHP) model.

Figure 7 depicts the percent MYOU mRNA remaining in the aqueous humor relative to
PBS at day 85 after dosing with either AD-1565837 duplex or AD-1565804 duplex in the non-

human primnate (NHP} model.
The details of various embodiments of the disclosure are set forth in the description

below. Other features, objects, and advantages of the disclosure will be apparent from the

description and the drawings, and from the claims.

DETAILED DESCRIPTION

iRNA directs the sequence-specific degradation of mRNA through a process known as
RNA interference (RNAI}. Described herein are iIRNAs and methods of using them for
modulating (e.g,, inhibiting) the expression of MYOC. Alsc provided are compositions and
methods for treatment of disorders related to MYOC expression, such as glaucoma (e.g., primary
open angle glaucoma (POAG)).

Human MYOC is a secreted glycoprotein of approximately 57 kDa that regulates the

activation of several signaling pathways in adjacent cells to control different processes including
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cell adhesion, cell-matrix adhesion, cytoskeleton organization, and cell migration. MYQC is
typically expressed and secreted by a variety of tissues including the retina and the structures
involved in aquecus humor regulation such as the trabecular meshwork tissue and the ciliary
body. Aberrant MYOC is associated with glanscoma, for tnstance primnary open angle glaucoma
{(POAG). Without wishing to be bound by theory, aberrant MYOC may exacerbate the
pathogenesis of glaucoma, e.g., by impeding the drainage of aqueous humor consequently
leading to an increased intraocular pressure.

The following description discloses how to make and use compositions containing
iRNAs to modulate {e.g., inhibit) the expression of MYOU, as well as compositions and methods
for treating disorders related to expression of MYOC.

In some aspects, pharmaceutical compositions containing MYOC iRNA and &
pharmaceutically acceptable carrier, methods of using the compaositions to inhibit expression of
MYOC, and methods of using the pharmaceutical compositions to treat disorders related to
expression of MYOC (e.g,, glaucoma, e.g., primary open angle glaucoma (POAG)) are featured

herein.

I Definitions

For convenience, the meaning of certain terms and phrases used in the specification,
examples, and appended claims, are provided below. If there is an apparent discrepancy between
the usage of a terru in other parts of this specification and its definttion provided in this section,
the definition in this section shall prevail.

The term “about” when referring to a number or 2 numerical range means that the
number or numerical range referred to is an approximation within experimental variability (or
within statistical experimental error}, and thus the number or numerical range may vary from, for
example, between 1% and 15% of the stated number or numerical range.

The terms “or more’ and “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 exarple, “at least 17
nucleotides of a 20 nucleotide nucleic acid molecule” means that 17, 18, 19, or 20 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 of range.
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As used herein, “or less” and “no more than” are understood as including the value
adjacent to the phrase and logical lower values or integers, as logical from coniext, to zero.
For example, a duplex with mismatches to a target site of “no more than 2 nuclectides” has a
2, 1, or O mismaiches. When “no wore than” is present before a series of numbers or a range,
it 18 understood that “no more than” can modify ach of the numbers in the series or range.

As used herein, “less than” is understood as not including the value adjacent to the
phrase and including logical lower values or integers, as logical from context, to zero. For
example, a duplex with mismatches to a target site of “less than 3 nucleotides” has 2, 1, or 0
mismaiches. When “less than” is present before 4 series of numbers or a range, it is
understood that “less than” can modify each of the numbers in the series or range.

As used herein, “more than” is understood as not including the value adjacent to the
phrase and including logical higher values or integers, as logical from context, to infinity. For
example, a duplex with mismatches to a target site of “more than 3 nucleotides” has 4, 5, 6, or
more mismatches. When “more than” is present before a series of numbers or a range, itis
understood that “more than” can modify each of the numbers in the series or range.

As used herein, “up to” as in “up to 107 is understood as up to and inchuding 10, ie,
0,1,2,3,4,5,6,7,8,9 or 10,

Ranges provided herein are understood to include all individual integer values and all
subranges within the ranges.

EENNRA

The terms “activate,” “enhance,” “up-regulate the expression of,” “increase the
expression of,” and the like, in so far as they refer to 3 MYOUC gene, herein refer to the at least
partial activation of the expression of a MYOC gene, as manifested by an increase in the amount
of MYOU mRNA, which may be isolated from or detected in a first cell or group of cells in
which a MYOC gene is transcribed and which has or have been treated such that the expression
of a MYOU gene is increased, 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).

In some embodiments, expression of a MYOC gene is activated by at least about 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% by admimnstration of an iRNA as described
herein. In some embodiments, a MYOUC gene is activated by at least about 60%, 70%, or 80%

by administration of an iRNA featured in the disclosure. In some embodiments, expression of a
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MYOC gene is activated by at least about 85%, 90%, or 95% or more by administration of an
iRNA as described herein. In some embodiments, the MYOC gene expression is increased by at
least 1-fold, at feast 2-fold, at least 5-fold, at least 10-fold, at least 50-fold, at least 100-fold, at
feast 500-fold, at least 1000-fold or more in cells treated with an 1RNA as described herein
compared to the expression in an untreated cell. Activation of expression by small dsRNAs is
described, for example, in Li ef af , 2006 Proc. Natl. Acod. Sci. USA. 103:17337-42, and in
US2007/0111963 and US2005/226848, each of which ts incorporated herein by reference.

The terms “silence,” “inhibit expression of,” “down-regulate expression of,” “suppress
expression of,” and the like, in so far as they refer to MYOU, herein refer to the at least partial
suppression of the expression of MYOC, as assessed, e.g., based on MYOUC mRNA expression,
MYOC protein expression, or another parameter functionally linked to MY OC expression. For
example, inhibition of MYQOC expression may be manifested by a reduction of the amount of
MYOC mRNA which may be isolated from or detected in a first cell or group of cells in which
MYQOC is transcribed and which has or have been treated such that the expression of MYOC is
inhibited, as compared to a control. The control may be a second cell or group of cells
substantially identical to the first cell or group of celis, except that the second cell or group of
cells have not been so treated {control cells). The degree of inhibition is usually expressed as a
percentage of a control level, e.g.,

{mRNA 0 control cells) -~ {mRNA in treated cells)
{mRNA in control cells}

= [50%

Alternatively, the degree of wnhibition may be given 1u terrus of a reduction of a
parameter that is functionally linked to MYOC expression, e.g,, the amount of protein encoded
by a MYOC gene. The reduction of a parameter functionally linked to MYOC expression may
similarly be expressed as a percentage of a control level. In principle, MYOCU silencing may be
determined in any cell expressing MYOC, either constitutively or by genomic engineering, and
by any appropriate assay.

For example, in certain instances, expression of MYOC is suppressed by at least about
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% by adminsiration of an iRNA disclosed
herein. In some embodiments, MYQGC is suppressed by at least about 60%, 65%, 70%, 75%, or

80% by adnunistration of an iIRNA disclosed herein. In some embodiments, MYOC is
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suppressed by at least about 83%, 90%, 95%, 98%, 99%, or more by administration of an iIRNA
as described herein.

The term “antisense strand” or “guide strand” refers to the strand of an iIRNA, e.g, a
dsRMNA, which includes a region that is substantiaily complementary to a target sequence.

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, as defined herein. Where the region of complementarity is not fully complementary 1o
the target sequence, the mismatches may be in the internal or terminal regions of the molecule.
In some embodiments, the region of complementarity comprises 0, 1, or 2 mismatches.

The term “sense strand” or “passenger strand” as used herein, refers to the strand of an
tRNA that includes a region that is substantially complementary to a region of the autiseuse
strand as that term is defined herein.

The termus “blunt” or “blunt ended” as used herein in reference to a dsRNA mean that
there are no unpaired nuclectides or nucleotide analogs at a given terminal end of a dsRNA, 7f.e,
no nucleotide overhang. One or both ends of a dsRNA can be blunt. Where both ends of a
dsRINA are blunt, the dsRNA 13 said to be blunt ended. To be clear, a “blunt ended” dsRNAis a
dsRINA that is blunt at both ends, 7.¢., no nuclectide overhang at either end of the molecule.
Most often such a molecule will be double-stranded over its entire length.

As used herein, and unless otherwise indicated, the term “complementary,” when used to
describe a first nucleotide sequence in relation to a second nuclectide sequence, refers to the
ability of an oligonucieotide or polynuciestide comprising the first nuclectide 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
may include: 400 voM NaCl, 40 wM PIPES pH 6.4, 1 M EDTA, 50°C or 70°C for 12-16 hours
followed by washing. Other conditions, such as physiclogically relevant conditions as may be
encountered inside an organism, can apply. The skilled person will be able to deterruine 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 iRNA, e.g., within a dsRNA as described herein,

include base-pairing of the oligonucleotide or polynuclectide comprising a first nuclectide
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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 10 a second sequence herein, the two
sequences can be fully complementary, or they may form ong 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 bybridize 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 forro, 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 oligonucteotide 21 nucleotides in length and another
oligonuclectide 23 nucleotides in length, wherein the longer oligonucleotide comprises a
sequence of 21 nucleotides that is fully complementary to the shorter oligonuclectide, may yet be
referred to as “fully complementary” for the purposes described herein,

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

E3)

The terms “complementary,” “fully complementary” and “substantially complementary”
herein may be used with respect to the base matching between the sense strand and the antisense
strand of a dsBNA, or between the antisense strand of an iRNA agent and a target sequence, as
will be understood from the context of their use.

As used heretn, a polynucleotide that is “substantially complementary to at least part of”
a messenger RNA (mRNA) refers to a polynucleotide that is substantially complementary to a
contiguous portion of the mRINA of interest (e.g., an mRNA encoding a MYOC protein). For
example, a polynuclectide s complementary to at least a part of a MYOC mRNA if the sequence
is substantially complementary to a non-interrupted portion of an mRNA encoding MYOC. The
term “complementarity” refers to the capacity for pairing between nucleobases of a first nucleic

acid and a second nucleic acid.
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As used herein, the term “region of complementarity” refers to the region of one
nucleotide sequence agent that is substantially complementary o another sequence, e.g., the
region of a sense sequence and corresponding antisense sequence of a dsRNA, or the antisense
strand of an iIRNA and a target sequence, e.g., a MYOC 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 antisense strand of the iIRNA.
Generally, the most tolerated mismatches are in the terminal regions, eg, within 5,4, 3, or 2
nucleotides of the 57- or 3 -terminus of the iRNA agent.

“Contacting,” as used herein, includes directly contacting a cell, as well as indirvectly
contacting a cell. For example, a cell within a subject may be contacted when a composition
comprising an 1RNA is administered {e.g., intraccularly, topically, or intravenously) to the
subject.

“Introducing into a cell,” when referring to an iIRNA, means facilitating or effecting
uptake or absorption into the cell. Absorption or uptake of an IRNA can occur through unaided
diffusive or active cellular processes, or by auxiliary agents or devices. The meaning of this term
is not limited to cells i vizro; an tRNA may also be "introduced into a cell,” wherein the cell is
part of a living organism. In such an instance, introduction into the cell will include the delivery
io the organism. For exaraple, for is vivo delivery, iIRNA can be injected into a tissue site ot
administered systemically. fn vivo delivery can also be by a B-glucan delivery system, such as
those described in U.S. Patent Nos. 5,032,401 and 5,607,677, and U.S. Publication No.
2005/0281781, which are hereby incorporated by reference in their entirety. /m vigro tntroduction
into a cell includes methods known in the art such as electroporation and lipofection. Further
approaches are described herein below or known 1n the art.  As used herein, a “disorder related
to MYOC expression,” a “disease related to MYOC expression,” a “pathological process related
to MY OC expression,” “a MYOC-associated disorder,” “a MYOC-associated disease,” or the
like includes any condition, disorder, or disease in which MYQOC expression is altered {(e.g.,
decreased or increased relative to a reference level, e.g., alevel characteristic of a non-diseased
subject). In some embodiments, MYOC expression is decreased. In some embodiments, MYGC
expression 18 increased. In some embodiments, the decrease or increase in MYOC expression is
detectable in a tissue sample from the subject (e.g,, in an aqueocus ocular fluid sample). The

decrease or increase may be assessed relative the level observed in the same individual prior to
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the development of the disorder or relative to other individual(s) who do not have the disorder.
The decrease or increase may be Himited to a particular organ, tissue, or region of the body {e.g.,
the eye). MYOC-associated disorders include, but are not limited to, glaucoma {e.g., primary
open angle glaucoma (POAG)).

The term “glaucoma”, as used herein, means any disease of the eve that is caused by or
associated with damage to the optic nerve. In some embodiments, the glavcoma is associated
with elevated intraocular pressure. In some embodiments, the glaucoma is asymptomatic. In
other embodiments, the glaucoma has one or more symptoms, e.g., loss of peripheral vision,
tunnel vision, or blind spots. A non-hmiting example of glaucoma that is treatable using
methods provided herein is primary open angle glaucoma (POAG).

The term “double-stranded RINA,” “dsBRNA,” or “siRNA” as used herein, refers {o an
iRMNA that includes an RNA molecule or complex of molecules having a hybridized duplex
region that comprises two anti-parallel and substantially complementary nucleic acid strands,
which will be referred to as having “sense” and “antisense” orientations with respect to a target
RNA. The duplex region can be of any length that permits specific degradation of a desired
target RNA, e.g., through a RISC pathway, but will typically range from 9 to 36 base pairs in
length, e.g., 15-30 base pairs in length. Considering a duplex between 9 and 36 base pairs, the
duplex can be any length in this range, for example, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22, 23,24, 25,26,27,28, 29,30, 31,32, 33, 34, 35, or 36 and any sub-range therein
between, including, but not limited to 15-30 base pairs, 15-26 base pairs, 15-23 base pairs, 15-22
base pairs, 15-21 base pairs, 15-20 hase pairs, 15-19 base pairs, 15-18 base pairs, 15-17 base
pairs, 18-30 base pairs, 18-2¢ base pairs, 18-23 base pairs, 18-22 base pairs, 18-21 base pairs,

o)

18-20 base pairs, 19-30 base pairs, 19-26 base pairs, 19-23 base pairs, 19-22 base pairs, 19-21
base pairs, 19-20 base pairs, 20-30 base pairs, 20-26 base pairs, 20-25 base pairs, 20-24 base
pairs, 20-23 base pairs, 20-22 base pairs, 20-21 base pairs, 21-30 base pairs, 21-26 base pairs,
21-25 base pairs, 21-24 base pairs, 21-23 base pairs, or 21-22 base pairs. dsRNAs generated in
the cell by processing with Dicer and sirvilar enzymes are generally in the range of 19-22 base
pairs in fength. One strand of the duplex region of a dsDNA comprises a sequence that is
substantially complementary to a region of a target RNA. The two strands forming the duplex
structure can be from a single RNA molecule having at least one self-complementary region, or

can be formed from two or more separate RNA molecules. Where the duplex region is formed
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from two strands of a single molecule, the molecule can have a duplex region separated by a
single stranded chain of nucleotides (herein referred to as a "hairpin loop") between the 37-end of
one strand and the 57-end of the respective other strand forming the duplex structure. The
hairpin loop can comprise at least one unpaired nuclectide; in some embodiments the hairpin
foop can comprise at feast 3, 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. Where the two substantially
complementary strands of a dsRNA are comprised by separate RNA molecules, those molecules
need not, but can be covalently connected. In some embodiments, the two strands are connected
covalently by means other than a hairpin loop, and the connecting structure is a hinker.

In some embodiments, the iIRNA agent may be a “single-stranded siRNA” that is
totroduced juto a cell or organism to inhibit a target mMRNA. In some embodiments, single-
stranded RNA1 agents can bind to the RISC endomuclease Argonaute 2, which then cleaves the
target mRNA. The single-stranded siRNAs are generally 15-30 nuclectides and are optionally
chemically modified. The design and testing of single-stranded siRNAs are described in U8,
Patent No. 8,101,348 and in Lima ez of., (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 {e.g., sequences provided in Tables 2A or 2B) may be used as a single-stranded
siRNA as described herein and optionally as chemically modified, e.g,, as described herein, e.g.,
by the methods described in Lima ef af., (2012} Celi 150:883-894.

In some embodiments, an RNA interference agent includes a single stranded RNA that
interacts with a target RNA sequence to direct the cleavage of the target RNA. Without wishing
to be bound by theory, long double stranded RNA introduced into cells is broken down into
siRNA by a Type HI endonuclease known as Dicer (Sharp ef af,, Genes Dev. 2001, 15:485).
Dicer, a ribonuclease-Ili-like enzyme, processes the dsRNA into 19-23 base pair short interfering
RNAs with characteristic two base 37 overhangs (Bernstein, e/ o/, (2001} Nature 409:363). The
siRNAs are then incorporated into an RNA-induced silencing complex (RISC) where one or
more helicases unwind the stRNA duplex, enabling the complementary antisense strand to guide
target recognition {Nykanen, ef a/,, (2001) Ceff 107:309). Upon binding to the appropriate target
mBNA, one or more endonucleases within the RISC cleaves the target to induce silencing

(Elbashir, er af,, (2001} Genes Dev. 15:188). Thus, in some embodiments, the disclosure relates
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to a single stranded RINA that promotes the formation of a RISC complex to etfect silencing of
the target gene.

“G7CC” A7 T and “U” each generally stand for a nucleotide that contains guanine,
cytosine, adenine, thymidine and uracil as a base, respectively. However, it will be understood
that the terms “deoxyribonuclectide,” “ribonucleotide,” or “nucleotide” can also referto a
modified nucleotide, as further detailed below, or a surrogate replacement moiety. The skilled
person is well aware that guanine, cytosine, adenine, and uracii may 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 may base pair with nuclectides containing adenine,
cytosineg, or uracil. Hence, nucleotides containing wracil, guanine, or adenine may 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 oligonucieotide can
be replaced with guanine and uractl, 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.

As used herein, the term “IRNA” “RNAI", “IRNA agent,” or “RNA{ agent” or “RNAi
molecule”™ refers to an agent that contains RNA as that term is defived herein, and which
mediates the targeted cleavage of an RNA transcript, e.g, via an RNA-induced silencing
complex (RISC) pathway. In some embodiments, an iRNA as described herein effects inhibition
of MYOC expression, e.g, in a cell or mammal. Inhibition of MYOC expression may be
assessed based on a reduction in the level of MYOC mRNA or a reduction in the level of the
MYOC protein.

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.

The term “lipophile” or “lipophilic motety” 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 octancl-water partition coefficient, logKoew, where Koy 13 the ratic 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
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structural components of a chemical which are calculated using first-principle or empirical
methods (see, for example, Tetko et al., S Chem. fnf. 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 nov-agueous or oily roilieu rather than water (i.e. its
hydrophilic/lipophilic balance). In principle, a chemical substance is lipophilic in character
when its logKew exceeds 0. Typically, the lipophilic moiety possesses a logKey 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 logKsw 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 hvdroxyl group or amine group to the end of a lipophilic moiety can
increase or decrease the partition coefficient {e.g., loglow} value of the lipophilic moiety.

Alternatively, the hydrophobicity of the double-stranded RNAJ agent, conjugated to one
or more hipophilic 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-stranded RNAI agent, which could then positively correlate to the silencing activity
of the double-stranded RNAI agent.

In some embodiments, the plasma protein binding assay determined is an elecirophoretic
mobility shift assay (EMSA} using human serum albumin protein. An exemplary protocol of this
binding assay is tllustrated 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 RNAJ ageni provides optimal hydrophobicity for the enhanced i vivo delivery of
siRMNA.

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, a RNAI

agent or a plasmid from which a RNA1 agent is transcribed. LNPs are described in, for example,
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1.8, 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, the term “modulate the expression of,” refers to an at least partial
“inhibition” or partial “activation” of a gene (e.g., MYOC gene) expression in a cell treated with
an iIRNA composition as described herein compared to the expression of the corresponding gene
in a control cell. A control cell includes an untreated cell, or a cell freated with a non-targeting
control IRNA.

The skilied artisan will recognize that the term “RNA molecule” or “ribonucleic acid
molecule” encompasses not only RNA molecules as expressed or found in nature, but also
analogs and derivatives of RNA comprising one or more ribonucleotide/ribonuciecside analogs
or derivatives as described herein or as konown in the art. Strictly speaking, a “ribonucleoside”
includes a nucleoside base and a ribose sugar, and a “ribonuclectide” is a ribonuclieoside with
one, two or three phosphate moieties or analogs thereof {e.g, phosphorothicate). However, the
terms “ribonucleoside” and “ribonuclectide”™ can be considered to be equivalent as used herein.
The RNA can be modified in the nuclecbase structure, in the ribose structure, or in the ribose-
phosphate backboune structure, e.g., as described herein below. However, the molecules
comprising ribonucleoside analogs or derivatives must retain the ability to form a duplex. As
nov-limiting examples, an RNA molecule can also include at least one modified ribonucleoside
including but not limited to a 2’-O-methyl modified nucleoside, a nuclecside comprising a 57
phosphorothioate group, a terminal nucleoside linked to a cholestery! derivative or dodecancic
acid bisdecylamide group, a locked nucleoside, an abasic nucleoside, an acyclic nucleoside, a
glycol nucleotide, a 27-deoxy-2 -fluore modified nucleoside, a 2°-amino-modified nucleoside,
2’ -atkyl-meodified nucleoside, morpholino nuclecside, a phosphoramidate or a non-natural base
comprising nucleoside, or any combination thereof. Alternatively, or in combination, an RNA
molecule can comprise at least two modified ribonucleosides, at least 3, at feast 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least 10, at least 15, at least 20 or more, up to the entire
length of the dsRNA molecule. The modifications need not be the same for each of such a
plurality of modified ribonucleosides in an RNA molecule. In some embodiments, modified
RNAs contemplated for use in methods and compositions described heretn are peptide nucleic
acids (PNAs) that have the ability to form the required duplex structure and that permit or

mediate the specific degradation of a target RNA, e.g., via a RISC pathway. For clarity, it is
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understood that the term “1IRNA" does not encompass a naturally cccurring double stranded
DNA molecule or a 100% deoxynucleoside-countaining DNA molecule.

In some aspects, a modified ribonucleoside includes a deoxyribonucleoside. In such an
instance, an iIRNA agent can comprise one or more deoxyuucleosides, including, for example, a
deoxynucleoside overhang(s}, or one or more deoxynucleosides within the double stranded
portion of a dsRNA. In certain embodirments, the RNA molecule comprises a percentage of
deoxyribonucleosides of at teast §, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95% or higher {but not 100%) deoxyribonucleosides, e.g., in one or both strands.

As used herein, the term “nucleotide overhang” refers to at feast one unpaired nucleotide
that protrudes from the duplex structure of an IRNA, e.g., a dsRNA. For example, when a 3 -end
of one strand of a dsRNA extends beyond the 5'-end of the other strand, or vice versa, thereisa
nuclectide 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
feast four nucleotides, or 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) may 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 some embodiments, the antisense strand of a dsRNA has a 1-10 nucleotide overhang at
the 37 end and/or the 57 end. Ton some embodiments, the sense strand of a dsBRNA has g 1-10
nucleotide overhang at the 37 end and/or the 5" end. In some embodiments, one or more of the
nucleotides in the overhang is replaced with a nucleoside thiophosphate.

As used herein, a “pharmaceutical composition” comprises a pharmacologically effective
amount of a therapeutic agent {e.g., an iRNA) and a pharmaceutically acceptable carrier. As

RENNRA

used herein, “pharmacologically effective amount.” “therapeutically effective amount” or simply
“effective amount” refers to that amount of an agent {e.g., IRNA} effective to produce the
intended pharmacological, therapeutic ot preventive result. For example, in a method of treating
a disorder related to MYQOC expression {e.g., glaucoma, e.g., primary open angle glaucoma
{(POAG)), an effective amount includes an amount effective to reduce one or more symptoms

associated with the disorder (e.g., an amount effective to; {a} inhibit or reduce the expression or

activity of MYOC; (b) reduce the level of misfolded MYOC protein; {¢) reduce trabecular
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meshwork cell death; {d} decrease intraocular pressure; or {}) increase visual acuity. For
example, if a given clivical treatment is considered effective wheo there is at least a 10%
reduction in a measurable parameter associated with a disease or disorder, a therapeutically
effective amount of a drag for the treatment of that disease or disorder is the amount necessary to
obtain at least a 10% reduction in that parameter. For example, a therapeutically effective
amount of an iRNA targeting MYOC can reduce a level of MYOC mRNA or a level of MYOC
protetn by any measurable amount, e.g., by at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, or 95%.

The term “pharmaceutically acceptable carier” refers 1o a carrier for administration of a
therapeutic agent. Such carriers include, but are not limited to, saline, buffered saline, dextrose,
water, glycerol, ethanol, and combinations thereof. The term specifically excludes cell culture
medium. For drugs administered oraily, pharmaceutically acceptable carriers include, but are not
limited to pharmaceutically acceptable excipients such as inert diluents, disintegrating agents,
binding agents, lubricating agents, sweetening agents, flavoring agents, coloring agents and
preservatives. Suitable inert diluents include sodium and calcium carbonate, sodium and calcium
phosphate, and factose, while corn starch and alginic acid are suitable disintegrating agents.
Binding agents may include starch and gelatin, while the lubricating agent, if present, will
generally be magnesium stearate, stearic acid or tale. If desired, the tablets may be coated with a
material such as glyceryl monostearate or glyceryl distearate, to delay absorption in the
gastrointestinal tract. Agents included in drug formulations are described further herein below.

As used herein, the term "SNALP" refers to a stable nucleic acid-lipid particle. A
SNALP represents a vesicle of lipids coating a reduced aqueous interior comprising a nucleic
actd such as an iRNA or a plasmid from which an iIRNA is transcribed. SNALPs are described,
eg., in U.S. Patent Application Publication Nos. 2006/0240093, 2007/0135372, and in
International Application No. WO 2009/082817. These applications are incorporated herein by
reference in their entirety. In some embodiments, the SNALP is a SPLP. As used herein, the
terro “SPLP” refers to a nucleic acid-lipid particle comprising plasmid DNA encapsulated within
a lipid vesicle.

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.
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As used herein, a “subject” to be treated according to the methods described herein,
includes a human or non-human animal, e.g., a mammal. The maromal may be, for example, a
rodent {e.g,, a rat or mouse) or a primate {e.g., a monkey). In some embodiments, the subjectisa
human.

A “subject in need thereof” includes a subject having, suspected of having, or at risk of
developing a disorder refated to MYOC expression, e.g., overexpression (e.g., glaucoma). In
some embodiments, the subject has, or is suspecied of having, a disorder related to MYQC
expression or overexpression. In some embodiments, the subject is at risk of developing a
disorder related to MYOC expression or overexpression.

As used herein, “target sequence” refers to a contiguous portion of the nucleotide
sequence of an mRNA molecule formed during the transeription of a gene, e.g., MYOC,
including mRNA that is a product of RNA processing of a primary transcription product. The
target portion of the sequence will be at least long enough to serve as a substrate for iRNA-
directed cleavage at or near that portion. For example, the target sequence will generally be from
9-36 nucleotides in length, e.g., 15-30 nucleotides in length, including all sub-ranges
therebetween. As non-limiting examples, the target sequence can be from 15-30 nucleotides, 15-
26 nuclectides, 15-23 nucleotides, 15-22 nucleotides, 15-21 nucleotides, 15-20 nucleotides, 13-
19 nucleotides, 15-18 nucleotides, 15-17 nucleotides, 18-30 nucleotides, 18-26 nucleotides, 18-
23 nucleotides, 18-22 nucleotides, 18-21 nucleotides, 18-20 nucleotides, 19-30 nucleotides, 19-
26 nucleotides, 19-23 nucleotides, 19-22 nucleotides, 19-21 nucleotides, 19-20 nucleotides, 20~
30 nucleotides, 20-26 nucleotides, 20-25 nuclectides, 20-24 nucleotides, 20-23 nucleotides, 20~
22 nucleotides, 20-21 nucleotides, 21-30 nucleotides, 21-26 nucleotides, 21-25 nucleotides, 21-
24 nucleotides, 21-23 nucleotides, or 21-22 nucleotides.

As used heretn, the phrases “therapeutically etfective amount” and “prophylactically
effective amount” and the like refer to an amount that provides a therapeutic benefit in the
treatment, prevention, or management of any disorder or pathological process related to MYOC
expression {e.g., glavcoma, e.g., primary open angle glancoma (POAG)). The specific amount
that is therapeutically effective may vary depending on factors known in the art, such as, for
example, the type of disorder or pathelogical process, the patient’s history and age, the stage of

the disorder or pathological process, and the administration of other therapies.
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In the context of the present disclosure, the terms “treat,” “treatment,” and the like mean
to prevent, delay, relieve or alleviate at least one symptom associated with a disorder related to
MYOC expression, or to slow or reverse the progression or anticipated progression of such a
disorder. For example, the methods featured herein, when employed to treat a glaucoma, may
serve to reduce or prevent one or more symptoms of the glaucoma, as described herein, or to
reduce the risk or severity of associated conditions. Thus, unless the context clearly indicates

EENNAY

otherwise, the terms “treat,” “ireatment,” and the like are intended to encompass prophyiaxis,
e.g., prevention of disorders and/or symptoms of disorders related to MYOC expression.
Treatment can also mean prolonging survival as compared to expected survival in the absence of
treatment.

By “lower” in the context of a disease marker or symptom is meant any decrease, e.g., a
statistically or clinically significant decrease in such level. The decrease can be, for example, at
feast 10%, at least 20%, at least 30%, at least 40%, at least 40%, at least 30%, at least 60%, at
feast 70%, at ieast 80%, or at least 30%. The decrease can be down 10 a level accepted as within
the range of normal for an individual without such disorder.

As used herein, “MYOC” refers to “myocilin” the corresponding mRNA ("MYOC
mRNA”Y, or the corresponding protein (“"MYOC protein”™). The sequence of a human MYOC

mRNA transcript caun be found at SEQ D NO: L

il iRNA Agents

Described herein are iRNA agents that modulate (e.g., inhibit) the expression of MYQC.

In some embodiments, the iRNA agent activates the expression of MYOC in a cell or
mammal,

In some embodiments, the IRNA agent includes double-stranded ribonucleic acid
{dsRNA) molecules for inhibiting the expression of MYOC in a cell or in a subject {e.g., in a
mammal, e.g., in a human}, where the dsRNA includes an antisense strand having a region of
complementarity which 13 complementary to at least a part of an mRNA formed 1o the
expression of MYOQC, and where the region of complementarity is 30 nucleotides or less in
tength, generally 19-24 nucleotides in length, and where the dsRNA, upon contact with a cell
expressing MYOC, inhibits the expression of MYOC, e.g., by at least 10%, 20%, 30%, 40%, or

20%.

S

3

33



92}

10

15

20

25

30

WO 2023/278406 PCT/US2022/035266

The modulation {e.g., inhibition) of expression of MYOC can be assayed by, for
example, a PCR or branched DNA (bDNA)-based method, or by a protein-based method, such as
by Western blot. Expression of MYQOC in cell culture, such as in COS cells, ARPE-19 cells,
hTERT RPE-1 cells, Hela cells, primary hepatocytes, HepG2 cells, primary cultured cells orin a
biological sample from a subject can be assayed by measuring MYOC mRNA levels, such as by
bDNA or TagMan assay, or by measuring protein levels, such as by immunofluorescence
analysis, using, for example, Western Blotting or flow cytometric techniques.

A dsRNA typically includes two RNA strands that are sufficiently complementary to
hybridize 1o form a duplex structure under conditions in which the dsRNA will be used. One
strand of a dsRNA (the antisense strand) typically includes a region of complementarity that is
substantially complementary, and generally fully complementary, to a target sequence, derived
from the sequence of an mRNA formed during the expression of MYOC. The other strand (the
sense strand) typically includes a region that is complementary to the antisense strand, such that
the two strands bybridize and form a duplex structure when combined under suitable conditions.
Generally, the duplex structure is between 15 and 30 inclusive, more generally between 18 and
25 inclusive, vet more generally between 19 and 24 inclusive, and most generally between 19
and 21 base pairs in length, inclusive. Similarly, the region of complementarity to the target
sequence s between 1S and 30 inclusive, more generally between 18 and 25 inclusive, yet more
generally between 19 and 24 inclusive, and most generally between 19 and 21 nucleotides in
tength, inclusive.

fn some embodiments, the dsSRNA is between 15 and 20 nucleotides i1 length, inclusive,
and in other embodiments, the dsRNA is between 25 and 30 nucleotides in length, inclusive. As
the ordinarily skilled person will recognize, the targeted 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 be
a substrate for RNAi-directed cleavage (7.¢., cleavage through a RISC pathway). dsRNAs
having duplexes as short as 9 base pairs can, under some circumstances, mediate RNAi-directed
RNA cleavage. Most often a target will be at least 15 nucleotides in length, e.g., 15-30
nucleotides in length.

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 910 36, e.g.,, 15-30 base pairs. Thus, in some
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embodiments, 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 some embodiments, then, an miRNA is a dsRNA. In some embodiments, a
dsRNA is not a naturally occurring miRNA. In some embodiments, an iRNA agent useful to
target MYOC expression is not generated in the target cell by cleavage of a larger dsRNA

A dsRNA as described herein may further include one or more single-stranded nuclectide
overhangs. The dsRNA can be synthesized by standard methods known in the art as further
discussed below, e.g.. by use of an automated DNA synthesizer, such as are commercially
available from, for example, Biosearch, Applied Biosystems, Inc.

In some embodiments, MYQCC is a human MYOC,

In specific embodiments, the dsRNA comprises a sense strand that comprises or consists
of a sense sequence selected from the sense sequences provided in Tables 2A or 2B and an
antisense strand that comprises or consists of an antisense sequence selected from the antisense
sequences provided in Tables 2A or ZB.

In some aspects, a dsRNA will include at least sense and antisense nucleotide sequences,
whereby the sense strand is selected from the sequences provided in Tables 2A or 2B and the
corresponding antisense strand is selected from the sequences provided in Tables 2A or 2B.

In these aspects, one of the two sequences is complementary to the other of the two
sequences, with one of the sequences being substantially complementary 1o a sequence of an
mRNA generated by the expression of MYOC. As such, a dsRNA will include two
oligonucleotides, where one oligonucleotide is described as the sense strand, and the second
oligonucleotide is described as the comresponding antisense strand. As described elsewhere
herein and as known in the art, the complementary sequences of a dsRNA can also be contained
as self-complementary regions of a single nucleic acid molecule, as opposed to being on separate
oligonucleotides.

The skilled person is well aware that dsRNAs having a duplex structure of between 20
and 23, but specifically 21, base pairs have been hailed as particularly effective in inducing RNA
interference (Elbashir er of | FAMB(O 2001, 20:6877-6888). However, others have found that

shorter or longer RNA duplex structures can be effective as well.
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In the embodiments described above, by virtue of the nature of the oligonucleotide
sequences provided in Tables 2A and 2B, dsRNAs described herein can include at feast one
strand of a length of minimally 19 nuclectides. } can be reasonably expected that shorter
duplexes having oune of the sequences of Tables 2A and 2B minus ouly a few nucleotides on one
or both ends will be similarly effective as compared to the dsRNAs described above.

In some embodiments, the dsRNA has a partial sequence of at least 15, 16, 17, 18, 19, 20,
or more contiguous nuclectides from one of the sequences of Tables 2A or 2B.

In some embodiments, the dsRNA has an antisense sequence that comprises at least 15,
16, 17, 18, or 19 contiguous nucieotides of an antisense sequence provided in Tables 2A or 2B
and a sense sequence that comprises at least 15, 16, 17, 18, or 19 contiguous nuclectides of a
corresponding sense sequence provided in Tables 2A or 2B,

In some embodiments, the dsSRNA comprises an antisense sequence that comprises at
feast 15, 16, 17, 18, 19, 20, 21, 22, or 23 contiguous nucleotides of an antisense sequence
provided in Tables 2A or 2B and a sense sequence that comprises at least 15, 16, 17, 18, 19, 20,
or 21 contiguous nucleotides of a corresponding sense sequence provided in Tables 2A or 2B.

In some such embodiments, the dsRNA, although it comprises only a portion of the
sequences provided in Tables 2A or 2B is equally effective in inhibiting a level of MYOC
expression as is a dsRNA that comprises the full-length sequences provided in Tables 2A or 2B.
in some embodiments, the dsRNA differs in its inhibition of a level of expression of MYOC by
not more than §, 10, 15, 20, 25, 30, 35, 40, 45, or 50 % inhibition compared with a dsRNA
comprising the full sequence disclosed herein.

In some embodiments, an iIRNA described herein comprises an antisense strand
comprising at least 15 contiguous nuclectides, with 0, 1, 2, or 3 mismatches, of a portion of
nucleotide sequence of SEQ ID NG: 2. In some embodiments, an iRNA described herein
comprises a sense strand comprising at least 1S contiguous nucleotides, with 0, or 1, 2, or 3
mismatches, of the corresponding portion of the nucleotide sequence of SEQ ID NG: |

A human MYOC mRNA may have the sequence of SEQ ID NG: 1 provided herein.
Homo sapiens myocilin (MYOC), mRNA
GAGCCAGCAAGGCCACCCATCCAGGCACCTCTCAGCACACCAGAGCTTTCCAGAGGAAGCCTCA
CCAAGCCTC TG(“TATCT\QPT"'“"’TCTV“TGK,A CGTTGCTGCAGCTTTGGGCCTGAGATGCCAGCT

GTCCAGCTGCTGCTICTEGCCTGCCTGGTGTGEEATGTGGEEGCCAGGACAGCTCAGCTCAGGA
“’“(J\,CA?\TGALCA’:Z\CTC—(J CGATGCCAGTATACCTTCAGTGTGGCCAGTCCCAATGAATCCAG
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CTGCCCAGAGCAGAGCCAGGCCATGTCAGTCATCCATAA CAGAGAGACAGCAGCACCCAA
JvCTTTCACCTCGﬁGuCTK“FnHAFh”“GﬁCTFﬁCCm”C“W”GAGnGVFTC’m”CAC\ AATTGA
CCTTGGACCAGECTGCCAGECCCCAGGAGA TGECAGAGGGAGCTGGGCACCCT
GAGGCGGEAGCEGGACCAGCTGGAAACTC? GACTGCCTACAGCAACCTC
uIQ”GAQALAACTCAGTLClGCACbAA” \’”AAbAAPALGAbkﬂlulﬁﬂ
CCAGGAGGTTGCAAAGCAGCAG GCCAGTGTCCCCAGAL
CCGAGACACTGCTCC GGCT?¢CCCACLFbQC1CCAGHGARG1¢ _ACGTV@fﬂTITCFACACF
TTGGCCTTCCAGGAALTGAAGTCCGAGCTAACTGAAGT TCCTGCTT GAATTTTGAAGGAGA
GLCFATFTGUFTHTFTCAGCRGW”GAGHGDJﬂGAPﬁCCGCRTFTGpFCBAFTKCMT““GC¢AGC

CC“meC*C fTCAPAHCA*rBG BALLAiTAfT%bv RUT pr¢ .
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‘“WﬂflhCCTACGCC%CTGGAR%GCbCGG GT ‘ g ‘ICJAF”TCC
GGCGCTGAGTCCAGRACTGTCATAAGATATGAGCTG ATACTGAGﬂCAFTGAA SGCTGAGAAGG
ARATCCCTGGAGCTGGCTACCACGGACAGTTCCCGTATTCTITGEGGTGGCTACACGGACATTGA
CTTGGCTETGGATGRAGCAGGCCTCTGEGTCATTTAC n‘Lf'CCKTGA GCCAAAGGTGCCAT
GTCCTCTCCAAACTGAACCCAGAG SGAACTCGAR ”‘CTuXAF
AGCAGTCAGT ?CJCAATLCCTICAEvAlulGTGdCACCLIuLAP" C
AGCAGATCCTACCGTCAACTTTGCT TATGACACAGGCACAR!
CCAT*VAALAA”CCCTATABGTA“AGCAGVAJuATlCﬂPIAC, SGAGBAGA A”CTCT
TTGCCTGGGACRACTTGAAC GCTCA”TTATGAPATCAﬂG“mC”“ ﬁuuATGTGnUAA”C“Mﬂ
CAAGCTGTACAG bAlTC”fﬂhﬂpr ATGCTCAGGECTCCTGGEGGEGEAG AC“C AAGIEGA
GAGVCAGVCAQVCAbbGu CAGGCAGCTT TGQCTGCﬁTTCCAﬂ”mT'TCA T CCAGAAGGA
GGTCACCATCTAACTATTC I3 STGAGGGC( AL ATATAA
PATCCT AlCTm GUCAGCATTT [T TARATGACAT I'PTCTTG
TGA 'J TTGEGGCAAAAGCTGTAAGGCATAATAGTTTCTTCCTGAARACCATTGCTCTTGCATGTT
‘ALHTGGTTAFCAFAAG hACAﬂ4AAﬂ“AGTATAICTMhmAAﬂCuAﬁGpACAAm GCTCCTCTGG
CCAGCATCGAATATAAGTRAAGATGCATTTACTAC CTTCTAATGCTTCAGATAGAATAC
‘GCGTCTCACATAACCCTT TLCATICIbuAATAAhQLLTSVI'ACCCAA(SEQIDT«}:U

TN Y
K,"’L_ (LG

\Z

The reverse complement of SEQ 1D NO: 1 is provided as SEQ 1D NO: 2 herein:

TTGGGTAAGRARATTTTATTTCACAATGTAAAGGGTTATGTG CRCCTKAFTGTA TCTATCTG
ARGCATTAGAAGCCAACTGTAGTARATGCATCTTACTTATATTCGATGCTGGCCAGAGGAGTTA
”TLTGCTTCCTT”A&\APmT Tb”mT'TTA TGTGwCTMﬂHPGT AbvuTbT AC“T”CAAﬂKG

VlCTA”hVCC*LAwAVT”CkkligthﬁAFALUFAvATC GACCATGTTCATCCTTCTGGATT
AATGAARACTTGGARAGCAGTCARAGCTGCCTGEGCCCTEGCTGGUTGEGCTCTCCCTTCAGCCT
GCTCCCCCCAGGAGCCCTGAGCATCTCCTTCTGCCATTGCCTGTACAGCTTGGAGGCTTTTCAL
ATCTTGGA@A'CMTGATCT“AT%A@TGACv“TuT”CAnG mrﬁC VAQGCAAirK“L TCTTCT

SGGGTTGTAGT G G ‘GICjbqu
TGATACCT 3 AL
"TG“CCVFLTA”AEGC*QLTAVA AR WTTGGE GCTTACGGAT
TCTCCCAGGTITGTTCGAGT FﬂGAmTCTFTGuJ. A TMhGAGﬁGuA\HAMhGpAhCT T
GuCT“CATCCFTGQMh”AA“”“AthA~uuGTCTGT”TPATCFnCAGTCAA””“A“““m”'Cm”
TAGCCACCCCAAGAATACGGGARCTGTCCGTGETAGCCAGCTCCAGGGATTITCCTTCTCAGCCT
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A T T O T TP (Y ~ e
AL L GGTATTCAGCH

‘%J ATCTTATCACAGTTCTGGACTCAGCGCCCTGGARATAGAG

G CCGAGTACACCACAL TGGCCTAGGCAGTATGTGAACCTTAL
GGGTA\:CCCTG&,E\TL&ZQV : CAAARACCTGGCGGACATCCGTGCCAL

CTGTGTCGATTCTCCACGT
CACACCATACTTGCCAGTAATTGTTTC '1 a; C
AGTTCTCCACATCCGETG re

rTZ&“”ﬁ7“rCTT”~ GGTCTCGCATCCA
3 SGCTCTCCTACCCAAACT
ATGGGCTCTCCT AR
(111:Ct(_;CJ(;M‘L'1(: GOAACTTCAGTY 4.'3\';.‘.C1GA(‘.TTC"“C’T'I‘CC"T GGAAGGCCARAAGTGTCCAAATT
CCACGTAGARAACTTCTCTGGAGCCTGGTGGCACAGCCCGAGCAGTGTCTCGGETCTGGGGACAC
”"(””C‘C(“T”“T("T‘Gt’“’“”TGT”ACCTCV‘TGJ‘TGC””CT ITCCAACCTCCTGGCCAGATTCTCAT
TTTCTTGCCTTAGTCGCTTCTTCTCTTCCTCCAGAACTGACTTGTCTCGGAGGAGGTTGCTGTA

j»(;lk, CCAACTCTCTGGTTTGGE! ""U»"\G”‘”' ;TCCCECTCCCC GCCCAGC

TCCCGCCTCAGGG
GCAGCCCCTCCTGG sGCAGCCTGGTCCAAGGTCAS ZGTGGA

e

CTCCAGGGAGCTGE "CCAGG ‘””AA"CCTIGCWHJC',;."CI
FTCTF‘TCTFT, AGTT AW”GA”LT@”U@ATG\T’““ GGCTCTGCTCTGGGCAGCTGGATTCATTG
GGACTGGCCACACTGAAGGTATACTGGCATCGEGCC Z\PTCTV S TCATTGGCCTTCC TGﬂG'\, PGAL

CTGTCCT’TG\JCCCCL uﬁ\TCCCAC ACCE TGGACAGCTGGCATCTC
AGG CGTGCACAGAAC SGCTTGGTCAGGCTTCC 'JC
TGGAAAGCTCTGCTGTGCTGAGAGGTGCCTGGATGGETGGCCTTGCTGGCTC (SEQ ID NG: 2)

In some embodiments, an iRNA described herein includes at least 15 contiguous
nucleotides from one of the sequences provided in Tables 2A and 2B, and may optionally be
coupled to additional nuclectide sequences taken from the region contiguous to the selected
sequence in MYOC.

While a target sequence is generally 15-30 nuclectides in length, there is wide varnation
in the suitability of particular sequences in this range for directing cleavage of any given target
RNA. Various software packages and the guidelines set out herein provide guidance for the
identification of optimal target sequences for any given gene target, but an empirical approach
can also be taken in which a “window” or “mask” of a given size (as a non-limiting example, 21
nucleotides) is lterally or figuratively (including, e.g., in silico) placed on the target RNA
sequence to identify sequences in the size range that may serve as target sequences. By moving

the sequence “window” progressively one nucleotide upstream or downstream of an initial target
sequence location, the next potential target sequence can be identified, until the complete set of
possible sequences is identified for any given target size selected. This process, coupled with
systematic synthesis and testing of the identified sequences {using assays described herein or
known in the art) to identify those sequences that perform optimally can identify those RNA
sequences that, wheo targeted with an iIRNA agent, mediate the best inhibition of target geve

expression. Thus, it is contemplated that further optimization of inhibition efficiency can be
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achieved by progressively “walking the window” one nuclectide upstream or downstream of the
given sequences to identify sequences with equal or better inhibition characteristics.

Further, 1t is contemplated that for any sequence identified, e.g., in Tables 2A and 28,
further optimization can be achieved by systematically either adding or removing nuclectides to
generate longer or shorter sequences and testing those and sequences generated by walking a
window of the longer or shorter size up or down the target RNA from that point. Again,
coupling this approach to generating new candidate targets with testing for effectiveness of
iRMNAs based on those target sequences in an inhibition assay as known in the art or as described
herein can lead to further improvements in the efficiency of inhibition. Further still, such
optimized sequences can be adjusted by, e.g., the iniroduction of modified nucleotides as
described herein or as known in the art, addition or changes in overhang, or other modifications
as known in the art and/or discussed herein to further optimize the molecule {e.g., increasing
serum stability or circulating halt-life, increasing thermal stability, enhancing transmembrane
delivery, targeting to a particular location or cell type, increasing interaction with silencing
pathway enzymes, increasing release from endosomes, efc.} as an expression inhibitor.

fn some embodiments, the disclosure provides an iRNA of Table 2B that is un-modified
or un-conjugated. In some embodiments, an RNAI agent of the disclosure has a nucleotide
sequence as provided in Table 24, but facks one or move ligand or moiety shown iv the table. A
ligand or moiety {(e.g., a lipophilic ligand or moiety} can be included in any of the positions
provided in the instant application.

AniRNA as described herein can contain one or more mismaiches to the target sequence.
In some embodiments, an iRNA as described herein contains no more than 3 mismatches. In
some embodiments, when the antisense strand of the iIRNA contains mismatches to a target
sequence, the area of mismateh is not located in the center of the region of complementarity. In
some embodiments, when the antisense strand of the iRNA contaius mismatches to the target
sequence, the mismatch is restricted to be within the last 5 nuclectides from either the 5” or 3’
end of the region of complementarity. For example, for a 23 nucleotide IRNA agent RNA strand
which is complementary to a region of MYOC, the RNA strand 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 IRNA containing a mismaich to a target sequence is

effective in inhibiting the expression of MYOC. Consideration of the efficacy of iIRNAs with
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mismatches in inhibiting expression of MYOC is important, especially if the particular region of
complementarity in a MYOC gene is known to have polymorphic sequence variation within the
population.

In some embodiments, at least one end of a dsRNA has a single-stranded nucleotide
overhang of 1 fo 4, generally T or 2 nuclectides. In some embodiments, dsRNAs having at least
one nucleotide overhang have superior inhibitory properties relative to their blunt-ended
counterparts. In some embodiments, the RNA of an tRNA {e.g., a dsRNA} is chemically
modified to enhance stability or other beneficial characteristics. The nucleic acids featured in the
disclosure may be synthesized and/or modified by methods well established n the art, such as
those described in “Current protocols in nucleic acid chemistry,” Beaucage, S L. ef o (Edrs.),
Johu Wiley & Sons, Tnc,, New York, NY, USA, which is hereby incorporated herein by
reference. Modifications include, for example, {a) end modifications, e.g., 5 end maodifications
{phosphorylation, conjugation, inverted linkages, erc.) 37 end modifications {conjugation, DNA
nucleotides, inverted linkages, efc ), (b} base modifications, e.g., replacement with stabilizing
bases, destabilizing bases, or bases that base pair with an expanded repertotre of partners,
removal of bases {abasic nuclectides), or conjugated bases, (¢} sugar modifications {e.g., at the 2°
position or 47 position, or having an acvelic sugar) or replacement of the sugar, as well as {(d)
backbone modifications, including modification or replacement of the phosphodiester linkages.
Specific examples of RNA compounds useful in this disclosure 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 internuclecside backbone can also
be considered to be oligonucleosides. In particular embodiments, the moditied RNA will havea
phosphorus atom in its interoucleoside backbone.

Modified RNA backbones include, for example, phosphorothioates, chiral
phosphorothioates, phosphorodithioates, phosphotriesters, aminoalkyiphosphotriesters, methyt
and other alkyl phosphonates including 3"-alkylene phosphonates and chiral phosphonates,
phosphinates, phosphoramidates including 37 -amino phosphoramidate and
amincalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,

thionoalkylphosphotriesters, and boranophosphates having normal 3°-5 linkages, 2°-57 linked
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analogs of these, and those} having inverted polarity wherein the adjacent pairs of nucleoside
units are linked 37-5" to 57-3° or 2°-37 to 5°-2°. Various salts, mixed salts and free acid forms are
also included.

Representative U8, patents that teach the preparation of the above phosphorus-
containing linkages include, but are not limited to, U 8. Pat. 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;
5321,131; 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: 6,867,204; 6,878 805;

7,015,315, 7,041,816, 7,273,933, 7,321,029, and US Pat RE39464, each of which is herein
incorporated by reference.

Moditied RNA backbones that do not include a phosphorus atom therein have backbones
that are formed by short chain atkyl or cycloalkyl intermucieoside linkages, mixed heteroatoms
and alkyl or cyveloalkyl internucleoside linkages, or one or more short chain hetercatomic or
heterocyclic internuclenside linkages. These include those having morpholing linkages (formed
in part from the sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and
sulfone backbones; formacetyl and thioformacetyl backboues; methylene formacetyl and
thioformacetyl backbones; alkene containing backbones; sulfamate backbones; methyleneimino
and methyienehydrazino backbones; sulfonate and sulfonamide backbones; amide backbones;
and others having mixed N, 3, S and CH> component parts.

Representative U 8. patents that teach the preparation of the above oligonucleosides
include, but are not limited to, 1J.8. Pat. Nos. 5,034,506, 5,166,315, 5,185,444, 5,214,134,
§.216,141; 5,235,033; 5.64,562: 5.264.564: 5,405,038; 5,434,257 5.466.677; 5,470,067,
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, each of which is herein
incorporated by reference.

In other RNA mimetics suitable or contemplated for use in iRNAs, both the sugar and the
internucleoside linkage, f.e, the backbone, of the nuclectide units are replaced with novel
groups. The base units are maintained for hybridization with an appropriate nucleic acid target

compound. One such oligomeric compound, an RNA mimetic that has been shown to have
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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 amincethylglycine backbone. The nuclecbases are retained and are bound directly
or indirecily to aza nitrogen ators 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. Pat.
Nos. 5,539,082; 5,714,331; and 5,719,262, each of which is herein incorporated by reference.
Further teaching of PNA compounds can be found, for example, in Nielsen ef of | Science, 1991,
254, 1497-1500.

Some embodiments featured in the disclosure wnclude RNAs with phosphorothiocaie
backbones and oligonucleosides with hetercatom backbones, and in particular --CHy--NH--CHj--
, ~~CHyp~-N(CH3--0--CHy-~[known as a methylene {methyhimino) or MM backbone], --CH--0O-
~N{CH3}-CHy--, «-CHp=-N{CH3)}--N{CHj}--CHo-- and «~-N{CH;3)}--CHy--CHy--[wherein the native
phosphodiester backbone is represented as ~~-0--P--0--CHy--] of the above-referenced U S, Pat.
No. 5,489,677, and the amide backbones of the above-referenced U5, Pat. No. 5,602,240, In
some embodiments, the RNAs featured herein have morpholino backbone structures of the
above-referenced U 8. Pat. No. 5,034,506,

Moditied RNAs may also contain one or more substituted sugar moieties. The iRNAs,
e.g., dsRNAs, featured herein can include one of the following at the 27 position: OH; F; O-, §-,
or N-alkyl; O~ 8-, or N-alkenyl; O-, 8- or N-alkynyl; or O-alkyl-G-alkyl, wherein the alkyl,
alkenyl and alkynyl may be substituted or unsubstituted Cy to Ci alkyl or C; to Cyo alkenyl and
alkynyl. Exemplary suitable modifications include GI{CH2 O] nCHs, G(CH2).0CH;,
O{CH2)uNH, O(CH2) oCH;, O(CH:).ONH:, and O{CH2 WON[{CH )CH3) ]2, where n and m are
from 1 to about 10. In other embodiments, dsRNAs include one of the following at the 2
position: C1 to Cio lower alkyl, substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or G-aralkyl,
SH, SCHs, OCN, Ci, Br, CN. CF3, OCF;, SOCH;3, SO,CHz, ONG,, NO2, N3, NH»,
heterocycloalkyl, heterocycloalkaryl, aminoalkylamine, polvalkylamino, substituted silyl, an
RNA cleaving group, a reporter group, aun intercalator, a group for irmaproving the
pharmacokinetic properties of an iIRNA, or a group for improving the pharmacodynamic
properties of an 1RNA| and other substituents having similar properties. In some embodiments,
the modification includes a 2"-methoxyethoxy (27-0--CH:CHOCH3, also known as 27-0-(2-

methoxyethyl) or 2°-MOE) (Martin ef af | Helv. Chim. Acta, 1995, 78:486-504) 7.¢ , an alkoxy-
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alkoxy group. Another exemplary modification is 2" -dimethylaminooxyethoxy, 7.e., a

O{CH pON(CH:s )2 group, also known as 2°-DMAOQOE, and 2’-dimethylaminoethoxyethoxy {also
known in the art as 2”-O-dimethylamincethoxyethyl or 27-DMAEQCE), ie, 27-0--CHy--O--CHz-
N(CHzh.

In other embodiments, an iIRNA agent comprises one or more {e.g., about 1,2, 3,4, 5,6, 7,
8, 9, 10, or more) acyclic nucleotides (or nucleosides). In certain embodiments, the sense strand
or the antisense strand, or both sense strand and antisense sirand, include less than five acyclic
nuclectides per strand {e.g., four, three, two or one acyclic nucleotides per strand). The one or
more acyclic nucleotides can be found, for exaruple, in the double-stranded region, of the sense
or antisense strand, or both strands; at the 5’-end, the 3 -end, both of the 57 and 3’-ends of the
sense or antisense strand, or both strands, of the iIRNA agent. In some embodiments, one or
more acyclic nucleotides are present at positions 1 to 8 of the sense or antisense strand, or both.
In some embodiments, one or more acyelic nucleotides are found in the antisense strand at
positions 4 to 10 {e.g., positicas 6-8) from the 5’-end of the antisense strand. In some
embodiments, the one or more acyclic nucleotides are found at one or both 3’ -terminal
overhangs of the iRNA agent.

The term "acyclic nuclectide” or “acyclic nucleoside” as used herein refers to any
nucleotide or nucleoside having an acyclic sugar, e.g., an acyclic ribose. An exemplary acyclic
nucleotide or nucleoside can include a nucleobase, e.g., a naturally occurring or a modified
nucieobase {e.g.. a nucleobase as described herein}. In certain embodiments, a bond between
any of the ribose carbons (C1, €2, €3, C4, or C5), is independently or in combination absent
from the nuclectide. In some embodiments, the bond between C2-C3 carbons of the ribose ring
is absent, e.g., an acyclic 2°-3"-seco-nucleotide monomer. In other embodiments, the bond
between C1-C2, C3-C4, or C4-C5 1s absent {e.g., a U'-2°, 374" or 4’-5"~-seco nucleotide
monomer). Exemplary acyclic nucleotides are disclosed in US 8,314,227, incorporated herein by
reference in its entirely. For example, an acyclic nucleotide can include any of monomers B} in
Figures 1-2 of US 8,314,227, In somwe embodiments, the acyclic nucleotide includes the

following monomer:
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wherein Base is a nucleobase, e.g., a naturally occurring or a modified nuclechase {e.g, a
nuclecbase as described herein).

In certain embodiments, the acyclic nucleotide can be modified or derivatized, e.g,, by
coupling the acyclic nucleotide to another moiety, e.g., aligand {e.g., a GalNAc, a cholesterol
Hgand), an alkyl, a polvamine, a sugar, a polypeptide, among others.

In other embodiments, the iRNA agent includes one or more acyclic nuclectides and one
or more LNAs {e.g,, an LNA as described berein). For example, one or more acyclic nucleotides
and/or one or more ENAs can be present in the sense strand, the antisense strand, or both. The
number of acyclic nucleotides in one strand can be the same or different from the number of
LINAs in the opposing strand. In certain embodiments, the sense strand and/or the antisense
strand comprises less than five LNAs {e.g,, four, three, two or one LNAs) located in the double
stranded region or a 3’-overhang. In other embodiments, one or two LNAs are located in the
double stranded region or the 3"-overhang of the sense strand. Alternatively, or in combination,
the sense strand and/or antisense strand comprises less than five acyclic nucleotides {e.g., four,
three, two or one acyclic nuclectides) in the double-stranded region or a 3"-overhang. In some
ernbodiments, the sense strand of the iIRMNA agent comprtises one or two LNAs tn the 37-overhang
of the sense strand, and one or two acyclic nucleotides in the double-stranded region of the
antisense strand {e.g., at positions 4 to 10 {e.g, positions 6-8) from the 5 -end of the antisense
strand} of the iRNA agent.

In other embodiments, inclusion of one or more acyclic nucleotides {alone or in addition to
one or more LNAs) in the iRNA agent results in one or more {or all) of: (i)} a reduction in an off-
target effect; (11) a reduction in passenger strand participation in RNAJ; (1ii} an increase in
specificity of the guide strand for its target mBRNA; (iv) a reduction in a microRNA off-target
effect; (v} an increase in stability; or (vi) an increase in resistance to degradation, of the iRNA
molecule.

Other modifications include 2'-methoxy (27-0CHS3), 27-5 aminopropoxy (27~

OCH2CH:CHaNH?2) and 27 -fluoro {2°-F). Similar modifications may also be made at other
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positions on the RNA of an iIRNA, particularly the 37 position of the sugar on the 37 terminal
nucleotide ot in 2°-5" linked dsRNAs and the 57 position of 57 termival nucleotide. iRNAs may
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, and each of which is herein
incorporated by reference.

An iRNA may also include nucleobase {often referred to in the art simply as “base”)
modifications or substitutions. As used herein, “unmodified” or “natural” nucleobases inciude
the purine bases adenine (A) and guanine (), and the pyrimidine bases thymine (T), cytosine
(C) and uracil (U}, Modified nucleobases include other synthetic and natural nucleobases such as
S-methyicytosine (5~-me-(0}, S-hydroxymethyl cytosing, xanthine, hypoxanthine, 2-
aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine, 2-propyl and other
alky! derivatives of adenine and guanine, 2-thiouracil, 2-thiothyvmine and 2-thiocytosine, 5-
halouracil and cytosine, 3-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-
uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, §-thioalkyl, 8-hydroxyl anal other 8-
substituted adenines and guanines, 5-halo, particularly 3-bromo, S-trifluoromethyl! and other 5-
substituted uracils and cytosines, 7-methylguanine and 7-methyiadenine, 8-azaguanive and 8-
azaadenine, 7-deazaguanine 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, Bictechnology 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., Angewandie Chemie, International Edition, 1991, 30, 613, and those disclosed by Sanghvi, Y
S., Chapter 15, dsRNA Research and Applications, pages 289-302, Crooke, 5. 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 S-
substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and 0-6 substituted purines, including 2-

aminopropyladenine, S-propynyluracil and S-propynylcytosine. S-methyleviosine substitutions
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have been shown 1o increase nucleic acid duplex stability by 0.6-1.2°C (Sanghvi, Y. 8., Crooke,
S T and Lebleu, B, Eds,, dsRNA Research and Applications, CRC Press, Boca Raton, 1993,
pp. 276-2778) 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 nuclecbases as well as other modified nucleobases include, but are not limited to, the
above noted U8, Pat. No. 3,687,808, as well as U.S. Pat. Nos. 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, 5,596,001, 5,614,617, 5,681,941, 6,015,886, 6,147,200,
6,166,107, 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, each of which is herein incorporated by reference, and U.S. Pat. No.
5,750,692, also herein incorporated by reference.

The RNA of an iRNA can also be modified to include one or more {e.g., about 1, 2, 3, 4,
5,6,7,8, 9,10, 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 27~
carbon of the sugar ring. Thus, in some embodiments an agent of the disclosure may include ove
or more locked macleic acids {(LNAs) (also referred to herein as “locked nucleotides”). In some
embodiments, a focked nucleic acid is a nucleotide having a modified ribose moiety in which the
ribose motety comprises an extra bridge connecting, e.g., the 2” and 4” carbons. This structure
effectively "ocks” 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, increase thermal
stability, and to reduce off-target effects (Elmen, J. er af | (2005) Nucleic Acids Research
33(1):439-447; Mook, OR. et af., (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 tu the polysucleotides of the disclosure include
without limitation nucleosides comprising a bridge between the 4° and the 2’ ribosyl ring atoms.
In certain embodirments, the antisense polynucleotide agents of the disclosure inchude one or
more bicyclic nucleosides comprising a 4” to 2’ bridge. Examples of such 4” to 27 bridged

bicyclic nucleosides, include but are not limited to 4’ <({CH2}—0-27 (LNA), 4 -(CH2»—S-27; 4°-
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{CH2)2—0-2" (ENA); 4’ -CH{CH3)}—0-2" {also referred to as “constrained ethy!” or “cEt”} and
4 -CH(CH20CH3 }—0-2" (and analogs thereof, see, e.g., U.S. Pat. No. 7,399,845, 47-
C(CH3YCH3)—0-2’ {and analogs thereof, see e.g., US Patent No. 8,278,283}, 4’-CHZ2—
N{OCH3)-2" {and analogs thereof; sec e.g., US Patent No. 8,278,425), 4-CH2—0O—N(CH3)-2’
{see, e.g., U.8. Patent Publication No. 2004/0171570), 4 -CH2—N{R (-2’ wherein R is H,
C1-C12 alkyl, or a protecting group {see, e.g., U.S. Pat. No. 7,427,672y, 4’ -CH2—C(H}CH3}-2’
(see, e.g., Chattopadhyaya et of., .J Org. Chem ., 2009, 74, 118-134); and 4"-CH2—C(=CH2Z}-2’
(and analogs thereof, see, ez, US Patent No. 8,278 426). The contents of each of the foregoing
are incorporated herein by reference for the methods provided therein. Representative U.S,
Patents that teach the preparation of locked nucleic acids include, but are not limited to, the
following: U.S. Pat. Nos. 6,268,490; 6,670,461, 6,794,409, 6,998 484; 7,053,207 7,084,125,
7,399,845 and 8,314,227, each of which is herein incorporated by reference in its entirety.
Exemplary LNAs include but are not limited to, a 27, 47-C methylene bicyclo nucleotide {see for
example Wengel ef af, International PCT 5 Publication No. WO 00/66604 and WO 99/14226).

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

A RNAi agent of the disclosure can also be modified to include one or wmore constrained
ethyl 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}-0-2" bridge. In some
embodiments, a consirained ethyl nucleotide is in the S conformation referred to herein as S~
cBt”

A RNAI agent of the disclosure may also include one or more “conformaticnally
restricted nucleotides” (“CRIN”). CRN are nucleotide analogs with a linker connecting the
C2and €4’ carbons of ribose or the C3” and -CS5” carbous 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
tess 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 W 2013/036868, the contenis of each of

which are hereby incorporated herein by reference for the methods provided therein.
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In some embodiments, a 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, UNA also encompasses monomer with bonds between C17-C4” have been
removed {i.e. the covalent carbon-oxygen-carbon bond between the C1” and €4’ carbons). In
ancther example, the C2°-C3” bond {(i.¢. the covalent carbon-carbon bond between the C27 and
C3" carbons) of the sugar has been removed {see Nuc. Acids Symp. Series, 52, 133-134 {2008)
and Fluiter et al., Aol Biosyst., 2009, 10, 1039),

Representative U8, publications that teach the preparation of UNA include, but are not
timited to, US8,314,227; and US Patent Publication Nos. 2013/0096289; 2013/0011922; and
2011/0313020, the contents of each of which are hereby incorporated herein by reference for the
methods provided therein.

In other embodiments, the iRNA agents include one or more {e.g,, about 1,2,3,4,5,6,7,
&, 9, 10, or more} G-clamp macleotides. A G-clamp nucleotide is a modified cytosine analog
wherein the modifications confer the ability to hydrogen bond both Watson-Crick and Hoogsteen
faces of a complementary guanine within a duplex, see for example Lin and Matteucei, 1998, J.
Am. Chem. Soc., 120, 8531-8532. A single G-clamp analog substitution within an
oligonucleotide can result in substavtially enhanced helical thermal stability and mismatch
discrimination when hvbridized to complementary oligonucleotides. The inclusion of such
nucleotides in the IRNA molecules can result in enhanced affinity and specificity to nucleic acid
targets, complementary sequences, or template strands.

Potentially stabilizing modifications to the ends of RNA molecules can include N-
{acetylaminocaproyl }-4-hydroxyprolinol {(Hyp-Co-NHAC), N-{(caproyl-4-hydroxyprolinol (Hyp-
o), N-{acetyl-4-hydroxyprolinol (Hyp-NHA¢), thymidine-2’-O-deoxythymidine {ether), N-
{aminocaproyl)-4-bydroxyprotinol (Hyp-C6-amino), 2-docosanoyl-uridine-3”” phosphate,
inverted base dT{(idT) and others. Disclosure of this medification can be found in PCT
Publication No. WG 2011/005861.

Other modifications of a RNAI agent of the disclosure include a 57 phosphate or 57
phosphate mimic, e.g., a 5’ -terminal phosphate or phosphate mimic on the antisense strand of a
RNAI agent. Suitable phosphate mimics are disclosed in, for example US 2012/0157511, the

contents of which are incorporated herein by reference for the methods provided therein. In one
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embodiment, the double stranded RINAI agent of the invention further comprises a 5’-phosphate
or a 5’ -phosphate mimic at the S” nucleotide of the antisense strand. In another embodiment, the
double stranded RNAI agent further comprises a 5 -phosphate mimic at the 5° nucleotide of the
antisense strand. In a specific embodiment, the 3’ -phosphate mimic is a 5" ~vinyl phosphonate
{5°-VP). In one embodiment, the phosphate mimic is a 8" -cyclopropyl phosphonate (VP In
some embodiments, the 57 -end of the antisense strand of the double-stranded iRNA agent does
not contain a 5’-vinyl phosphonate (VP).

In one embodiment, at least one of the modified nucleotides is selected from the group
consisting of a deoxy-nucleotide, a 2-O-methyl roodified nucleotide, a 2'-fluoro modified
nucleotide, a 2'-deoxy-modified nucleotide, a glycol modified nucleotide (GNA), e.g., Ggn, Can,
Tan, or Agn, a nucleotide with a 27 phosphate, e.g., G2p, C2p, A2p or UZp, and, a viuyi-
phosphonate nuclectide; and combinations thereof. In other embodiments, each of the duplexes
of Tables 5 and 6 may be particularly modified to provide another double-stranded i1RNA agent
of the present disclosure. In one example, the 3 -terminus of each sense duplex may be modified
by removing the 3’ -terminal 196 ligand and exchanging the two phosphediester internucleotide
linkages between the three 3" <terminal nucleotides with phosphorothiocate internucleotide
linkages. That is, the three 3’ -terminal nucleotides (N) of a sense sequence of the formula:

5= NI~ -Nn-2ZNn-INnlo6 37
may be replaced with
57~ N1-... -Nn-2sNn-1sNo 37

An RNA target may have regions, or spans of the target RNA’s nucleotide sequence,
which are relatively more susceptible or amenable than other regions of the RNA target to
mediating cleavage of the RINA target via RNA interference induced by the binding of an RNAi
agent to that region. The increased susceptibility to RNA interference within such “hotspot
regions” {or simply “hotspots”) means that iRNA ageuvts targeting the region will likely have
higher efficacy in inducing iIRNA interference than iRNA agents which target other regions of
the target RNA. For example, without being bound by theory, the accessibility of a target region
of a target RNA may influence the efficacy of iRNA agents which target that region, with some
hotspot regions having increased accessibility. Secondary structures, for instance, that form in
the RNA target (e.g., within or proximate to hotspot regions) may affect the ability of the iRNA

agent to bind the target region and induce RNA interference.
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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 19-200, 19-150, 19-100, 19-75, 19-30, 21-200, 21-150, 21-100, 21-75,
200, 50-150, 50-100, 50-75, 75-200, 75-150, 75-100, 100-200, or 100-150 nuclectide region of a

21-50, 50-

target RNA sequence for which targeting using RNAI agents provides an observably higher
probability of efficacious silencing relative 1o targeting other regions of the same target RNA.
According to certain aspects of the tnvention, a hotspot region may comprise a limited region of
the target RNA, and in some cases, a substantially hmited 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 majornity 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 {east about 80%, or at least about 90%, or at feast about 95% of the length of the target
RNA.

Compared regions of the target RNA may be empirically evaluated for identification of
hotspots using efticacy 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 iIRNA agents {e.g., the amount by which target gene expression is inhibited, such as
measured by mRMA expression or protein expression) that bind each region. In general, a
hotspot can be recognized by observing clustering of multiple efficacious RNA1 agents that bind
to a limited region of the RNA target. A hotspot may be sufficiently characterized as such by
observing efficacy of iIRNA 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, iucluding 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.
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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 fevel 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 atleast about 1.0, 1.1, 1.2, 13,14, 1516, 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
inhtbition 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, cach inhibition
measurement within the region may be substantially higher than an 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% bhigher than the average of all
inhibition measurements. According to some aspects, each inhibition measurement may be at
feastabout 1.0, 1.1, 1.2, 13,14, 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 higherby 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, iesser 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 mRNA as targeting such a
hotspot region is likely to exhibit a robust inhibitory response relative to targeting a region which
is not & hotspot region. RMNAIT agents targeting target sequences that substantially overlap {e.g,
by at least about 70%, 75%, 80%, BS%, 90%, 95% of the target sequence length) or, preferably,

that reside fully within the hotspot region may be considered to target the hotspot region.
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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 RNAJ agents,
including by any of the standards described elsewhere herein, whether or not the range(s) of such
hotspot region(s} are explicitly specified.

In varicus embodiments, a dsRNA agent of the present invention targets a hotspot region

of an mRNA encoding MYOC.

I IRNA Motifs

In certain aspects of the disclosure, the double-stranded RNA1 ageuts of the disclosure
include agents with chemical modifications as disclosed, for example, in WO 2013/0750335, the
coutents of which are incorporated herein by reference for the methods provided therein. As
shown herein and in WO 2013/075035, a supertor 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 RNA1 agent, particularly at or near the cleavage site. In some
embodiments, the sense strand and antisense strand of the RNA1 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 moiety or ligand, e.g.. a C16 moiety or ligand, for instance on the sense strand. The
RINAI agent may be opticnally modified with a (S)-glycel nucleic acid {GNA) modification, for
instance on one or more residues of the antisense strand. The resulting RNAI agents present
superior gene silencing activity.

In some embodiments, the sense strand sequence may be represented by formula (I):

5" np-Na-{X X X 3-No-Y Y Y -No-(Z Z Z }-Na-niq 3’ ()

wherein:

i and § are each independently O or 1;

p and q are each independently 0-6;

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

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

each np and nq independently represent an overhang nucleotide;
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wherein Nb and Y do not have the same modification; and

XXX, YYY and 277 each independently represent one motif of three identical
modifications on three consecutive nucleotides. In some embodiments, YYVY is all 2°-F
modified nucleotides.

In some embodiments, the Na and/or Ko comprise modifications of alternating pattern.

In some embodiments, the YY'Y motif occurs at or near the cleavage site of the sense
strand. For example, when the RNA1 agent has a duplex region of 17-23 nucleotides in length,
the YYY motif can occcur at or the vicinity of the cleavage site (e.g.: can occur at positions &, 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 1s paired nuclectide
within the duplex region, from the 5™-end.

In some embodiments, 1is T and jis 0, oriis Oand jis 1, orboth i and j are 1. The sense
strand can therefore be represented by the following formulas:

5" ap-Na-YYY-No-ZZ7-Na-tig 37 ({Ib);

5 np-Na-XXX-No-YYY-Nang 37 {Ie}; or

57 pp-Na-XXX-No-Y Y Y-No-ZZ7-Na-nq 37 {(Id}.

When the sense strand is represented by formula (b)), No represents an oligonucleotide
sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nuclectides. Each Naindependently
can represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the sense strand is represented as formula (T¢), Ne represents an oligonucleotide
sequence comprising 0-10, 0-7, 0-5, (-4, 0-2 or  modified nucleotides. Each Nacan
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 No independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. In some
embodiments, Neis 0, 1, 2, 3, 4, 5 or 6. Each Nacan independently represent 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.

In other embodiments, 115 § and j 18 0, and the sense strand may be represented by the
formula;

5 np-NaYYY- Nanig 37 (Ia).
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When the sense strand is represented by formula (Ia), each N, independently can
represent an oligoonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

In some embodiments, the antisense strand sequence of the RNAI may be represented by
formula (le):

5" ng Ny (2277 W Ny =Y Y'Y =Ny - (X X X )Ny’ 37 (Ie)

wherein:
kand 1 are each independently O or 1;

p’ and g are each independently 0-6;

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

each Nv’ independently represents an oligonucieotide sequence comprising 0-10 modified
nucleotides;

each vy’ and ny” independently represent an overhang nucleotide;

wherein Ny’ and Y’ do not have the same modification;

and

XXX LUY'Y'Y and 277727 each independenily represent one of three identical
modification on three consecutive nucleotides.

In some embodiments, the Ny and/or Ny™ comprise modification 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 17-23 nucleotides n length, the YWY'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 57-end; or optionally,
the count starting at the 1% paired nucleotide within the duplex region, from the 5’- end. In some
embodiments, the Y'Y'Y™ motif occurs at positions 11, 12, 13,

In some embodiments, Y’ Y'Y motif is ali 2°-Ome modified nucleotides.

Inon embodiment, kis Tandlis 0, orkisOand lis 1, orboth Sk andlare 1.

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

§ ng NS -2’22 Ny =Y Y'Y -Nang 37 (lg);

S g’ -N-Y Y Y ANy =X XK -np” 37 (b or

5 g =Ny = &8N =Y Y Y Ny - XX KN -y 37 (1)
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When the antisense strand is represented by formula (Ig), Ny’ represents an
oligonucleotide sequence comprising 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 (Ii), each Nv” independently
represents an oligonuclectide sequence comprising 0-10, 0-7, 0-5, 0-4, §-2 or 0 modified
nucieotides. Hach Na’ independently represents an oligonucleotide sequence comprising 2-20, 2-
15, or 2-10 modified nucleotides. In some embodiments, Nvis 0, 1,2, 3,4, 5 or 6.

In other erubodiroents, k is 0 and 115 0 and the antisense strand may be represented by the
formula;

5 np-Ne'-Y Y'Y - No“-ng” 37 (1),

‘When the antisense strand is represented as formula (If), each Na’ independently
represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 medified nuclectides.

Fach 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 ENA, HNA, CeNA, GNA, 2’-methoxyethyl, 2°-C-methy], 2°-0-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, Bach X, Y, Z, X', Y and 27, in
particular, may represent a 2°-0O-methy! modification or a 2’-fluoro modification.

In some embodiments, the sense strand of the RN AT agent may coutain YYY rootif
occurring at 9, 10 and 11 positions of the strand when the duplex region is 21 at, 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 ZZ7 motifs as wing modifications at the
opposite end of the duplex region; and XXX and 227 each independently represents a 2°-OMe
modification or 2'-F modification.

In some embodiments the antisense strand may 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 27-O~-methyl modification. The antisense strand may additionally contain X*X°X’
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motif or 2’2’2 motifs as wing modifications at the opposite end of the duplex region; and
XXX and 27277 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 an antisense strand being represented by any one of formuldas (), (Ig), (dh),
and (11}, respectively.
Accordingly, certain RNA1 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 RNAIL duplex

represented by formula ()

Sense: 57 1 ~Na-{ XXX ~No- YYY Ny ~(£470-Nong 3

antisense: 37y -Na’ -G XX kN =Y Y'Y =Ny (22 E 1Ny -ng” 5
{ap

wherein,

i, 1, k, and | are each independently 0 or |

p, 0, ¢, and @ are each independently 0-6;

each Njand Ny independently represents an oligonucleotide sequence comprising 0-25
modified nuclectides, each sequence comprising at feast two differently modified nucleotides;

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

wherein

each vy, np, ng’, and ng, each of which may or may vot be present independently
represents an overhang nucleotide; and

XEXYYY, Z22, XXX, Y'Y Y, and 27278 each independently represent one motif
of three identical modification on three consecutive nucleotides,

In some embodiments, 1150 and jis O, oriis L and 15 0; oriis O and jis 1; or both 1 and
jare 0; orbothiandj are 1. In some embodiments, kis Gandlis 0, orkis Tand 1is 0, kis O and
fis §; orbothkandlare 0; orbothk and ! are 1.

Exemplary corbivations of the sense strand and antisense strand forming a RNAi duplex
include the formulas below:

5 np-Na-¥Y Y Y-Nyng 3°

3 np NS- Y'Y YNy g 5

(k)
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5 np ~Na-Y Y Y -Np -2 2 2 Ny 37

e -N-Y Y'Y Ny - L7274 -Na'-ng” §°
()

5 np-Na- X XX -No- Y Y Y -Npng 37

3 np N - XTXOXT -Ny’- Y'Y Y - Na'-ng' 57
(im)

S Na- X XX -Np-YY Y - Np~Z2 2 Z-Nopng 3°

3y Ny - XXX -Ny - Y Y -Ny - 878 -Na'-ng” &
{In)

When the RNAi agent is represented by formula {1k}, each N, independently represents
an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RINAI agent is represented by formula (11}, 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 RINAI agent is represented as formuia (Im), each No, Ny’ independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified
nucleotides. Each N independeutly represents an oligonucleotide sequence comprising 2-20, 2-
15, or 2-10 modified nucleotides.

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

Each of ¥, Y and Z in formulas (§j), (I}, (1}, (dm), and (In) may be the same or different
from each other.

When the RNAI agent is represented by formula {j), (Ik), (11}, (Im), and (In), at least one
of the Y nucleotides may form a base pair with one of the Y’ nucleotides. Alternatively, at least
two of the Y nucleotides form base pairs with the corresponding Y™ nucleotides; or all three of

the Y nucleotides all form base pairs with the corresponding Y’ nucleotides.
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When the RINAi agent is represented by formula (i) or (In), at least one of the 2
nucleotides may form a base pair with one of the 77 nucleotides. Alternatively, at least two of
the Z nucleotides form base pairs with the corresponding 2’ nucleotides; or all three of the Z
nucleotides all form base pairs with the corresponding 27 nucleotides.

When the RNAI agent is represented as formula (Im) or (In), at least one of the X
rucleotides may form a base pair with one of the X nucleotides. Alternatively, at least two of
the X nucleotides form base pairs with the corresponding X nucleotides; or all three of the X
nuclectides all form base pairs with the corresponding X nucleotides.

In some embodiments, the modification on the Y nucleotide ts different than the
modification on the Y~ nucleotide, the modification on the Z nucleotide is different than the
modification on the Z7 nucleotide, and/or the modification on the X nucleotide 18 different than
the modification on the X nuclectide.

In some embodiments, when the RINA# agent is represented by formula (HId), the Na
modifications are 2’-0O-methy! or 2'-fluore modifications. ln some embodiments, when the
RNAI agent is represented by formula (In), the Na modifications are 27-O-methyl or 2”-fluoro
modifications and np” >0 and at least one 0y’ is linked to a neighboring muclectide a via
phosphorothioate linkage. In some embodiments, when the RNAi agent is represented by
formulda (In), the Na modifications are 27-O-wethyl or 2”-fluoro modifications, np’ >0 and ai least
one np’ is linked to a neighboring nucleotide via phosphorothicate linkage, and the sense strand
is conjugated to one or more moieties ot ligands (e.g., one or more lipophilic moieties, optionally
one or more C16 moieties, or one or more GalNAc moieties) attached through a bivalent or
trivalent branched linker. In some embodiments, when the RNA1 agent is represented by formula
{In), the Namodifications are 2’-0O-methyl or 2'-flucro modifications, np” >0 and at least one np’
is linked to a neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at
teast one phosphorothioate linkage, and the sense strand is conjugated to one or more moieties or
ligands {e.g., one or more lipophilic moieties, optionaily one or more C16 moisties, or one or
more GallNAc moieties) attached through a bivalent or trivalent branched finker.

In some embodiments, when the RNA1 agent is represented by formula {Hla}, the N
modifications are 2°-0O-methyl or 27-flucre modifications, np” >0 and at least one np’ is linked to
a neighboring nuclectide via phosphorothicate linkage, the sense strand comprises at least one

phosphorothioate linkage, and the sense strand is conjugated to one or more moieties or ligands
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{e.g.. one or more lipophilic moieties, optionally one or more C16 moieties, or one or more
GalNAc moieties) attached through a bivalent ot trivalent branched linker.

In some embodiments, the RNAI agent is a multimer containing at least two duplexes
represented by formula (1), (dk), (1), (Im), and (In), 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 {arget sites.

In some embodiments, the RNA1 agent 15 a multimer containing three, four, five, six or
more duplexes represeunted by forroula (), k), (1), (Im), and (In), 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 some embodiments, two RINAG agents represented by formula (Ip), (I, (B), {Im), and
{In) are linked to each other at the 57 end, and one or both of the 37 ends and are optionally
conjugated to a ligand. Each of the agents can target the same gene or two different genes; or
gach 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, W(2010/141511, WO2007/117686,
WO2000/014887, and WO2011/031520; and US 7858769, the contents of each of which are
hereby incorporated herein by reference for the methods provided therein. In certaio
embodiments, the RNAI agents of the disclosure may include GalNAc Hgands.

As described in more detail below, the RNAI agent that contains conjugations of one or
more carbohydrate moteties to a 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 dsRNA
agent can be replaced with another moiety, e.g., a non-carbohydrate (preferably cyclic) carrier to
which is attached a carhobydrate 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
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contain two or more rings, e.g. fused rings. The cyclic carrier may be a fully saturated ring
system, or it yaay contain ove or more double bonds.

The ligand may be attached to the polynuclectide via a carrier. The carriers include (i) at
least one “backbone attachment point,” preferably two “backbone attachment points” and (i) at
least one “tethering attachment point.” A “backbone attachment point” as used herein refersto a
functional group, e.g a hydroxyl group, or generally, a bond available for, and that is suitable for
tncorporation 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 cartier, e.g., a catbon atom or a
heteroatom (distinct from an atom which provides a backbone attachment point), that connects a
selected moiety. The motety can be, e.g., a carbohydrate, e.g. monosaccharide, disaccharide,
trisaccharide, tetrasaccharide, oligosaccharide, and polysaccharide. Optionally, the selected
moiety 18 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 ts
suitable for incorporation or tethering of another chemical entity, e.g., a ligand to the constituent
ring.

The RNAi1 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 pyrrolidioyl,
pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, {1,31dioxolane,
oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl,
pyridazinonyl, tetrabydrofuryl and and decalin; preferably, the acyclic group is selected from
serinol backbone or diethanolamine backbone.

In certain specific embodiments, the RNA1 agent for use in the methods of the disclosure
is an agent selected from the group of agents listed in any one of Tables 2A and 2B. These
agents may further comprise a ligand. The ligand can be attached to the sense strand, antisense
strand or both strands, at the 3’-end, 5’-end, or both ends. For instance, the ligand may be

conjugated to the sense strand, in particular, the 37-end of the sense strand.
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IV iRNA Coniugates

The iRNA agents disclosed herein can be in the form of conjugates. The conjugate may
be attached at any suitable focation in the iIRNA molecule, e.g., at the 37 end ot the 57 end of the
sense or the antisense strand. The conjugates are optionally attached via a linker.

In some embodiments, an iIRNA agent described herein is chemically Hnked to one or
more ligands, moieties or conjugates, which may confer functionality, e.g., by affecting {e.g.,
enthancing) the activity, celular distribution or cellular uptake of the IRNA. Such moieties
include but are not limited to lipid moieties such a3 a cholesterol moiety (Letsinger et i/, Proc.
Natl. Acid. Sci. T84, 1989, 86: 6553-6556), cholic acid (Manoharan ef of, Riorg. Med. Chem.
Let, 1994, 4:1053-1060), a thioether, e.g., beryl-S-tritylthiol (Manoharan er o/, Ann. N.V. Acad.
Sci., 1992, 660:306-309, Mancharan ef af | Biorg. Med Chem. Ler., 1993, 3:2765-2770), a
thiocholesterol (Oberhauser ef af | Nucl Acids Res., 1992, 20:533-538), an aliphatic chain, e.g.,
dodecandiol or undecyl residues {Saison-Behmoaras ef o/, FMBG J, 1991, 10:1111-1118;
Kabanov ef of , FEBS Lett., 1990, 259:327-330; Svinarchuk ef of ., 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 (Mancharan ef @/, Tesrahedron Leit. | 1995, 36:3651-3654; Shea et al
Nucl. Acids Res., 1990, 18:3777-3783), a polyamine or a polyethylene glycol chain (Mancharan
et al | Nucleosides & Nucleotides, 1995, 14:969-973), or adamantane acetic acid (Manoharan ef
al., Tetrahedron Leti., 1995, 36:3651-3654), a palmityl moiety (Mishra et af , Biochim. Biophys.
Acta, 1995, 1264:229-237), or an octadecylamine or hexylamino-carbonyloxycholesterel motety
(Crooke et af | J. Pharmacol. Exp. Ther., 1996, 277:923-937).

In some embodiments, a ligand alters the distribution, targeting or lifetime of an iRNA
agent into which it 18 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 aligand. 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); carbohvydrate (e.g., a dextran,
pullulan, chitin, chitosan, inulin, cyclodextrin or hyaluronic acid); or alipid. The ligand may

also be a recombinant or synthetic molecule, such as a synthetic polymer, e.g., a synthetic
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polyaminoe acid. Examples of polyamino acids include polyamine acid is a polylysine (PLL),
poly L-aspartic acid, poly L-glutarsic acid, styrene-maleic acid anhydride copolymer, poly{L-
lactide-co-glycolied) copolymer, divinyl ether-maleic anhydride copolymer, N-(2-
hydroxypropyDimethacrylamide copolymer (HMPA), polyethylene glycol (PEG), polyvinyl
alcohol (PVA), polyurethane, poly(2-ethylacryllic acid), N-isopropylacrylamide polymers, or
polyphosphazine. Examples of polyamines include: polyethylenimine, polylysine (FLL),
spermine, spermidine, polyamine, pseudopeptide-polyamine, peptidomimetic polyamine,
dendrimer polyamine, arginine, anuidine, protamine, cationic lipid, cationic porphyrin,
quaternary salt of a polyamine, or an o helical peptide.

Ligands can also include targeting groups, e.g., a cell or tissue targeting agent, e.g., a
fectin, 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-acetyi-gulucosamine multivalent mannose, multivalent fucose, glycosvlated
polyaminoacids, multivalent galactose, transferrin, bisphosphonate, polyglutamate,
polyaspartate, a lipid, cholesterol, a steroid, bile acid, folate, vitamin B12, biotin, or an RGD
peptide or RGD peptide mimetic.

Other examples of ligands include dyes, intercalating agents {e.g. acridines), cross-linkers
{e.g. psoralene, mitomycin C), porphyrins (TPPCA4, 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-Othexadecylhyglveerol, geranyloxyhexyl group, hexadecylglveerol,
bornecl, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid,G3-
{oleoyDlithocholic acid, O3-(oleoyljcholenic acid, dimethoxytrityl, or phenoxazinejand peptide
conjugates {e.g., antennapedia peptide, Tat peptide), alkylating agents, phosphate, amino,
mercapte, 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,
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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
an ocular cell. Ligands may also include hormones and hormone receptors. They can also
include non-peptidic species, such as lipids, lecting, 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-xB.

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, and/or intermediate filaments. The drug can be, for
example, taxon, vincristing, vinblastine, cytochalasin, nocodazole, japlakinolide, latrunculin A,
phalioidin, swinholide A, indanocine, or myoservin.

In some embodiments, a ligand attached to an iIRNA 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 eic. Exemplary
PK modulators include, but are not limited to, cholesterol, fatty acids, cholic acid, lithocholic
acid, dialkyiglyeerides, diacyiglveeride, phospholipids, sphingolipids, naproxen, ibuprofen,
vitamin E, biotin efc. Oligonucleotides that comprise a number of phosphorothioaie linkages are
also known to bind to serum protein, thus short oligonuciectides, e.g., oligonucleotides of about
S bases, 10 bases, 15 bases or 20 bases, comprising multipte of phosphorothioate linkages in the
backbone are alsc amenable to the present disclosure 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.

Ligand-conjugated oligonuclectides of the disclosure may be synthesized by the use of an
oligonucleotide that bears a pendant reactive functiouality, such as that derived from the
attachment of a linking molecule onto the oligonucleotide (described below). This reactive
oligonucleotide may be reacted directly with comunercially 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 disclosure may be

conveniently and routinely made through the well-known technique of solid-phase synthesis.
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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. 1t is also known to use similar techniques to prepare
other oligonucleotides, such as the phosphorothioates and allkylated derivatives.

In the ligand-conjugated oligonucleotides and ligand-molecule bearing sequence-specific
linked nucleosides of the present disclosure, the oligonucleotides and oligonucleosides may be
assembled on a suitable BNA synthesizer utilizing standard nucleotide or nucieoside precursors,
or nuclectide or nucleoside conjugate precursors that already bear the linking motety, 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 nuclecsides is typically completed, and the ligand
molecule is then reacted with the linking moiety to form the ligand-conjugated oligonucleotide.
Inn some embodiments, the oligonuclteotides or linked nucleosides of the present disclosure 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 oligonuclestide synthesis.

A Lipophilic Moieties

In certain embodiments, the lipophilic moiety is an aliphatic, cyclic such as alicyclic, or
polycyclic such as polvalicyclic compound, such as a steroid {e.g, sterol) or a linear or branched
aliphatic hydrocarbon. The lipophilic moiety may generally comprise a hydrocarbon chain,
which may be cyclic or acyclic. The hydrocarbon chain may comprise various substituents or
one or more heteroatoms, such as an oxygen or nitrogen atom. Such lipophtlic aliphatic moieties
include, without limitation, saturaied or unsaturated Cs-Csp hydrocarbon (e.g., Co-Cus
hydrocarbon), saturated or unsaturated fatty acids, waxes (e.g., monchydric alcohol esters of
fatty acids and fatty diamdes), terpenes {e.g,, Cio terpenes, Cis sesquiterpenes, Cro diterpenes,
Cap triterpenes, and Cqo tetraterpenes), and other polyalicyclic hydrocarbons. For instance, the
lipophilic moiety may contain a C4-Cap hydrocarbon chain (e.g,, C4-Cso alkyl or altkenyl). In

some embodiments the lipophilic moiety contains a saturated or unsaturated Cs-Cis hydrocarbon
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chain {e.g., a linear Cs-Cis alkyl or alkenyl). In some embodiments, the lipophilic moiety
contains a saturated or unsaturated C16 hydrocarbon chain {e.g., a linear C16 alkyl or alkenyl).

The lipophilic moiety may be attached to the RINA1 agent by any method known in the
art, including via a functional grouping already present in the lipophilic moiety or introduced
into the RNAI agent, such as a hydroxy group {e.g., —CO-—CHz—0OH). The functional groups
already present in the lipophilic moiety or introduced into the RNA1 agent include, but are not
fimited to, hydroxyt, amine, carboxylic acid, sulfonate, phosphate, thiol, azide, and alkyne.

Conjugation of the RNA{ agent and the lipophilic moiety may occur, for example,
through formation of an ether or a carboxylic or carbamoy! ester linkage between the hydroxy
and an alkyl group R—, an alkanoyl group RCO-— or a substituted carbamoyl group RNHCO-—.
The alkyl group R may be cyclic {e.g., cyclohexyl) or acyclic (e.g., straight-chained or branched;
and saturated or unsaturated). Alkyl group R may be a butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decvl, undecyl, dedecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl or octadecyl
group, or the itke.

In some embodiments, the lipophilic motety is conjugated to the double-stranded RNA:
agent via a linker a linker containing an ether, thioether, urea, carbonate, amine, amide,
maleimide-thioether, disulfide, phosphodiester, sulfonamide linkage, a product of a click reaction
{e.g., atriazole from the azide-alkyne cycloaddition), or carbamate.

In another embediment, the lipophilic moiety is a steroid, such as sterol. Steroids are
polycyclic compounds containing a perhydro-1,2-cyclopentanophenanthrene ring system.
Steroids include, without limitation, bile acids {e.g., cholic acid, deoxycholic acid and
dehydrocholic acid), cortisone, digoxigenin, testosterone, cholesterol, and cationic steroids, such
as cortisone. A “cholesterol derivative” refers to a compound derived from cholesterol, for
example by substitution, addition or removal of substituents.

In another embodiment, the lipophilic motety is an aromatic moiety. In this context, the
term “aromatic” refers broadly to mono- and polyaromatic hydrocarbons. Aromatic groups
include, without limitation, Ce-Ci4 ary] moieties comprising one to three aromatic rings, which
may be optionally substituted; “aralkyvl” or “arylalkyl” groups comprising an aryl group
covalently linked to an alkyl group, either of which may independently be optionally substituted
or unsubstituied; and “heteroaryl” groups. As used herein, the term “heteroaryl” refers to groups

having $ to 14 ring atoms, preferably 5, 6, 9, or 10 ring atoms; having 6, 10, or 14x electrons
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shared in a cyclic array, and having, in addition to carbon atoms, one to about three heteroatoms
selected from the group consisting of nitrogen (N}, oxygen (O}, and sulfur (5).

As emploved herein, a “substituted” atkyl, cycloalkyl, arvl, heteroarvl, or heterocyclic
group is one having one to about four, preferably one to about three, more preferably one or two,
non-hydrogen substituents. Suitable substituents include, without limitation, hale, hydroxy,
nitro, haloatkyl, alkyl, alkaryl, arvl, aralkyl, alkoxy, aryloxy, amino, acylamino, alkylcarbamovi,
arylcarbamovl, aminoalkyl, alkoxvearbonyl, carboxy, hydroxvalkyl, alkanesulfonyl,
arenesulfonyl, atkanesulfonamido, arenesulfonamido, aralkylsulfonamido, alkylearbonyl,
acyloxy, eyvano, and uretdo groups.

In some embodiments, the lipophilic moiety is an aralky! group, e.g., a Z-arylpropanoyl
maotety. The structural features of the aralkyl group are selected so that the lipophilic moiety wiil
bind to at least one protein in vivo. In certain embodiments, the structural features of the aralkyl
group are selected so that the lipophilic moiety binds to serum, vascular, or cellular proteins. In
certain embodiments, the structural features of the aralkyl group promote binding to albumin, an
immunoglobulin, a fipoprotein, o-2-macroglubulin, or u-1-glycoprotein.

In certain embodiments, the ligand is naproxen or a structural derivative of naproxen.
Procedures for the synthesis of naproxen can be found in U.8. Pat. No. 3,904,682 and U.S. Pat.
No. 4,009,197, which are hereby tncorporated by reference in their entirety. Naproxen has the

chemical name (5)-6-Methoxy-a-methyl-2-naphthaleneacetic acid and the structure is

T,
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In certain embodiments, the ligand is ibuprofen or a structural derivative of tbuprofen.
Procedures for the synthesis of ibuprofen can be found in US3,228,831, which is incorporated

herein by reference for the methods provided theretn. The structure of tbuprofen is

Y
=
Q
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Additional exemplary aralky! groups are illustrated in US 7,626,014, which is
incorporated herein by reference for the methods provided therein.

In another embodiment, suitable lipophilic moieties include lipid, cholesterol, retinoic
acid, cholic acid, adamantane acetic acid, 1-pyrene butyric acid, dihydrotestosterone, 1,3-bis-
Othexadecyl)glycerol, geranyloxyhexyanol, hexadecylglycerol, bormeol, menthol, 1,3~
propanediol, heptadecyl group, palmitic acid, myristic acid, O3-{oleoyDlithocholic acid, O3-
{oleoyl)cholenic acid, thuprofen, naproxen, dimethoxytrityl, or phenoxazine.

In certain embodiments, more than one lipophilic moiety can be incorporated into the
double-strand RNAi agent, particularly when the lipophilic motety bas a low lipophilicity or
hiydrophobicity. In some embodiments, two or more lipophilic moieties are incorporated into the
same strand of the double-sirand RNAJ agent. Tn sore erobodiments, each strand of the double-
strand RN A1 agent has one or more lipophilic moieties incorporated. In some embodiments, two
or more lipophilic moieties are incorporated into the same position (i.¢., the same nucleobase,
same sugar motety, or same internuclecsidic linkage) of the double-strand RNAJ agent. This can
be achieved by, e.g., conjugating the two or more lipophilic moieties via a carier, or conjugating
the two or more lipophilic moieties via a branched linker, or conjugating the two or more
lipophilic moieties via one or more linkers, with one or more linkers linking the lipophilic
moieties consecutively,

The lipophilic moiety may be conjugated to the RNAI agent via a direct attachment to the
ribosugar of the RMNAI agent. Alternatively, the lipophilic moiety may be conjugated to the
double-strand RNAt agent via a linker or a carrier.

In certain embodiments, the lipophilic moiety may be conjugated to the RNAi agent via
one or more Hinkers (tethers).

In some embodiments, the lipophilic motety is conjugated to the double-stranded RNA1
agent via a linker containing an ether, thioether, urea, carbonate, amine, amide, maleimide-
thioether, disulfide, phosphodiester, sulfonamide linkage, a product of a click reaction {e.g, a

triazole froro the azide-alkyne cycloaddition), or cartbamate.

B. Lipid Conjugates

In some embodiments, the ligand 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

HS A binding ligand allows for vascular distribution of the conjugate to a target tissue. For
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example, the target tissue can be the eve. Other molecules that can bind HSA can also be used as
ligands. For example, neproxin or aspiriv 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, and/or {¢) can be used to adjust binding to a serum protein, e.g.,
HEAL

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.

In some erbodiments, the lipid-based ligand binds HSA. For exarople, the ligand can
bind HSA with a sufficient affinity such that distribution of the conjugate to a non-kidney tissue
is ephanced. However, the affinity is typically not so strong that the HSA-ligand binding cannot
be reversed.

In some embodiments, the lipid-based ligand binds HSA weakly or not at all, such that
distribution of the conjugate 1o the kidoey is enhanced. (ther 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 (LIDL)

C_ Cell Permeation Agenis

In another aspect, the ligand is a cell-permeation agent, such as a helical cell-permeation
agent. o some 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.
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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 3-50 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 motety 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 hydropbobic MTS-containing peptide is RFGF
having the amino acid sequence AAVALLPAVLLALLAP (SEQ ID NO: 3). An RFGF analogue
(e.g, amino acid sequence AALLPVLLAAP (SEQ ID NO: 4)) containing a hydrophobic MTS
can also be a targeting motety. The peptide moiety can be a “delivery” peptide, which can carry
targe polar molecules including peptides, oligonuclectides, and protein across cell membranes.
For example, sequences from the HIV Tat protein (GREKKRRQRRRPPQ (SEQ 1D NO: 5)) and
the Drosophila Amtennapedia protein (RQIKIWFQNRRMEKWKIK (SEQ ID NO: 6)) 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
tibrary, or one-bead-one-compound (OBOC) combinatorial tibrary (Lam ef ol Nature, 354.82-
84, 1991}, Typically, the peptide or peptidomimetic tethered to a dsRINA 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 § 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 disclosure may be linear
or cyclic, and may be modified, e.g., glycosylated or methylated, to facilitate targetingto a
specific tissue(s). RGD-containing peptides and peptidomimetics may include D-amino acids, as
well as synthetic RGD mimics. In addition to RGI3, one can use other moieties that target the

integrin ligand. In some ermbodiments, conjugates of this ligand target PECAM-1 or VEGF.
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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 ef af , Cancer Res.,
62:5139-43, 2002). An RGD peptide can facilitate targeting of an dsRNA agent to tumors of a
variety of other tissues, including the lung, kiduey, spleen, or liver {Aoki er af ., Cancer Gene
Therapy 8:783-787, 2001}, Typically, the RGD peptide will facilitate targeting of an iRNA
agent to the kiduey. The RGD peptide can be linear or cyclic, and can be modified, e.g,,
glycosvlated or methylated to facilitate targeting to specific tissues. For example, a glycosylated
RGD peptide can deliver 2 iIRNA agent to a tumor cell expressing avls (Haubner ef af | 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 g-helical linear peptide (e.g., LL-37 or Ceropin P1}, a
disulfide bond-containing peptide (e.g., v ~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 (Stmeoni ef af
Nucl. Acids Res. 31.2717-2724, 2003},

8. Carbohvydrate Conjueates and Ligands

fn some embodiments of the compositions and methods of the disclosure, an IRNA
oligonucleotide further comprises a carbohydrate. The carbohydrate conjugated iRNA are
advantageous for the i vive delivery of nucleic acids, as well as compaositions 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 ators; or a compound having as a part thereot 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), and polysaccharides such as
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starches, glycogen, cellulose and polysaccharide gums. Specific monosaccharides include €5
and above (e.g., C5, C6, C7, or C8) sugars; di- and irisaccharides include sugars having two or
three monosaccharide units {e.g,, €3, C6, C7, or C8).

In certain embodiments, the compositions and methods of the disclosure include a C16

ligand. In exemplary embodiments, the C16 ligand of the disclosure has the following structure

92}

{exemplified here below for a uracil base, yet attachment of the C16 ligand is contemplated for a
nucieotide presenting any base {(C, G, A, etc.} or possessing any other modification as presented
herein, provided that 2’ ribo attachment is preserved) and is attached at the 27 position of the ribo

within a residue that ts so modified:

Chemical Formula: C,5MH43N>OgP
Exact Mass: 530.2757
Molecular Weight: 530.5913

As shown above, a C16 ligand-modified residue presents a straight chain alkyl at the 2°-

i0

ribo position of an exemplary residue (here, a Uracil} that is so modified.

o some embodiments, a carbohvdrate conjugate of a RINA{ ageunt of the instant disclosure

further comprises one or more additional ligands as described above, such as, but not limited to,
15 a PK modulator or a cell permeation peptide.

Additional carbohydraie conjugates {and linkers) suitable for use in the present disclosure
include those described in WO 2014/179620 and WO 2014/179627, the entire contents of each
of which are incorporated herein by reference.

In certain embodiments, the compositions and methods of the disclosure include a vinyl

20 phosphonate {VP) modification of an RNAI agent as described herein. In exemplary

embodiments, a vinyl phosphonate of the disclosure has the following structure:
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A vinvl phosphonate of the instant disclosure may be attached to either the antisense or
the seunse strand of a dsRNA of the disclosure. In certain preferred embodiments, a vioyl
phosphonate of the instant disclosure is attached to the antisense strand of a dsRINA, optionally at
the 5" end of the antisense strand of the dsRNA. The dsRNA agent can comprise a phosphorus-
containing group at the 5"-end of the sense strand or antisense strand. The 5”-end pheosphorus-
containing group can be 5”-end phosphate {(57-P), S™-end phosphorothicate (57-PS}, 5’ -end
phosphorodithioate (5'-PS2), §’-end vinylphosphonate (5°-VP}, 5'-end methylphosphonate
{(MePhos}, or 5'-deoxy-5"-C-malonyl. When the 57-end phosphorus-containing group 1s 5" -end

vinylphosphonate (57-VP), the 87-VP can be either 5'-E-VP isomer (i e, trans-vinyiphosphonate,

ok )
=0 ¢
\)O \\k ﬁ‘\é&» N
Y :
om @ i - . Lo ) n o .
<3, 5'-Z-VP isomer (i.e., cis-vinylphosphonate, ), or mixtures
thereof.

Vinyl phosphate modifications are also contemplated for the compositions and methods

of the instant disclosure. An exemplary vinyl phosphate structure is

0
I
0= = OH
|
OH

In some embodiments, a carbohydrate conjugate comprises a monosaccharide. In some
embodiments, the monosaccharide is an N-acetylgalactosamine (GalNAc). GalNAc conjugates,

which comprise one or more N-acetylgalactosamine (GalNAc) derivatives, are described, for
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example, in U.S. Patent No. 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
tRNA to particular cells. In some embodiments, the GalNAc conjugate targets the iIRNA to liver
cells, ez, 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 GallNAc
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 37 end of the
sense strand. In some embodiments, the GalNAc conjugate is conjugated to the iIRNA agent
{e.g., to the 37 end of the sense strand) via a linker, e.g., a linker as described herein.

In some embodiments, the GalNAc conjugate is

HC‘% OH

HO- /7\&/0\/"\/’\“/?\5\/\/’“\&‘)

AcHN i

HO i“ &
A= (PPN £

MO~ AN AN "~
P \/\//\Tr \é(\./ ;

O

HO {H )
O i

HO /T*:\wo\v/“\/"j]—-—ﬁmp\?\r%o
AcHN O Formula H.

In some embodiments, the RNA{ agent is attached to the carbohydrate conjugate via a

finker as shown in the following schematic, wherein Xis O or §:

no OH

T
o

o) H
HOA 2.0 NoA~NO
e

Ho OH o

/,&0 N N O\%N

HO N S

AN RRA-aeAn &
Ho OH

-0
O~~~ =
MOS0 gﬂvﬁ ©
In some embodiments, the RNAI agent is conjugated t0 L96 as defined in Table 1 and

shown below:
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In some embodiments, a carbohydrate conjugate for use in the compositions and methods

of the disclosure 15 selected from the group consisting of
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Another representative carbohydrate conjugate for use in the embodiments described

C)

Formula XXIL

herein includes, but is not imited to,

HO OH
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{Formula XXIII), when one of X or Y is an oligonucleotide, the other is a hydrogen.
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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 and/or a cell
permeation peptide.

In some embodiments, an itRNA of the disclosure is conjugated to a carbohydrate through
a tinker. Non-limiting examples of iRNA carbohydrate conjugates with linkers of the

compositions and methods of the disclosure include, but are not limited to,
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when one of X or Y is an oligonucleotide, the other is a hydrogen.

B, 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
(7.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 dsRNAg with an antisense strand comprising at least one
thermally destabilizing modification of the duplex within the first 9 nucleotide positions,
counting from the 57 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 57 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
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thermally destabilizing modification{s} of the duplex is/are located at position 6, 7, or 8 from the
S’-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 sirand. 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 iower 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 destabilizivg modifications can include, but are not Himited to, abasic
modification; mismatch with the opposing nuclectide in the opposing strand; and sugar
modification such as 2’~deoxy modification or acyclic nucleotide, e.g., unlocked nucleic acids
(UNA) or glyeol nucleic acid (GNA).

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

\\\ \ ‘\\ |IQ \\O
O O ‘\ O O N
ey L ey
Q 0 Q Q O
\O "
¥ Rl R R'
R
(o]

Wherein R = H, Me, Et or OMe; R* = H, Me, Et or OMe, R” = H, Me, Et or OMe

N N ‘%—7 A,

-1{0 (ON§ 0 0O é; %{?
Mod2
i Mod3 Mod4 Mod5
2'-OMe Abasic . .
( Spacer) (3'-OMe) (5-Me) (Hyp-spacer)
X =OMe, F

wherein B is a modified or unmodified nucleobase.

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

81



WO 2023/278406

PCT/US2022/035266
o]
\ \ \E\NH
0 -©- i ‘o—go?']3 o o
0 o R o R
2'-deoxy unlocked nucleic acid glycol nucleic acid
R=H, OH, O-alkyl R=H, OH, O-alkyl
N g
1 O;go\?? .
- .
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o R unlocked nucleic acid

glycol nucleic acid
R=H, OH, O-alkyl

R=H, OH, CH,, CH,CHj, O-alkyl, NH,, NHMe, NMe,
R' = H, OH, CH3, CH,CHa, O-alkyl, NH,, NHMe, NMe,
R" =

H, OH, CHa, CH,CH3, O-alkyl, NH,, NHMe, NMe,
R" = H, OH, CH,, CH,CH,, O-alkyl, NH,, NHMe, NMe,

R = H, methyl, ethyl
R™ =H, OH, CH3, CH,CHj3, O-alkyl, NH,, NHMe, NMe,

wherein B 1s a modified or unmodified nucleobase.

In some embodiments the thermally destabilizing modification of the duplex is selected
5  from the group consisting of.
B
g8

(*N
CI} 3 f 3
s S
YO Ao -
(8]
0‘;5 g ab, and ‘3\@5

wherein B is a modified or unmodified nucleobase and the asterisk on each structure represents
either R 5 or racemic.

The term "acyclic nucleotide” refers to any nucleotide having an acyclic ribose sugar, for

example, where any of bonds between the ribose carbens {e.g., C1U-C2", C2°-C3", C3°-C47, €4~
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04’ or C17-047) is absent or at least one of ribose carbons or oxygen {(e.g., C17, C2°, C3°, C4’,

or 347 are independenﬂy or in combination absent from the nucleotide. In some embodirents,

R1
. - JL : A
acyclic nucleotide is M , , = , or
Y
"
I\;g\ . . s v . 1 7.
, wherein B is a modified or unmodified nucleobase, R' and R” independently

are H, halogen, OR;3, or alkyl; and Rs is H, alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar).
The term “UNA” refers to unlocked acyelic nucleic acid, wherein any of the bonds of the sugar
has been removed, forming an unlocked "sugar" residue. 1n one example, UNA also
encompasses monomers with bonds between C1°-C4” being removed (i.e. the covalent carbon-
oxygen-carbon bond between the C17 and C4” carbons). In another example, the C27-C3” bond
{(1.e. the covalent carbon-carbon bond between the C27 and €3 carbons) of the sugar is removed
{see Mikhatlov et. al., Tetrahedron Letters, 26 (17} 2059 (1985); and Fluiter et al., Mol. Biosyst,,
10: 1039 (2009}, which are hereby incorporated by reference in their entirety). The acyclic
derivative provides greater backbone ﬂexibi!ity without affecting the Watson-Crick pairings.
The acvclic nuclectide can be linked via 2°-5 or 37-5” linkage.

The term “GNA’ refers to glyeol nucleic acid which is a polyroer similar to DNA or RNA
but differing in the composition of its “backbone” in that is composed of repeating glveerol units

linked by phosphodiester bonds:
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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 GG, GA, GU, G, AA AC CC,CU CT, UL T, UT, or a combination
thereof. Other mismatch base pairings known in the art are also amenable to the present
invention. A mismaich can occur between vucleotides that are either naturally occurring
nucleotides or medified nucleotides, 1., the mismaich 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 dsRINA molecule contains at feast one nucleobase
in the mismatch pairing that is a 2’-deoxy nuclecbase; 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 nuclectides with impaired W-C H-bonding tc

complementary base on the target mRNA, such as:

84



WO 2023/278406 PCT/US2022/035266

O o) ~NH N “SNH SN
D LIS O o O O
HEN"F::]L} HQN/J*‘NI F? lN/ [\? H\Nf’“ E\E> B\N’ N H\N’f’
. ohn " o b o
HN ,

O
|
NE NN A EPa N o S SN
O{/J’\:E Q%\st N/Ij —N. :?\;\Tj i%E\J g iQ'N ' h‘?
1L T .

More examples of abasic nucleotide, acyclic nucleotide modifications (including UNA

and GNA), and mismatch modifications have been described 1n detall in WO 2011/13387¢6,
5  which is herein incorporated by reference in ifs entirety.

The thermally destabilizing modifications may aiso 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

10 nucleotides with non-canonical bases such as, but not limited to, nucleobase modifications with
impaired or completely abolished capability to form hydrogen honds 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 nuclecbase modifications are:
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In some embodiments, the thermaily 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:
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wherein R is H, OH, OCH;, F, NHz, NHMe, NMe; or O-alkyl
Exemplary phosphate roodifications known to decrease the thermal stability of dsRNA

duplexes compared to natural phosphodiester linkages are:

< o o o o b
O=P_SH O=P-CH; O=zP-CH,~COOH O=zP-R  O=zP_NHR O=P_-OR
T o 5

R = alkyt

The alky! for the R group can be a C-Csallyl. 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 nuclecbases is

defining specificity of a RNAi agent of the disclosure, while nucleobase modifications can be

performed tn the various manners as described herein, e.g., to tntroduce destabilizing

modifications into a RNAI agent of the disclosure, e.g., for purpose of enhancing on-target effect

86



92}

10

15

20

25

30

WO 2023/278406 PCT/US2022/035266

relative to off-target effect, the range of modifications available and, in general, present upen
RNAI agents of the disclosure tends to be much greater for non-nucleobase modifications, e.g.,
modifications to sugar groups or phosphate backbones of polyribonucieotides. Such
modifications are described 1u greater detail in other sections of the instant disclosure and are
expressly contemplated for RNA1 agents of the disclosure, either possessing native nuclechases
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 dsRNA 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 cccur on any nucleotide of the sense strand or
antisense strand. For instance, the stabilizing modification can ocour on every nucleotide on the
sense strand or antisense strand; each stabilizing modification can occur tn 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 sirand comprises stabilizing modifications at
positions 2, 6, §, 9, 14, and 16 from the 5 -end. In some other embodiments, the antisense strand
comprises stabilizing modifications at positions 2, 6, 14, and 16 from the 5’ -end. In still some
other embodiments, the antisense strand comprises stabilizing modifications at positions 2, 14,
and 16 froro the 57-end.

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
nuclectide at the 5’-end or the 37-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
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comprises a stabilizing modification at each of the 5’ -end and the 37-end of the destabilizing
modification, fe., 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 37-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 feast two {e.g., two, three, four, five,
8iX, 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
cther embodiments, the sense strand comprises stabilizing modifications at positions 7, 9, 10,
and 11 from the S™-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 57-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°-fluore
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 nuclectides. Without Himitations, the 27-
fluoro nucleotides all can be present in one strand. In some embodiments, both the sense and the
antisense strands comprise at least two 2 -flucro nucleotides. The 2’ -fluore 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'-
fluore 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
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same or different from the antisense strand, and the alternating pattern of the 2’-fluoro
modifications on the sense strand can have a shuft relative to the alternating pattern of the 27-
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
antisense comprises 2" -flucto 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 S™-end. In still some other embodiments, the antisense comprises 2°-fluoro
nucleotides at positions 2, 14, and 16 from the 5 -end.

In some erbodiments, the antisense strand comprises at least cue 27 -fluoro nucleotide
adjacent to the destabilizing modification. For example, the 2"-fluoro nucleotide can be the
nuclectide at the 57 -end or the 37-end of the destabilizing modification, 7.¢., 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 8" -end and the 37-end of the destabilizing
modification, Ze., 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 rodification, i.e., at positions +1 and +2 from the position of the
destabilizing modification.

In some embodiments, the sense strand comprises at feast two (e.g., two, three, four, five,
8iX, seven, eight, nine, ten, or more) 2"-fluoro nucleotides. Without limitations, a 2’-fhuore
modification in the sense strand can be present at any positions. In some embodiments, the
antisense comprises 2’-fhuoro nucleotides at positions 7, 10, and 11 from the 5'-end. In some
other ermnbodiments, 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 57-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 57-end of the antisense strand. In some embodiments, the

sense strand comprises a block of twe, three, or four 2"-fluore nuclestides.
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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
feast one thermally destabilizing nucleotide, where the at least one thermmally destabilizing
nucieotide cocurs in the seed region of the antisense strand {7.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 overthang, 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; (it} the antisense comprises 1, 2, 3, 4, or 3 phosphorothioate
internucteotide linkages; (it1) the sense strand is conjugated with a ligand; (iv} the sense strand
comprises 2, 3, 4, or 5 27-fluore modifications; (v) the sense strand comprises 1,2, 3,4, or 5
phosphorothioate internucieotide linkages; (vi) the dsRNA comprises at least four 27-fluoro
modifications; and {vii) the dsRNA comprises a blunt end at 5’-end of the antisense strand.
Preferably, the 2 nt overhang is at the 3'-end of the antisense.

In some embodiments, every nucleotide in the sense strand and antisense strand of the
dsRNA molecule may be wodified. Fach nucleotide may be modified with the sare 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" hydroxy! 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, ora
non-linking O of a phosphate moiety. In some cases, the modification will cccur 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 37 or 57 terminal position, may ouly occur in a termival 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 tn a double strand region, a single strand region, or inboth. A

modification may occur only in the double strand region of an RNA or may only cceurina
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single strand region of an RNA. £.g., a phesphorothioate modification at a non-linking O
position may only occur at one or both termini, may ooly occur in a termival 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 57 end or ends can
be phosphorylated.

It may be possible, e.g., to enhance stability, to include particular bases in overhangs, or
to inchide modified nucleotides or nucleotide surrogates, in single strand overhangs, eg, ina §’
or 37 overhang, or in both. F.g., it can be desirable to include purine nuclectides in overhangs.
In some embodiments all or some of the bases in a 37 or 57 overhang may be modified, e.g., with
a modification described herein. Modifications can include, e.g., the use of modifications at the
27 position of the ribose sugar with wodifications that are knowu in the art, e.g., the use of
deoxyribenuclestides, 2’ -deoxy-2"-fluors (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, 27~ O-methyl, 2°-O-allvl, 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°-fluore. 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.

Atleast 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 nuclectides or others. In some embodiments, the sense strand and
antisense strand each comprises two differently modified nuclectides selected from 2°-O-methyl
or 2’-deoxy. In some embodinents, each residue of the sense strand and antisense strand is
independently modified with 2°-G-methyl nucleotide, 2’ -deoxy mucleotide, 2’-deoxy-2 -fluoro
nucleotide, 27-O-N-methylacetamido (2°-0-NMA) nucleotide, a 27 -O-dimethylaminoethoxyethyl
{27-0-DMAEQE) nucleotide, 2’-C-aminopropyl (27-0-AP) nucleotide, or 27-ara-F nucleotide.
Again, it 15 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.
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In some embodiments, the dsRNA molecule of the disclosure comprises modifications of
an alternating pattern, particular in the B1, B2, B3, B1°, B2’, BY’, 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 fo the nucieotide, the alternating motif can be "ABABABABABAB. )V
“AABBAABBAABR. " “AARAABAABAAB.. )" “AAABAAARAAAB. )
“AAABBBAAABBB. 7 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 oune type of modification ou the nucleotide, the
alternating pattern, 1.e., modifications on every other nuclectide, 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...7, “ACACAC. " “BDBDBD. " or
“CDCDCD.. )7 ete.

In some embodiments, the dsSRNA 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 avtisense 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 "TABABAB” from 5°-3” of the strand and the alternating motif in the antisense strand may
start with “BABABA” from 37-570f the strand within the duplex region. As another example,
the alternating motif in the sense strand may start with “TAABBAABB” from 5°-3” of the strand
and the alternating wotif in the antisense strand may start with “BBAABRBAA” from 3°-57of 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.

The dsRNA molecule of the disclosure may further comprise at least one
phosphorothicate or methylphosphonate internucleotide linkage. The phosphorothioate or
methylphosphonate internucleoctide linkage modification may occur on any nuclectide of the

sense strand or antisense strand or both in any position of the strand. For instance, the
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internucleotide linkage modification may occur on every nuclectide on the sense strand or
antisense strand; each internucleotide linkage roodification 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 internuclectide linkage modification on the
sense strand may have a shift relative to the alternating pattern of the internucliectide linkage
modification on the antisense strand.

In some embodiments, the dsSRNA molecule comprises the phosphorothicate or
methylphosphonate internucieotide linkage modification in the overhang region. For example,
the overhang region comprises two nucleotides having a phosphorothioate or methyiphosphonate
internucteotide linkage between the two nucleotides. Internucleotide linkage modifications also
may be made to link the overhang nuclectides with the terminal paired nucleotides within duplex
region. For example, at least 2, 3, 4, or all the overhang nucleotides may be linked through
phosphorothicate or methylphosphonate internucleotide linkage, and optionally, there may be
additional phosphorothioate or methylphosphonate internuclectide linkages linking the overhang
nuclectide with a paired nucleotide that is next to the overhang nucleotide. For instance, there
may be at Jeast 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 vext to the overhang nucleotide. Preferably, these terminal three nuclectides
may be at the 37-end of the antisense strand.

In some embodiments, the sense strand of the dsRNA 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 internuclectide 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 phosphorothicate or methylphosphonate internucleotide linkages separated by 1, 2, 3, 4,
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5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, or 18 phosphate internuclectide 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
methyiphosphonate or phosphate inkage.

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 Hnkages, wherein one of the
phosphorothicate 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 phosphorothicate, methylphosphonate, and phosphate internuclectide
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 phosphorothicate 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 roethylphosphonate 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, methyiphosphonate, and phosphate internucleotide
linkages or an antisense strand comprising either phosphorothioate or methylphosphonate or
phosphate linkage.

In some embodiments, the antisense sirand of the dsRNA molecule comprises two blocks
of five phosphorothicate or methylphosphonate internucieotide 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 1s paired with a sense strand comprising
any combination of phosphorothicate, methylphosphonate, and phosphate internuclectide
tinkages or an antisense strand comprising either phosphorothioate or methylphosphonate or

phosphate linkage.
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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, S,
6,7, 8,9, or 10 phosphate internucleotide linkages, wherein one of the phosphorothicate or
methyiphosphonate 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 phosphorothicate, 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 dsRINA molecule comprises two blocks
of seven phosphorothioate or methylphosphonate interoucleotide linkages separated by 1, 2, 3, 4,
5, 6,7, or 8 phosphate internucleotide linkages, wherein one of the phosphorothioate or
methyiphosphonate internucleotide linkages is placed at any position v the oligonucleotide
sequence and the said antisense strand is paired with a sense strand comprising any combination
of phosphorothioate, methyviphosphonate, and phosphate internucleotide linkages or an antisense
strand comprising either phosphorothicate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks
of eight phosphorothicate or methylphosphonate internucleotide Hinkages separated by 1, 2, 3, 4,
5, or 6 phosphate internucleoctide linkages, wherein one of the phosphorothioate or
methyiphosphonate 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 phosphorothicate 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,
methyiphosphonate, and phosphate internucleotide linkages or an antisense strand comprising
either phosphorothioate or methyiphosphonate or phosphate linkage.

In some embodiments, the dsRNA molecule of the disclosure further comprises one or
more phosphorothioate or methylphosphonate internuciectide linkage modification within

positions 1-10 of the termini position(s) of the sense or antisense strand. For example, at least 2,
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3,4,56,7, 8,9, or 10 nucleotides may be linked through phosphorothioate or
methyiphosphonate 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
positions 1-10 of the internal region of the duplex of each of the sense or antisense strand. For
example, atleast 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides may be linked through phosphorothicate
methyiphosphonate internuclectide linkage at position 8-16 of the duplex region counting from
the 5’-end of the sense strand; the dsRNA molecule can optionally further comprise one or more
phosphorothicate or methylphosphonate internucieotide linkage modification within positions 1-
10 of the termini position{s).

In some embodiments, the dsSRMNA molecule of the disclosure further comprises one to
five phosphorothicate or methylphosphonate internuclectide linkage modification(s) within
position 1-5 and one to five phosphorothicate or methylphosphonate internucleotide linkage
modification(s) within 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
phosphorothicate internuclectide linkage modification within position 1-5 and one
phosphorothioate or methylphosphonate internucleotide lukage modification within position 18-
23 of the sense strand (counting from the 5’ -end), and one phosphorothicate internuclectide
linkage modification at positions 1 and 2 and two phosphorothioate or methyiphosphonate
internucleotide linkage modifications within positions 18-23 of the antisense strand {counting

2

from the 57-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 §’-end), and one phosphorothicate internuclectide linkage modification at

positions | and 2 and two phosphorothioate internucleotide linkage modifications within

positions 18-23 of the antisense strand {counting from the §’-end)}.
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In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothiocate intemucleotide Hinkage 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 phosphorothiocate internucleotide linkage modification at
positions § and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand {counting from the 57-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-8 and two
phosphorothioate internucieotide linkage modifications within position 18-23 of the sense strand
{counting from the 5’-end), and one phosphorothioate internucleotide linkage modification at
positions | and 2 and ove 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
phosphorothiocate internucleotide linkage modification within position 1-5 and oue
phosphorothicate internucleotide linkage modification within position 18-23 of the sense strand
{counting from the 57-end), and two phosphorothioate internucleotide linkage modifications at
positions | and 2 and two phosphorothicate internuclectide linkage modifications within
positions 18-23 of the antisense sirand (countivg 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 57-end).

In some embodiments, the dsSRNA 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 internuclectide linkage modification within positions
18-23 of the antisense strand {counting from the 5 -end).

In some embodiments, the dsSRNA molecule of the disclosure further comprises two

phosphorothioate internucleotide linkage modifications within position 1-5 {counting from the
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5’-end} of the sense strand, and one phosphorothioate internucleotide linkage modification at
positions T and 2 and two phosphorothicate internuciectide 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
phosphorothicate internucleotide linkage modifications within position 1-5 and one within
position 18-23 of the sense strand {counting from the 57-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 phosphorothiocate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate tnternucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the $™-end}.

In some embodiments, the dsSRNA 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 phosphorothicate internuclteotide linkage modification at
positions T and 2 and two phosphorothicate 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
phosphorothicate internucleotide linkage modifications at position 1 and 2, and two
phosphorothicate internuclectide linkage modifications at position 20 and 21 of the sense strand
{counting from the 57-end), and one phosphorothioate internucleotide Hnkage modification at
positions | 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
phosphorothicate internuclectide 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 phosphorothicate internuclectide linkage modifications at positions 1 and 2 and
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two phosphorothioate internucleotide linkage modifications at positions 20 and 21 the antisense
strand (counting from the S™-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications at position 1 and 2, and two
phosphorothicate internucleotide linkage modifications at position 21 and 22 of the sense strand
{counting from the 5’-end), and one phosphorothiocate internucleotide linkage modification at
positions T and one phosphorothioate internucleotide linkage modification at position 21 of the
antisense strand {counting from the §™-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothiocate internuclectide linkage modification at position 1, and one phosphorothioate
ioternucleotide Hinkage modification at position 21 of the sense strand (counting from the 5°-
end}, and two phosphorothioate internuclectide 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 57-end), and one phosphorothioate internuclteotide linkage modification at
positions 1 and one phosphorothicate internuclectide linkage modification at position 21 of the
antisense strand {(counting from the 5-end).

fn some embodiments, the dsSRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification at position 1, and one phosphorothicate
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 paitern of backbone
chiral centers. In some embodiments, a common pattern of backbone chiral centers comprises at
teast S internucleotidic Hnkages in the Sp configuration. In some embodiments, a common
patiern of backboue chiral centers comprises at least 6 internucleoctidic linkages in the Sp

configuration. In sorme embodiments, a common pattern of backbone chiral centers comprises at
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teast 7 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbouve chiral centers comprises at least 8 internucleotidic linkages 1o the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
least 9 internucleotidic Hinkages 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
feast 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 sorve erobodiments, a commaon patiern of backbouve chiral centers comprises at
feast 13 internucleotidic linkages in the Sp configuration. In some embodiments, a common
patiern of backboue chiral centers comprises at least 14 jnternucleotidic linkages in the Sp
configuration. In some embaodiments, 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
feast 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 patiern of backbone chiral centers comprises at
feast 19 internucleotidic linkages in the Sp configuration. In some embodiments, a common
patiern of backbone chiral centers comprises no more than 8 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 thao 5 internucleotidic linkages in the Rp covfiguration. 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 coramwon 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 Hinkages in the Rp configuration. In some embodiments, a

common pattern of backbone chiral centers comprises no more than | internucleotidic linkages
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in the Rp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises no more thao 8 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 S intermuclectidic linkages which are not chiral.
In some embodiments, a common pattern of backbone chiral centers comprises no more than 4
internucteotidic hinkages 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 comunon pattern of backboue chiral centers comaprises no wore than 2
internucteotidic linkages which are not chiral. In some embodiments, a common pattern of
backbone chiral centers comprises no more than | internucleotidic linkages which are not chiral.
in some embodinments, 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 paitern of backbone chiral centers
comprises at least 11 internucieotidic 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 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 coramon paitern 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
finkages 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.
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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 §°-block is an Rp block. In
some embodiments, a 37-block is an Rp block. o 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 13 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 internuclestidic 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 §™-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 3 -block comprises 6 or more nucleoside units. In some embodiments, a
5*-block comprises 7 or more nucleoside units. o some embodiments, a 37-block is an Sp block
wherein each sugar moiety comprises a3 2°-F modification. In some embodiments, a 3"-block is
an Sp block wherein each of internuclectidic linkage is a modified internuclectidic 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
motety 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 37-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 internuclestidic linkage, e.g.,

natural phosphate linkage, modified internuclectidic linkage, Rp chiral internucleotidic linkage,
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Sp chiral 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 dsSRNA molecule of the disclosure comprises mismatch{es)
with the target, within the duplex, or combinations thereof. The mismatch can oceur in the
overhang region ot the dupiex 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: AU is preferred over 5:C; U is preferred over 5.C; and L.C is preferred over
:C (I=inosine}. Mismatches, e.g., non-canonical or other than canonical pairings (as described
elsewhere herein} are preferred over canonical (AT, AU, G.C) pairings; and pairings which
include a universal base are prefesred over canonical pairings.

In some embodiments, the dsRNA molecule of the disclosure comprises at least one of
the first 1, 2, 3, 4, or § base pairs within the duplex regions from the 5'-~ end of the antisense
strand can be chosen independently from the group oft AU, 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 8- end of the antisense strand is an AU base pair.
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It was found that introducing 4" -modified or 5" -modified nuclectide to the 3-end of a
phosphodiester (PO), phosphorothiocate (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 i1t against nucleases.

In some embodiments, 5’ -modified nucleoside is tntroduced at the 37-end of a
dinucleotide at any position of single stranded or double stranded siRNA. For instance, a '~
alkylated nucleoside may be introduced at the 37-end of a dinucleotide at any position of single
stranded or double stranded siRNA. The alkyl group at the S position of the ribose sugar can be
racemic or chirally pure £ or §isomwer. Au exemplary 57-alkylated nucleoside is 57-methy]
nucleoside. The 57-methyl can be either racemic or chirally pure R or S isomer.

In some embodiments, 4" -modified nucleoside is introdaced ai the 37-end of a
dinuclectide 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 alkvl group at the 4 position of the ribose sugar can be
racemic or chirally pure K or ¥isomer. An exemplary 4 -alkylated nucleoside is 4" -methyl
nucleoside. The 4’-methyl can be either racemic or chirally pure R or § isomer. Alternatively, a
4’ -O-alkvlated nucleoside may be introduced at the 3”-end of a dinuclectide 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’-C-alkylated nucleoside is 4’-O-methyl nucleoside.
The 4”-O-rethyl can be either racemic or chirally pure £ or § isomer.

fn some embodiments, 57-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 57-alkyl can be either racemic or chirally pure R or Sisomer. An exemplary 5~
alkylated nucleoside 1s 5" -methyl nucleoside. The 5 -methyl can be etther 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 Sisomer. An exemplary 4°-
alkylated nucleoside 1s 4’ -methyl nucleoside. The 47 -methyl can be either racemic or chirally

pure K or § isomer.

104



92}

10

15

20

25

30

WO 2023/278406 PCT/US2022/035266

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 §isomer. An
exemplary 4”~-Calkylated nucleoside 13 47-O~methyl nucleoside. The 4’-O-methyl can be either
racemic or chirally pure 8 or § isomer.

In some embodiments, the dsRNA molecule of the disclosure can comprise 27-57 linkages
{(with 2°-H, 2’-0OH, and 2°-OMe and with P=0 or P=8)}. 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 57 end of the sense strand to avoid sense strand activation
by RISC.

I another embodiment, the dsRNA molecule of the disclosure can comprise L sugars
(e.g., L ribose, L-arabinose with 2°-H, 2°-CH and 2°-OMe). For example, these L sugars
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.

Various publications describe multimeric siRNA which can all be used with the dsRNA
of the disclosure. Such publications include WO2007/091269, US 7858769, W2010/141511,
WOZ007/117686, WO2009/014887, and WO2011/031520 which are hereby incorporated by
their entirely.

In some embodiments dsRNA molecules of the disclosure are 5 phosphorylated or
include a phosphoryl analog at the 53" prime terminus. 5’ -phosphate modifications include those
which are compatible with RISC mediated gene silencing. Suitable modifications include: 5°-
monophosphate ((HOR(O)P-0-3"), 5'-diphosphate (HOR(OP-O-PHONO3-0-57), §°-
triphosphate ((HOR(OWP-O-(HOYOWP-O-P(HONO)-0-57);, 5 -guanosine cap (7-methylated or
non~-methylated) (7ro-G-0-5"-(HOYO)P-O-(HOXOYP-O-PHOX0)-0-57), S™~adenosine cap
{Appp), and any modified or unmodified nucleotide cap structure (N-O-5"-(HOXO)P-O-
(HOYO)P-O-P(HOXO)-0-57); §*-monothiophosphate (phosphorothioate; (HOR(S)P-0-57); 5°-
monodithiophosphate (phosphorodithioate, (HOYHSYSWP-0-5"), 57-phosphorothiclate
((HO2(O)P-S-57); any additional combination of oxygen/sulfur replaced monophaosphate,
diphosphate and triphosphaies {(e.g. 5" -alpha-thiotriphosphate, 5’ -gamma-thiotriphosphate, ete.},

5" -phosphoramidates ((HOR{OP-NH-5", (HO}NH{O)P-0-57), 57-alkylphosphonates
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{R=alkyl=methvl, ethyl, isopropyl, propyl, etc., e.g. RP(OH}NO)-0-5"-, 5’ -alkenviphosphonates
(i.e. vinyl, substituted vioyl), (CHR{OW-5-CH2-), 5 -alkyletherphosphonates
(R=alkylether=methoxymethyl (MeQCH2-), ethoxymethyl, etc., e.g. RE{OH)}0)-0-5"-). In one

example, the modification can in placed 1o the antisense strand of a dsRNA molecule.

E. Linkers

In some embodiments, the conjugate or ligand described berein can be attached to an
iRNA oligonucleotide with various linkers that can be cleavable or non-cleavable.

Linkers typically comprise a direct bond or an atom such as oxygen or sulfur, a unit such
as NRS8, C(O), C(OINH, SO, S0O;, SONH or a chain of atoms, such as, but not limited to,
substituted ot unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, aryialkyl, arylalkenyl, arylalkynyl, hetercarvialkyl, hetercarvlatkenyl,
heterocarylalkynyl, heterocyclylalkyl, heterocyclylatkenyl, heterocyclylalkynyl, arvl, heteroaryl,
heterocyclyl, cycloalkyl, cycloatkenyl, alkvlarylalleyl, alkvlarylalkenvl, alkylarylaltkynvl,
alkenylarylalkyl, alkenvlarylalkenyl, alkenylarylalkynyl, alkynviarylalkyl, alkynvlarylalkenyl,
alkynylarylalkynyl, alkylheteroarylallkyl, alkyiheteroarylalkenyl, alkytheteroarylalkynyl,
alkenylheteroarylatkyl, alkenythetercarylalkenyl, alkenylhetercarylalkynyl,
alkynythetercarylalkyl, allynylheteroarylalkeoyl, alkynylheteroarylalkynyl,
alkylheterocyclylalkyl, alkylheterocyclylalkenyl, alkylhererocyclvialkynyl,
alkenylheterocyclylallyl, alkenytheterocyclylalkenyl, alkenylheterocyelylatkyoyl,
alkynytheterocyclylatkyl, atkynylheterocyclylalkenvl, alkynylhetercoyelylalloyny!, alkylaryl,
alkenylaryl, atkynylaryl, alkyiheteroaryl, alkenythetercarvl, alkynylhereroaryl, which one or
more methylenes can be interrupted or terminated by G, S, 8(O}, SO, N(RB}, C{(O}, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclic; where R8 is hydrogen, acyl, aliphatic or substituted aliphatic. In some
embodiments, the linker is between about 1-24 atoms, 2-24, 3-24, 424, 5-24, 6-24, 6-18, 7-18,
&-18 atoms, 7-17, B-17, 6-16, 7-16, or §-16 atoms.

In some embodiments, a dsRINA of the disclosure is conjugated to a bivalent or trivalent
branched linker selected from the group of structures shown in any of formula (XXXI) -

(XXXIV):
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Formula XXXi Formula XXXII
P2A-Q2A-R2A' — T2A | 2A /[/P3A-Q3A'R3A' = T3A_|3A
q AN q
2B 2B 2B | 28| 2B 3B_3B_p 3B 3B_ 3B
P Q R ™ T<P-L \t\P -Q -R 38 T°=-L
q q
B PSA_QSA_RSA ] T5A_|5A
4A AA pdA ARy 4A SA
P—Q-R.-MT-L q
s 5B_5B_p 5B 58 | 5B
4 PSB.QSB.R = 98
P“'B"Q'Q'B—R"A’E"m TAELB [ pSC_()SC.RSC T5C_| 5C
q 5C
! q
Formula XXXIH Formula XXXV

wherein:

q2A, 2B, Q3A, 3B, q4A, g4B, gSA, g5B and g5C represent independently for each
occurrence 0-20 and wherein the repeating unit can be the same or different;

pIA pIB p3A piB pid piE piA pSB psC 24 28 OA 3B PiA TR A PSE PSC g

10 each independently for each occurrence absent, CO, NH, ©, §, OC(0), NHC(0), CHz, CHoNH

or CHO;

Q% QB Q% Q8 Q¥ Q4 Q% °C are independently for each occurrence
absent, alkylene, substituted alkylene wherein one or more methylenes can be interrupted or

terminated by one or more of O, 8, ${0), SO2, N(RN), CORy=C(R™), C=C or C(O);

15 RZA R R* R R R R RE R are each independently for each occurrence
absent, NH, O, S, CHz, C(0)0, C(OINH, NHCH(RHC(O), ~C(O)-CH(R)-NH-, CO, CH=N-0,
O

HO e S5 SR
IR e (e

S5
N Ve N or heterocyclyl;
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P24 128 134 138 LA LY 1% L% and L represent the ligand; i.e. each independently
for each occurrence a monosaccharide (such as GalNAge), disaccharide, trisaccharide,
tetrasaccharide, oligosaccharide, or polysaccharide; and R? is H or aming acid side chain.
Trivalent conjugating GalNAc derivatives are particularty useful for use with RN A1 agents for
inhibiting the expression of a target gene, such as those of formula (XXXV):

Formula XXXV

PSA ~QSA~R SA TSA_LSA
= o ’ 3A
4
3B 3B p»idB 58 ¢ 58
PE.QRR ]?T L
q
5C 3C »sC 8Cj 5C
PR ]?T L

4

LA 178 and L represent a monosaccharide, such as GalNAg derivative.

wherein

Examples of suitable bivalent and trivalent branched linker groups conjugating GalNA¢
dertvatives include, but are not limited {0, the structures recited above as formulas I, VIE X4, X,
and XHI.

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. Ina
some embodiments, the cleavable linking group is cleaved at least about 10 times, 20, times, 30
times, 40 times, 50 times, 60 tumes, 70 times, 80 times, 90 times or more, or af feast about 100
times faster in a target cell or under a first reference condition {(which can, e.g., be selected to
mimic or represent intraceliular conditions) thao 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 susceptibie 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 agenis 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, 2.g., those that result in a
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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 disuifide bond can be susceptibie to pH. The pH of
human serum is 7.4, while the average intracellular pH is shightly lower, ranging from about 7.1-
7.3. Endosomes have a more acidic pH, in the range of 5.5-0.0, 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 suitable pH, thereby releasing a cationic liptd from the ligand inside the cell, or into the desired
compartment of the cell.

A livker 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.

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. Tt
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 some embodiments, useful candidate
compounds are cleaved at east about 2, 4, 10, 20, 30, 40, 50, 60, 70, 80, 90, or about 100 times
faster in the cell {or under in vifro conditions selected to mimic intracellular conditions} as
compared to blood or serum {or under # vitro conditions selected to mimic extraceliular

conditions).

t. Redox cleavable inking eroups

In some 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 isa
disulphide linking group (-5-8-). To determine if a candidate cleavable linking group isa

suttable “reductively cleavable linking group,” or for example is suitable for use with a particular
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iRNA motety 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
inacell, e.g., atarget 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 i vitro conditions selected to mimic intracellular conditions) as compared to blood {or
under in vifro conditions selected to mimic extracetiular 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.

i1. Phosphate-based cleavable linking groupns

In some 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-
POXORK)-0O-, -O-P(SYORK)-O-, -O-P(SHSRE)-0O-, -S-PF(OWORK)-O-, -C-P(OHORk}-S-, -5~
PUONORK)-S-, -O-PSYORK}-S-, -S-P(SHORKS-O-, -O-P(OXRK}-O-, -O-P(SHRK}-O-, -5-
PEBRE-O-, -S-P{SHRK}O-, -S-PIOYRK)-S-, -O-PSH RK}-S-. In some embodiments,
phosphate-based linking groups are -O-P{OXOH)-G-, -O-P(SHOH}-G-, -O-P(S}SH}-O-, -8-
POYOH-O-, ~0-P(OYOH)-S-, -S-P(OYOH)-S-, ~-O-P(SHOH}-S-, -8-P(S¥OH)-O-, -O-
P(OYHD-O-, ~-O-P(SYH)-0O-, -5-P(OYH)-O, -S8-P(SYH}-O-, -S-P(OYH)-S-, -O-P(SYH)-S-. In
some embodiments, a phosphate-based linking group is ~-O-P(OXOH)-O-. These candidates can

be evaluated using methods analogous to those described above.

iii. Acid cleavable linking eroups

In some 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 some

embodiments acid cleavable linking groups are cleaved in an acidic environment with a pH of
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about 6.5 or fower {e.g, about 6.0, 575, 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 inchude but are not limited to hydrazones, esters, and esters of
amino acids. Acid cleavable groups can have the general formula -C=NN-, C(0)(, or -OC{O).
In some embodiments, the carbon attached to the oxygen of the ester (the alkoxy group) is an
aryl group, substituted alkyl group, or tertiary altkyl group such as dimethyl pentyl or t-buiyl.

These candidates can be evaluated using methods analogous to those described above.

iv. Ester-based cleavable linking sroups

I some erbodiments, 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, alkenvlene and allcynylene groups. Ester cleavable linking groups have the
general formula ~-C(0)0-, or -OC(0)-. These candidates can be evaluated using methods

analogous to those described above.

In some embodiments, 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 o yvield oligopeptides {e.g., dipeptides, tripeptides ¢fc.) and polypeptides. Peptide-
based cleavable groups do not include the amide group (-C{O)NH-)}. The amide group can be
formed between any alkvlene, 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.¢., the amide bond) formed between
amino acids yvielding peptides and proteins and does not toclude the entire amide functional
group. Peptide-based cleavable linking groups have the general formula -
NHCHRAC(ONHCHRBC(O)-, 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.

Representative U S, patents that teach the preparation of RNA conjugates include, but are not
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limited to, U.S. Pat. Nos. 4,828,979; 4,948 882; 5,218,105; 5,525,465, 5,541,313; 5,545,730;
5,5572.538; 5,578,717, 5,580,731: 5.591.584: 5,109,124; 5.118,802: 5,138,045 5,414,077,

3 486,603: 5,512,430; 5,578,718, 5,608,046, 4,387.044: 4.605,735; 4,667,025; 4,762,779
4789,737; 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;
§.272,250; 5,292,873; 5.317.008: 5,371,241, §,391,723; 5,416,203, 5.451.463: 5,510,475

S 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 and 5,688,941; 6,294 664: 6,320,017, 6,576,752, 6,783,931;
6,900,297, 7,037,646, 8,106,022, the entire contents of each of which is herein wncorporated by
reference.

It 13 vot necessary for all positions iv a given compound to be uniformly modified, and 1o
fact more than one of the aforementioned modifications may be incorporated in a single
compound or even at a single nucleoside within an iIRNA. The present disclosure also includes
iRNA compounds that are chimeric compounds.

“Chimeric” iIRNA compounds, or “chimeras,” in the context of the present disclosure, are
iRNA compounds, e.g., dsRNAs, that contain two or more chemically distinct reglons, each
made up of at least one monomer unit, 7.¢., a nuclectide in the case of a dsRNA compound.
These iRNAs typically contain at least one region wherein the RNA is modified 50 as to confer
upon the iIRINA increased resistance to nuclease degradation, increased cellular uptake, and/or
increased binding affinity for the target nucleic acid. An additional region of the iIRNA may
serve as a substrate for enzymes capable of cleaving RNADNA or RNARNA hybrids. By way
of example, RNase H is a cellular endonuclease which cleaves the RNA strand of an RNADNA
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 dsRNAs are used, compared to
phosphorothioate deoxy dsRNAs hybridizing to the same target region. Cleavage of the RNA
target can be routinely detected by gel elecirophoresis and, if necessary, associated nucleic acid
hybridization techniques known in the art.

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,

cetlular distribution or celular uptake of the iIRNA, and procedures for performing such
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conjugations are available in the scientific literature. Such non-ligand moieties have included
lipid rooieties, such as cholesterol (Kubo, T. et af, Biochem. Biophys. Res. Comm., 2007,
365(1):54-61; Letsinger et of., Proc. Natl Acad. Sci. USA, 1989, 86:6553), cholic acid
{(Maunoharan ef al, Bioorg. Med Chem. Lett., 1994, 41053}, a thioether, e.g., hexyl-S-tritylthiol
{Manoharan ef ol , Ann. N.Y. Acad Sci., 1992, 660:306; Mancharan et ol , Bicorg. Med, Chem.
Let., 1993, 3:2765), a thiocholesterol (Oberhauser ef ol |, Nucl. Acids Res., 1992, 246:533), an
aliphatic chain, e.g,, dodecandiol or undecyl residues (Saison-Behmoaras ef o, EAMBO T, 1991,
10:111; Kabanov ef af , FEBS Le#t., 1990, 259:327; Svinarchuk er af |, Biochimie, 1993, 75.49), a
phospholipid, e.g., di-hexadecyl-rac-glycerol or triethylarmmonium 1,2-di-O-hexadecyl-rac-
Acids Kes., 1990, 18:3777), a polyamine or a polyethylene glycol chain (Manoharan ef o/,
Nucleosides & Nucleotides, 1995, 14:969), or adamantane acetic acid (Mancharan ef o/,
Tetrahedron Lett, 1995, 36:3651), a palmityl moiety (Mishra ef o/, Biochim. Biophys. Acta,
1995, 1264:229), or an octadecylamine or hexylamino-carbonyl-oxycholesterol moiety {Crooke
et al | J. Pharmacol. Fxp. 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 an RNAs bearing an aminclinker 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 may 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. Deliverv of iRNA

The delivery of an iRNA to a subject in need thereof can be achieved in a number of
different ways. /n vive delivery can be performed directly by administering a composition
comprising an iIRNA| e.g. a dsRNA, to a subject. Alternatively, delivery can be performed
indirectly by administering one or more vectors that encode and direct the expression of the

iRNA. These alternatives are discussed further below.
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A. Direct delivery

In general, any method of delivering a nucleic acid molecule can be adapted for use with
an IRNA (see e.g., Akhtar 8. and Julian RL. (1992) Trends Cefl. Biol 2{5):139-144 and
WO94/02595, which are incorporated herein by reference in their entiveties). However, there are
three factors that are important to consider in order to successfully deliver an iRNA molecule in
vivo: (a) biclogical stability of the delivered molecule, (2) preventing non-specific effects, and
(3} accumulation of the delivered molecule in the target tissue. The non-specific effects of an
iRNA can be minimized by local administration, for example by direct injection or implantation
into a tissue (as a non-limiting example, the eve} or topically administering the preparation,
Local administration to a freatment site maximizes local concentration of the agent, limits the
exposure of the agent to systemic tissues that roay otherwise be barmed by the ageot or that may
degrade the agent, and permits a lower total dose of the iIRNA molecule to be administered.
Several studies have shown successful knockdown of gene products when an iRNA 13
administered locally. For example, intraocular delivery of a VEGF dsRNA by intravitreal
injection in cynomolgus monkeys (Tolentino, M, ef af (2004) Reting 24:132-138) and
subretinal injections in mice (Reich, 8], ef af (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, 1, et af
(2005 Mol. Ther.11:267-274) and can prolong survival of tumor-bearing mice (Kim, W, e of
(2000 Mol Ther. 14:343-350; 14, 8., et &f (2007) Mol. Ther. 15:515-523). RNA interference
has also shown success with local delivery to the UNS by direct injection (Dorn, G, ef af (2004)
Nucleic Acids 32:¢49; Tan, PH., ef of (2005) Gene Ther, 12:59-66; Makinmura, H., er af (2002)
BMC Newrosci. 3:18; Shishkina, GT., et af (2004} Neuroscience 129:521-528; Thakker, ER , e¢
al (2004) Proc. Nati. Acad. Sci. US4 101:17270-17275; Akaneya,Y ., er af (20053 J.
Newrophysiol. 93:594-602} and to the lungs by intravasal adroinistration (Howard, KA., ef af
(2000) Mol Ther. 14:476-484; Zhang, X, ef af (2004) J. Biol. Chem. 279:10677-10684; Bitko,
V., ef al (2005 New. Med. 11:50-55). For admimstering an iIRNA 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.
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Modification of the RNA or the pharmaceutical carrier can also permit targeting of the
iRNA composition to the target tissue and avoid undesirable off-target effects. iRNA molecules
can be modified by chemical conjugation to other groups, e.g., a lipid or carbohydrate group as
described herein. Such conjugates can be used to target iIRNA to particular cells, e.g., liver celis,
e.g., hepatocytes. For example, GalNAc conjugates or lipid (e.g., LNP) formulations can be used
to target iRNA to particular cells, e.g., liver cells, e.g., hepatocytes.

iRINA molecules can also be modified by chemical conjugation to lipophilic groups such
as cholesterol to enhance cellular uptake and prevent degradation. For example, an iIRNA
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,
I, et af (2004) Nature 432:173-178). Covjugation of an iRNA o an aptamer has been shown to
inhibit tumor growth and mediate tumor regression in @ mouse model of prostate cancer
(McNamara, JO., ef al (2006) Nat. Biotechnod. 24.1005-1015). In an altemative embodiment,
the iIRNA 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 an iRNA molecule (negatively charged) and also enhance interactions at the
negatively charged cell membrane to permit efficient uptake of an iRNA by the cell. Cationic
lipids, dendrimers, or polymers can either be bound to an {RNA, or induced to form a vesicle or
micelle (see e.g., Kim SH., ef of (2008) Journal of Conmrolled Release 129(2):107-116) that
encases an iIRNA. The formation of vesicles or micelles further prevents degradation of the
tRNA when administered systemically. Methods for making and administering cationic~ IRNA
complexes are well within the abilities of one skilled in the art (see e.g., Sorensen, DR, er af
{2003} J. Mof. Biol 327.761-766; Verma, UN,, ef af (2003} Clin. Cancer Res. 9:1291-1300;
Amnold, AS ef of (2007 J. Hypertens. 25:197-205, which are incorporated herein by reference in
their eutirety). Some non-limiting examples of drug delivery systems useful for systemic
delivery of iRNAs include DOTAP (Sorensen, DR, er of (2003), supra; Verma, UN,, er af
(2003}, supra), Oligofectamine, “solid nucleic acid lipid padticles” (Zimmermann, TS, er o/
{2006} Nature 441:111-114), cardiolipin {Chien, PY ., ef ¢/ (2005) Cancer Gene Ther. 12:321-
328; Pal, A, er of (2005) Hr J. Oncol. 26:1087-1091), polyethyleneimine (Bonnet ME | ef of
(2008) Pharm. Res. Aug 16 Epub ahead of print; Aigner, A. (2006} J. Biomed. Biotechnol.
71659), Arg-Gly-Asp (RGD) peptides (Liy, S. (2006} Mol Pharm. 3:472-487), and
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polyamideamines {Tomalia, DA ef af (2007) Biochem. Soc. frans 35:61-67, Yoo, H, ef af
(1999) Pharm. Res. 16:1799-1804). In some embodiments, an iRNA forms a complex with
cyclodextrin for systemic administration. Methods for administration and pharmaceutical
compositions of iIRNAs and cyclodexinins can be found in US. Patent No. 7,427,603, which is

herein incorporated by reference in its entirety.

B. Vector encoded iRNAs

In another aspect, iRNA targeting MYOC can be expressed from transeription units
inserted wnto DNA or RNA vectors (see, e.g., Couture, A, er ol T1G. (1996}, 12:5-10; Skillern,
A, et al | Intemational PCT Publication No. WO 00/22113, Conrad, International PCT
Publication No. W 00/22114, and Conrad, U.S. Pat. No. 6,054,299}, Expression can be
transient {on the order of hours to weeks) or sustained (weeks to 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, e af , Proc. Nail. Acad. Sci. USA (1995 92:1292),

The individual strand or strands of an iRNA can be transcribed from a promoter on an
expression vector, Where two separate strands are to be expressed to generate, for example, a
dsRINA, 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 some embodiments, a
dsRINA is expressed as an inverted repeat joined by a linker polynucleotide sequence such that
the dsRNA has a stem and {oop structure.

AniRNA expression vector is typically a DNA plasmid or viral vector. An expression
vector compatible with eukaryotic cells, e.g., with vertebrate cells, can be used to produce
recombinant constructs for the expression of an iIRNA as described herein. Eukaryotic cell
expression vectors are well known in the art and are available from a nomber of commercial
sources. Typically, such vectors contain convenient restriction sites for insertion of the desired
nucleic acid segment. Delivery of iRNA expressing vectors can be systemic, such as by

intravenous of intramuscular administration, by administration to target cells ex-planted from the
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patient followed by reintroduction into the patient, or by any other means that allows for
introduction into a desired target cell.

AniRNA expression plasmid can be transfected into a target cell as a complex with a
cationic lipid carrier {e.g., Oligofectamine) or a non-cationic lipid-based carrier {e.g,,
Transit-TKO™). Multiple lipid transfections for iRNA-mediated knockdowns targeting
disclosure. Successful introduction of vectors into host cells can be monttored using various
known methods. For example, transient transfection can be signaled with a reporter, such as a
fluorescent marker, such as Green Fluorescent Protein (GFP). Stable transfection of cells ex vivo
can be ensured using markers that provide the transfected cell with resistance to specific
environmental factors {e.g., antibiotics and drugs), such as hygromycin B resistance.

Yiral 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 fimited to lentiviral vectors, moloney murine leukemia virus, efc.; {¢) adeno-~ associated virus
vectors; {d) herpes simplex virus vectors; (e} SV40 vectors; () polyoma virus vectors;

(g} papilloma virus vectors; (h) picornavirus vectors; {1} 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 fransfection, if desired. Alternatively, the construct may be tncorporated into
vectors capable of episomal replication, e.g EPV and EBV vectors. Constructs for the
recombinant expression of an iIRNA will generally require regulatory elements, e.g., promoters,
enhancers, efc., to ensure the expression of the iRNA in target cells. Other aspects to consider
for vectors and constructs are further described below.

Vectors useful for the delivery of an iRNA will include regulatory elements (promoter,
enhancer, efc.) sufficient for expression of the iIRNA in the desired target cell or tissue. The
regulatory clements can be chosen to provide etther coustitutive or regulated/inducible
expression.

Hxpression of the iRNA can be precisely regulated, for example, by using an inducible
regulatory sequence that is sensitive to certain physiological regulators, e.g., circulating glucose

tevels, or hormones (Docherty er af |, 1994, FASEE J 8:20-24). Such inducible expression
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systems, suitable for the control of dsRINA expression in cells or in mammals include, for
example, regulation by ecdysone, by estrogen, progesterone, tetracycline, chemical inducers of
dimerization, and isopropyi-B-D1-thiogalactopyranoside (IPTG). A person skilled in the art
would be able to choose the appropriate regulatory/promoter sequence based on the intended use
of the iRNA transgene.

In a specific embodiment, viral vectors that contain nucleic acid sequences encoding an
iRNA can be used. For example, a retroviral vector can be used (see Miller ef af |, Meth.
Frnzymol 217:581-599 (1993}, These retroviral vectors contain the components necessary for
the correct packaging of the viral genome and integration into the host cell DNA. The nucleic
acid sequences encoding an iRNA are cloned into one or more vectors, which facilitates delivery
of the nucleic acid into a patient. More detail about retroviral vectors can be found, for exaruple,
in Boesen ef af | Biotherapy 6:291-302 {1994), which describes the use of a retroviral vector to
deliver the mdrl gene to hematopotetic stem cells in order to make the stem cells more resistant
to chemotherapy. Other references illustrating the use of retroviral vectors in gene therapy are:
Clowes ef of., J. Clin. Invest. 93:644-651 {1994); Kiem ef ol , Blood 83:1467-1473 {1994y,
Salmons and Gunzberg, Human Gene Therapy 4:129-141 (1993); and Grossman and Wilson,
Cury. Opin. in Genetics and Devel 3:110-114 (1993). Lentiviral vectors contemplated for use
include, for example, the HIV based vectors described in U.S. Patent MNos. 6,143,520, 5,665,557,
and 5,981,276, which are herein incorporated by reference.

Adenoviruses are also conternplated for use in delivery of iRNAs. Adenoviruses are
especially attractive vehicles, e.g, for delivering genes to respiratory epithelia. Adenoviruses
naturally infect respiratory epithelia where they cause a mild disease. Other targets for
adenovirus-based delivery systems are liver, the central nervous system, endothelial cells, and
muscle. Adenoviruses have the advantage of being capable of infecting non-dividing cells.
Kozarsky and Wilson, Current Opinion in Genetics and Development 3:499-503 (1993) present
a review of adenovirus-based gene therapy. Bout et al., Human Gene Therapy 5:3-10 (1994)
demonstrated the use of adenovirus vectors to transfer genes to the respiratory epithelia of rhesus
monkeys. Other instances of the use of adenoviruses in gene therapy can be found in Rosenfeld
et al, Science 252:431-434 (1991); Rosenfeld ef af | Cell 68:143-155 (1992); Mastrangeli er o/,
S Clin. Invesi. 91:225-234 (1993), PCT Publication W(94/12649; and Wang, ef af., Gene
Therapy 2:775-783 (1995). A suitable AV vector for expressing an iRNA featured in the
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disclosure, a method for constructing the recombinant AV vector, and & method for delivering
the vector into target cells, are described in Xia H ef o/ (2002), Nat. Biotech. 20: 1006-1010.

Use of Adeno-associated virus (AAV) vectors is also contemplated (Walsh ef ol Proc.
Soc. Ixp. Biol Med. 204:289-300 (1993); U.S. Pat. No. 5,436,146). In some embodiments, the
iRNA can be expressed as two separate, complementary single-stranded RNA molecules from a
recombinant AAY vector having, for example, either the U6 or HI RNA promoters, or the
cytomegalovirus {CMV) promoter. Suitable AAY vectors for expressing the dsRNA featured in
the disclosure, methods for constructing the recornbinant AV vector, and methods for delivering
the vectors into target cells are described in Samulski R ef of. (1987), J. Virol 61: 3096-3101;
Fisher K J et al {1996), J. Virol., 70: 520-532; Samulski R ef ¢/ (1989}, J. Virol 63: 3822-3820;
U8 Pat. No. 5,252,479, U.S. Pat. No. 5,139,941; International Patent Application No. WO
94/13788; and International Patent Application No. WO 93/24641, the entire disclosures of
which are herein incorporated by reference.

Another typical viral vector is a pox virus such as a vaccinia virus, for example an
attenuated vaccinia such as Modified Virus Ankara (MVA) or NYVAC, an avipox such as fowl
POX OF canary pox.

The tropism of viral vectors can be modified by pseudotyping the vectors with envelope
proteins or other surface antigens from other viruses, or by substituting different viral capsid
proteins, as appropriate. For example, lentiviral vectors can be pseudotyped with surface proteins
from vesicular stomatitis virus (VSV), rabies, Ebola, Mokola, and the like. AAV vectors can be
made to target different cells by engineering the vectors to express different capsid protein
serotypes; see, e.g., Rabinowitz I E ef ol (2002), J Viral 76:791-801, the entire disclosure of
which is herein incorporated by reference,

The pharmaceutical preparation of a vector can include the vector in an acceptable
diluent, or can include a slow release matrix in which the gene delivery vehicle is imbedded.
Alternatively, where the complete gene delivery vector can be produced intact from recombinant
cells, ez, retroviral vectors, the pharmaceutical preparation can include one or more cells which

produce the gene delivery system.
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Y1  Pharnmaceutical compositions containing iIRNA

In some embodiments, the disclosure provides pharmaceutical compositions containing
an IRNA, as described herein, and a pharmaceutically acceptable carrier. The pharmaceutical
composition containing the IRNA is usefid for treating a disease or disorder related to the
expression or activity of MYQC {e.g2., glaucoma, e.g, primary open angle glaucoma (POAG)).
Such pharmaceutical compositions are formulated based on the mode of delivery. In some
embodiments, compositions can be formulated for localized delivery, e.g., by intraocular
delivery {e.g., intravitreal administration, e.g., infravitreal injection; transscleral administration,
e.g., transscleral injection; subconjunctival admirustration, ¢.g., subconjunctival injection,
retrobulbar administration, e.g., retrobulbar injection; intracameral administration, e.g.,
intracameral injection; or subretinal administration, e.g, subretinal injection). In other
embodiments, compositions can be formulated for topical delivery. In ancther example,
compositions can be formulated for systemic administration via parenteral delivery, e.g., by
intravenous (IV) delivery. In some embodiments, a composition provided herein {e.g., a
composition comprising a GalNAc conjugate or an LNP formulation) is formulated for
intravenous delivery.

The pharmaceutical compositions featured herein are administered in a dosage sufficient
to tohibit expression of MYOC. In geveral, a suitable dose of iIRNA will be in the range of 0.01
to 200.0 milligrams per kilogram body weight of the recipient per day. The pharmaceutical
composition may be administered once daily, or the iIRNA may be administered as two, three, or
more sub-doses at appropriate intervals throughout the day or even using continucus infusion or
delivery through a controlled release formulation. In that case, the iRNA contained in each
sub-dose must be correspondingly smaller in order to achieve the total daily dosage. The dosage
unit can also be compounded for delivery over several days, e¢.g., using a conventional sustained
refease forroulation which provides sustained release of the iRNA over a several day period.
Sustained release formulations are well known in the art and are particularly useful for delivery
of agents at a particular site, such as can be used with the agents of the present disclosure. In this
embodiment, the dosage unit contains a corresponding multiple of the daily dose.

The effect of a single dose on MYQC levels can be long lasting, such that subsequent
doses are administered at not more than 3, 4, or 5-day intervals, or at not more than 1, 2, 3, 4, 12,

24, or 36-week intervals.
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The skilled artisan will appreciate that certain factors may 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 and/or age of the subject, and other
diseases present. Moreover, treatroent of a subject with a therapeutically effective amount of a
composition can include a single treatment or a series of treatments. Estimates of effective
dosages and /i vive half-lives for the individual iIRNAs encompassed by the disclosure can be
made using conventional methodologies or on the basis of i vive testing using a suitable animal
model.

A suitable aniroal model, e.g., a mouse or a cynomolgus monkey, e.g., an asimal
containing a transgene expressing human MYOC, can be used to determine the therapeutically
effective dose and/or an effective dosage regimen administration of MYOC siRNA.

The present disclosure also includes pharmaceutical compositions and formulations that
include the iIRNA compounds featured herein. 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 local {e.g., by
intraocular injection}, topical {e.g., by an eye drop solution), or parenteral. Parenteral
administration includes intravenous, intraarterial, subcutanecus, intraperitoneal or intramuscular
injection or infusion; subdermal, e.g., via an iroplanted device; or intracranial, e.g., by
intraparenchymal, intrathecal, or intraventricular administration.

Pharmaceutical compositions and formulations for topical administration may include
transdermal patches, ointments, lotions, creams, gels, drops, suppositories, sprays, Hquids and
powders. Conventional pharmaceutical carriers, aqueous, powder or otly bases, thickeners and
the like may be necessary or desirable. Coated condoms, gloves and the like may also be useful.
Suitable topical formulations include those in which the iIRNAs featured in the disclosure are in
admixture with a topical delivery agent such as lipids, Hiposomes, fatty acids, fatty acid esters,
steroids, chelating agents and surfactants. Suitable lipids and liposomes include neutral {e.g.,
dioleoylphosphatidyl DOPE ethanolamine, dimyristoyiphosphatidyl choline DMPC,
distearolyphosphatidyl choline) negative {e.g., dimyristoylphosphatidyl glycerol DMPG} and
cationic {e.g., dioleoyltetrarmnethylaminopropyl DOTAP and dioleoylphosphatidyl ethanolamine
DOTMA)Y IRNAs featured in the disclosure may be encapsulated within liposomes or may form

complexes thereto, in particular to cationic liposomes. Alternatively, tRNAs may be complexed
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to lipids, in particular to cationic lipids. Suitable fatty acids and esters include but are not limited
to arachidonic acid, oleic acid, eicosanocic acid, lauric acid, caprvlic actd, capric acid, myristic
acid, palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein,
dilaurin, glyceryl T-monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine, an
acylcholine, or a Cig0 alkyl ester {e.g., isopropylmyristate IPM), monoglyceride, diglyceride or
pharmaceutically acceptable salt thereof. Topical formulations are described in detail in U5,

Patent No. 6,747,014, which is incorporated herein by reference.

A Liposomal formulations

There are many organized surfactant structures besides microemulsions that have been
studied and used for the formulation of drugs. These include monolayers, micelles, bilayers and
vesicles. Vesicles, such as liposomes, have attracted great interest because of their specificity
and the duration of action they offer from the standpoint of drug delivery. As used in the present
disclosure, the term "liposome” means a vesicle composed of amphiphilic lipids arranged in a
spherical bilayer or bilayers.

Liposomes are unilamellar or multifamellar vesicles which have a membrane formed
from a lipophilic material and an aqueous interior. The agueous portion contains the
composition to be delivered. Cationic liposomes possess the advantage of being able to fuse to
the cell wall. Non-cationic liposomes, although not able to fuse as efficiently with the cell wall,
are taken up by macrophages i vivo.

fn order to traverse intact mammalian skin, lipid vesicles must pass through a series of
fine pores, each with a diameter less than S0 nra, under the wnfluence of a suitable transdermal
gradient. Therefore, it is desirable to use a liposome which is highly deformable and able to pass
through such fine pores.

Further advantages of liposomes include; liposomes obtained from natural phospholipids
are biocompatible and biodegradable; liposomes can incorporate a wide range of water and lipid
sotuble drogs; liposomes can protect encapsulated drugs in their wnternal compartments from
metabolism and degradation (Rosoff, in Pharmacentical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, NY | volume 1, p. 245). Important
considerations in the preparation of liposome formulations are the lipid surface charge, vesicle

size and the agueous volume of the liposomes.
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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 liposomes start to merge with the cellular membranes and
as the merging of the liposome and cell progresses, the liposomal contents are emptied into the
cell where the active agent may act.

Liposomal formulations have been the focus of extensive investigation as the mode of
delivery for many drugs. There is growing evidence that for topical admintstration, liposomes
present several advantages over other formulations. Such advantages include reduced side-
effects related to bigh systemic absorption of the administered drug, increased accumuldation of
the administered drug at the desired target, and the ability to administer a wide variety of drugs,
both hydrophilic and hydrophobic, into the skin,

Several reports have detailed the ability of liposomes to deliver agents including high-
molecular weight DNA into the skin. Compounds including analgesics, antibodies, hormones
and high-molecular weight DNAs have been administered to the skin. The majority of
applications resulted in the targeting of the upper epidermis

Liposomes fall into two broad classes. Cationic liposomes are positively charged
liposomes which interact with the negatively charged DNA molecules to form a stable complex.
The positively charged DNA/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 ef af, Biochem. Biophys. Kes.
Commmun., 1987, 147, 980-985)}.

Liposomes which are pH-sensitive or negatively charged, entrap DNA rather than
complex with it. Since both the DNA and the lipid are similarly charged, repulsion rather than
complex formation occurs. Nevertheless, some DNA 15 entrapped within the aquecus interior of
these liposomes. pH-seusitive liposomes have been used to deliver DNA encoding the thymidine
kinase gene to cell monolayers in culture. Expression of the exogenous gene was detected in the
target cells (Zhou er af ., Jograad of Controlled Release, 1992, 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 phosphatidylchaline (BMPC) or dipalmitoyl phosphatidylcholine (DPPC). Anionic

liposome compositions generally are formed from dimyristoyl phosphatidyiglycerol, while
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anionic fusogenic liposomes are formed primarily from diclecyl phosphatidylethanclamine
(DOPE). Another type of liposomal composition is formed from phosphatidyicholine (PC) such
as, for example, soybean PC, and egg PC. Another type is formed from mixtures of
phospholipid and/or phosphatidylcholine and/or cholesterol,

Several studies have assessed the topical delivery of liposomal drug formulations to the
skin. Application of liposomes containing interferon to guinea pig skin resulted in a reduction of
skin herpes sores while delivery of interferon via other means {e.g., as a solution or as an
emulsion) were ineffective (Weiner er o, Journal of Drug Torgening, 1992, 2, 405-410).
Further, an additional study tested the efficacy of interferon administered as part of a liposomal
formulation to the administration of interferon using an aqueous system, and concluded that the
tiposomal formulation was superiot to aqueous adrinistration (du Plessis ef of ., Antiviral
Research, 1992, 18, 259-265).

MNon-ionic liposomal systems have also been examined to determine their utility in the
delivery of drugs to the skin, tn particular systems comprising non-ionic surfactant and
cholesterol. Non-ionic liposomal formulations comprising Novasome ™ I (glyceryl
difaurate/cholesterol/polyoxyethylene-10-stearyl ether) and Novasome™ I (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 cyclosporin-A into ditferent layers of the skin (Hu ef /.
S TP Pharma. Sci., 1994, 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
tipid portion of the liposome (A) comprises one or more glycolipids, such ag
monoesialoganglioside G, or (B} is derivatized with one or more hydrophilic polymers, such as
a polyethylene glycol (PEG) mojety. While vot wishing to be bound by any particular theory, i
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 upiake into cells of the reticuloendothelial system

(RES) (Allen et of , FEBS Letters, 1987, 223, 42, Wu ef ai., Cancer Research, 1993, 53, 3765).
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Various liposomes comprising one or more glycolipids are known in the art.
Papahadjopoulos ef of. (dnn. NV, Acadd 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 ef of. (Froc, Nail.
Acad Sci. USA., 1988, 85, 6949}, U.S. Pat. No. 4,837,028 and W 88/04924, both to Allen ef
af ., disclose liposomes comprising {1} sphingomyelin and (2) the ganglioside Gmi or a
galactocerebroside suffate ester. 1.8, Pat. No. 5,543,152 (Webb e7 o/ ) discloses liposomes
comprising sphingomyelin. Liposomes comprising |, 2-su-dimyristoviphosphatidylcholine are
disclosed in W 97/13499 (Lim ef /).

Many liposomes comprising lipids derivatized with one or more hydrophilic polymers,
and methods of preparation thereof] are known in the art. Sunamoto ef af. (Bull. Chem. Soc.
Jpn., 1980, 53, 2778) described liposomes comprising a nonionic detergent, 2C1156, that
contains a PEG motety. Blum ef of (FEBS Lett,, 1984, 167, 79) noted that hydrophilic coating
of polystyrene particles with polvimeric glyvcols results in significantly enhanced blood half-lives.
Synthetic phosphelipids modified by the attachment of carboxylic groups of polvalkylene
glycols {e.g, PEG) are described by Sears (U.5. Pat. Nos. 4,426,330 and 4,534,899}, Klibanov
et af (FEBS Lets., 1990, 208, 235) described experiments demonstrating that liposomes
comprising phosphatidylethanolamine (PE) derivatized with PEG or PEG stearate have
significant increases in blood circulation half-lives. Blume er al. (Biochimica et Biophysica Acta,
1990, 1029, 91) extended such observations to other PEG-denivatized phospholipids, e.g,, DSPE-
PEG, formed from the combination of distearoylphosphatidyiethanolamine (DSPE) and PEG.
Liposomes having covalently bound PEG moieties on their external surface are described in
European Patent No. EP 0 445 131 B1 and W 90/04384 to Fisher. Liposome compositions
containing 1-20 mole percent of PE derivatized with PEG, and methods of use thereof, are
described by Woodle ef af (U.S. Pat. Nos. 5,013,556 and 5,356,633 and Martin ef o/, (U.S. Pat.
No. 5,213,804 and European Patent No. EP 0 496 813 B1). Liposomes comprising a number of
other lipid-polymer conjugates are disclosed in W 91/05545 and U.S. Pat. No. 5,225,212 {(both
to Martin e7 ol ) and in WO 94/20073 (Zalipsky e7 ). Liposomes comprising PEG-modified
ceramide lipids are described in WO 96/10391 {Choit e¢r ). U.S. Pat. No. 5,540,935 (Miyazaki ef
afyand U.S. Pat. No. 5,556,948 (Tagawa ef a/.) describe PEG-containing liposomes that can be

further dertvatized with functional moieties on their surfaces.
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A number of liposomes comprising nucleic acids are known in the art. WO 96/40062 to
Thierry ef of. discloses methods for encapsulating high molecular weight nucleic acids in
liposomes. 1J.8. Pat. No. 5,264,221 to Tagawa ef o/ discloses protein-bonded liposomes and
asserts that the countents of such liposomes may include a dsRNA. U.S. Pat. No. 5,665,710 t0
Rahman ef ¢/ describes certain methods of encapsulating oligodeoxynucleotides in liposomes.
WO 97/04787 to Love e of. discloses liposomes comprising dsRNAs targeted to the raf gene.

Transfersomes are vet another type of liposomes, and are highly deformable lipid
aggregates which are attractive candidates for drug delivery vehicles. Transfersomes may 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
enviromment iv 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 seif-
loading. To make transfersomes it 18 possible to add 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 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 (HLRB}. The nature of the hydrophilic group {also knowu as the
"head") provides the most useful means for categorizing the different surfactants used in
formulations (Rieger, in Pharmaceuntical Dosage Forms, Marcel Dekker, Inc, New York, NY .,
1988, p. 285).

It the surfactant molecule 1s not ionized, it is classified as a nonionic surfactant. Nonionic
surfactauts 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 glveol esters,
propylene glycol esters, glyceryl esters, polyglycervl esters, sorbitan esters, sucrose esters, and
ethoxvlated esters. Nonionic alkanolamides and ethers such as fatty alcohol ethoxylates,

propoxvlated alcohols, and ethoxylated/propoxylated block polymers are also included in this
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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 anjonic. Anjonic 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, suifonates such as alkyl benzene sulfonates, acyl iscthionates,
acyl taurates and sulfosuccinates, and phosphates. The most timportant members of the anionie
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 ethoxylated 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 Delikeer, Inc, New York, N.Y., 1988, p. 285}

B. Nucleic acid lipid particles

In some embodiments, a MYOC dsRNA featured in the disclosure is fully encapsulated
in the lipid formulation, e.g., to form a SPLP, pSPLP, SNALP, or other nucleic acid-lipid
particle. SNALPs and SPLPs typically contain a cationic lipid, a non-cationic lipid, and a lipid
that prevents aggregation of the particle {e.g., a PEG-lipid conjugate). SNALPs and SPLPs are
extremely usetul 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). SPLPs include “pSPLP,” which include an encapsulated
condensing agent-nucleic acid complex as set forth in PCT Publication No. WG 06/03683. The
particles of the present disclosure typically have a mean diameter of about 50 am 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
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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; and PCT Publication No. WO 96/40964.

In some embodiments, 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 30:1, from about 1:1 to about 25:1, from
about 3:1 to about 15:1, from about 4:1 to about 14:1, from about 5:1 to about 9:1, or about 6:1
to about 9:1.

The cationic lipid may be, for example, N, N-dicleyl-N N-dimethylammonium chloride
(DODAC), N N-distearyl-N N-dimethylammontum bromide {DDAB), N~ (23~
dicteoyloxypropvl-N, N, N-trimethylammonium chloride (DOTAP), N-(I -(2.3-
dioleyloxy)propyl }-N,N N-trimethylammonium chlotide (DOTMA), N N-dimethyl-2,3-
dioleyloxyipropylamine (DODMA), 1 2-DiLinclevloxy-N, N-dimethylamincpropane
(DLinDMA), 1,2-Dilinolenyloxy-N N-dimethylaminopropane (DLenDMA), 1,2-
Dilinoleyicarbamovloxy-3-dimethylaminopropane (DLin-C-DAP), 1,2-Dilinoleyoxy-3-
{dimethylaminojacetoxypropane {DLin-DAC), 1,2-Dilinolevoxy-3-morpholinopropane (DLin-
MA)}, 1,2-Bilinolecyl-3-dimethylaninopropase (DLinDAP), 1,2-Dilinoleylthio-3-
dimethylaminopropane (DLin-S-DMA}, I-Linoleoyl-2-linoleyloxy-3-dimethylaminopropane
(DLin-2-DMAP), 1,2-Dilivoleyloxy-3-trimethylaminopropane chloride salt (DLin-TMA C1),
1,2-Dilinolenyt-3-trimethylaminopropane chloride salt (DLin-TAP.C1), 1,2-Dilinoleyloxy-3-(IN-
methyipiperazinolpropane (DLin-MPZ), or 3-(N,N-Dilinoleylamino)-1.2-propavediol (DLinAP),
3-(N.N-Dioleylamino)-1,2-propanedio {DOAP), 1,2-Dilincleyloxo-3-{2-N,N-
dimethylaminojethoxypropane (DLin-EG-DMA), 1,2-Dilinolenyloxy-N,N-
dimethylaminopropane (BLinDMA), 2,2-Dilinoleyl-4-dimethylaminomethyl-{1,3]-dioxolane
{(DLin-K-DMA) or analogs thereof, (3aR, 55,6a8)-N, N-dimethyl-2 2-di({9Z2, 127 )-octadeca-9,12-
dienyietrahydro-3aH-cyclopentald ] 1,3 ldioxol-5-amine {ALN100), (62,97,287,317)-
heptatriaconta-0,9,28,3 1-tetraen-19-yl 4-{dimethylamino}butanoate (MC3), 1,17 -(2-(4-(2-((2~
(bis(Z-hydroxydodecyhaminojethy ) 2-hydroxydodecylaminojethylpiperazin-1-
vhethylazanediyldidodecan-2-of (Tech G1)}, or a mixture thereof. The cationic lipid may
comprise from about 20 mol % to about 50 mol % or about 40 mol % of the total lipid present in

the particle.
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In some embodiments, the compound 2,2-Dilinoleyl-4-dimethylaminoethyl-{1,3]-
dioxolane can be used to prepare lipid-siRNA nanoparticles. Synthesis of 2,2-Dilinoleyl-4-
dimethylaminoethyl-[1,3]-dioxolane is described in United States provisional patent application
number 61/1067,998 filed on October 23, 2008, which is heretn incorporated by reference.

In some embodiments, the lipid-siRNA particle includes 40% 2,2-Dilincleyl-4-
dimethylaminoethyl-[1,3]-dioxolane: 10% DSPC: 40% Cholesterol: 10% PEG-C-DOMG (mole
percent) with a particle size of 03.0 20 nm and a 0.027 siRNA/Lipid Ratio.

The non-cationic lipid may be an anionic lipid or a neutral lipid including, but not limited
to, distearoylphosphatidyicholine (DSPC), dioleoyiphosphatidyicholine (DOPC),
dipalmitoylphosphatidvlcholine (DPPC), dicleoylphosphatidylglycerot (DOPG),
dipalmitoylphosphatidviglycerol (DPPG), dioleoyi-phosphatidylethanolamine (DOPE),
palmitoyioleoylphosphatidyicholine (POPC), palmitoyloleoylphosphatidylethanolamine (POPE),
dioleovl- phosphatidylethanolamine 4-(N-maleimidomethyl }-cyclohexane-i- carboxylate (DOPE-
mal}, dipalmitoy! phosphatidyt ethanolamine (DPPE}, dimyristoyiphosphoethanclamine
(DMPE), distearoyl-phosphatidyl-ethanolamine (DSPE), 16-O-monomethyl PE, 16-0O-dimethyl
PE, 18-1 -trans PE, 1 -stearoyl-2-oleoyl- phosphatidyethanolamine {SOPE), cholesterol, or a
mixture thereof. The non-cationic lipid may be from about § mol % to about 90 mol %, about 10
mol %, or about S8 mol % if cholestero! is included, of the total lipid present in the particle.

The conjugated lipid that inhibits aggregation of pasticles may be, for example, a
polyethyleneglycol (PEG)-lipid including, without Himitation, a PEG-diacyiglycerol (DAG), a
PEG-dialkvloxvpropyl (IDAA), a PEG-phospholipid, a PEG-ceramide {Cer}, or a mixture thereof.
The PEG-DAA conjugate may be, for example, a PEG-dilaurvioxypropyl (Ciz), a PEG-
dimyristyloxypropyt (Cls), a PEG-dipalmityloxypropyl {Cis), or a PEG- distearyloxypropyt
{Clr). The conjugated lipid that prevents aggregation of particles may be from 0 mol % to about
20 mol % or about 2 mol % of the total liptd present in the particle.

In some embodiments, the nucleic acid-lipid particle further includes cholesterol at, e.g.,
about 10 mol % to about 60 mol % or about 48 mol % of the total lipid present o the particle.

In some embodiments, the iRNA is formulated in a lipid nanoparticie (LNP).
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LNPOI
In some embodiments, the lipidoid ND98-4HCH (MW 1487) {see U S. Patent Application

No. 12/056,230, filed 3/26/2008, which is herein incorporated by reference), Cholesterol (Sigma-

Aldrich), and PEG-Ceramide C16 (Avanti Polar Lipids) can be used to prepare lipid-dsRNA
nanoparticles (e.g., LNPOI1 particles). Stock solutions of each in ethano! can be prepared as
follows: ND98, 133 mg/ml; Cholesterol, 25 mg/ml, PEG-Ceramide C16, 100 mg/mi. The ND9§,
Cholesterol, and PEG-Ceramide C10 stock solutions can then be combined in a, e.g., 42:48:10
molar ratio. The combined lipid solution can be mixed with agueous dsRNA {e.g., in sodium
acetate pH 5) such that the final ethanol concentration is about 35-45% and the final sodium
acetate concentration is about 100-300 mM. Lipid-dsRNA nanoparticles typically form
spontaneously upon mixing. Depending on the desired particle size distribution, the resultant
nanoparticle mixture can be extruded through a polycarbonate membrane {e.g., 100 nm cut-off)
using, for example, a thermobarrel extruder, such as Lipex Extruder (Northern Lipids, Inc). In
some cases, the extrusion step can be omitted. Ethanol removal and simultanecus butfer
exchange can be accomplished by, for example, dialysis or tangential flow filtration. Buf¥er can
be exchanged with, for example, phosphate buffered saline (PBS) at about pH 7, e.g., about pH

6.9, about pH 7.0, about pH 7.1, about pH 7.2, about pH 7.3, or about pH 7 4.

H
Dj/ NN N NP NP
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H ‘) i &

NN TN TN TN N AO O‘f N R N NV NP N
H

H
NDY8 Isomerl

Formula 1
ENPOT formulations are described, e.g., in International Application Publication

No. WO 2008/042973, which is hereby tncorporated by reference.

Additional exemplary lipid-dsRNA formulations are provided in the following table.
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Table 4;: Exemplary lipid formulations

cationic lipid/non-cationic
Cationie Lipid tipid/cholesterol/PEG-lipid conjugate
Lipid:siRNA ratio

DBLDMADPPC/Cholesterol/ PEG-

1.2-Dilinolenyloxy -N.N- cDMA
SNALP ) ) » ,
dimethviaminopropane (DLinDMA) {(ST.U7.1/34.4/1.4)

hpid siRNA ~ 7:1

XTC/DPPC/Cholesterol/ PEG-cDMA
2,2-Bilinolevi-4-dimethylaminocthyl-

§XTC . v 57.3/7.1/34.4/1.4
{1,3}-dioxolane (XTC) o
BpidisiRNA ~ 711

) ) ) XTCDSPC/Cholesterol/ PEG-DMG
2.2-Dilinoleyi-4-dimethylaminocthyl-

LNPO3 ) 57.5/7.5/31.5/3.5
{1,3]-dioxolane (XTC) .
fipid:siRNA ~ 6:1

XTC/DSPC/Cholestercl/ PEG-DMG
2.2-Dilinclevi-4-dimethylaminoethyl-

LNPGs | - 57.5/7.5/31.5/3.5
{1.3}-dioxolane (XTC) L
Hpid:siRNA ~ 1121

XTC/BSPC/Cholesterol/PEG-DMG
2,2-Dilinoleyi-4-dimethviaminoethyvi-

LNPOT o 60/7.5/31/1.5
{1,3}-dioxolane (XTC)

>

Hipid:siRNA ~ 6:1

. i XTC/DSPC/CholesterolVPEG-DMG
2. 2-Drilinolevi-4-dimethylaminocthyi-

LNPGS o0/7.5/31/1 .5,
{1.3}-dioxolane (XTC) L
bprdisiRNA ~ 111

XTC/DSPC/Cholesterol/PRG-DMG
2 2-Dilinoleyi-4-dimethylaminoethyl-

LNPGY ) v 50/10/38.5/1.5
{1,3}-dioxolane (XTC) L
Lipid:siRNA 10:1

{3aR.35.6aS)-N, N-dimnethyl-2, 2-

(92, 122y -octadeca-9, 12+ ALNI0GO/DSPC/Cholestero/PEG-DMG
LNPIO | dienvDietrahydro-3a- S0/1G/38.5/1.5

cyclopentaldf 1,3 jdioxol-3-amine Lapid:siRNA 10:1

{ALN1GO)

(62,972,287, 31 Z)-beptatriaconta- MC-3/0SPC/Cholesterol/PEG-DMG
LNP1I | 6,928,353 tetraen-19-y1 4- 50/10/38.5/1.5

(dimethylamino)butancate (MC3) LipidiaRNA 1001
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LNP12

EU~(2~(4-(2-(2~bis(2-
hvdroxydodecvhamineethyhi(2-
hydroxydodecyhamino yethylipipetazin-
f-yhethviazanedivhdidodecan-2-ol

(C12-200)

C12-200/D5PC/Cholesterol/ PEG-DMG
30/10/38.5/1.5
LipidisiRNA 1001

LNPI13

XTC

XTC/DSPC/Chol/PEG-DMG
S50/10/38.5/1.5
Lipid:saRNA: 33:1

INP14

MC3

MC3/DSPC/Chol/PEG-DMG
$0/15/40/5
Lipid:siRNA: 1111

LNPIS

MC3

MC3/DSPC/Chol/PEG-DSG/GalNAc-
FPEG-DSG

50/10/35/4.5/0.5

Lapid:siBNA: 11:1

LNPle

MC3

MC3/DSPC/Chol/PEG-DMG
50/10/38.5/1.5
Lipid:siBNA: 71

NP7

MC3

MC3/DSPC/Chol/PEG-DRG
50/10/38.5/1.5

Lipid:saRNA: 10:1

LNPIZ

MC3

MC3/D8PC/Chol/PEG-DMG
S50/10/38.5/1.5
Lipid:siRNA: 12:1

MC3

MC3/DSPC/Chol/PEG-DMG
50/10/35/5
Lipid:siRNA: 8:1

LNP2O

MC3

MC3/DSPC/Chol/PEG-DPG
50/10/38.5/1.5
Lapid:siBNA: 10:1

LNP21

C12-200

C12-200/DSPC/Chol/PEG-DSG
50/10/38.5/1.5
LipidisiRNA: 7:1

LNP22

XTC

XTC/DSPC/Chol/PEG-DSG
S0/10/38.5/1.8
Lipid:saRNA: 1001
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DSPC: distearovlphosphatidyicholine

DPPC: dipalmitoyiphosphatidylcholine

PEG-DMG:  PEG-didimyristoyl givcerol (C14-PEG, or PEG-C14) (PEG with avg mol wt of
20003

PEG-DSG: PEG-distyryl glveerol {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}

SNALP (1,2-Dilinolenyloxy-N N-dimethylaminopropane {DLinDMA )} comprising
formulations are described in International Publication No. WO2009/127060, filed Apnil 15,
2009, which is hereby incorporated by reference.

XTC comprising formulations arve described, e.g., in U.S. Provisional Serial No.

61/148 366, filed January 29, 2009; U S, Provisional Serial No. 61/156,851, filed March 2, 2009;
U.S. Provisional Serial No. 61/185,712, filed June 10, 2009; U.S. Provisional Serial No.
01/228,373, filed July 24, 2009; U.S. Provisional Serial No. 61/239,686, filed September 3,
2009, and International Application No. PCT/US2010/022614, filed January 29, 2010, which are
hereby incorporated by reference.

MC3 comprising formulations are described, e.g., in U.S. Provisional Serial No.
61/244,834, filed September 22, 2009, U S, Provisional Serial No. 61/185,800, filed June 10,
2009, and International Application No. PCT/US10/28224, filed June 10, 2010, which are hereby
incorporated by reference.

ALNY-100 comprising formulations are described, e.g., International patent application
number PCT/US09/63933, filed on November 10, 2009, which is hereby incorporated by
reference.

C12-200 comprising formulations are described in U.S. Provisional Serial No.
61/175,770, filed May 5, 2009 and International Application No. PCT/US10/33777, filed May 3,

2010, which are hereby incorporated by reference.

133



193]

10

15

20

25

30

WO 2023/278406 PCT/US2022/035266

. Synthesis of cationic lipids

Any of the compounds, e.g., cationic lipids and the like, used in the nucleic acid-lipid
particles featured in the disclosure may be prepared by known organic synthesis techniques. All
substituents are as defined below uuless indicated otherwise.

“Alkyl” means a straight chain or branched, noncyclic or cyclic, saturated aliphatic
hydrocarbon containing from 1 to 24 carbon atoms. Representative saturated straight chain
alkyls include methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, and the like; while saturated
branched alkyls include isopropyl, sec-butyl, isobutyl, fert-butvl, isopentvl, and the like.
Representative saturated cyclic alkyls include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
and the like; while unsaturated cyclic alkyls include cyclopentenyl and cyclohexenyl, and the
tike.

“Alkenvl” means an alkyl, as defined above, containing at least one double bond between
adjacent carbon atoms. Alkenvls include both cis and trans isomers. Representative straight
chain and branched alkenyls include ethylenvl, propylenyl, I-butenyl, 2-butenyl, isobutylenyt, 1-
pentenyl, 2-pentenyl, 3-methyi-1-butenvl, 2-methyl-2-butenyl, 2,3-dimethyvl-2-butenyl, and the
fike.

“Alkyny!” means any alkyl or alkenyl, as defined above, which additionally contains at
least one triple bond between adjacent carbons. Representative straight chain and branched
alkynyls include acetvlenyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, Z-pentynyl, 3-methyl-1

butynyl, and the like.

3

133

Acyl” means any alkyl, alkenvl, or allcynyl wherein the carbon at the point of attachment
is substituted with an oxo group, as defined below. For example, -C(=0)alkyl, -C(=0lalkenyl,
and -C{(=Q0)alkyny! are acyl groups.

“Heterocyele” means a 5- to 7-membered monocyclic, or 7- to 10-membered bicyclic,
heterocyclic ring which is either saturated, unsaturated, or aromatic, and which contains from 1
or 2 heteroatoms independently selected from nitrogen, oxygen and sulfur, and wherein the
nitrogen and sulfur heteroatoms may be optionally oxidized, and the nitrogen heteroatom may be
optionally quaternized, including bicyelic rings in which any of the above heterocycles are fused
to a benzene ring. The heterocycle may be attached via any heteroatom or carbon atom.
Heterocycles include hetercaryls as defined below. Heterocycles include morpholinyd,

pyrrofidinonyl, pyrrolidinyl, piperidinyl, piperizynyl, hydantoinyl, valerolactamyl, oxiranyl,

134



92}

10

15

20

25

30

WO 2023/278406 PCT/US2022/035266

oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydropyridinyl, tetrahydroprimidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl, tetrahydropyrimidinyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like.

39 e

The terms “optionally substituted alkyl”, “optionally substituted alkenyl”, “optionally
substituted alkynyl”, “optionally substituted acyl”, and “optionally substituted heterocycle”
means that, when substituted, at least one hydrogen atom is replaced with a substituent. In the
case of an oxo substituent (=0} two hydrogen atoms are replaced. In this regard, substituents
include oxo, halogen, heterocyele, -CN, -
ORY -NR'RY, -NRMC(=0Q)R! -NR¥SO:RY, -C(=RY, -CENORY, -CE=0)NRRY, —SGR”
and -SONRRY, wherein nis 0, 1 or 2, R* and RY are the same or ditferent and independenily
hydrogen, alkyl or heterocycle, and each of said alky! and heterocycle substituents may be
further substituted with one or more of oxg, halogen, -OH, -CN, alkyl, -ORY,
heterocycle, -NR'RY, -NRXCEQRY -NRISO:R?Y, -C(=0)R”, -C(=0)0ORY, -C(=0NRRY, -80OR*
and -SONRRY.

“Halogen” means fluoro, chloro, bromo and iodo.

fn some embodiments, the methods featured in the disclosure may require the use of

protecting groups. Protecting group methodology is well known to those skilled in the art (see,

oF exampie, PROTECTIVE ROU Al . CTHESIS, areen . el di. ‘i Sy~
fe ple, PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, Green, T.W. ¢f af | Wiley

Interscience, New York City, 1999). Briefly, protecting groups within the context of this
disclosure are any group that reduces or eliminates unwanted reactivity of a functional group. A
protecting group can be added to a functional group to mask its reactivity during certain
reactions and then removed to reveal the original functional group. In some embodiments an
“alcohol protecting group” is used. An “alcohol protecting group” is any group which decreases
or eliminates unwanted reactivity of an alcohol functional group. Protecting groups can be

added and removed using techniques well known in the art.

Svothesis of Forrpula A

In some embodiments, nucleic acid-lipid particles featured in the disclosure are

formulated using a cationic lipid of formula A:
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N—R,

s

ol

R 1/ Ra

where R1 and R2 are independently alkyl, alkeny! or alkynyl, each can be optionally substituted,
and R3 and R4 are independently lower alkyl or R3 and R4 can be taken together to form an
optionally substituted heterocyclic ring. In some embodiments, the cationic lipid is XTC (2,2-
Dilinoleyi-4-dimethylaminoethyl-{1,3}-dioxolane). In geveral, the lipid of formula A above may
be made by the following Reaction Schemes 1 or 2, wherein all substituents are as defined above

unless indicated otherwise.

Scheme 1

Br OH
2r.
2 3 oH o R NHRR?
/J‘l\ Boe R2 »—--------i---—————-svv
R g2
i
R4 3
/
Ro="" RSX [ R
o R G

R?

v

Lipid A, where Ry and R are independently alkyl, alkenyl or alkynyl, each can be

Formuia A

i (&
2
"

U/é
Y

optionally substituted, and Rs and R4 are independently Tower alkyl or Rs and R4 can be taken
together to form an optionally substituted heterocyclic ring, can be prepared according to
Scheme 1. Ketone | and bromide 2 can be purchased or prepared according to methods known
to those of ordinary skill in the art. Reaction of 1 and 2 yields ketal 3. Treatment of ketal 3 with

amine 4 yields lipids of formula A The lipids of formula A can be converted to the
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corresponding ammonium salt with an organic salt of formula 5, where X is anion counter ion

selected from halogen, hydroxide, phosphate, sulfate, or the like.

Scheme 2
+
BrMg—R; + R,~CN w O::<R2
Ry
Ry

Ne—Ry

Alternatively, the ketone 1 starting material can be prepared according to Scheme 2.
Grignard reagent ¢ and cyanide 7 can be purchased or prepared according to methods known to
those of ordinary skill in the art. Reaction of 6 and 7 vields ketone 1. Counversion of ketone 1 to

the corresponding lipids of formula A is as described in Scheme 1.

Syuthesis of MC3

Preparation of DLin-M-C3-DMA (e, (6£,97 287 31Z)-heptatriaconta-6,9,28 31~
tetraen-19-yi 4-(dimethylaminobutanoate) was as follows. A solution of (67,97,287, 317)-
heptatriaconta-6,9,28,3 1-tetraen-19-0l (0.53 g}, 4-N, N-dimethylaminobutyric acid hydrochioride
{0.51 g}, 4-N N-dirmethylaminopyridine {0.61g) and 1-ethyl-3-(3-
dimethylaminopropyljcarbodiimide hydrochloride (0.53 g) in dichloromethane (5 mL}) was
stirred at room temperature overnight. The solution was washed with dilute hydrochloric acid
followed by dilute aqueous sodium bicarbonate. The organic fractions were dried over
anhydrous magnesium sulphate, filtered and the solvent removed on a rotovap. The residue was

passed down a stlica gel column (20 g} using a 1-5% methanol/dichloromethane elution gradient.
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Fractions containing the purified product were combined and the solvent removed, yielding a

colorless oil (0.54 g).

Syonthesis of ALNY-100

Synthesis of ketal 519 [ALNY-100] was performed using the following scheme 3.

ihios NHMe NCbzMe NCpzMe NChzie

7 L7 LAH /3\ Crz-OSu, NE3 : MO, 0504 . ; (

= (- /\7 R HD'»’Y

514
B s S‘JTA 5178 H
o R e NGV N Ny N orsa
S e N N A Y
e N /TG [ B S T A N A e y Vs NN
TN e N\ e T T MeChzNa
\, /\\"/\VA\:;—;"\—_—/\,/\\‘/ \/Ir\/ /\/‘\/’\\/\\__/\\___/ N
&8 .

Synthesis of 515:

To a stirred suspension of LiAIH4 (3.74 g, 0.09852 ruol) in 200 mi anhydrous THF v a
two neck RBY (11}, was added a solution of 5314 {10g, 0.04926mol) in 70 mL of THF siowly at 0
0C under nitrogen atmosphere. After complete addition, reaction mixture was warmed to room
temperature and then heated to reflux for 4 b, Progress of the reaction was monitored by TLC,
After completion of reaction (by TLC) the mixture was cooled to 0 °C and quenched with careful
addition of saturated Na2804 solution. Reaction mixture was stirred for 4 h at room temperature
and filtered off. Residue was washed well with THF . The filirate and washings were mixed and
difuted with 400 mi dioxane and 26 ml cone. HCI and stirred for 20 minutes at room
temperature. The volatilities were stripped off under vacuum to furnish the hydrochloride salt of
515 as a white solid. Yield: 7.12 g TH-NMR (DMSG, 400MHz): &= 9.34 (broad, 2H), 5.68 (s,
2H), 3.74 (m, 1H), 2.66-2.60 (m, 2H), 2.50-2.45 {m, 5H),

Synthesis of 516:

To a stirred solution of compound 515 in 100 mb dry DCM in a 250 mL two neck RBF,
was added NEI3 (37.2 mL, 0.2669 mol} and cooled to © °C under nitrogen atmosphere. Aftera
slow addition of N-(benzyloxy-carbonyloxy)-succinimide (20 g, ¢.08007 mol) in 50 mL dry

DCM, reaction mixture was allowed to warm to room temperature. After completion of the
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reaction (2-3 h by TLC) nuxture was washed successively with 1N HCI solution (1 x 100 mL}
and saturated NaHCO3 solution (1 x SO mL). The organic layer was then dried over anhyd.
Na2804 and the solvent was evaporated to give crude material which was purified by silica gel
column chromatography to get 516 as sticky wass. Yield: 11g(89%). 1H-NMR (CDBCI3,
400MHz): 6 = 7.36-7.27(m, 5H), 5.69 (s, 2H), 5.12 (s, 2H), 4.96 (br., 1H) 2.74 (s, 3H), 2.60(m,
2H), 2.30-2.25(m, 2H). LC-MS [M+H] -232.3 {96.94%).

Synthesis of 517A and 5178:

The cyclopentene 516 (S g, 0.02164 mol) was dissolved in a solution of 220 ml acetone
and water {10:1} in a single neck 500 mL RBF and to it was added N-methyl morpholine-N-
oxide (7.6 g, 0.06492 mol) followed by 4.2 mL of 7.6% solution of (304 (0.275 g, 0.00108 mol)
in tert-butanol at room temperature.  After completion of the reaction {~ 3 h), the mixture was
quenched with addition of solid Na2SO03 and resulting mixture was stirred for 1.5 h at room
temperature. Reaction mixture was difuted with BCM (300 ml.) and washed with water {2 x 100
mL) followed by saturated NaHCO3 (1 x 50 mL) solution, water {1 x 30 mL} and finally with
brine (Ix 50 mL). Organic phase was dried over an.Na2S04 and solvent was removed in
vacuum. Silica gel column chromatographic purification of the crude material was afforded a
mixture of diastereomers, which were separated by prep HPLC. Yield: - 6 g crude

517A - Peak-1 (white solid}, 5.13 g (96%). 1H-NMR (DMSQO, 400MHz): 5= 739~
731(m, SH), 5.04(s, 2H), 4.78-4.73 (m, 1H), 4.48-4.47(d, 2H), 3.94-3.93(m, 2H), 2.71(s, 3H).
1.72-1.67(m, 4H). LC-MS - [M+H]-266.3, [M+NH4 +]-283 5 present, HPLC-97.86%,

Stereochemistry confirmed by X-ray.

Synthesis of S18:

Using a procedure analogous to that described for the synthesis of compound 505,
compound 318 (1.2 g, 41%) was obtained as a colorless oil. 1H-NMR (CDCI3, 400MHz): 6=
7.35-7 33(m, 4H), 7.30-7.27(m, 1), 5.37-5.27(m, 8H), 5.12(s, 2H), 4.75(m, 1H), 4.58-
4.57(m,2H), 2.78-2.74(m, TH}, 2.06-2.00(m,8H), 1.96-1.91(m, 2H), 1.62(m, 4H), 1.48(m, 2H),
1.37-1.25(br m, 36H), 0.87(m, 6H). HPLC-98.65%.

General Procedure for the Synihesis of Compound 519:
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A solution of compound 518 (1 eq) in hexane {15 mL)} was added in a drop-wise fashion
to an ice-cold solution of LAH in THF (1 M, 2 eq). After complete addition, the mixture was
heated at 40°C over 0.5 h then cooled again on an ice bath. The mixture was carefully
hydrotyzed with saturated aqueous Na2S04 then filtered through celite and reduced to an ail.
Column chromatography provided the pure 519 (1.3 g, 68%) which was obtained as a coloriess
oil. I3C NMR = 1302, 130.1 (x2), 127.9(x3), 112.3, 79.3, 64.4, 44.7, 38.3, 354, 31.5,29.9
(x2), 29.7, 29.6 (x2), 29.5 (x3), 29.3 (x2), 27.2 (x3), 25.6, 24.5, 233, 226, 14.1; Flectrospray MS
(+ve): Molecular weight for C44HBONO2 (M + H)+ Cale. 654.6, Found 654.6.

Formulations prepared by either the standard or extrusion-free method can be
characterized in similar manners. For example, formulations are typically characterized by
visual inspection. They should be whitish translucent solutions free from aggregates or
sediment. Particle size and particle size distribution of lipid-nanoparticles can be measured by
Hight scattering using, for example, a Malvern Zetasizer Nano ZS (Malvern, USA}. Particles
should be about 20-300 nm, such as 40-100 nm in size. The particle size distribution should be
unimodal. The total dsBNA concentration in the formulation, as well as the entrapped fraction,
is estimated using a dye exclusion assay. A sample of the formulated dsRNA can be incubated
with an RNA-binding dye, such as Ribogreen {Molecular Probes) in the presence or absence of a
formulation disrupting surfactant, e.g., 0.5% Triton-X100. The iotal dsRNA in the formulation
can be determined by the signal from the sample containing the surfactant, relative to a standard
curve. The entrapped fraction is determined by subtracting the “free” dsRNA content {as
measured by the signal in the absence of surfactant) from the total dsRNA content. Percent
entrapped dsRNA is typically >85%. For SNALP formulation, the particle size is at least 30 nm,
at least 40 nm, at least 50 nm, at least 60 nm, at least 70 nm, at least 80 nm, at least 90 nim, at
feast 100 nm, at least 110 nm, and at least 120 nm. The suitable range is typically about at least
50 nm to about at Teast 110 nm, about at least 60 nm to about at least 100 nm, or about at Jeast
80 nm to about at least 90 nm.

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 may be desirable. In some embodiments, oral

formulations are those in which dsRNAs featured in the disclosure are administered in
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conjunction with one or more penetration enhancers surfactants and chelators. Suitable
surfactauts include fatty acids and/or esters or salts thereof, bile acids and/or salts thereof.
Suitable bile acids/salts include chenodeoxycholic acid (CDCA) and
ursodeoxychenodeoxycholic acid (UDCA), cholic acid, debydrocholic acid, deoxycholic acid,
glucholic acid, glycholic acid, glycodeoxycholic acid, taurocholic acid, taurodeoxycholic acid,
sodium tauro-24,25-dihydro-fusidate and sodium glycodihydrotusidate. 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, difaunio, glyceryl L-monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine,
an acylcholine, or a monoglyceride, a diglyceride or a pharmaceutically acceptable salt thereof
{e.z., 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 may be delivered orally, in granular form including spraved dried particles, or
complexed to form micro or nanoparticles. DsRNA complexing agents include poly-amino acids;
polyimines; polyacrylates; polyalkylacrylates, polyoxethanes, polvalkylcyanoacrylates;
cationized gelatins, alburuins, starches, acrylates, polyethyleneglycols (PEG) and starches;
polyalkyleyanoacrylates, DEAE-derivatized polyimines, pollulans, celluloses and starches.
Suitable complexing agents include chitosan, N-trimethylchitosan, poly-L-lysine, polyhistidine,
polyornithing, polyspermines, protamine, polyvinylpyridine,
polythiodiethylaminomethylethvliene P(TDAE), polyaminostyrene {e.g., p-amino),
poly{methylecvancacrylate), poly{ethylevancacrylate), poly(butylcyanoacrylate),
polv(isobutyleyanoacrylate), poly{isohexyleynaoacrylate), 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 (PEG). Oral formulations for dsRNAs and their preparation are described in
detail in 1.8, Patent 6,887,906, US Publn. No. 20030027780, 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, intravitreal, subretinal, transscleral, subconiunctival, retrobulbar, intracameral,
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intraventricular, or intrahepatic administration may include sterile aquecus solutions which may
also contain buffers, diluents and other suitable additives such ag, 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 limtted to,
solutions, emulsions, and liposome-containing formulations. These compositions may be
generated from a variety of components that include, but are not limited to, preformed liguids,
self-emulsifying solids and self-emulsifying semisolids.

The pharmaceutical formulations featured in the present disclosure, which may
conveniently be presented in unit dosage form, may be prepared according to conventional
techniques well known in the pharmaceutical industry. Such techniques include the step of
bringing into association the active tngredients 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 featured in the present disclosure may 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 may also be formulated as suspensions
in aqueous, non-aqueocus or mixed media. Aqueous suspensions may further contain substances
which increase the viscosity of the suspension including, for example, sodium

carhoxymethyleellulose, sorbitol and/or dextran. The suspension may also contain stabilizers.

b Additional Formulations

. Emulsions
The compositions of the present disclosure may be prepared and formulated as

emulsions. Emulsions are typically heterogeneous systerss of one lquid dispersed in another in
the form of droplets usually exceeding 0. 1um 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 Pharmaceuntical Dosage
Forms, Licherman, Rieger and Banker (Eds ), 1988, Marcel Dekker, Inc, New York, NY |
volume 1, p. 199; Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker

(Eds.}, 1988, Marcel Dekker, Inc., New York, NY , Volume 1, p. 245; Block in Pharmacentical
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Daosage Forms, Licherman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York,
N.Y ., volume 2, p. 335; Higuchi ¢f o/, in Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pa., 1985, p. 301). Emulsions are often biphasic systems comprising two
imrmiscible liguid phases intimately mixed and dispersed with each other. In general, emulsions
may be of either the water-in-oil (w/0) or the oil-in-water (o/w) variety. When an aqueous phase
is finely divided into and dispersed as minute droplets into a bulk oily phase, the resuiting
composition is called a water-in-otl (w/o) emulsion. Alternatively, when an oily phase is finely
divided into and dispersed as minute droplets into a bulk agueous phase, the resulting
composition 18 called an ol-in-water {o/w} emulsion. Emulsions may contain additional
components in addition to the dispersed phases, and the active drug which may be present as a
sofution in either the agueous phase, oily phase or itself as a separate phase. Pharmaceutical
excipients such as emulsifiers, stabilizers, dyes, and anti-oxidants may also be present in
emulsions as needed. Pharmaceutical emulsions may also be multiple ernulsions that are
comprised of more than two phases such as, for example, in the case of otl-in-water-in-oil
{o/w/o} and water-in-otl-in-water {w/o/w) emulsions. Such complex formulations often provide
ceriain advantages that simple binary emulsions do not. Multiple emulsions in which individual
oil droplets of an o/w emulsion enclose small water droplets constitute 2 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 may be a semisolid or a solid, as is the case of emulsion-
stvle ointment bases and creams. Other means of stabilizing emulsions entail the use of
emulsifiers that may be incorporated into either phase of the emulsion. Erulsifiers may 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 Svstems, 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 (Hds.), 1988, Marcel Dekker, Inc., New York, NY , volume 1, p.
199).
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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
Pharmacenticad Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marce] Dekker,
Inc., New York, NY ., volume 1, p. 285; Idson, in Pharmacentical Dosage Forms, Lieberman,
Rieger and Banker (Eds.), Marcel Dekker, Inc., New York, N.Y., 1988, volume I, p. 199).
Surfactants are typically amphiphilic and comprise & hydrophilic and a hydrophobic portion.
The ratio of the hydrophilic to the hydrophobic vature of the surfactant has been terroed the
hydrophile/lipophile balance (HLB) and is a valuable tool in categorizing and selecting
surfactauts in the preparation of formulations. Surfactants may be classified into different
classes based on the nature of the hydrophilic group: nonionic, antonic, cationic and amphoteric
(see e.gz., Ansel’s Pharmaceuntical Dosage Forms and Drug Delivery Systems, Allen, LV
Popovich NG, and Ansel HC |, 2004, Lippincott Williams & Wilkins (8th ed.}, New York, NY
Rieger, in Pharmacentical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel
Dekker, Inc., New York, NY,, volume 1, p. 285},

MNaturally 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
anhiydrous lanolin and hydrophilic petrolatum. Finely divided solids have also been used as good
entulsifiers especially in combination with surfactants and in viscous preparations. These include
polar inorgantc solids, such as heavy metal hydroxides, nonswelling clays such as bentonite,
attapulgite, hectorite, kaolin, montmorillonite, colloidal aluminum silicate and colloidal
magunesium 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, {atty acids, fatty
alcohols, fatty esters, humectants, hydrophilic colloids, preservatives and antioxidants (Block, in
Pharmaceurical Dosage Forms, Licberman, 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).
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Hydrophilic colloids or hydrocolioids 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, carboxymethylceliulose
and carboxypropyleelivlose), and synthetic polymers {for example, carbomers, celiulose ethers,
and carboxyviny! polymers). These disperse or swell in water to form colloidal sclutions that
stabilize emulsions by forming strong interfacial films around the dispersed-phase droplets and
by increasing the viscosity of the extemnal phase.

Since emulsions often contain a number of ingredients such as carbohydrates, proteins,
sterols and phosphatides that may readily support the growth of microbes, these formulations
often incorporate preservatives. Commonly used preservatives included in emulsion
formulations include methyl paraben, propyl paraben, quaternary armmonium 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.
Anttoxidants used may be free radical scavengers such as tocopherols, alky! gallates, butvlated
hvdroxyanisole, butylated hydroxvtoluene, 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 Forins and Drug Delivery Systems, Allen, LV, Popovich NG, and
Angel 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, NY ., 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
Spstems, Allen, LV, Popovich NG, and Ansel HC | 2004, Lippincott Willlams & Wilkins (8th
ed.), New York, NY; Rosoft, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
(Hds.), 1988, Marcel Dekker, Inc,, New York, N.Y , volume 1, p. 245; Idson, wn Pharmaceudical
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York,
NY, 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.
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In some embodiments of the present disclosure, the compositions of iRNAs and nucleic
acids are formulated as microemulsions. A microemulsion may be defined as a system of water,
oil and amphiphile which is a single optically isotropic and thermodynamically stable liguid
solution (see e.g., Ansel’s Pharmaceuntical Dosage Forms and Drug Delivery Systems, Allen,
LV, Popovich NG, and Ansel HC ., 2004, Lippincoit Williams & Wilkins (8th ed.}, New York,
WY, Rosoff, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds ), 1988,
Marcel Deldker, Inc, New York, N.Y ., volume 1, p. 245). Typically, microemulsions are
systems that are prepared by first dispersing an oil in an agueous surfactant solution and then
adding a sufficient amount of a fourth compouent, generally an intermediate chain-length alcohol
to form a transparent system. Therefore, microemulsions have also been described as
thermodyvnamically stable, isotopically clear dispersions of two imuiscible liquids that are
stabilized by interfacial films of surface-active molecules (Leung and Shah, in: Controfled
Release of Drugs: Polymers and Aggregare Systems, Rosoft, M, Ed., 1989, VCH Publishers,
New York, pages 185-215). Microemuisions commonly are prepared via a combination of three
to five components that include oil, water, surfactant, cosurfactant and electrolyte. Whether the
microemulsion is of the water-in-cil {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 vielded a comprehensive knowledge, to one skilled in the art, of how to formulate
microemulsions {see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Defivery Systems,
Allen, 1.V, Popovich NG, and Ansel HC ., 2004, Lippincott Williams & Wilkins (8th ed.}, New
York, NY; Rosoff, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds ),
1988, Marcel Byekker, Inc., New York, NY, volume 1, p. 245; Block, in Pharmuaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds ), 1988, Marcel Dekker, Inc., New York,
NY., volume 1, p. 335). Compared to conventional emulsions, rutcroemulsions offer the
advantage of solubilizing water-insoluble drugs in a formulation of thermodynamically stable
droplets that are formed spontaneously.

Surfactanis used in the preparation of microemulsions include, but are not limited o,

tonic surfactants, non-ionic surfactants, Brij 96, polyoxyethylene oleyi ethers, polygiyeerol fatty
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acid esters, tetraglveerol monolaurate (ML310), tetraglycerol moncoleate (MO310),
hexaglycerol monooleate (PO310), hexaglycerol pentacleate (POSO0), decaglycerol monocaprate
(MCAT50), decaglycerol monooleate (MO750), decaglycerol sequioleate (SO750), decaglycerol
decaocleate (DAGTS0), alone or in combination with cosurfactants. The cosurfactant, usually a
short-chain alcohol such as ethanol, 1-propanol, and I-butancl, 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. Microemulisions may,
however, be prepared without the use of cosurfactants and alcohol-free self-emulsifving
microemulsion systems are known in the art. The aqueous phase may typically be, but s not
fimited to, water, an aqueous solution of the drug, glycerol, PEG300, PEG400, polyglycerols,
propylene glycols, and derivatives of ethylene glycol. The oil phase may 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 glyeeryl fatty acid esters, fatty
alcohols, polvglyveolized glyeerides, saturated polyglycolized CB-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/o) have been
proposed to enhance the oral bicavailability 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 af., 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., US Patent Nos. 6,191,108, 7,063,860, 7,070,802, 7,157,099, Constantinides e af.,
Pharmaceutical Research, 1994, 11, 1385; Ho et af., J. Pharm. Sci., 1996, 85, 138-143). Often
microemulsions may form spontaneously wheu their components are brought together at ambient
temperature. This may be particularly advantageous when formulating thermolabile drugs,
peptides or iRNAs. 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
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increased systemic absorption of iIRNAs and nucleic acids from the gastrointestinal tract, as well
as improve the local cellular uptake of iIRNAs and nucleic acids.

Microemulsions of the present disclosure may also contain additional components and
additives such as sorbitan roonostearate (Grill 3), Labrasol, and penetration eshancers to improve
the properties of the formulation and to enhance the absorption of the iRNAs and nucleic acids of
the present disclosure. Penetration enhancers used in the microemulsions of the present
disclosure may be classified as belonging to one of five broad categories-~surfactanis, fatty acids,
bile salts, chelating agents, and non-chelating non-surfactants (Lee ¢f af, Critical Reviews in
Therapeutic Drag Carrier Systems, 1991, p. 92). Each of these classes has been discussed

above.

ii. Penetration Enhancers

In some embodiments, the present disclosure employs various penetration enhancers o
effect the efficient delivery of nucleic acids, particularly iRNAs, to the skin of animals. Most
drugs are present in solution in both ionized and nonionized forms. However, usually only lipid
sofuble or lipophilic drags readily cross cell membranes. It has been discovered that even non-
Hpophilic drugs may 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 may be classified as belonging 1o one of five broad categories, ie.,
surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-surfactants (see e.g.,
Malmsten, M. Surfactants and polymers in drug delivery, fiforma Health Care, New York, NY,
2002, Lee et al,, Criticad Reviews in Therapeutic Drug Carrier Systems, 1991, p.92}. Each of the
above-mentioned classes of penetration enhancers are described below in greater detail.

Surfacianis: To connection with the present disclosure, 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 Hauid,
with the result that absorption of iIRNAs through the mucosa is enhanced. In addition to bile
salts and fatty acids, these penetration enhancers include, for example, sodium lauryl sulfate,
polyoxyethylene-S-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 ef
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al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p.92); and perfluorochemical
emulsions, such as FC-43. Takahashi ef o/ | /. Pharm. Pharmacol, 1988, 40, 252).

Fuatty acids: Various fatty acids and their derivatives which act as penetration enhancers
include, for example, oleic acid, tauric acid, capric acid {(n-decanoic acid), myristic acid, palmitic
actd, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein {1-mongocleoyl-
rac-glycerol), dilaurin, caprylic acid, arachidonic acid, glycerol 1-monocaprate, 1-
dodecylazacycloheptan-2-ong, acylcarnitines, acylcholines, Ciap alkyl esters thereof {e.g.,
methyl, isopropyl and t-butyl}, and mono- and di-glycerides thereof {(i.e., oleate, laurate, caprate,
myristate, palinitate, stearate, Hnoleate, eic ) (see e.g., Touitou, E., ef ¢/, Fndumcement in Drug
Defivery, CRC Press, Danvers, MA, 2006; Lee et ol , Critical Reviews in Therapeutic Drug
Carrier Systems, 1991, p.92; Muranishi, Crifical Reviews in Therapeutic Drug Carvier Svstems,
1990, 7, 1-33; El Hariri ef @l , J. Pharm. Pharmacol., 1992, 44, 651-654).

Bile safis: 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 Busis of Therapeutics, 9th Ed., Hardman ef of. Eds., McGraw-
Hill, New York, 1996, pp. 934-935}. Various natural bile salts, and their synthetic derivatives,
act as penetration enhancers. Thus, the term "bile salts” includes any of the naturally occurring
components of bile as well as any of their synthetic derivatives. Suitable bile saits include, for
example, cholic acid (or its pharmaceutically acceptable sodium salt, sodium cholate),
debydrocholic acid {sodium dehvdrocholate), deoxycholic acid (sodium deoxycholate), glucholic
acid {sodium glucholate), glycholic acid (sodium glycocholate), glycodeoxycholic acid (sodium
glycodeoxycholate), taurocholic acid {sodium taurocholate), taurodeoxycholic acid (sodium
tanrodeoxycholate), chenodeoxycholic acid (sodium chenodeoxycholate), ursodeoxycholic acid
(UDCA), sodium tauro-24,25-dihydro-fusidate (STDHF), sodium glycodihydrofusidate and
polyoxyethylene-S-lauryl ether (POE) (see e.g., Malmsten, M. Surfactants and polymers in drug
delivery, fnforma Health Care, New York, NY, 2002; Lee et af , Criticad 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, Criticad Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Yamamoto ef

al., J. Pharm. Exp. Ther., 1992, 263, 25; Yamashita ef i, J. Pharm. Sci., 1990, 79, 579-583).
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Chelating Agenrs: 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 iRINAs 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 1on for catalysis and are thus inhibited by chelating agents (Jarrett, /.
Chromatogr., 1993, 618, 315-339). Suttable 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, lavreth-9 and N-amino
acy! derivatives of B-diketones {(enamines){see e.g., Katdare, A. ef al, Fxcipient development for
pharmacentical, biotechnology, and drug delivery, CRC Press, Danvers, MA, 2006, Lee et af,
Critical Reviews in Therapeutic Drug Carrier Systems, 1991, page 92; Muranishi, Critical
Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Buur ef af,, J. Control Rel. | 1990,
14, 43-51).

Non-chelaring non-surfactants: 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 iIRNAs through the
alimentary mucosa {see e.g., Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems,
1990, 7, 1-33). This class of penetration enhancers include, for example, unsaturated cyclic
ureas, 1-alkyl- and 1-alkenylazacyclo-alkanone derivatives (Lee ef af, Critical Keviews in
Therapeutic Drug Carrier Systems, 1991, page 92); and non-stercidal anti-inflammatory agents
such as diclofenac sodium, indomethacin and phenylbutazone (Yamashita er of., J. Pharm.
Pharmacol, 1987, 39, 621-626).

Agents that enhance uptake of iIRNAs at the cellular level may also be added to the
pharmaceutical and other compositions of the present disclosure. For example, cationic lipids,
such as lipofectin (Junichi ef of, U.S. Pat. No. 5,705,188), cationic glycerol derivatives, and

~
!

polycationic molecules, such as polylysine (Lollo er o/, PCT Application WO 97/30731), are
also known to enhance the cellular uptake of dsRNAs. Examples of commercially available
transfection reagents include, for example Lipofectamine™ (Invitrogen; Carlsbad, CA),
Lipofectamine 2000™ (Invitrogen; Carisbad, CA), 293fectin™ (Invitrogen; Carishad, CA},

Celifectin™ (Invitrogen; Carlsbad, CA), DMRIE-C™ (Invitrogen; Carlsbad, CA), FreeStyle™
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MAX (Invitrogen; Carlsbad, CA), Lipofectamine™ 2000 CD {Invitrogen, Carlsbad, CA},
Lipofectamine™ (Invitrogen; Carlsbad, CA), RNAIMAX (Invitrogen; Carlsbad, CA),
Oligofectamine™ {Invitrogen; Carlsbad, CA)}, Optifect™ (Invitrogen; Carlsbad, CA}, X-
tremeGENE Q2 Transfection Reagent (Roche, Grenzacherstrasse, Switzerland}, DOTAP
Liposomal Transfection Reagent (Grenzacherstrasse, Switzerland), DOSPER Liposomal
Transfection Reagent {Grenzachersirasse, Switzerland), or Fugene (Grenzacherstrasse,
Switzerland}, Transfectam® Reagent (Promega; Madison, W), TransFast™ Transfection
Reagent (Promega; Madison, W, Tix™.-20 Reagent (Promega; Madison, WI), Tfx™-50
Reagent {(Promega; Madison, WI), BreamFect™ (07 Biosciences; Marseille, France),
EcoTransfect (07 Biosciences; Marseille, France), TransPass® D1 Transfection Reagent (New
England Biolabs; Ipswich, MA, USA), LyoVec™/LipoGen™ (Invivogen; San Diego, CA,
USA), PerFectin Transfection Reagent {Genlantis; San Diego, CA, USA), NeuroPORTER
Transfection Reagent (Genlantis; San Diego, CA, USA), GenePORTER Transfection reagent
{Genlantis; San Diego, CA, USA), GenePORTER 2 Transtection reagent (Genlantis; San Diego,
CA, USA), Cytofectin Transfection Reagent (Genlantis; San Diego, CA, USA), BaculoPORTER
Transfection Reagent (Genlantis; San Diego, CA, USA), TroganPORTER™ transfection
Reagent {Genlantis; San Diego, CA, USA ), RiboFect (Bioline; Taunton, MA, USA), PlasFect
(Bioline; Taunton, MA, USA), UniFECTOR (B-Bridge International; Mountain View, CA,
USA), SureFECTOR (B-Bridge International, Mountain View, CA, USA), or HiFect™ (B-
Bridge International, Mountain View, CA, USA), among others.

{Other agents may be utilized to enhance the peneiration of the administered nuclete acids,
including glycols such as ethylene glycol and propylene glycol, pyrrols such as 2-pyrrol, azones,
and terpenes such as limonene and menthone.

il Cartiers

Certain compositions of the present disclosure also incorporate carrier compounds in the
formulation. As used herein, “carrier compound” can refer to a nucleic acid, or analog thereof,
which is inert (7.¢., does not possess biological activity per se) but is recognized as a nucleic acid
by in vivo processes that reduce the bicavailability of a nucleic acid having biological activity by,
for example, degrading the biclogically active nucleic acid or promoting its removal from

circulation. The coadministration of a nucleic acid and a carrier compound, typically with an
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excess of the latter substance, can result in a substantial reduction of the amount of nucleic acid
recovered in the liver, kidney or other extracirculatory reservoirs, presumably due to competition
between the carrier compound and the nucleic acid for a common receptor. For example, the
recovery of a partially phosphorothioate dsRNA in hepatic tissue can be reduced when it is
coadministered with polyinosinic acid, dextran sulfate, polyeytidic acid or 4-acetamido-
4’isothiocyano-stilbene-2, 2’ ~-disulfonic acid (Miyao ef af , DsRNA Res. Dev., 1995, 5, 115-121;

Takakura ef of, DSRNA & Nucl Acid Drug Dev., 1996, 6, 177-183).

In contrast to a carrier compound, a pharmaceutical carrier or excipient may comprise,
e.z., a pharmaceutically acceptable solvent, suspending agent or any other pharmacologically
inert vehicle for delivering one or more nucleic acids to an animal. The excipient may be liqud
or solid and is selected, with the planned manner of administration in mind, so as to provide for
the desired bulk, consistency, efc., 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, polyvinylpysrolidone or
hydroxypropyl methylicellulose, erc ), fillers (e.g., lactose and other sugars, microerystalline
cellulose, pectin, gelatin, calcium sulfate, ethyl 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 glyveols,
sodium benzoate, sodium acetate, efc.); disintegrants {e.g., starch, sodium starch glycolate, efc.};
and wetting agents (e.g., sodium lfauryl 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 accepiable carriers
include, but are not limited to, water, salt solutions, alcohals, pelyethylene glycols, gelatin,
lactose, amylose, magnesium stearate, talc, silicic acid, viscous paratfin,
hydroxymethyleeliulose, polyvinylpyrrolidone and the like.

Formulations for topical administration of nucleic acids may inchude sterile and non-
sterile aquecus solutions, non-agquecus solutions in common soivents such as alcohols, or

solutions of the nucleic acids in liquid or solid oil bases. The solutions may also contain butters,
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diluents and other suitable additives. Pharmacentically 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 Hmited to, water, salt
solutions, alcohol, polyethylene glycols, gelatin, lactose, amylose, magnesium stearate, tale,

silicic actd, viscous paraffin, hydroxymethyleelluniose, polyvinyipyrrolidone and the like.

v. Other Components

The compositions of the present disclosure may additionally contain other adjunct
components conventionally found in pharmaceutical compositions, e.g., at their art-established
usage levels. Thus, for example, the compositions may contain additional, conpatible,
pharmaceutically-active materials such as, for example, antipruritics, astringents, local
anesthetics or anti-inflammatory agents, or may contain additional materials useful in physically
fornwulating various dosage forms of the compositions of the present disclosure, such as dves,
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 compaositions of the present disciosure. 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
and/or aromatic substances and the like which do not deleteriously interact with the nucleic
acid(s) of the formulation.

Aqueous suspensions may contain substances that increase the viscosity of the
suspension including, for example, sodium carboxymethylcelhulose, sorbitol and/or dextran. The
suspension may also contain stabilizers,

In some ernbodiments, pharraceutical compositions featured in the disclosure include
(a) one or more iIRNA compounds and (b} one or more biologic agents which function by a non-
RNAi wechanism. Examples of such biologic agents include agents that interfere with an
interaction of MYOC and at least one MYOC binding partner.

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

L350 (the dose lethal to 50% of the population} and the EDS0 (the dose therapeutically effective
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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 LDSO/EDS50. Compounds that exhibit high therapeutic
indices are typical.

The data obtained from cell culiure assays and animal studies can be used in formulating
a range of dosage for use in humans. The dosage of compositions featured 1n the disclosure lies
generally within a range of circulating concentrations that include the ED50 with little or no
toxicity. The dosage may 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 therapeuntically effective dose can be estimated initially from cell culture assays.
A dose may 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 IC50 (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 usefud
doses in humans. Levels in plasma may be measured, for example, by high performance liquid
chromatography.

In addition to their administration, as discussed above, the iRINAs featured in the
disclosure can be administered in combination with other known agents effective in treatment of
diseases or disorders related to MYOC expression {e.g., glaucoma, e.g., primary open angle
glaucoma (POAG)). In any event, the administering physician can adjust the amount and timing
of IRNA administration on the basis of results observed using standard measures of efficacy

known in the art or described herein.

VIL Methods of treating disorders related to expression of MYQC

The present disclosure relates to the use of an iRNA targeting MYOC to ishibit MYOC
expression and/or to treat a disease, disorder, or pathological process that is related to MYOC
expression {e.g., glavcoma, e.g., primary open angle glavcoma (POAG)).

In some aspects, a method of treatment of a disorder related to expression of MYOC 15
provided, the method comprising administering an iRNA {e.g., a dsRNA) disclosed herein to a
subject in need thereof In some embodiments, the iRNA inhibits {(decreases) MYQC

eXPression.
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In some embodiments, the subject is an animal that serves as a model for a disorder

related to MYOC expression, e.g., glaucoma, e.g., primary open angle glavcoma (POAG). .

A, Glaucoma

In some embodiments, the disorder related to MYOC expression is glaucoma. A non-
limiting exarple of glaucoma that is treatable using the method described herein includes
primary open angle glaucoma (POAG).

Clinical and pathological features of glaucoma include, but are not limited to, vision loss,
a reduction 1o visual acuity {e.g., halos around lights and blurtiness) ) and decreased leakage of
aqueous humor from the eye.

I some embodiments, the subject with glaucoma is less than 18 years old. In some
embodiments, the subject with glaucoma is an adult. In some embodiments, the subject with
glaucorma is more than 60 years old. In some embodiments, the subject has, or is identified as
having, elevated levels of MYOU mRNA or protein relative 1o a reference level {e.g., a level of
MYOC that is greater than a reference level).

In some embodiments, glaucoma is diagnosed using analysis of a sample from the
subject {(e.g., an aqueous ocular fluid sample). In some embodiments, the sample is analyzed
using a method selected from ove or more of: fluorescent v sity hybridization (FISH),
immunohistochemistry, MYOC immunocassay, electron microscopy, laser microdissection, and
mass specirometry. In some embodiments,glaucoma s diagnosed using any suitable diagnostic
test or technique, e.g., Goldmann Applanation Tonometry, measurement of central corneal
thickness (CCT), avtomated static threshold perimetry {(e.g. Humphrey field analysis), Van
Herick technique, gonioscopy, ultrasound biomicroscopy and anterior segment optical coherence
tomography (AS-OCT), angiography (e.g., fluorescein angiography or indocvanine green
angiography), electroretinography, ulirasonography, pachymetry, optical coherence tomography
(OCT}, computed tomography (CT) and magnetic resonance imaging (MRI), tonometry, color
viston testing, visual field testing, slit-larop examination, ophthalmoscopy, and physical
examination {e.g., to assess visual acuity {e.g., by fundoscopy or optical coherence tomography

(OCT)).
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B. Combination Therapies

In some embodiments, an iIRNA (e.g., a dsRNA) disclosed herein is administered in
combination with a second therapy (e.g., one or more additional therapies) known to be effective
in treating a disorder related to MYOC expression {glaucoma, e.g., primary open angle glaucoma
{(POAG)) or a symptom of such a disorder. The iRNA may be administered before, after, or
concurrent with the second therapy. In some embodiments, the itRNA is administered before the
second therapy. In some embodiments, the iRNA is administered after the second therapy. In
some embodiments, the iIRNA is administered concurrent with the second therapy.

The second therapy may be an additional therapeutic agent. The iIRNA and the additional
therapeutic agent can be administered in combination in the same composition or the additional
therapeutic agent can be administered as part of a separate composition.

In some embodiments, the second therapy is a non-iRNA therapeutic agent that is
effective to treat the disorder or symptoms of the disorder.

In some embodiments, the iRNA is administered in conjunction with a therapy.

Exemplary combination therapies include, but are not limited to, laser trabeculoplasty
surgery, trabeculectomy surgery, a minimally invasive glaucoma surgery, placement of a
drainage tube in the eve, oral medication or eye drops. .

A subject {(e.g., a human subject, e.g,, a patient} can be administered a therapeutic amount
of iRNA. The therapeutic amount can be, e.g,, 4.05-50 mg/kg.

fn some embodiments, the iIRNA is formulated for delivery to a target organ, e.g., to the

In some embodiments, the iIRNA is formulated as a lipid formulation, e.g,, an LNP
formulation as described herein. In some such embodiments, the therapeutic amount 1 0.05-5
mg/kg dsRNA. In some embodiments, the lipid formulation, e.g., LNP formulation, is
administered intravenously.

In some embodiments, the iIRNA is io the form of a GalNAc conjugate e.g., as described
herein. In some such embodiments, the therapeutic amount is 0.5-50 mg dsRNA. In some
embodiments, the e.g., GalNAc¢ conjugate 15 administered subcutaneously.

In some embodiments, the administration is repeated, for example, on a regular basis,

such as, daily, biweekly (i.e., every two weeks) for one month, two months, three months, four
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months, six months or longer. After an initial treatment regimen, the treatments can be
administered on a less frequent basis. For example, after administration biweekly for three
months, administration can be repeated once per month, for six months or a year or longer.

In some embodiments, the iIRNA agent is administered in two or more doses. I some
embodiments, the number or amount of subsequent doses is dependent on the achievement of a
desired effect, e.g., to(a) inhibit or reduce the expression or activity of MYOC; (b) reduce the
tevel of misfolded MYOCU protein; (¢} reduce trabecular meshwork cell death; (d} decrease
intraccular pressure; or {e) increase visual acuity, or the achievement of a therapeutic or
prophylactic effect, e.g., reduction or prevention of one or more symptoms associated with the

disorder.

In some embodiments, the iIRNA agent is administered according to a schedule. For
example, the iIRNA agent may be administered once per week, twice per week, three times per
week, four times per week, or five times per week. In some embodiments, the schedule involves
regularly spaced administrations, e.g., hourly, every four hours, every six hours, every eight
hours, every twelve hours, daily, every 2 days, every 3 days, every 4 days, every 5 days, weekly,
biweekly, or mounthly. In some embodiments, the iRNA agent is administered at the frequency
requited to achieve a desired effect.

In some embodiments, the schedule involves closely spaced administrations followed by
a longer period of time during which the agent is not administered. For example, the schedule
may involve an initial set of doses that are administered in a relatively short period of time (e.g.,
about every 6 hours, about every 12 hours, about every 24 hours, about every 48 hours, or about
every 72 hours} followed by a longer time period {e.g., about | week, about 2 weeks, about 3
weeks, about 4 weeks, about 5 weeks, about 6 weeks, about 7 weeks, or about 8 weeks) during
which the iIRNA agent is not administered. In some embodiments, the iRNA agent is initially
administered hourly and is later administered at a fonger interval {e.g., daily, weekly, biweekly,
or monthly}. In some embodiments, the iRNA agent is initially administered daily and is later
administered at a longer interval {e.g., weekly, biweekly, or monthly). In certain embodiments,
the longer interval increases over time ot is determined based ov the achievement of a desired
effect.

Before admivistration of a full dose of the iIRNA, patients can be adrministered a smaller

dose, such as a 5% infusion dose, and monitored for adverse effects, such as an allergic reaction,
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or for elevated lipid levels or blood pressure. In another example, the patient can be monitored

for unwanted effects.

VI Methods for modulating expression of MYOC

In some aspects, the disclosure provides a method for modulating (e.g., inhibiting or
activating} the expression of MYOC, e.g., ina cell, in a tissue, or in a subject. In some
embodiments, the cell or tissue is ex vive, in vifro, or in vivo. In some embodiments, the cell or
tissue is in the eye {(¢.g., a trabecular meshwork tissue, a ciliary body, a retinal pigment
epithelium (RPE), a retinal tissue, an astrocyte, a pericvte, a Miler cell, a ganghion cell, an
endothelial cell, a photoreceptor cell, a retinal blood vessel (e.g., including endothelial cells and
vascular smooth muscle cells), or choroid tissue, e.g., a choroid vessel). In some embodiments,
the cell or tissue is in a subject (e.g., a mammal, such as, for example, a human). In some
embodiments, the subject (¢.g., the human) is at risk, or is diagnosed with a disorder related to
expression of MYOC expression, as described herein.

In some embodiments, the method includes contacting the cell with an iIRNA as described
herein, in an amount effective to decrease the expression of MYOC in the cell. In some
embodiments, contacting a cell with an RINA1 agent includes contacting a cell in vifro with the
RNAI agent or contacting a cell in vivo with the RNA1 agent. In some embodiments, the RNAi
agent is put into physical contact with the cell by the individual performing the method, or 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 RNA1
agent into or near the tissue where the cell is located, or by injecting the RNA{ agent into another
area, e.g., ocular tissue. For example, the RNAI agent may contatn or be coupled to a ligand,
e.z., alipophilic moiety or moieties as described below and further detailed, e.g., in
PCT/US2019/031170 which is incorporated herein by reference in its entirety, including the
passages therein describing lipophilic moteties, that directs or otherwise stabilizes the RNAJ
agent at a site of interest. Combinations of in vitro and in vivo methods of contacting are also
possible. For example, a cell may alse be contacted in vitro with an RNA#1 agent and

subsequently transplanted into a subject.
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The expression of MYOC may be assessed based on the level of expression of MYOC
mBRNA, MYOC protein, or the level of another parameter functionally linked to the level of
expression of MYOC. In some embodiments, the expression of MYOC is inhibited by at least
5%, at feast 10%, at least 15%, at least 20%, at feast 25%, at least 30%, at least 35%, at least
40%, at least 45%, at least 50%, at least 35%0, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 83%, at least 90%, or at least 95%. In some embodiments, the IRNA
has an ICs in the range of 0.001-0.01 oM, 0.601-0.10 nM, 0.001-1.0 nM, 0.001-10 nM, G.01-
0.05 nM, 0.01-0.30 nM, 0.02-0.60 oM, 0.01-1.0 oM, 0.01-1.5 oM, 0.01-10 nM. The ICsp value
may be normalized relative to an appropriate control value, e.g., the ICse of a non-targeting
iRNA.

I some embodiments, the method includes tntroducing into the cell or tissue av iIRNA as
described herein and maintaining the cell or tissue for a time sufficient to obtain degradation of
the mRNA transcript of MYOC, thereby inhibiting the expression of MYOC in the cell or tissue.

In some embodiments, the method includes administering a composition deseribed
herein, e.g., a composition comprising an iRNA that binds MYOC, to the mammal such that
expression of the target MYOCU is decreased, such as for an extended duration, e.g., at least two,
three, four days or more, e.g., one week, two weeks, three weeks, or four weeks or longer. In
some embodiments, the decrease in expression of MYOC 13 detectable within 1 hour, 2 hours, 4
hours, 8 hours, 12 hours, or 24 hours of the first administration.

In some embodiments, the method includes administering a composition as described
herein to 3 mammal such that expression of the target MY OC is increased by e.g., at least 10%
compared to an untreated animal. In some embodiments, the activation of MYOC occurs over
an extended duration, e.g., at least two, three, four days or more, e.g., one week, two weeks,
three weeks, four weeks, or more. Without wishing to be bound by theory, an iIRNA can activate
MYOC expression by stabilizing the MYOUC mRNA travscript, interacting with a promoter in the
genome, or inhibiting an inhibitor of MYOC expression.

The iRNAs useful for the methods and compositions featured in the disclosure
specifically target RNAs {primary or processed) of MYOC. Compositions and methods for
inhibiting the expression of MYOC using iRMNAs can be prepared and performed as described

elsewhere herein.

159



92}

10

15

20

25

WO 2023/278406 PCT/US2022/035266

In some embodiments, the method includes administering a composition containing an
iRNA, where the iRNA includes a nuclectide sequence that is complementary o at feast a part of
an RNA transcript of MYQOU of the subject, e.g., the mammal, e.g., the human, to be treated.
The composition may be administered by any appropriate means known in the art including, but
not Himited to ocular {e.g., intraccular), topical, and intravencus administration.

In certain embodiments, the composition is administered intraocularly {e.g., by
intravitreal administration, e.g., intraviireal injection; transscleral administration, e.g.,
transscleral injection; subconjunctival administration, e.g., subconjunctival injection; retrobulbar
administration, ¢.g., retrobulbar iyjection; intracameral adwinistration, e.g., intracameral
injection; or subretinal administration, e.g., subretinal injection. In other embodiments, the
composition is administered topically. In other embodiments, the composition is administered
by intravenous infusion or injection.

In certain embodiments, the composition 1s administered by intravenous infusion or
injection. In some such embodiments, the composition comprises a lipid formulated siRNA
{e.g., an LNP formulation, such as an LNP1I formulation) for intravenous infusion.

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 disclosure
belongs. Although methods and waterials similar or equivalent to those deseribed herein can be
used in the practice or testing of the iIRNAs and methods featured in the disclosure, 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.
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Specific Embodiments

1. A double stranded ribonucleic acid (dsRINA) agent for inhibiting expression of myocilin
(MYOC), wherein the dsRNA agent comprises a sense sitrand and an aotisense strand forming a
double stranded region, wherein the sense strand comprises a nucleotide sequence comprising at
feast 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of a portion of a coding strand of
human MY OC and the antisense strand comprises a nuclectide sequence comprising at feast 15
contiguous nucleotides, with §, 1, 2, or 3 mismatches, of the corresponding portion of & non-
coding strand of human MYQOC such that the sense strand is complementary to the at least 15
contiguous nucleotides in the antisense strand.

2. The dsRNA agent of embodiment 1, wherein the coding strand of human MYOC

comprises the sequence SEQ ID NO: L

3. The dsRNA agent of embodiment 1 or 2, wherein the non-coding strand of human

MYOC comprises the sequence of SEQ 1D NGO 2.

4. A double stranded ribonucleic acid (dsRNA) agent for inhibiting expression of MYOC,
wherein the dsRNA agent comprises a sense strand and an antisense strand forming a double
stranded region, wherein the antisense sirand comprises a nucleotide sequence comprising at
least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of a portion of nucleotide
sequence of SEQ ID NG: 2 such that the sense strand is complementary to the at least 15

contiguous nucleotides in the antisense strand.

5. The dsRNA agent of embodiment 4, wherein the sense strand comprises a nuclectide
sequence comprising at least 15 contiguous nucleotides, with 0, or 1, 2, or 3 mismaiches, of the

corresponding portion of the nuclectide sequence of SEQ 1D NO: L.
Sa. The dsRNA agent of any of the preceding embodiments, wherein the antisense strand

comprises a nucleotide sequence comprising at least 15 contiguous mucleotides, with 0, 1,2, or 3

mismatches, from the antisense strand nucleotide sequence of duplex AD-1565804 and the sense
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strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1,

2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-1565804.

5b. The dsRNA agent of any of the preceding emabodirents, wherein the antisense strand
comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with ¢, 1,2, or 3
mismatches, from the antisense strand nucleotide sequence of duplex AD-1565837 and the sense
strand comprises a nuclieotide sequence comprising at least 15 contiguous nucleotides, with O, 1,

2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-1565837.

6. The dsRNA of any of the preceding embodiments, wherein the dsRNA agent comprises a
sense strand and an antisense strand, wherein the antisense strand comprises a nucleotide
sequence comprising at least 17 contiguous nuclectides, with 0, 1, 2, or 3 mismatches, of a
portion of nucleotide sequence of SEQ ID NO: 2 such that the sense strand is complementary to

the at least 17 contiguous nucleotides in the antisense strand.

7. The dsRNA of embodiment 6, wherein the sense sirand comprises a nuclectide sequence

comprising at least 17 contiguous nucleotides, with 0, or 1, 2, or 3 mismatches, of the

3

corresponding portion of the nucleotide sequence of SEQ IDNO: 1.

8 The dsRNA of any of the preceding embodiments, wherein the dsRNA agent comprises a
sense strand and an antisense strand, wherein the antisense strand comprises a nucleotide
sequence comprising at least 19 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of a
portion of nucleotide sequence of SEQ D NO: 2 such that the sense strand is complementary to

the at least 19 contiguous nucleotides in the antisense strand.
o, The dsRNA of embodiment &, wherein the sense strand comprises a nucleotide sequence
comprising at least 19 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of the

corresponding portion of the nucleotide sequence of SEQ D NO: 1.

10. The dsRNA of any of the preceding embodiments, wherein the dsRNA agent comprises a

sense strand and an antisense strand, wherein the antisense strand comprises a nucleotide
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sequence comprising at least 21 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of a
portion of nucleotide sequence of SEQ 13 NO: 2 such that the sense strand is complementary to

the at least 21 contiguous nuclectides in the antisense strand.

11. The dsRNA of embodiment 10, wherein the sense strand comprises a nucleotide
sequence comprising at least 21 contiguous nucleotides, with 0, or 1, 2, or 3 mismatches, of the

corresponding portion of the nucleotide sequence of SEQ ID NO: 1.

12. The dsRNA agent of any one of the preceding embodiments, wherein the portion of the

sense strand is a portion within a sense strand in any one of Tables 2A and 2B.

13. The dsRNA agent of any one of the preceding embodiments, wherein the portion of the

antisense strand is a portion within an antisense strand in any one of Tables 2A and 2B.

14. The dsRNA agent of any of the preceding embodiments, wherein the antisense strand
comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3

mismatches, from one of the antisense sequences listed in any one of Tables 2A and 2B,

15. The dsRNA agent of any of the preceding embodiments, wherein the sense strand
comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1,2, or 3
mismatches, from a sense sequence listed in any one of Tables 2A and 28 that corresponds 1o the

antisense Sequence.

16. The dsRNA agent of any of the preceding embodiments, wherein the antisense strand
comprises a nucleotide sequence comprising at least 17 contiguous nucleotides, with 0, 1,2, or 3

mismatches, from one of the antisense sequences listed in any one of Tables 2A and 2B.

17. The dsRNA agent of any of the preceding embodiments, wherein the sense strand
comprises a nucleotide sequence comprising at least 17 contiguous nucleotides, with 0, 1, 2, or 3
mismaiches, from a sense sequence listed in any one of Tables 2A and 2B that corresponds to the

antisense sequence.
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18 The dsRNA agent of any of the preceding embodiments, wherein the antisense strand
comprises a nucleotide sequence comprising at least 19 contiguous mucleotides, with 0, 1,2, or 3

mismatches, from one of the antisense sequences listed in any one of Tables 24 and 2B

19. The dsRNA agent of any of the preceding embodiments, wherein the sense strand
comprises a nuclectide seguence comprising at feast 19 contiguous nucleotides, with 0, 1, 2, or 3
mismatches, from a sense sequence listed in any one of Tables 2A and 2B that corresponds to the

antisense sequence.

20. The dsRNA ageut of any of the preceding embodiments, wherein the antisense strand
comprises a nuclectide sequence comprising at feast 21 contiguous nucleotides, with 0,1, 2, or 3

mismatches, from one of the antisense sequences listed in any one of Tables 2A and ZB.

21. The dsRNA agent of any of the preceding embodiments, wherein the sense strand
comprises a nucleotide sequence comprising at least 21 contiguous nucleotides, with 0, 1, 2, or 3
mismaiches, from a sense sequence listed in any one of Tables 2A and 2B that corresponds to the

antisense sequence.

22. The dsRNA agent of any of the preceding embodiments, wherein the sense strand is at

feast 23 nucleotides in length, e.g., 23-30 nuclectides in length.

23. The dsRNA agent of any of the preceding embodiments, wherein at feast one of the sense

strand and the antisense strand is conjugated to one or more lipophilic moieties.

24 The dsRNA agent of embodiment 23, wherein the lipophilic motety is conjugated to one

or more positions in the double stranded region of the dsRNA agent.

25 The dsRNA agent of embodiment 23 or 24, wherein the lipophilic moiety is conjugated

via a linker or carrier.
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26. The dsRNA agent of any one of embodiments 23-25, wherein lipophilicity of the

lipophilic moiety, measured by logKow, exceeds 0.

27. The dsRNA agent of any one of the preceding embodiments, 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

28. The dsRNA agent of embodiment 27, wherein the plasma protein binding assay is an

electrophoretic mobility shift assay using human serurn albumin protein.

29. The dsRNA ageunt of any of the preceding embodiments, wherein the dsRNA agent

comprises at least one modified nucleotide.

30. The dsRMNA agent of embodiment 29, wherein no more than five of the sense strand
nucleotides and not more than five of the nucleotides of the antisense strand are unmodified

nucleotides.

31. The dsRNA agent of embodiment 29, whereiu all of the nucleotides of the sense strand

and all of the nucleotides of the antisense strand comprise a modification.

32. The dsRNA agent of any one of embodiments 29-31, 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-methyi modified nucleotide, a 2"-fluoro modified nucleotide, a
2 -deoxy-modified nucleotide, a locked nucleotide, an unlocked nucieotide, a conformationally
restricted nucleotide, a constrained ethyl nucleotide, an abasic nucleotide, a 27-amino-modified
nuclectide, a 27-O-allyl-modified nucleotide, 2’-C-alkyi-modified nuclectide, a 2’ -methoxyethyl
modified nucleotide, a 27-0-alkyl-modified nucleotide, a morpholino mucleotide, a
phosphoramidate, a non-natural base comprising nucleotide, a tetrahydropyran modified
nucleotide, a 1,5-anhydrohexitol moditied nucleotide, a cyclohexenyl modified nuclectide, a
nucleotide comprising a phosphorothicate group, a nucleotide comprising a methylphosphonate

group, a nuclectide comprising a 5'-phosphate, a nucleotide comprising a 5" -phosphate mimic, a
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glycol modified nucleotide, and a 2-O-{N-methylacetamide} modified nucleotide; and

combinations thereof.

33, The dsRMNA agent of any of embodiments 29-31, wherein no more than five of the sense
strand nucleotides and not more than five of the nucleotides of the antisense strand include
modifications other than 2°-O-methyl modified nucleotide, a 2" -fluoro modified nucleotide, a 2°-

deoxy-moditied nucleotide, unlocked nucieic acids (UNA} or glycersl nucieic acid (GNA).

34. The dsRMNA agent of any of the preceding ersbodiments, which comprises a non-
nucleotide spacer {wherein optionally the non-nuclectide spacer comprises a C3-C6 alkyl)
between two of the contiguous nuclectides of the sense strand or between two of the contiguous

nucleotides of the antisense strand.

35 The dsRNA agent of any of the preceding embodiments, wherein each strand is no more

than 30 nucleotides in length.

36. The dsRNA agent of any of the preceding embodiments, wherein at least one strand

comprises a 37 overhang of at least 1 nucleotide.

37 The dsRNA agent of any of the preceding embodiments, wherein at least one strand

comprises a 37 overhang of at least 2 nucleotides.

38. The dsRNA agent of any of the preceding embodiments, wherein the double stranded

region is 15-30 nucleotide pairs in fength.

39. The dsRNA agent of embodiment 38, wherein the double stranded region is 17-23

nucleotide pairs in length.

40. The dsRNA agent of embodiment 38, wherein the double stranded region 15 17-25

nuclectide pairs in length,
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41. The dsRNA agent of embodiment 38, wherein the double stranded region is 23-27

nucieotide pairs in length.

42 The dsRNA agent of embodiument 38, wherein the double stranded region is 19-21

nucleotide pairs in length.

43 The dsRNA agent of embodiment 38, wherein the double stranded region is 21-23

nuclectide patrs in length.

44 The dsRNA agent of any of the preceding embodiments, wherein each strand has 19-30

nucleotides.

4S8. The dsRNA agent of any of the preceding embodiments, wherein each strand has 19-23

nucleotides.

46. The dsRNA agent of any of the preceding embodiments, wherein each strand has 21-23

nucleotides.

47 The dsRNA agent of any of the preceding embodiments, wherein the agent comprises at

teast one phosphorothioate or methylphosphonate internucleotide linkage.

48, The dsRNA agent of embodiment 47, wherein the phosphorothicate or

methyiphosphonate internucleotide linkage is at the 3 -terminus of one strand.
49 The dsRNA agent of embodiment 48, wherein the strand is the avtisense strand.

50. The dsRNA agent of embodiment 48, whereiu the strand 1s the sense strand.

51. The dsRNA agent of embodiment 47, wherein the phosphorothioate or

methylphosphonate internuciectide linkage is at the 5’-terminus of one strand.
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[V
b

. The dsRNA agent of embodiment 51, wherein the strand is the antisense strand.

53. The dsRNA agent of embodiment $1, wherein the strand is the sense strand.

54. The dsRNA agent of embodiment 47, wherein each of the 5'~ and 3’ -terminus of one

strand comprises a phosphorothicate or methylphosphonate internucleotide linkage.

55. The dsRNA agent of embodiment 54, wherein the strand is the antisense strand.

56. The dsRNA agent of any of the preceding embodiments, wherein the base pair at the 1

position of the 5”-end of the antisense strand of the duplex is an AU base pair.

57. The dsRNA agent of embodiment 54, wherein the sense strand has a total of 21

nucleotides and the antisense strand has a total of 23 nucleotides.

5&. The dsRNA agent of any one of embodiments 23-57, wherein one or more lipophilic

moieties are conjugated to one or more internal positions on at least one strand.

59. The dsRNA agent of embodiment 58, wherein the one or more lipophilic moteties are

conjugated to one or more internal positions on at least one strand via a linker or carrier.

60. The dsRMNA agent of embodiment 59, wherein the internal positions include all positions

except the terminal two positions from each end of the at least one strand.

61, The dsRNA agent of embodiment 59, wherein the internal positions include all positions

except the terminal three positions from each end of the at least one strand.

62. The dsRNA agent of any one of embodiments $39-61, wherein the internal positions

exclude a cleavage site region of the sense strand.
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63. The dsRNA agent of embodiment 62, wherein the internal positions include all positions

except positions 9-12, counting from the 5”-end of the sense strand.

64. The dsRNA agent of embodiment 62, wherein the internal positions include all positions

except positions 11-13, counting from the 3 -end of the sense strand.

65 The dsRNA agent of any one of embodiments 59-61, wherein the internal positions

exclude a cleavage site region of the antisense strand.

66. The dsRNA agent of embodiment 05, wherein the internal positions include all positions

except positions 12-14, counting from the 5”-end of the antisense strand.

67. The dsRNA agent of any one of embodiments 59-61, wherein the internal positions
inchude all positions except posttions 11-13 on the sense strand, counting from the 37-end, and

positions 12-14 on the antisense strand, counting from the 57-end.

6&. The dsRNA agent of any one of embodiments 23-67, 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-& and 13-18 on the sense strand, and positions 6-10 and 15-18 on the

antisense strand, counting from the S"end of each strand.

69. The dsRNA agent of embodiment 6§, 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,

~
!
Iy

counting from the S™-end of each strand.

70. The dsRNA agent of embodument 24, wherein the positions o the double stranded region

exclude a cleavage site region of the sense strand.

71. The dsRNA agent of any one of embodiments 23-70, wherein the sense strand is 21

nuclectides in length, the antisense strand is 23 nucleotides in length, and the lipophilic moiety 13
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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.

72. The dsRNA agent of embodiment 71, wherein the lipophilic moiety is conjugated to

yosition 21, position 20, position 15, position 1, or position 7 of the sense strand.
2 2 2 2

73. The dsRNA agent of embodiment 71, wherein the lipophilic moiety is conjugated to

position 21, position 20, or position 15 of the sense strand.

74. The dsRNA agent of embodiment 71, wherein the lipophilic moiety is conjugated to

position 20 or position 15 of the seuse strand.

75. The dsRNA agent of embodiment 71, wherein the lipophilic moiety i3 conjugated to

position 10 of the antisense strand.

76. The dsRNA agent of embodiment 71, wherein the lipophilic motety is conjugated to

position 6, counting from the 5-end of the sense strand.

77 The dsRNA agent of any one of embodiments 23-76, wherein the lipophilic moiety is an

aliphatic, alicyclic, or polyalicyclic compound.

78. The dsRNA agent of embodiment 77, wherein the lipophilic moiety i3 selected from the
group consisting of lipid, cholesterol, retinoic acid, cholic acid, adamantane acetic acid, T-pyrene
butyric acid, dihydrotestosterone, 1,3-bis-Othexadecyl)glyveerol, geranyloxyhexvanol,
hexadecylglycerol, borneol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic

acid, O3-(oleoyijlithocholic acid, O3-(cleovl)cholenic acid, dimethoxytrityl, or phenoxazine.

79. The dsRNA agent of embodiment 78, 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, thicl, azide, and

alkyne.
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80. The dsRINA agent of embodiment 79, wherein the lipophilic moiety contains a saturated

or unsaturated C6-C18 hydrocarbon chain.

81. The dsRNA agent of embodiment 79, wherein the lipophilic moiety contains a saturated

or unsaturated C16 hydrocarbon chain.

82. The dsRNA agent of any one of embodiments 23-81, wherein the lipophilic motety i3
conjugated via a carrier that replaces one or more nucleotide(s) in the internal position{(s) or the

double stranded region,

83. The dsRNA agent of embodiment 82, wherein the carrier is a cyclic group selected from
the group consisting of pyrrolidinyl, pyrazolinyl, pyrazolidinyl, irnidazolinyl, irmidazolidinyl,
piperidinyl, piperazinyl, [1,3ldioxolanyl, oxazolidinyl, tsoxazolidinyl, morpholinyl,
thiazolidinyl, isothtazolidinyl, quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl; or

is an acyclic moiety based on a serinol backboune or a diethanolamine backbone.

84. The dsRNA agent of any one of embodiments 23-81, wherein the lipophilic moiety 19
conjugated to the double-stranded iIRNA 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.

85. The double-stranded iIRNA agent of any one of embodiments 23-84, wherein the

lipophilic moiety is conjugated to a nucleobase, sugar motety, or internucleosidic linkage.

86. The dsRNA agent of any one of embodiments 23-85, wherein the lipophilic moiety is
conjugated via a bio-cleavable hnker selected from the group consisting of DNA, RNA,
disulfide, amide, functionalized monosaccharides or oligosaccharides of galactosamine,

glucosamine, glucose, galactose, mannose, and combinations thereof.
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87. The dsRNA agent of any one of embodiments 23-86, wherein the 37 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 pyrrolidinvl, pyrazolinyl, pyrazolidinyl,
imidazolinyl, imidazolidioyl, piperidinyl, piperazinyl, 1,3 jdioxolanyl, oxazolidinyi,
isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonyl,

tetrahydrofuranyl, and decalinyl.

88. The dsRNA agent of any one of embodiments 23-87, further comprising a targeting

higand, e.g, aligand that targets an ocular tissue or 8 liver tissue.

89. The dsRNA agent of embodiment 88, wherein the ligand is conjugated to the sense

strand.

90. The dsRMNA agent of embodiment 88 or 88, wherein the ligand is conjugated to the 3 end

or the 57 end of the sense strand.

01. The dsRNA agent of embodiment 88 or 89, wherein the ligand is conjugated to the 3” end

of the sense strand,
92. The dsRNA agent of any ove of embodiments 88-21, wherein the ocular tissueis a
trabecular meshwork tissue, a ciliary body, a retinal tissue, a retinal pigment epithelium (RPE} or

choroid tissue, e.g., a choroid vessel.

93 The dsRNA agent of any one of embodiments 88-91, wherein the targeting ligand

comprises N-acetylgalactosamine {GalNAc).

94 The dsRMNA agent of any one of embodiments 88-91, wherein the targeting ligand is one

or more GallNAc conjugates or one or more or GallNAc derivatives.
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95 The dsRNA agent of embodiment 94, wherein the one or more GallNAc conjugates or one
or more GalNAc derivatives are aitached through a monovalent linker, or a bivalent, trivalent, or

tetravalent branched linker.

5 96. The dsRNA agent of embodiment 94, wherein the ligand is

HO Ok
s H b
HO OMNWN ]
AcHN O \Q
; O
HO o
Q H ; 1
HO O\//\/’\WN\/’\/E o 3
ACHN & \5(3)//\\/ ‘

vo OH
N
HO Q/@W&Mﬁ o)

ZT

97. The dsRNA agent of embodiment 96, wherein the dsRNA agent is conjugated to the

ligand as shown in the following schematic

10
wherein X is O or S,
08. The dsRNA agent of embodiment 97, wherein the X is O,
15 99 The dsRNA agent of any one of embodiments 1-98, further comprising a terminal, chiral

modification occurring at the first internucleotide linkage at the 37 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 57 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.

100. The dsRNA agent of any one of embodiments 1-98, further comprising

a terminal, chiral modification occurring at the first and second internucleotide Hnkages at
the 37 end of the antisense strand, having the linkage phosphorus atom 1o Sp configuration,

a terminal, chiral modification cccurring at the first internucleotide linkage at the 57 end of
the antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleoctide linkage at the 57 end of

the sense strand, having the linkage phosphorus atom in either Rp or Sp configuration.

101 The dsRNA agent of any one of embodiments 1-98, further comprising

a terminal, chiral modification occurring at the first, second and third internuclectide linkages
at the 3 end of the antisense strand, having the linkage phosphorus atom in Sp contiguration,

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 termainal, 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.

102. The dsRNA agent of any one of embodiments 1-98, further comprising

a terminal, chiral modification occurring at the first, and second internucleotide linkages at
the 37 eud of the antisense strand, having the linkage phosphorus atorn 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 ators in Rp configuration,

a terminal, chiral modification cccurring at the first internucleotide linkage at the 57 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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103. The dsRNA agent of any one of embodiments 1-98, further comprising

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 internuclestide 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.

104. The dsRNA agent of any one of embodiments 1-103, further comprising a

phosphate or phosphate minoic at the 5”-end of the antisense strand.

105. The dsRNA agent of embodiment 104, wherein the phosphate miric is a 57 -vinyl

phosphonate (VP).

106. A cell containing the dsSRNA agent of any one of embodiments 1-105.
107. A human ocular cell, e.g., (a cell of the trabecular meshwork, a cell of the ciliary

body, an RPE cell, an astrocyte, a pericyte, a Miiller cell, a ganglion cell, an endothelial cell, ora
photoreceptor cell} comprising a reduced level of MYOC mRNMNA or alevel of MYOC protein as
compared to an otherwise similar untreated cell, wherein optionally the level is reduced by at

feast 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 553%, 60%, 65%, 70%, 75%, 80%

> >

&5%, 90%, or 95%.

108. The human cell of embodiment 107, which was produced by a process comprising

contacting a human cell with the dsRNA agent of any one of embodiments 1-94.

109. A pharmaceutical composition for inhibiting expression of MYOC, comprising the

dsRINA agent of any one of embodiments 1-105.

110. A pharmaceutical composition comprising the dsRNA agent of any one of

embodiments 1-1035 and a lipid formulation.
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111, A method of inhibiting expression of MYOU in a cell, the method comprising:
(a} contacting the cell with the dsRNA agent of any one of embodiments 1-105, or a
pharmaceutical composition of embodiment 109 or 110; and
(b} maintaining the cell produced in step (a) for a time sufficient to obtain
degradation of the mRNA transcript of MYOC, thereby inhibiting expression of MYOC in the

cell.

112, A method of inhibiting expression of MYOC i a cell, the method corprising:
{(a) contacting the cell with the dsRNA agent of any one of embodiments 1-105, ora
pharmaceutical coraposition of embodiment 109 or 110; and
(b}  maintaining the cell produced in step (a} for a time sufficient to reduce levels of
MYOC mRNA, MYQOC protein, or both of MYOC mRNA and protein, thereby inhibiting

expression of MYOC in the cell.

113, The method of embodiment 111 or 112, wherein the cell is within a subject.

114. The method of embodiment 113, wherein the subject is a human.

115, The method of any one of embodiments 111-114, wherein the level of MYOC mRNA

is inhibited by at least 50%.

116. The method of any one of embodiments 111-114, wherein the level of MYOC protein

is inhibited by at least 50%.

117. The method of ermnbodiment 114-116, wherein inhibiting expression of MYOC
decreases a MYOC protein level in a biological sample (e.g., an aqueous ocular fluid sample)

from the subject by at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95%.

118. The method of any one of embodiments 114-117, wherein the subject has been
diagnosed with a MYOC-associated disorder, e.g., glancoma, e.g., pritoary open angle glaucora

(POAG).
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119, A method of inhibiting expression of MYOC in an ocular cell or tissue, the method
comprising:

{(a) contacting the cell or tissue with a dsRNA agent that binds MYOC,; and

{b) maintaining the cell or tissue produced in step (a) for 2 time sufficient to reduce levels of

MYOC mRNA, MYOC protein, or both of MYOC mRNA and protein, thereby inhibiting

expression of MYOC in the celi or tissue.

120, The method of embodiment 119, wherein the ocular cell or tissue comprises a
trabecular meshwork tissue, a ciliary body, an RPE cell, a retinal tissue, an astrocyte, a pericyte,
a Miiller cell, a ganglion cell, an endothelial cell, a photoreceptor cell, a retival blood vessel

{e.g, including endothelial cells and vascular smooth muscle cells), or choroid tissue, eg., a

choroid vessel.

120a. A method of reducing intraocular pressure in a subject, comprising administering to the
subject a therapeutically effective amount of the dsRNA agent of any one of embodiments 1-105
or a pharmaceutical composition of embodiment 109 or 110, thereby reducing intraccular

pressure in the subject.

120b. A method of lirniting an increase in ntraocular pressure, of maintaining a constant
intraocular pressure, in a subject, comprising administering to the subject a therapeutically
effective ammount of the dsRNA agent of any one of embodiments 1-105 or a pharmaceutical
composition of embodiment 109 or 110, thereby limtting the increase in intraocular pressure, or

maintaining a constant intraocular pressure in the subject.

121. A method of treating a subject having, or diagnosed with having, a MYOC-associated
disorder comprising administering to the subject a therapeutically effective amouunt of the
dsRINA agent of any one of embodiments 1-105 or a pharmaceutical composition of embodiment

109 or 110, thereby treating the disorder.

122, The method of embodiment 118 or 121, wherein the MYOC-associated disorder is

glaucoma.
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122a. A method of freating a subject baving glaucoma, comprising administering to the
subject a therapeutically effective amount of the dsRNA agent of any one of embodiments 1-105

or a pharmaceutical composition of embodiment 109 or 110, thereby treating the glancoma.

123. The method of embodiment 122 or 122a, wherein glaucoma is selected from the grou
3 - =

consisting of primary open angle glaucoma (POAG).

124. The method of any one of embodiments 121-123, whersin treating comprises

amelioration of at feast one sign or symptom of the disorder.

125. The method of embodiment 124, wherein at least one sign or symptom of
glaucoma comprises a measure of one or more of optic nerve damage, vision loss, tunnel vision,
blurred vision, eye pain or presence, level, or activity of MYOC (e.g, MYOU gene, MYOC
mRNA, or MYOC protein}.

126. The method of any one of embodimenis 121-123, where treating comprises prevention

of progression of the disorder.

127, The method of any one of embodiments 124-126, wherein the treating comprises one or
more of {a) inhibiting or reducing the expression or activity of MYGC; (b) reducing the fevel of
misfolded MYOC protein; (¢} reducing trabecular meshwork cell death; (d) decreasing

intraocular pressure; or {e) increasing visual acuity.

128. The method of embodiment 127, wherein the treating results in at least a 30% mean
reduction from baseline of MYOC mRNA in the trabecolar meshwork tissue, ciliary body, retina,
RPE, a retinal blood vessel {e.g., including endothelial cells and vascular smooth muscle cells),

or choroid tissue, e g, a choroid vessel.

129. The method of embodiment 128 wherein the treating results in at least a 60% mean
reduction from baseline of MYOC mRNA in the trabecolar meshwork tissue, ciliary body, retina,
RPE, a retinal blood vessel {e.g., including endothelial cells and vascular smooth muscle cells),

or choroid tissue, e.g., a choroid vessel.
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130. The method of ernbodiment 129, wherein the treating results v at least a 90% mean
reduction from baseline of MYOCU mRNA in the trabecular meshwork tissue, ciliary body, retina,
RPE, a retinal blood vessel (e.g,, including endothelial cells and vascular smooth muscle cells),

or choroid tissug, e.g., a choroid vessel.

131. The method of any one of embodiments 124-129, wherein after treatment the subject
experiences at least an 8-week duration of knockdown following a single dose of dsRINA as

assessed by MYOU protein in the retina.

132, The method of embodiment 131, wherein treating results in at least a 12-week duration

of knockdown following a single dose of dsRNA as assessed by MYOC protein in the retina.

133, The method of embodiment 132, wherein treating results in at least a 16-week duration

of knockdown following a single dose of dsRNA as assessed by MYOC protein in the retina.

134. The method of any of embodiments 113-133, wherein the subject is human.

135, The method of any one of embodiments 114-134, wherein the dsRNA agent is

administered at a dose of about 0.01 mg/kg to about 50 mg/kg.

136, The method of any one of embodiments 114-135, wherein the dsRNA agent is

administered to the subject intraccularly, intravenously, or topically.

137. The method of embodiment 136, wherein the intraocular administration comprises
intravitreal administration {e. g, intravitreal injection), transscleral administration {e.g.,
transscleral injection), subconjunctival administration {e.g., subconjunctival injection},
retrobulbar administration (e.g., retrobulbar injection), intracameral administration (e.g.,

intracameral ingection}, or subretinal admimstration {e.g., subretinal injection).

138, The method of any one of embodiments 114-137, further comprising measuring level of

MYOC {e.g, MYOCU gene, MYOC mRNA, or MYOC protein) in the subject.
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139, The method of embodiment 138, where measuring the level of MYOC in the subject
comprises measuring the level of MYOC gene, MYOC protein or MYOC wmRNA in a biojogical

sample from the subject {e.g., an aqueocus ocular fluid sample}.

140. The method of any one of embodiments 114-139, further comprising performing a

blood test, an imaging test, or an agueous ocular fluid biopsy.

141, The method of any one of embodiments 138-140, wherein measuring level of MYQOC
{e.g, MYOC gene, MYOU mRNA, or MYQC protein) in the subject is performed prior to

treatment with the dsRNA agent or the pharmaceutical composition.

142, The method of embodiment 141, wherein, upon determination that a subject has a level
of MYOC (e.g., MYOC gene, MYOC muRNA, or MYOC protein) that is greater than a refereoce

level, the dsRINA agent or the pharmaceutical composition is administered to the subject.

143. The method of any one of embodiments 139-142, wherein measuring level of MYOC
{e.g., MYOC gene, MYOC mRNA, or MYOC protein) in the subject is performed after

treatment with the dsRINA agent or the pharmaceutical composition.

144. The method of any one of embodiments 121-143, further comprising administering to
the subject an additional agent and/or therapy suitable for treatment or prevention of an MYQOC-

associated disorder.

145, The method of embodiment 144, wherein the additional agent and/or therapy comprises
one or more of a photodynamic therapy, photocoagulation therapy, a steroid, a non-stercidal anti-

inflammatory agent, an anti-MYQOC agent, and/or a vitrectomy.
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EXAMPLES
Example 1. MYOC siBRNA

MNucleic acid sequences provided herein are represented using standard nomenclature,

See the abbreviations of Table 1.

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 mutoally

finked by 57-3’-phosphodiester bonds.

Abbreviation Nucleotide(s)

A Adenosine-3’ -phosphate

Ab beta-L-adenosine-3"-phosphaie

Abs beta-L-adenosine-3 -phosphorothioate
Af 2’ fluoroadenosine-3’ -phosphate

Afs 2’ -flugroadenosine-3"-phosphorothicate
{Ahd) 2’ -O-hexadecvl-adenosine-3"-phosphate
{Ahds) 2’ -0O-hexadecyl-adenosine-3’-phosphorothiocate
As adenosine-3’-phosphorothioate

{AZp) adenosing 2 -phosphate

{A2ps) adenosine-2 ~-phosphorothioate

C cytidine-3’ -phosphate

Ch beta-L-~cytidine-3 " -phosphate

Chs beta-L-cytidine-3-phosphorothicate

Ct 2’ -fluorocytiding-3 -phosphate

Cfs 2’ -flugrocytidine-3 ~phosphorothicate
{Chd) 2’ -O-hexadecyl-cytidine-3 -phosphate
{Chds) 2’ -O-hexadecyl-cytidine-3 -phosphorothioate
Cs cytidine-3’ -phosphorothicate

(C2p) cytosine 2 -phosphate

{C2ps) cytidine-2" -phosphorothioate

G suanosine-3’ ~-phosphate

Gb beta-L-cuanosine-3’-phosphate

Gbs beta-L-guanosine-3 " -phosphorothicate
Gf 2’-fluoroguanosine-3 -phosphate

Gfs 2’ -fluoroguanosine-3 -phosphorothioate
{Ghd) 2’ -0O-hexadecyl-guanosine-3’~-phosphate
{Ghds) 2°-0-hexadecyl-guanosine-3 -phosphorothioate
O3 guanosine-3 -phosphorothioate

{(G2p) suanosine 2 -phosphate

(GZ2ps) guanosine-2 -phosphorothioate

T 5’-methvluridine-3’-phosphate

Th beta-L-thymidine-3’-phosphate
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Ths beta-L-thymidine-3 -phosphorothioate
f 2’ fluoro-S-methyvluridine-3’-phosphate
Tfs 2’ -flugro-S-methyluridine-3 ~phosphorothicate
Ten thymidine-glycol nucleic acid (GNA) S-Isomer
Agn adenosine- glycol nucleic acid (GNA) S-Isomer
Cegn cytidine-glycol nucleic acid (GINA) S-Isomer
Ggn guanosine-glveol nucleic acid (GNA) S-Isomer
Ts S-methvluridine-3’-phosphorothicate
{(T2p) thyoudine 2" -phosphate
j Uridine-3"-phosphate
Ub beta-L-uridine-3’-phosphate
Ubs beta-L-uridine-3"-phosphorothicate
uf 2’ -fluorouridine-3’-phosphate
Ufs 2’-tfluorouridine -3’ -phosphorothicate
{Uhd) 2’ -O-hexadecyl-uridine-3"-phosphate
{Uhds) 2’ -0-hexadecyl-uridine-3’-phosphorothicate
Us uridine -3 -phosphorothiocate
{U2p) uracil 2”~-phosphate
{Li2ps) uridine-2 -phosphorothicate
N any nucleotide (G, A, C, T or U)
VP Yinyl phosphonate
a 2’ -O-methviadenosine-3-phosphate
as 2’ -O-methyladenosine-3’- phosphorothicate
c 2’ -O-methyleytidine-3 -phosphate
cs 2’ -0O-methyleytidine-3’- phosphorothioate
g 2’ -0-methylguavnosine-3"~-phosphate
25 2’ -O-methviguanosine-3’- phosphorothioate
t 2’ -O-methyl-S-methyluridine-3"-phosphate
1s 2’ -O-methvl-5-methyhuridine-3’-phosphorothioate
u 2’ -0O-methyluridine-3 -phosphate
us 2’ -O-methvluridine-3 -phosphorothicate
dA 2’ -deoxvadenosine-3’-phosphate
dAs 2’ -deoxyadenosine-3’ -phosphorothioate
dC 2’ ~deoxyeytidine-3 -phosphate
dCs 2’ -deoxyevtidine-3 ~phosphorothioate
aG 2’-deoxvguancsine-3’-phosphate
dGs 2’ -deoxyguanosine-3 -phosphorothicate
dT 2 ~deoxythymidine
dTs 2’ -deoxythymidine-3 -phosphorothioate
dU 2’ -deoxvuridine
8 phospherothicate linkage
Lo6! N-[tris{ GalNAc-atkyl}-amidodecanovl)]-4-hydroxyprolinol
Hyp-(GalNAc-alkyl)3
{Aeo) 2’ -0O-methoxyethyladenosine-3’-phosphate
{Aeos) 2’ -O-methoxyethvladenosine-3 -phosphorothicate
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{Geo) 2’ -~-methoxyethviguanosine-3 " -phosphate
{Geos) 2’-C-methoxyethvliguanosing-3’ - phosphorothicate
{Teo) 2’ -O-methoxyethyl-5-methyluridine-3-phosphate
{Teos) 2’ -O-methoxyethyl-5-methyluridine-3’ - phosphorothicate
{m3Ceo0) 2’ -O-methoxyethyl-5-methylcytidine-3 -phosphate
(m3Ceos) 2 -O-methoxyethvl-5-methylcytidine-3’- phosphorothioate

UThe chemical structure of 196 is as follows:

Triantennary GalNAc ~

Experimental Methods

Bisinformatics

trans-4-Hydroxyprofinot

Site of
Conjugation

Four sets of siRINAs targeting the human MYOC, “myocilin” (human: NCBI refseglD
NM_000261.2 ; NCBI GenelD: 4653) were geverated. The human NM_000261.2 REFSEQ

mRNA has a length of 2100 bases. Pairs of oligos were generated using bioinformatic methods

and ranked, and exemplary pairs of oligos are shown in Table 2A and Table 2B. Modified

sequences are presented in Table 2A. Unmodified sequences are presented in Table 2B.
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Table 2A. Exemplary Human MYOC ziBNA Modified Single Strands and Duplex Sequences

Attomey Docket No. A108868 1490W( (ALN-407W0)

Column 1 indicates duplex name and the number following the decimal point in a duplex name merely refers to a batch production

number. Column 2 indicates the name of the sense sequence. Column 3 indicates the sequence ID for the sequence of column 4.

Column 4 provides the moditied sequence of a sense strand suitable for use in a duplex described herein. Column 3 indicates the

antisense sequence name. Column 6 indicates the sequence ID for the sequence of column 7. Column 7 provides the sequence of a

modified antisense strand suitable for use in a duplex described herein, e.g., a duplex comprising the sense sequence in the same row

of the table. Column 8 indicates the position in the target mRNA (NM_000261.2) that is complementary to the antisense strand of

Column 7.

Column 9 indicated the sequence ID for the sequence of colunn 8.

Duplex Sense Seq iD Sense sequence Antisense Seg D | Antisense sequence mMRNA target SEG D NO:

Name seqguence | NO: {5"-3"} sequence | NO: {5°-3"} seguence in {MRNA
name {sense} name {anti NM_000261.2 target}

sensel

AD- A- 7 csuscuciAhd)GicAf | A- 451 VPusAfsadGe{Tgnicug | ACCUCUCAGCACAGC | 895

1565444 | 285935965.1 CfAfgragageususa 2893966.1 cuguGfetifgagagsgsu AGAGCUUY

A

AD- A- 2 csuscuc{Ahd)Gfcaf | A- 452 VPusAfsagedTe{Tgnlge | ACCUCUCAGCACAGC | 896

1565445 | 28538651 Cfafgcagagoususa 2893867.1 uguGfctifgagagsgsu AGAGCUUY

A

Al- A- g csuscuc{AhdIGicAf | A- 453 VPusAfsagdCu{Clplug | ACCUCUCAGCACAGC | 897

1565692 | 2833965.1 Cfafgeagagoususa 2894431.1 cuguGfclUigagagsgsu AGAGCUUY

1

AD- A- 10 uscsucag{Chdlaliaf | A- 454 VPusAfsaadGe{Tgnjou | CCUCUCAGCACAGCA | 398

1565446 | 2893868.1 Gfcagagouususa 2893962.1 geughifgCfugagasgsg GAGCUUUC

i

AD- A- 11 csasgcag{Ahd)gCiuf | A- 455 VPusUfscedTed{Tgnlgga | CACAGCAGAGCUUUC | 899

1565447 | 285935701 Ufuccagaggsasa 2893971.1 aagCiuCfugrougsusg CAGAGGAA

A
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AD- A- 12 asasug{AhdgGiulf | A- 456 VPusGsudGe{Agnicag | GCAALIGAGGUUCULIC | 300
1565448 | 2893972.1 Cflfucugugrascsa 2893873.1 aagaAfcCfucauusgse UGHGCACG

A

Al- A~ i3 asasuglAhdleGiuUf | A- 457 VPusGisugdCalClplag | GCAAUGAGGUUCUUC | 801
1565693 | 28838721 Cfufucugugrascsa 28944321 aagaAfcCiucauusgse UGUGCACG

A

AD- A- 14 asusgagg{UhdiuCiy | A- 458 VPusClsgudGel{agnica | CAAUGAGGUUCUUCY | 902
1565449 | 28939741 fUfcugugcacsgsa 2893975.1 gaagAfaCicucaususg GUGCACGU

A

AD- A- 15 usgsagg{Uhd}UfcUf | A- 459 VPusAfscgudGo{Agnic | AAUGAGGUUCUUCY | 2903
1565450 | 28938761 UfCfugugeacgsusa 2893877.1 agaaGfaAfccucasusu GUGCACGULU

A

AD- A- 16 usgsagg{Uhd)Ufclf | A- 460 VPusAfscgdTe(C2plac | AAUGAGGUUCUUCH | 204
1565694 | 2893976.1 UfCfugugcacgsusa 2894433.1 agaaGfaAfccucasusu GUGCACGUY

A

Al- A~ 17 gsasggu{UhdICRulf | A- 451 VPusAfsacdGu{G2pica | AUGAGGUUCUUCUG | 805
1565695 | 28844341 Cfufgugcacgususa 28944351 cagahfgAfaccucsasy UGCACGUUG

1

AD- A- 13 asgsguu{ChdjUfuCf | A- 452 VPusCisaacGfuGiCiac | UGAGGUUCUUCUGY | 906
11932175 | 205858741 UfGfugracguusgsa 1801665.1 agAtaGlaaccuscsa GCACGUUGT

5

AD- A- 19 asgsguu{ChdiuuCfy | A- 463 VPusdCsaadCgdTgeac | UGAGGUUCULCUGY 907
1565793 | 289349781 fGiugcacguusgsa 2894582.1 dAgAfagaaccuscsg GCACGUUGC

A

AD- A- 20 asgsguu{ChdjUfuCi | A- 464 VPusCfsaadCg{Tgnlge | UGAGGUUCUUCUGU | 208
1565795 | 20588741 UfGiugcacguusgsa 2894535.1 acaghfaGfaaccuscsg GCACGUUGC

A

AD- A~ 21 asgsguu{Chd)UfuCt | A- 485 VPudCsaadCg{Tgnlgea | UGAGGUUCUUCUGU | 909
1565796 | 2058874.1 UfGfugcacguusgsa 2894586.1 cdAghAfagaaccuscsg GCACGUUGC

1

AD- A- 22 asgsgualChd)UfuCt | A- 456 VPusCfsaadCg{Tenlge | UGAGGUUCUUCUGY | 910
1565797 | 2894587.1 UfGfugrcacguusgsa 2894588.1 acaghfaGfuaccuscsg GCACGUUGT

A
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AD- A- 23 asgsga{Chd)Ufulf | A- 467 VPusCfsaadCg{Tgnlge | UGAGGUUCUUCUGU | 211
1565798 | 2894589.1 UfGiugcacguusgsa 2894590.1 acaghfaGfauccuscsg GCACGUUGC

A

AD- A~ 24 asgscuu{ChdUfulf | A- 488 VPusCisaadCe{Tgnlge | UGAGGUUCUUCUGU | 912
1565799 | 28845911 UfGfugcacguusgsa 2894592.1 acaghfaGfaagousesg GCACGUUGC

A

AD- A- 25 asgsguu{ChdjuuCiy | A- 459 VPusdCsaadCgdTgeae | UGAGGUUCUUCUGY | 913
1565451 | 2893978.1 fGfugcacguusgsa 2893979.1 dAgAfagaaccuscsa GCACGUUGT

A

AD- A- 26 gsgsuuc{UhdjucUfG | A- 470 VPusdGscadAcdGugea | GAGGUUCUUCUGUG | 914
1565452 | 2893880.1 fUfgcacguugscsa 28938811 dCaGfaagaacosuse CACGUUGCY

A

AD- A- 27 gsgsuuc{UhdUfcUt | A- 471 VPusGiscadAciG2plug | GAGGUUCUUCUGUG | 215
1565696 | 28944361 GfUfgcacguugscsa 2894437 .1 cacaGiaAfgaaccsuse CACGUUGCU

A

AD- A 28 gausucu{UhdICIUIG | A- 472 VPusdCsaadCgdTecar | AGGUUCUUCUGUGCA | 916
1565794 | 28845831 fugcacguusgsa 2894584.1 dAgafagaacsosu CEUUGC

1

AD- A- 25 gsusucufUhdjcuGi) | A- 473 VPusdAsgedaadCguge | AGGUUCUUCUGUGCA | 917
1565453 | 28539821 fGfcacguugesusa 2893983.1 dAcAfgaagaacscsu CGUUGCUG

A

AD- A- 30 ususcuu{ChdugUfc | A- 474 vPusdCsagdCadAcguy | GGUUCUUCUGUGCAC | 918
1565454 | 28938841 fCfacguugcusgsa 2893885.1 dCalfagaagaascsc GUUGCUGC

A

AD- A- 31 uscsuuc{Uhd)GfuG | A- 475 VPusGiscadGe{Agnlac | GUUCUUCUGUGCACG | 219
1565455 | 2893986.1 CfAfcguugougscsa 28938387.1 gugcAfcAfgaagasasc UUGCUGCA

A

AD- A 32 uscsuuc{UhdlguGfC | A- 476 VPusdGacadGedAacgu | GUUCUUCUGUGCALCG | 820
1565456 | 2883933.1 fAfcguugcugsesa 2893985.1 dGeAfcagaagasasc UUGCUGCA

1

AD- A- 33 csusucug{Uhd)glia | A- 477 VPusUfsgeadGelAgnla | UUCUUCUGUGCACGY | 921
1565457 | 28939%0.1 fCfguugougesasa 2893991.1 cguglfaliagaagsasa UGCUGCAG

A
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A

AD- A- 34 csusucug{UhdigCfa | A- 478 VPusUfsgedAg{C2plaa | UUCUUCUGUGCACGY | 922
1565697 | 28939901 fCfguugougesass 2894438.1 cguglfaCfagaagsasa UGCUGCAG

A

Al- A~ 35 ususcug{Uhd)GicAf | A- £79 VPusCisugdCalGlpica | UCUUCUGUGCACGUY | 923
1565698 | 2884439.1 CfGfuugougeasgsa 2894440.1 acgulfcAfeagaasgsa GCUGCAGC

A

AD- A- 36 uscsugug(ChdjaliG | A- 480 VPusGiscudGe{Agnige | CULICUGUGCACGUUG | 924
1565458 | 28939%2.1 fUfugcugcagscsa 2893993.1 sacgUfglfacagasasg CUGCAGCU

A

AD- A- 37 csusgug{Chd)AfcGE | A- 481 vPusAfsgeudGelAgnly | DUCUGUGCACGUUGE | 925
1565459 | 2893894 .1 Uftfgeugeagosusa 28938985.1 caacGfuGicacagsasa UGCAGCUU

A

AD- A- 38 csusgugiChd)AfeGE | A- 482 VPusAfsgedTg(C2plag | UUCUGUGCACGUUGC | 926
1565699 | 28939941 UflUfgcugcagesusa 2894441.1 caacGiuGfcacagsasa UGCAGCUU

A

Al- A~ 19 usgsugcl And)CigUF | A- 483 VPusAfsagdCu{G2pica | UCUGUGCACGUUGCY | 927
1565700 | 2884442 .1 UfGfeugragoususa 28944431 geaafgUfgeacasgsa GCAGCUBU

1

AD- A- 40 gsusgea{ChdiGiulf | A- 484 VPusAfsaadGe{Tgnlge | CUGUGCACGUUGCUG | 928
1565460 | 2893996.1 GfCfugcagouususa 2893997.1 agcahfeGiugeacsasg CAGCUUUG

A

AD- A- 41 gsesacg{UhdjugCiu | A- 485 VPusdCscadAadGeuge | GUGCACGUUGCUGCA | 929
1565461 | 2893998.1 fGicagcuuugsgsa 2893599.1 dAgCiaacgugesasc GCUUUGGE

A

AD- A- 42 csascguiUhdigolliG | A- 486 VPusdCscedAadAgoug | UGCACGUUGCUGCAG | 930
1565462 | 2894000.1 fCfagouuuggsgsa 2894001.1 dCaGfcaacgugscsa CUUUGGGC

A

Al- A 43 gaasgaug{ChdicAlG | A- 487 VPusAfsgedTg{G2piac | CUGAGAUGCCAGCUG | 931
1565701 | 28844441 fCfuguccagesusa 28944451 ageuGfgCfaucucsasg UCCAGCUG

1

AD- A- 44 gsasugc({Chd)afglt | A- 488 VPusGfacadGe{Tgnlgg | GAGAUGCCAGCUGUC | 932
1565463 | 2894002.1 UfGfuccagcugscsa 2894003.1 acagCfuGfgraucsusc CAGCUGCU
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AD- A- 45 csusguc{ChdlagCiuf | A- 489 VPusdCsagdAadGeage | AGCUGUCCAGCUGCU | 933
1565464 | 28940041 Gfcugcuucusgsa 2894005.1 dAgCfuggacagscsu GCUUCUGG

A

AD- A~ 46 cscsagefUhd)Gicdf | A- 430 VPusAfsgpdCe{Agn)ga | GUCCAGCUGCUGCUU | 934
1565465 | 2884006.1 GfCfuucuggecsusa 2894007.1 agcaGfcAfgeuggsasce CUGGLCUG

A

AD- A- 47 csusggolChdiUfgCiC | A- 491 VPusUfscdColAgnicac | UUCUGGCCUGCCUGE | 935
1565466 | 2894008.1 fUfgguguggesasa 2894009.1 caggCfaGigccagsasa UGUGGGAU

A

AD- A- 48 csusggcfChdiUfgCfC | A- 492 VPusUfscecdAc]{Agnice | BUCUGGCCUGTLUGSE | 936
1565467 | 2894008.1 fUfgzugugggsasa 2894010.1 agg{iaGfgccagsasa UGUGGGAU

A

AD- A- 49 csusggelChdiUfelic | A- 493 VPusUfscodCa{C2plac | UUCUGGCCUGCCUGE | 937
1565702 | 2894008.1 fUfggugugegsasa 2894446.1 cagg(faGigecagsasa UGHIGGGAL

A

AD- A~ 50 usgsgeo{Uhd}GicCf | A- 494 VPusAfsucdCc{Agnica | UCUGGLCUGCTUGGY | 938
1565468 | 28840111 UfGfgugugggasusa | 2894012.1 ccagGfcAfggecasgsa GUGGGALG

1

AD- A- 51 gscscug{Chd)CfuGh | A- 495 VPusAfscadTedAcacae | UGGCCUGCCUGGUGH | 939
1565469 | 2894013.1 GfUfgugugaugsusa 2894014.1 cAfgGfeagpesesa GGGAUGUG

A

AD- A- 52 gscscugl{ChdiCfuGh | A- 496 VPusAfscadTe{C2plcac | UGGLCUGCCUGGUGH | 940
1565703 | 28944471 GfUfgugggaugsusa | 28544438.1 accAfgGicaggrsesa GEGAUGUG

A

AD- A- 53 asgsag{ihd}gGicCf | A- 497 VPusAfsuadCul{G2Zplge | CCAGAGUGGCCGAUG | 241
1565704 | 28944491 GfAfugccaguasusa 2894450.1 aucgGfeliacucusgsg CCAGUAUA

A

AD- A 54 asgsug{Uhd)gGicCt | A 498 VPusUfscadTu(G2pleg | UCAGUGUGGCCAGUC | 942
1565705 | 2884451.1 AfGfucccaaugsasa 2894452.1 acugGfcCiacacusgsa CCAAUGAA

1

AD- A- 55 gsusgugg{ChdicAfG | A- 499 VPusUfsucdAu{Tenige | CAGUGUGGCCAGUCC | 943
156547¢ | 2894015.1 fUfcocaaugasasa 2894016.1 gacuGfglfcacacsusg CAAUGAAU

A

WED (US) 56869076v |

Page 188 of 2758

188



PCT/US2022/035266

WO 2023/278406

Attomey Docket No. A108868 1490W( (ALN-407W0)

A

AD- A- 56 gsusgugg{ChdicafG | A- 500 VPusdTsucdAudTgega | CAGUGHGGCCAGUCC | 944
1565471 | 28940151 fUfcecaaugasasa 2894017.1 dCuGfgecacacsusg CAAUGAAL

A

AD- A~ 57 gacscagg{ChdicAfUf | A- 501 VPusGisadig{Agnicug | GAGCCAGGLCAUGUC | 945
1565472 | 2884018.1 Gfucagucauscsa 2894019.1 acauGigCfeuggesuse AGUCAUCC

A

AD- A- 58 gscscaggiChd)cAfUR | A- 502 VPusGfsaugdAc{Tgnlg | GAGCCAGGCCAUGUC | 946
1565473 | 2894018.1 Gfucagucauscsa 2894020.1 acauGizgCicuggesusc AGUCAUCC

A

AD- A- 59 gsescagg{ChdcAfUuf | A- 503 VPusGisaudGa{l2plug | GAGCCAGGCCAUGUC | 947
1565706 | 2894018.1 Gfucagucauscsa 2894453.1 acauGfgCfcuggesusc AGUCAUCC

A

AD- A- 60 gsgscea{Uhd)GiuCf | A- 504 VPusUfsaudGg{Agnjug | CAGGCCAUGUCAGUC | 248
1565474 | 28940211 AfGfucauccausasa 2894022.1 acugAfcAfuggoesusg ALUCCAUAA

A

AD- A 61 gsasce{Uhd)gGlaGl | A- 505 VPusGiscud Tu(G2plgu | UAGACCUGGAGGCCA | 949
1565707 | 28844541 GfCfeaccaaagscsa 28944551 ggecUfeCfagguesusa CCAAAGCU

1

AD- A- 62 csusgg{AhdigGiclf | A- 506 VPusClsgadGelTanjuu | ACCUGGAGGCCACCA | 950
1565475 | 2894023.1 Af(Cfcaaagcucsgsa 28940241 ggupGfolfuccagsgsu AAGCUCGA

A

AD- A- 63 gsasaac{Chd)Cfaaf | A- 507 VPusAfsacdTe{Tgnjoug | UGGAAACCCAAACCA | 951
1565476 | 2894025.1 AfCfcagagagususa 2894026.1 guulfgiGfguuucscsa GAGAGUUG

A

AD- A- 54 csasgealAhdiCicUC | A- 508 VPustifsgdTo{Tenlcgg | UACAGCAACCUCCULCC | 952
1565477 | 28940271 fCfuccgagacsasa 2894028.1 aggaGigUfugougsusa GAGACAA

A

AD- A 65 csasgealAhd)CRcUIC | A 509 VPusUfsgudCu(C2plge | UACAGCAACCUCCUCE | 953
1565708 | 28840271 fCfuccgagacsasa 2894456.1 aggaGigUfugcugsusa GAGACAA

1

AD- A- 66 gsesaac{ChdjUfeCf | A- 510 VPusClsudTg{Tgnjcue | CAGCAACCUCCUCCGA | 954
1565478 | 2894029.1 Uflfcgagacaasgsa 2894030.1 ggagGiaGiguugosusg GACAAGY

WED (US) 56869076v |

Page 189 of 2758

189



PCT/US2022/035266

WO 2023/278406

Attomey Docket No. A108868 1490W( (ALN-407W0)

A

AD- A- 67 gscsaac{ChdjiifcCt | A- 511 VPusClauugdTol{Tenjc | CAGCAACCUCCUCCGA | 355
1565479 | 2894029.1 UfCfcgagacaasgsa 2894031.1 ggagGfaGiguugosusg GACAAGU

A

Al- A~ 68 gscsaac{Chd)ufeCf | A- 512 VPusCisuudGu{C2pluc | CAGCAACCUCCUCCGA | 956
1565709 | 28840291 UfCfcgagacaasgsa 28944571 ggagGfaGiguugosusg GACAAGY

A

AD- A- 69 asgsaca{ AhdjguCiAf | A- 513 VPusdCscudCodAgaac | CGAGACAAGUCAGUL | 957
1565480 | 2894032.1 Gfuucuggagsgsa 2894033.1 dTgAfcuugucuscsg CUGGAGGA

A

AD- A- 70 csasagu{Cha)AfgUF | A- 514 vPusChsuudCef{Tanlee | GACAAGUCAGUUCUG | 958
1565481 | 28940341 UfCfuggaggaasgsa 2894035.1 agaalCfuGfacuugsusc GAGGAAGA

A

AD- A- 71 gsuscag({UhdjUfclf | A- 515 VPusUfscudCu{Tgnlce | AAGUCAGUUCUGGAG | 959
1565482 | 2894036.1 GfGfaggaagagsasa 2894037.1 uccaGfaafougacsusu GAAGAGAA

A

AD- A 72 asgsaau{ChdjugGiC | A- 516 VPusdCsaadCedTooug | UGAGAAUCUGGLCAG | 960
1565483 | 288403381 ffaggagguusgsa 2894038.1 dGeCfagauucusesa GAGGUUGE

1

AD- A- 73 usgsgeciAhd)Gigaf | A- 517 VPusGlscdTu({Tgnloca | UCUGGCCAGGAGGUL | 961
1565484 | 2894040.1 GfGfuuggaaagscsa 2894041.1 accuCfelifggecasgsa GGAAAGCA

A

AD- A- 74 usgsgeclAnd)GReAl | A- 518 VPusGiscudTu{C2plca | UCUGGCCAGGAGGUU | 962
1865710 | 28940401 GfGfuuggaaagscsa 2894458.1 accuCfetifggecasgsa GGAAAGCA

A

AD- A- 75 csasgecfAhd)GigAf | A- 519 VPusGscodTu{G2plcu | AGCAGCCAGGAGGUA | 963
1565711 | 28944591 GfGfuagraaggsesa 2894460.1 acculfcUfggougscsu GCAAGGCY

A

AD- A~ 76 usgscca{ChdiCfaGE | A- 520 VPusUfsucdTe{Tgnlgg | UGUGCCACCAGGCUC | 964
1565485 | 28840421 GfCfuccagagasasa 28940431 agecUfgGfuggeasesa CAGAGAAG

1

AD- A- 77 asasuu{hdigGfadi | A- 521 VPusAfsaggdCe{Agnla | GGAAUUUGGACACUL | 965
1565486 | 2894044.1 AfCfuuuggcoususa 2894045.1 agugfcCfaaauuscse UGGCCUUC
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AD- A- 78 asasuu{UhdigGfaCt | A- 522 VPusAfsagdGe{C2plaa | GGAAUULIGGACACUY | 966
1565712 | 28940441 AfCfuuuggecususa 2894461.1 aguglfcCfasauuscse UGGCCUUC

A

AD- A 79 ascsacu{Uhd)UfeGf | A 523 VPusUfsucdCu{G2plga | GGACACULUGGCCUU | 967
1565713 | 2884462 .1 CfCfuuccaggasasa 28944631 aggcClaAfaguguscsc CCAGGAAL

A

AD- A- 30 csusuuggiChdjcUfl | A- 524 VPusdCsagdTudCougg | CACUUUGGCCUUCCA | 968
1565487 | 2894046.1 fCfraggaacusgsa 28940471 dAaGfgccaaagsusg GGAACUGA

A

AD- A- 31 asgsgaa{ChdjUfgaf | A- 525 VPusUfsagdCu{C2pigg | CCAGGAACUGAAGUC | 962
1565714 | 2894048.1 AfGfuccgagousasa 2894464.1 acuufaGfuuccusgsg CGAGCUAA

A

AD- A- a2 asgsgaa{ChdlUfgaf | A- 526 VPustifsadGe{Tgnlcgg | CCAGGAACUGAAGUC | 370
15654833 | 2894048.1 AfGfuccgageusasa 2894049.1 acuuCfaGfuuccusgsg CGAGCUAA

A

AD- A 83 gsasagu{Chd)CfgAf | A- 527 VPusClsuudCa({G2pluu | CUGAAGUCCGAGCUA | 971
1565715 | 28844651 GfCfuaacugaasgsa 2894466.1 agculfgGfacuucsasg ACUGAAGU

1

AD- A- 34 gscsuaal{Chdiufeaf | A- 528 VPusAfsagdCalGZpiga | GAGCUAACUGAAGUL | 972
1565716 | 2894467.1 AfGHuuccugeususa 28944638.1 acuulfaGiuuagesusc CCUGCUUC

A

AD- A- 35 csusaac{Uhd}GiaAf | A- 529 VPusGisaadGe{Agnigg | AGCUAACUGAAGUUC | 973
1565489 | 2894050.1 GfUfuccugeouuscsa 2894051.1 aacullfcAfguuagscsu CUGCUUCC

A

AD- A- a6 gsasagu{thd)ClcUf | A- 530 VPusAfsuudCeg{G2piga | CUGAAGUUCCUGCUU | 974
1565717 | 28944691 GfCfuucccgaasusa 2894470.1 agcaGigAfacuucsasg CCCGAALUU

A

AD- A~ &7 gsasgaaf{ChdiUfaGl | A- 531 VPusUfscedTal{C2pice | UGBAGAACUAGUUL | 975
1565718 | 2884052.1 UfUfuggguaggsasa 2894471.1 aaacUfaGfuucucscsa GGHUAGGAG

1

AD- A- 38 gsasgaal{Chd)iifaGgt | A- 532 VPustifscdCu{Agnicce | UGGAGAACUAGUUL | 976
1565490 | 2894052.1 UfUfuggguaggsasa 2894053.1 aaaclUfaGfuucucsesa GGGUAGGAG

A
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A

AD- A- a9 ascsuag{UhdjUfuGl | A- 533 VPusGfscudCulC2plou | GAACUAGUUUGGEU | 977
1565719 | 28940541 GfGiuaggagagscsa 2894472.1 acccAfaAfcuagususe AGGAGAGCT

A

AD- A 90 ascsuag{UhdiUfuGl | A- 534 VPusGIscdTo{Tenjcuac | GAACUAGUUUGGEEU 978
1565491 | 28840541 GfGfuaggagagscsa 2894055.1 ccAfahfouagususe AGGAGAGE

A

AD- A- 91 gsgsgu{Ahd)gGfaGh | A- 535 VPusCsgudGa{G2plag | UUGGGUAGGAGAGCC | 979
1565720 | 2894473.1 AfGfocucucacsgsa 28944741 geucUfcCluaccesasa UCUCACGC

A

AD- A- g2 gsusagg{AhdiGiaGl | A- 536 VPusAfsgedGuiGlplag | GGGUAGGAGAGCCUC | 980
1865721 | 28944751 CfCfucucacgesusa 2894476.1 aggclfclfcruacsesc UCACGCUG

A

AD- A- 93 gsusagg{Ahd}gaGfC | A- 537 VPusdAsgedGudGagag | GGGUAGGAGAGCCUC | 981
1565492 | 2894056.1 fCfucucacgosusa 2894057.1 dGclfcuccuacsese UCACGCUG

A

Al- A 94 usasggag{Ahd)gCiC | A- 538 VPusdCsagdCgddTeaga | GGUAGGAGAGCCUCH | 982
1565493 | 28840581 Ufcucacgousgsa 2894059.1 dGgCfucuccuascse CACGCUGA

1

AD- A- 95 asgsgaglahd)Gfelf | A- 539 VPusUfscadGe(G2plug | GUAGGAGAGCCUCUC | 983
1565722 | 2894477.1 UfCfucacgougsasa 2894478.1 agagGicUfcuccusase ACGCUGAG

A

AD- A- G gsescuc{Uhd)CfaCf | A- 540 VPusChsugd TulC2piue | GAGCCUCUCACGCUG | 984
1865723 | 2894060.1 GfCfugagaacasgsa 2894479.1 agegUfgAfgaggesusc AGAACAGC

A

AD- A- 97 gscscuc{UhdiCfalt | A- 541 VPusCfsudGu{Tgnjcuc | GAGCCUCUCACGCUG | 985
1565494 | 2894060.1 GfCfugagaacasgsa 2894061.1 agegiifgAfsagecsusc AGAACAGC

A

AD- A~ 98 gacscuc{UhdiCfali | A- 842 VPusCisugudTe{Tenic | GAGCCUCUCACGCUG | 986
1565495 | 2884060.1 GfCfugagaacasgsa 2894062.1 agegUfgAfgaggesuse AGAACAGC

1

AD- A- 99 csascgel{Uhd)GfaGli | A- 543 VPusUfsuudCu{G2plc | CUCACGCUGAGAACA | 987
1565724 | 2894480.1 AfAfcagcagaasasa 2894481.1 uguuclifcAfgegugsasg | GCAGAAAC
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AD- A- 100 ascsgoug{AhdigAfaf | A- 544 VPusGfsuudTo{Tgnjge | UCACGCUGAGAACAG | 988
1565496 | 2894063.1 (fagcagaaascsa 2894064.1 uguulfuCfagogusgsa CAGAAACA

A

Al- A~ 101 csgscug{Ahd)GiaAf | A- 545 VPusUfsgudTu{C2plug | CACGCUGAGAACAGE | 989
1565725 | 28840651 Cfafgcagaaacsasa 2894482.1 cugulfcUfcagegsusg AGAAACAA

A

AD- A- 102 csgscuglAhd)Giaaf | A- 546 VPusUfsgdTu{Tgnjcug | CACGCUGAGAACAGT | 950
1565497 | 2894065.1 CtAfgragaaacsasa 2894066.1 cuguilfciifcagogsusg AGAAACAA

A

AD- A- 103 gsesugagi Ahd)aCiAf | A- 547 vPusUfsugdTu{Ten)cu | ACGCUGAGAACAGCA | 991
1565488 | 28940671 Gfeagaaavasasa 2894068.1 geuglifulfucagesgsu GAAACAAU

A

AD- A- 104 csusgagl{Ahd)AfcAf | A- 548 VPusAfsuudGu{Tenjuc | CGCUGAGAACAGCAG | 992
1565499 | 2894069.1 GfCfagaaacaasusa 2894070.1 ugcuGiulifoucagsesg AAACAALL

A

Al- A~ 105 usgsaga{And)CiaGl | A- 549 VPusAfsaudTg(Tanluu | GCUGAGAACAGCAGA | 993
1565500 § 28840711 CfAfgaaacaaususa 2894072.1 cugclfgUfucucasgse AACAAUUA

1

AD- A- 106 gsasgaal{ChdjafgCf | A- 550 VPusUfsaadTu(G2pluu | CUGAGAACAGCAGAA | 994
1565726 | 2894483.1 AfGfaaacaauusasa 28944841 ucugCiuGfuucucsasg ACAAUUAC

A

AD- A- 107 asgsaac{Ahd)GfeAf | A- 551 vPusGisuadAu{Tenlge | UGAGAACAGCAGAAA | 995
1565501 | 28940731 GfAfaacaauuascsa 2894074.1 uucuGicUfguucuscsa CAAUUACU

A

AD- A- 108 asgsaac{AhdigcAfG | A- 552 VPusdGsuadAudTguu | UGAGAACAGCAGAAA | 996
1565502 | 2894075.1 Afaacaauuascsa 2894076.1 udCuGfcuguucuscsa CAAUUACU

A

AD- A 188 gsasacag{ChdjaGlAf | A- 553 VPusdAsgudAadTuguu | GAGAACAGCAGAAAL | 997
1565503 | 2884077.1 Afacaauuacsusa 28940781 dieUfgcuguucsusc AAUUACUG

1

AD- A- 110 asascag{Chd)AfgAf | A- 554 VPusCisagdTalAgnjuu | AGAACAGCAGAAACA | 998
1565801 | 1991726.1 AfAfcaauuacusgsa 2894595.1 guuuCtuGfouguuscsy | AUUACUGG

A
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AD- A- 111 asascag{ChdjafgAf | A- 555 VPusCfsagdTalAZpluu | AGAACAGCAGAAACA | 999
1565802 | 1991726.1 Afafcaauuacusgsa 2894596.1 guuulfuGfouguusesu | AUUACUGG

A

AD- A 112 asascac{Chd)AfgAfA | A- 556 VPusdCsagdTadAuugu | AGAACAGCAGAAACA | 1000
1565803 | 2884597 .1 fAfcaauuacusgsa 2894598.1 dTuCfugguguuscsy AUUACUGG

A

AD- A- 113 asascug{Chdjafgaf | A- 557 VPusdCsagdTadAuugu | AGAACAGCAGAAACA | 1001
1565804 | 2894599.1 AfAfcaauuacusgsa 2894600.1 dTuCfugcaguuscsu AUUACUGG

A

AD- A- 114 asasgag{Cha)AfgAf | A- 558 vPusdCsagdTadAuuge | AGAACAGCAGAAACA | 1002
1565805 | 2894601.1 AfAfcaauuacusgsa 2894602.1 dTuCfugcucuuscsy AUUACUGG

A

AD- A- 115 asascag{ChdjafgAf | A- 559 VPusCfsaguAfalfiUigu | AGAACAGCAGAAACA | 1003
1073418 | 1991726.1 Afafcaauuacusgsa 1802930.1 uuCfuGfouguuscsu ALUUACUGG

5

AD- A 116 asascag{ChdjagAfaf | A- 560 VPusdCsagdTadAuugu | AGAACAGCAGAAACA | 1004
1565504 | 28840791 Afcaauuacusgsa 2894080.1 dTuCfugcuguusesu AUUACUGG

1

AD- A- 117 asascag{ChdlagAfaf | A- 561 VPusdCsagdTadAuugu | AGAACAGCAGAAACA | 1005
1565504 | 2894079.1 Afcaauuacusgsa 2894080.1 dTuCfugcuguuscsu AUUACUGG

.2

AD- A- 118 ascsago{Ahd)gaAfaf | A- 562 VPusdCscadGudAauug | GAACAGCAGAAALCAA | 1006
1565505 | 2894081.1 Cfaauuacugsgsa 2894082.1 dTulfeugcugususc VUACUGGC

A

AD- A- 119 csasgo{AhdigAfAfAf | A- 563 VPusdCsagdTadAuugu | AACAGCAGAAACAAL | 1007
1565800 | 2894593.1 Caauuacusgsa 2894594.1 dTuCfugcugsusu UACUGG

A

AD- A~ 120 csasgeagiAhd)aAfCt | A- 64 VPusGiscodAgiTeniaa | AACAGCAGAAACAAL | 10038
1565506 | 2884083.1 Afauuacuggscsa 2894084.1 uugulfuCfugeugsusy | UACUGGCA

1

AD- A- 121 asgscaglAhdiafaCt | A- 565 VPusUfsgedCalG2piua | ACAGCAGAAACAALIL | 1009
1565727 | 2894485.1 AfAfuuacuggesass 28944861 suugifullfcugeusgsuy | ACUGGCAA

A
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AD- A- 122 gscsagalshdiAfcAf | A- 566 VPusUfsugdCo{Agnlgu | CAGCAGAAACAAUUA | 1010
1565507 | 2894085.1 AfUfuacuggrasasa 2894086.1 aauuGfullfucugesusg | CUGGCAAG

A

Al- A~ 123 csasgaa{AhdiClaAf | A- 567 VPusCisuudGe{Clplag | AGCAGAAACARUUALC | 1011
1565728 | 15775101 UfUfacuggeaasgsa 28944871 uaaulfgUfuucugscsy | UGGCAAGY

A

AD- A- 124 csasgaa{AhdiCiaAf | A- 568 VPusClsuugdCo{Agnlz | AGCAGAAACAAUUAC | 1012
1565508 | 1577510.1 UfUfacuggecaasgsa 2894087.1 uaaullfgfuucugscsy UGGCAAGU

A

AD- A- 125 asgsaaa{Chd)Afalf | A- 569 VPusAfscudTgdAcagu | GCAGAAACAAUUACY | 1013
1565509 | 2894088.1 UfAfrugucaagsusa 2894089.1 aaUfuGfuuucusgsc GGCAAGUA

A

AD- A- 126 gsasaac{Ahd}Afulf | A- 570 VPusUfsacdTulG2plce | CAGAAACAALLACUG | 1014
1565730 | 28944901 AfCfuggcaagusasa 2894491.1 aguahfullfguuucsusg | GCAAGUAU

A

AD- A 127 asasaca{Ahd)Ufulf | A- 571 VPusAfsuadCul{Tenige | AGARACAAUUACUGG | 1015
1565510 § 28840901 Cfifggcasguasusa 2894091.1 caguAfallfuguuuscsu CAAGUAUG

1

AD- A- 128 asascaa{ihdjUfaCf | A- 572 VPusCfsaudAciTgnjug | GAAACAAUUACUGGC | 1016
1565511 | 2894082.1 UfGtgraaguausgsa 2894093.1 ccaglifaAfuuguususc AAGUAUGG

A

AD- A- 1258 asascaa{Uhdualfy | A- 573 VPusdCsaudAcdTugee | GAAACAAUUACUGGC | 1017
1565512 | 2894094.1 fGigcaaguausgsa 2894095.1 dAgUfaauuguususc AAGUAUGG

A

AD- A- 130 gsgscaag{UhdlalfG | A- 574 VPusAfsucdCaiCZplac | CUGGCAAGUALGGUG | 1018
1565731 | 2894096.1 fGfuguguggasusa 28944921 accalifaCfuugecsasg UGHUGGAUG

A

AD- A~ 131 gagscaag{UhdlallfG | A- 5875 VPusAfsudCo{Agnicar | CUGGCAAGUAUGGUG | 1019
1565513 | 2884096.1 fGfuguguggasusa 2894097.1 accallfaCfuugcesasg UGUGGAUG

1

AD- A- 132 gsgscaag{UhdjalUfG | A- 576 VPusAfsuccdAc{Agnic | CUGGCAAGUAUGGUG | 1020
1565514 | 2894096.1 fGfuguguggasusa 2894098.1 accalifaCfuugcosasg UGUGGAUG

A
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AD- A- 133 csasagul{Ahd)UfgGFi | A- 577 VPusGiscadTe((2plac | GGCAAGUAUGGUGU | 1021
1565732 | 2894099.1 UfGfuguggaugscsa 28944931 acacCfalfacuugsese GUGGAUGLG

A

AD- A~ 134 csasagu{Ahd)UfeGf | A- 578 VPusGiscaudCel{Agnjc | GGLAAGUAUGGUGY | 1022
1565515 | 2884099.1 UfGfuguggaugscsa 2894100.1 acacCfalfacuugscesc GUGGAUGES

1

AD- A- 135 usgsagu{AhdjUigaf | A- 579 VPusGisgedTg{Agniug | UUUGAGUAUGACCUC | 1023
1565516 | 2894101.1 CfCfucaucagescsa 2894102.1 aggulCfallfacucasasa AUCAGCCA

A

AD- A- 136 gsasgual{Uhd)GfaCt | A- 580 vPusUfsggdCulG2plau | UUGAGUAUGACCUCA | 1024
1565733 | 28944941 CfUfcaucagecsasa 289449851 gaggUfcAfuacucsasa UCAGCCAG

A

AD- A- 137 asgsuaug{Ahd)cCiU | A- 581 VPusCfsugdGe(Tenlga | UGAGUAUGACCUCAU | 1025
1565517 | 28941031 fCfaucagecasgsa 2894104.1 ugagGiuCfauacuscsa CAGCCAGU

A

Al- A~ 138 gsusaug{Ahd)CleUf | A- 582 VPusAfsrudGe{Clpiug | GAGUAUGACCUCALC | 1076
1565734 1 28841051 Cfafucagccagsusa 2894496.1 augaGfgUfcauacsuse AGCCAGUY

1

AD- A- 139 gsusaugl{Ahd)Cfellf | A- 583 VPusAfscugdGe{Tanlg | GAGUAUGACCUCAUC | 1027
1565518 | 2894105.1 CtAfucagecagsusa 2894106.1 augaGfglfcauacsusc AGCCAGULU

A

AD- A- 140 usasugalChd )CfuCE | A- 584 VPusAfsacdTg(G2picu | AGUAUGACCUCAUCA | 1028
1865735 | 28944971 Aftifcagecagususa 2894498.1 gaupAfgGfucauascsy GCCAGUUL

A

AD- A- 141 asusgac{ChdjUfcaf | A- 585 VPusAfsaadCu{G2plge | GUAUGACCUCAUCAG | 1029
1565736 | 28944991 UfCfagccaguususa 2894500.1 ugauGfaGigucausase CCAGUUUA

A

Al- A 142 usgsaco{Uhd}Cfalf | A- 586 vPusUfsaadAc{Tenlgg | VAUGACCUCAUCAGC | 1030
1565518 | 2884107.1 Ciafgeraguuusasa 2894108.1 cugallfgAfgaucasusa CAGUUBAU

1

AD- A- 143 gsascou{Chd)auCiaf | A- 587 VPusdAsuadAadCugge | AUGACCUCAUCAGLS | 1031
156552G | 2894109.1 Gfccaguuuasusa 2894110.1 dTgAfugaggucsasu AGUUUAUG

A
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AD- A- 144 ascscuc{AhdjucAfGf | A- 588 VPusdCsaudAadAcugg | UGACCUCAUCAGCCA | 1032
1565521 | 28941111 Cfcaguuuausgsa 2894112.1 dCuGfaugagguscsa GUUUAUGC

A

AD- A 145 cscsuca{ Uhd)CfaGf | A- 589 VPusGiscauAfaAfCiug | GACCUCAUCAGCCAG 1033
1244360 | 2288063.1 CfCfaguuuaugscsa 1803173.1 golUfgAfugaggsuse UUUAUGCA

3

AD- A- 146 csesuca{UhdicaGiCi | A- 590 VPusdGscadTadAacug | GACCUCAUCAGCCAG | 1034
1565522 | 2894113.1 Cfaguuuaugscsa 2894114.1 dGelfgaugaggsuse ULIUAUGCA

A

AD- A- 147 cscsuca{Uhd)CfaGl | A- 591 VPusGiscadta{Agnlac | GACCUCAUCAGLCAG 1035
1565806 | 2298063.1 CfCfaguuuaugscsa 2894603.1 uggcUfgAfugaggsuse UUUAUGCA

A

AD- A- 148 cscsuca{tihd)CfaGt | A- 592 VPusGiscadTalAZplac | GACCUCAUCAGCCAG | 1036
1565807 | 2298063.1 CfCfaguuuaugscsa 2894604.1 uggclifgAfugaggsuse UUUAUGCA

A

Al- A 143 csesuca{UhdicaGiC | A- 593 VPusdGscadTal{Agnjac | GACCUCAUCAGCCAG | 1037
1565808 | 28841131 Cfaguuuaugsesa 2894605.1 ugdGelifgaugaggsuse | UUUAUGCA

1

AD- A- 150 cscsuca{lUhdicagCt | A- 594 VPusGfscadTa{Agnlac | GACCUCAUCAGCCAG | 1038
1565809 | 2894606.1 CtAfguuuaugscsa 2894603.1 uggcligAfugaggsusc UUUAUGCA

A

AD- A- 151 cscsuca{UhdicagCt | A- 595 VPusdGscadTalAgniac | GACCUCAUCAGCCAG | 1039
1565810 | 2894607.1 CfdAguuuaugscsa 2894608.1 ugdGeUfgAfugaggsuse | BUUAUGCA

A

AD- A- 152 csesuculUhd)CfaGt | A- 596 VPusGiscadTalAgnlac | GACCUCAUCAGCCAG | 1040
1565812 | 28946111 CfCfaguuuaugscsa 2894612.1 uggclifgAfagaggsuse UUUAUGCA

A

Al- A 153 cscsuga{Uhd)ClfaGf | A- 597 VPusGiscadTa{Agnjac | GACCUCAUCAGCCAG | 1041
1565813 | 28846131 CfCfaguuuaugscesa 2894614.1 uggctifgAfucaggsusc UUUAUGCA

1

AD- A- 154 cscsacalUhd)iCfaGt | A- 598 VPusGfscadTa{Agnlac | GACCUCAUCAGCCAG | 1042
1565814 | 2894615.1 CfCfaguuuaugscsa 2894616.1 uggclifgAfuguggsuse UUUAUGCA

A
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AD- A- 155 cscsuca{llhdicaGiCf | A- 599 VPusdGscadTadAacug | GACCUCAUCAGCCAG | 1043
1565522 | 285%4113.1 Cfaguuuaugscsa 2894114.1 dGclfgaugaggsusc UUUALGCA

2

AD- A 156 csuscau{Chd}agCiCf | A- 800 VPusdTsgedAudAaacy | ACCUCAUCAGCCAGU 1044
1565523 | 28841151 Afguuuaugesasa 2894116.1 dGglfugaugagsgsu UUAUGCAG

1

AD- A- 157 uscsauc{Ahd)GFCICE | A- 501 VPusGiscadTalAgnlac | CCUCAUCAGCCAGUU | 1045
1565811 | 2894609.1 AgUULIAUGSCSa 2894610.1 uggclifgAfugasgsg UAUGCA

A

AD- A- 158 uscsauc{Ahd}GicCi | A- 502 VPusClsugdCalTgnlaa | CCUCAUCAGCCAGUU | 1046
1565524 | 28941171 AfGfuuuaugcasgsa 2894118.1 acugGfelifgaugasgsg UAUGCAGG

A

AD- A- 159 uscsauc{Ahd)geCfAf | A- 603 VPusdCsugdCadTaaac | CCUCAUCAGCCAGUU | 1047
1565525 | 2894119.1 Gfuuuaugcasgsa 2894120.1 dTzGicugaugasgsg UAUGCAGS

A

Al- A 160 csasucag{Chd)cAfGF | A- 804 VPusCiscudGel{Agniua | CUCAUCAGCCAGUUL | 10458
1565526 | 28841211 Ufuuaugeagsgsa 28941221 aacuGigCfugaugsasg AUGCAGGG

1

AD- A- 161 asuscag{ChdiCfaGl | A- 505 VPusClscedTg{C2plau | UCAUCAGCCAGUUUA | 1049
1565737 | 2894123.1 UfUfuaugcaggsgsa 2894501.1 aaaclgGicugausgsa UGCAGGGC

A

AD- A- 162 asuscag{Chd)CfaGf | A- 506 VPusClscoudGe{Agniu | UCAUCAGCCAGUUUA | 1050
1565527 | 28941231 UfUfuaugeaggsgsa 2894124.1 aaacUfgGfeugausgsa UGCAGGGC

A

AD- A- 163 uscsagoi{Chdafglf | A- 607 VPusGiscodCuiG2pica | CAUCAGCCAGUUUAL | 1051
1565738 | 2894502.1 Uflfaugcagggscsa 2894503.1 uaaalfuGigougasusg GCAGGGCU

A

AD- A~ 164 csasgeciAnd)Giulf | A- 808 VPusAfsgedCe{Tpnigca | AUCAGCCAGUUUAUG | 1052
1565528 | 28841251 UfAfugcagggesusa 2894126.1 uaaAfcfggrugsasu CAGGGCUA

1

AD- A- 165 asgsccagiUhdiulUia | A- 509 VPusUfsagdColC2plug | UCAGCCAGUUUAUGC | 1053
1565739 | 2894127.1 fUfgcagggcusasa 28945041 cauaAfaCfuggcusgsa AGGGCUAC

A
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AD- A- 166 asgsceag{UhdjulfA | A- 610 VPusUfsagedCe{Tanlg | UCAGCCAGUUUAUGC | 1054
1565529 | 28941271 fUfzcagggeusasa 2894128.1 cauaAfalfuggousgsa AGGGCUAC

A

Al- A~ 167 gscscag{UhdIUfUAf | A- 511 VPusGisuadGe{C2plcy | CAGCCAGUUUAUGCA | 1055
1565740 | 28845051 UfGfcagggruascsa 2894506.1 geauhfahfeuggosusg GGGCUALC

A

AD- A- 168 gscscag{UhdjUfuaf | A- 512 VPusGfsuadGodAcuge | CAGCCAGUUUAUGCA | 1056
1565530 | 2894129.1 UfGfeagugouascsa 2894130.1 auAfaAfcuggosusg GGGCUACC

A

AD- A- 169 csesagu{UhdiUfalf | A- 513 VPusGisgudAg{CZplee | AGCCAGUUUAUGCAG | 1057
1565741 | 28945071 GfCfagggcuacscsa 2894508.1 ugcallfapfacuggscsu GECUACCC

A

AD- A- 17¢ cscsagulUhdifalf | A- 614 VPusGfsgudagdaccug | AGCCAGUUUAUGCAG | 1058
1565531 | 28941311 GfCfaggucuacscsa 2894132.1 callfaAfacuggscsu GGLUACCC

A

Al- A 171 usgscagggcUfAFCice | A- 615 VPusdCsuudAgdAaggs | UAUGCAGGGLUACCC | 1059
1565532 | 28841331 uu{Chd}uaasgsa 28941341 dTaGfeccugeasusa UUCUAAGES

1

AD- A- 172 gsgsgugl{ChdjUfglUf | A- 516 VPusClscgdAgi{Tgnlac | ACGGGUGCUGUGGH | 1060
1565533 | 2894135.1 GfGfuguacucgsgsa 2894136.1 accalfaGicaccosgsu GUACUCGGEG

A

AD- A- 173 gsgsgugi{Chdiuglfc | A- 617 VPusdCscgdAgdTacac | ACGGGUGCUGUGEY | 1061
1565534 | 28941371 fGiuguacucgsgsa 2894138.1 dCalfagcaccesgsu GUACUCGGES

A

AD- A- 174 gsasgec{Uhd)Cfuaf | A- 6518 VPusClagedCe{Ten)gga | GGGAGCCUCUAULIUC | 1062
1565535 | 2894139.1 UflUfuccagggcesgsa 2894140.1 aguhfghfgecucscse CAGGGLGC

A

Al- A 175 gaasgec{UhdicuAfy | A- 619 VPusdCsgedCodgpaa | GGGAGCCUCUALUUC | 1063
1565536 | 2884141.1 fUfuccagggesgsa 2894142.1 dAuAfgaggcucscse CAGGGLGC

1

AD- A- 176 csesucu{Ahdiuulfc | A- 520 VPusdCsagdCgdCeoug | AGCCUCUAUUUCCAG | 1064
1565537 | 2894143.1 fCfaggecgousgsa 28941441 dGaAfauagaggscsu GGCGCUGA

A
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AD- A- 177 ususcc{AhdigGfgCt | A- 621 VPusCfaugdGalC2plue | AUUUCCAGGGCGCUG | 1065
1565742 | 28941451 GfCfugaguccasgsa 2894509.1 agegCicCiuggaasasu AGUCCAGA

A

Al- A~ 178 ususcc{Ahd)gGlgCf | A- 522 VPusCisudGg{Agnicue | AUUUCCAGGGLGCUG | 1066
1565538 | 28841451 GfCfugaguccasgsa 2894146.1 agegCcCiuggaasasu AGUCCAGA

A

AD- A- 179 ususcc{AhdigGfglf | A- 523 VPusClsuggdAc(Tgnle | AUUUCCAGGGCGCUG | 1067
1565539 | 2894145.1 GfCfugaguccasgsa 28941471 agegCfoCiuggaasasu AGUCCAGA

A

AD- A- 180 asgsggeg{ChduGiA | A- 524 vPusAfsgudte(Tanlzg | CCAGGGCGCUGAGUC | 1068
1565540 | 2894148.1 fGfucragaacsusa 2894149.1 acucAfgCigeocusgsg CAGAACUG

A

AD- A- 181 gsgsgeg{Chdjfeaf | A- 625 VPusCfsagdTu{C2plug | CAGGGLGCUGAGUCC | 1069
1565743 | 28941501 Gflfccagaacusgsa 2894510.1 gaculfaGfcgocosusg AGAACUGU

A

Al- A~ 182 gsgsgeg(ChdiUfgaf | A- 526 VPusCisadGulTgnicug | CAGGGEGCUGAGUCC | 1070
1565541 | 28841501 GfUfccagaacusgsa 2894151.1 gacuCfaGfogoorsusg AGAACUGU

1

AD- A- 183 gsgsgeg{ChdiughfG | A- 527 VPusdCsagdTudCugga | CAGGGCGCUGAGUCC | 1071
1565542 | 2894152.1 fUfccagaacusgsa 2894153.1 dCulCfagrgocosusg AGAACUGU

A

AD- A- 184 gsgscpc{Uhd)GlaGl | A- 528 vPusAfscadGulTenicu | AGGGCGCUGAGUCCA | 1072
1565543 | 2894154.1 UfCfcagaacugsusa 2894155.1 gezacUfcAfgegeesosy GAACUGUC

A

AD- A- 185 gscsgoug{ahdigUicf | A- 6529 VPusGfsacdAg{Tenjuc | GGGCGCUGAGUCCAG | 1073
1565544 | 2894156.1 Cfagaacuguscsa 2894157.1 uggaCfulCiagegescse AACUGUCA

A

AD- A~ 186 csgscug{AhdIGRUCE | A- 530 VPusUfsgadCalG2pluu | GGCGCUGAGUCCAGA | 1074
1565744 | 28845111 Cfafgaacugucsasa 2894512.1 cugghfcUfcagegscse ACUGUCAU

1

AD- A- 187 gsesugagiUhd)cCiAT | A- 531 VPusAfsugdAciAgnigu | GCGCUGAGUCCAGAA | 1075
1565545 | 2894158.1 Gfaacugucasusa 2894159.1 ucugGfalfucagesgse CUGUCAUA

A
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AD- A- 188 csusgag{UhdiCicaf | A- 632 VPusUfsaudGa{C2plag | CGCUGAGUCCAGAAL | 1076
1565745 | 1577552.1 GfAfacugucausasa 2894513.1 uucuGigAfcucagsesg UGHICAUAA

A

Al- A~ 189 csusgag{Uhd)CicAf | A- 533 VPusUfsadTg{Agnicag | CGLUGAGUCCAGAAL | 1077
1565546 | 15775521 GfAfacugucausasa 2894160.1 uncuGfgAfcucagscsg UGUCAUAA

A

AD- A- 190 csusgag{ihdiCicAf | A- 534 VPusUfsaugdAc{agn)g | CGCUGAGUCCAGAAL | 1078
1565547 | 1577552.1 GfAfacugucausasa 2894161.1 uucuGfgAfoucagscsg UGUCAUAA

A

AD- A- 191 usgsaguiChdiCfaGf | A- 535 vPusUfsuadTglAgn)ca | GCUGAGUCCAGAACY | 1079
1565548 | 2894162.1 Afafcugucauasasa 2894163.1 guucUfgGfacucasgse GUCAUAAG

A

AD- A- 192 gsasguc{Chdiafgaf | A- 6536 VPusCfsuudAu{G2plac | CUGAGUCCAGAACUG | 1080
1565746 | 1577518.1 AfCfugucauaasgsa 28945141 aguuCfuGfgacucsasg UCAUAAGA

A

AD- A 183 gaasguc{ChdjagAfaf | A- 837 VPusdCsuudAudGacag | CUGAGUCCAGAALCUG | 1081
1565549 | 28841641 Cfugucauaasgsa 28941651 dTuCfuggacucsasg UCAUAAGA

1

AD- A- 194 asgsucclAhdiGiaaf | A- 538 VPusUfscudTai{Tgniga | UGAGUCCAGAACUGH | 1082
1565550 | 2894166.1 CfUfgucauaagsasa 2894167.1 cagullfclfggacuscsa CAUAAGAU

A

AD- A- 195 asgsucci{Ahd)gaAfCt | A- 539 VPusdiscudTadTgaca UGAGUCCAGAACUGU | 1083
1565551 | 2894168.1 Ufgucauaagsasa 2894169.1 dGulfcuggacuscsa CAUAAGAU

A

AD- A- 196 gsuscca{Ghd)AfaCt | A- 6840 VPusAfsucullfallfGfac | GAGUCCAGAACUGUC | 1084
1244365 | 2324726.1 UfGfucauaagasusa 1803353.1 agllfuCfuggacsusc ALAAGAUA

3

AD- A~ 197 gsusceag{AhdjaCiUf | A- 541 VPusAfsucdTulAgniug | GAGUCCAGAACUGUC | 1085
1565552 | 28841701 Gfucauaagasusa 2894171.1 acagUfuCfuggacsusc AUAAGAUA

1

AD- A- 198 gsusceag{Ahd)aliUuf | A- 542 VPusdAsucdTudAugac | GAGUCCAGAACUGUC | 1086
1565553 | 2894170.1 Gfucauaagasusa 2894172.1 dAgiifucuggacsusc AUAAGAUA

A
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AD- A- 199 gsusceag{ahdiaCfUuf | A- 6543 VPusdAsucdTu{Agnlug | GAGUCCAGAACUGUC | 1087
1565815 | 2894170.1 Gfucauaagasusa 2894617.1 acdAglfucuggacsusc ALAAGAUA

A

Al- A~ 200 gsusceag{AhdjaCiUf | A- 544 VPusAfsucdTulAZplug | GAGUCCAGAACUGUC | 1088
1565816 | 28841701 Gfucauaagasusa 2894618.1 acagUfuCfuggacsusc AUAAGAUA

1

AD- A- 201 gsusceugiAhd)aCiu | A- 645 VPusdAsucdTu{Agnlug | GAGUCCAGAACUGUC | 1089
1565818 | 2894621.1 fGfucauaagasusa 2894622.1 acagUfuCfaggacsusc AUAAGAUA

A

AD- A- 202 gsuscgagiAhd}aCiu | A- 546 vPusdAsucdTu{Agn)ug | GAGUCCAGAACUGUC | 1030
1565819 | 28946231 fGfucauaagasusa 2894624.1 acagUfuCfucgacsusc AUAAGAUA

A

AD- A- 203 gsusgeagiAhdlaCiu | A- 647 VPusdAsucdTu{Agnlug | GAGUCCAGAACUGUC | 1091
1565820 | 2894625.1 fGfucauaagasusa 2894626.1 acagilfuCfuggacsusc ALAAGAUA

A

Al- A~ 204 gsusceag{AhdjaCiUf | A- 548 VPusAfsucdTulAgniug | GAGUCCAGAACUGUC | 1097
1565552 | 28841701 Gfucauaagasusa 28941711 acagUfuCfuggacsusc AUAAGAUA

2

AD- A- 205 gsusceag{AhdjaliUuf | A- 649 VPusdAsucdTudAugac | GAGUCCAGAACUGUC | 1093
1565553 | 2894170.1 Gfucauaagasusa 2894172.1 dAgiifucuggacsusc AUAAGAUA

.2

AD- A- 206 uscscag{AhdjAfcUf | A- 550 VPusUfsaudCul{Tgnjau | AGUCCAGAACUGUICA | 1094
1565554 | 28941731 GfUfcauaagausasa 2894174.1 gacaGiullfcuggasesu UAAGAUAU

A

AD- A- 207 cscsag{AhdialiufGt | A- 651 VPusdAsucdTu{Agnlug | GUCCAGAACUGUCALL | 1095
1565817 | 2854619.1 ucauaagasusa 2894620.1 acagllfuCfuggsgsc AAGALIA

A

AD- A 208 cscsaga{Ahd)CiuGf | A- 852 VPusAfsuadTe{Tgnjua | GUCCAGAACUGUCAU | 1096
1565555 | 28841751 UfCfauaagauasusa 2894176.1 ugacAfgUfucuggsasc AAGALAUG

1

AD- A- 209 csasgaa{ChdjUfglf | A- 653 VPusClsaudAu{C2piuu | UCCAGAACUGUCALIA | 1097
1565747 | 2894177.1 CtAfuaagauausgsa 2894515.1 augalfaGfuucugsgsa AGAUAUGA

A
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A

AD- A- 210 csasgaa{ChdjUfgUf | A- 654 VPusCfsadTa({Tgnlcuu | UCCAGAACUGUCAUA | 1098
1565556 | 2894177.1 CfAfuaagauausgsa 2894178.1 augaCfaGfuucugsgsa AGALALIGA

A

AD- A 211 csasgaa{ChdjughfC | A- 855 VP usdCsaudAudCuua UCCAGAACUGUCAUA | 1099
1565557 § 28841791 fAfuaagauausgsa 2894180.1 udGalfaguucugsgsa AGAUAUGA

A

AD- A- 212 asgsaac{Uhd}GfuCt | A- 556 VPusUfscadTa{Tegnlcu | CCAGAACUGUCAUAA | 1100
1565558 | 2894181.1 Aflfaagauasugsasa 2894182.1 uaughAfcAfguucusgsg GAUALUGAG

A

AD- A- 213 asgsaac{UhdjguCfA | A- 557 VPusdTscadTadTouua | CCAGAACUGUCAUAA | 1101
1565559 | 28941831 fUfaagauaugsasa 2894184.1 dTgAfcaguicusgsg GAUAUGAG

A

AD- A- 214 gsasacugiUhdjcafy | A- 6558 VPusdCsucdAudAucuu | CAGAACUGUCAUAAG | 1102
1565560 | 2894185.1 fAfagauaugasgsa 2894186.1 dAuGfacaguucsusg ALUALUGAGT

A

AD- A 215 asascug{Uhd)Cfalf | A- 6859 VPusGiscudCa{Tenjau | AGAACUGUCAUAAGA | 1103
1565561 | 28841871 AfAfgauaugagscsa 2894188.1 cuualfgAfcaguuscsu UAUGAGCU

1

AD- A- 216 ascsugu{Chd)Afusf | A- 560 VPusAfsgedTe{Agnjua | GAACUGUCAUAAGAL | 1104
1565562 | 2894189.1 AfGfauaugagesusa 2894190.1 ucuuAfuGfacagususc AUGAGCUG

A

AD- A- 217 csusguc{Ahd)UfaAf | A- 561 VPusCfsagdCu(C2play | AACUGUCAUAAGAUA | 1105
1565748 | 28941911 GfAfuaugagousgsa 2894516.1 aucullfatifgacagsusu UGAGCUGA

A

AD- A- 218 csusguc{AhdjUfaaf | A- 662 VPusCfsadGo(Tgnjcau | AACUGUCAUAAGAUA | 1106
1565563 | 28941911 GfAfuaugagousgsa 2894192.1 aucullfatifgacagsusu UGAGCUGA

A

AD- A~ 219 csusguc{Ahd)UfaAf | A- 563 VPusCisagedTolAgniu | AACUGUCAUAAGAUA | 1107
1565564 | 2884191.1 GfAfuaugagousgsa 28941931 auculfatifgacagsusu UGAGCUGA

1

AD- A- 220 usgsuca{UhdjafaGf | A- 564 VPusUfscadGe{Tgnlca | ACUGUCAUAAGAUAL | 1108
1565565 | 28941%4.1 AfUfaugagcugsasa 2894195.1 uauclUfulfugacasgsu GAGCUGAA
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A

AD- A- 221 csasunag{AhdjuAfu | A- 665 VPusUfsaudToi{Agnlge | GUCAUAAGAUAUGAG | 1109
1565566 | 28941961 fGfageugaausasa 2894197.1 ucauAfuCfuuaugsasc CUGAAUAC

A

Al- A~ 222 csusgaalUhd)AfeCE | A- 566 VPusUfsucdAc{Tan)lgu | AGCUGAAUACCGAGA | 1110
1565567 | 28841981 GfAfgacagugasasa 28941991 cucgGfuAfuucagscsu CAGUGAAG

A

AD- A- 223 usasceg{AhdiGfaCt | A- 567 VPusCisagdCo{Tgnluc | AAUACCGAGACAGUG
1565568 | 2894200.1 AfGiugaaggeusgsa 2894201.1 acuglifclicgguasusu AAGGCUGA

A

AD- A- 224 usasceg{Ahd)gaCfaf | A- 668 VPusdCsagdCodTucac | AAUACCGAGACAGUG | 1112
1565568 | 28942021 Gfugaaggeusgsa 2894203.1 dTgUfcucgguasusuy AAGGCUGA

A

AD- A- 225 ascsagugiAhd)aGiG | A- 6569 VPusUfscedTu{C2pluc | AGACAGUGAAGGCUG | 1113
1565749 | 28942041 fCfugagaaggsasa 2894517.1 ageolifulfacuguscsu AGAAGGAA

A

Al- A~ 226 ascsagug{AhdiaGiG | A- 570 VPusUfscdCu{Tanicuc | AGACAGUGAAGGCUG | 1114
1565570 | 28842041 fCfugagaaggsasa 28942051 agecUfuCfacugusesu AGAAGGAA

1

AD- A- 227 ascsagug{ AhdjaGiG | A- 571 VPustifscoudTe{Tgnlca | AGACAGUGAAGGCUG | 1115
1565571 | 2894204.1 fCfugagaaggsasa 2894206.1 gecUfulfacugusesu AGAAGGAA

A

AD- A- 228 usgsaga{AhdiGigAf | A- 572 vPusCsucdCa{G2plge | GCUGAGAAGGAAAUC | 1116
1865750 | 2894518.1 AfAfucccuggasgsa 2894519.1 auuuCfcfucucasgse CCUGGAGL

A

AD- A- 229 gscscaalAhd)gglUfc | A- 673 VPusdAsggdAcdAauge | AGGCCAAAGGUGCCA | 1117
1565573 | 28942091 fCfecauuguccsusa 2894210.1 dCalfcuuuggescsu UUGUCCUC

A

AD- A~ 230 cscsaaa{Cha)UfgAf | A- 574 VPusAfsuudCu{C2plug | CUCCAAACUGAACCCA | 1118
1565751 | 28842111 AfCfecagagaasusa 2894520.1 sguulfaGiuuuggsasg | GAGAAUC

1

AD- A- 231 cscsaaa{ChdjUigAf | A- 575 VPusAfsudTe{Tgnjcug | CUCCAAACUGAACCCA | 1119
1565574 | 28942111 AfCfccagagaasusa 2894212.1 gguulfaGiuuuggsasg GAGAAUC

WED (US) 56869076v |

Page 204 of 2758

204



PCT/US2022/035266

WO 2023/278406

Attomey Docket No. A108868 1490W( (ALN-407W0)

AD- A- 232 cscsaaal{ChdiUfgaf | A- 676 VPusAfsuucdTe{Tenlg | CUCCAAACUGAACCCA | 1120
1565575 | 28942111 AfCfccagagaasusa 2894213.1 geuulfaGfuuugesasg GAGAAUC

A

AD- A 233 csasaac{ithd)Giaaf | A- 877 VPusGsaudTo{Tegnicu | UCCAAACUGAACCCA 1123
1565576 | 28842141 CfCfcagagaauscsa 28942151 gggulfcAfguuugsgsa GAGAAUCU

A

AD- A- 234 uscscgu{Ahd}afgCt | A- 578 VPusGisgedGa{CZpiug | CAUCCGUAAGCAGUC | 1122
1565752 | 2894216.1 AfGiucagucgescsa 2894521.1 acugCfullfacggasusg AGUCGCCA

A

AD- A- 235 uscsegu{Ahd)AfeCf | A- 579 VPusGlsgdCgiAgnicug | CAUCCGUAAGCAGUC | 1123
1565577 | 2894216.1 AfGfucagucgescsa 2894217.1 acug(fullfacggasusg AGUCGECCA

A

AD- A- 236 uscscgu{Ahd)AfgCi | A- 680 VPusGisgegdAc{Tanlg | CAUCCGUAAGCAGUC | 1124
1565578 | 28942161 AfGfucagucgescsa 2894218.1 acugCiullfacggasusg AGUCGCCA

A

Al- A 237 uscscgu{AhdiapCiAf | A- 681 VPusdGagedGadCugace | CAUCCGUAAGCAGUC | 1125
1565579 1 28842191 Gfucagucgesesa 2894220.1 dTgCfuuacggasusg AGUCGCCA

1

AD- A- 238 usasagc{Ahd)GfuCt | A- 582 VPusCsaudTg{G2plcg | CGUAAGCAGUCAGUC | 1126
1565753 | 28945221 AfGfucgocaausgsa 2894523.1 acughfclfgouuascsg GLCAAUGT

A

AD- A- 239 csasguc{Ahd)GfuCt | A- 5833 vPusAfsagdGe{Agniue | AGCAGUCAGUCGLCA | 1127
1565580 | 28942211 GfCfcaaugecususa 28942221 gecghAfclfgacugsesy AUGCCUUC

A

AD- A- 24G uscsagu{Chd)GfeCf | A- 684 VPusAfsugdAal{GZpige | AGUCAGUCGCCAAUG | 1128
1565754 | 28545241 AfAfugcouucasusa 2894525.1 auugGfcGiacugascsy CCUUCAUC

A

Al- A 241 asgsucg{Chd}CfaAf | A- 685 VPusUfsgadTgiAgniag | UCAGUCGCCAAUGCC | 1129
1565581 | 28842231 UfGfecuucaucsasa 2894224.1 geaulfgGicgacusgsa UUCAUCAU

1

AD- A- 242 gsescaa{Uhdigelfuf | A- 586 VPusdCsagdAudGauga | UCGCCAAUGCCUUCA | 1130
1565582 | 2894225.1 Ufcaucaucusgsa 2894226.1 dAgGfeauuggesgsa UCAUCUGU

A
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A

AD- A- 243 cscsuuciAhdiUfcaf | A- 687 VPusGisgudGe{C2plac | UGCCUUCAUCALICUG | 1131
1565755 | 28942271 UfCfuguggeacsosa 2894526.1 agauGfalifgaaggscsa UGGCACCU

A

Al- A~ 244 cscsuuc{AhdiUfcAf | A- 588 VPusGisgugdColAgnie | UGCCUUCAUCAUCUG | 1137
1565583 | 2884227 .1 UfCfuguggeacsesa 2894228.1 agauGfatifgaaggscsa UGGCACCU

1

AD- A- 245 csusguge{Chd}aCici | A- 589 VPusCisgedTg({Tgnlaca | AUCUGUGGCACCUUG | 1133
1565584 | 2894229.1 Ufuguacaccsgsa 2894230.1 aggUfelicacagsasu UACACCGU

A

AD- A- 248 csusaccg{Uhd)cAfAf | A- 590 VPusAfsuadAg{C2plaa | UGCUACCGUCAACUY | 1134
1565756 | 28942311 Cfuuugruuasusa 2894527.1 aguuGfaCfgguagscsa UGCUUAUG

A

AD- A- 247 csusaccg{UhdjcAfAf | A- 691 VPusAfsuaadGo{Agnla | UGCUACCGUCAACUL | 1135
1565585 | 28542311 Cfuuugcuuasusa 2894232.1 aguuGfaCigguagscsa UGCUUAUG

A

AD- A~ 248 usasceg{Uhd}Cfanaf | A- 892 VPusCisauaa{Ggnjcaa | GCUACCGUCAACUUL | 1136
1073420 § 1981728.1 Cfufuugeuuausgsa 1806295.1 agublfgAfegguasgsc GCUUAUGA

.3

AD- A- 249 usascegiUhd)Cfaaf | A- £93 VPusCisauaAfgCiafaa | GCUACCGUCAACHUUY | 1137
1244366 | 1991728.1 CfUfuugcuuausgsa 18039541 gullfgAfcgguasgsc GCUUAUGA

3

AD- A- 250 usasceg{UhdiClaaf | A- 594 VPusClsaudAa{GZplca | GCUACCGUCAACUUY | 1138
1565757 | 1991728.1 CfUfuugcuuausgsa 2894528.1 aagullfgAfcgguasgse GCUUAUGA

A

AD- A- 251 usascegiUhd)Cfanf | A- 6595 VPusCfsadTal{Agnigea | GCUACCGUCAACUUL | 1139
1565821 | 1991728.1 Cflfuugcuuausgsa 2894627.1 aagullfgAfcgguasgsc GCUUALGA

A

AD- A 252 usasceg{Uhd}Cfanaf | A- 6896 VPusdCsaudAa{GZplc | GLUACCGUCAACUUL | 1140
1565822 | 19817238.1 Cfifuugcuuausgsa 2894628.1 aaadGubiigAfcgguasgs | GCUUAUGA

g 9

AD- A- 253 usasceo{UhdjCfaaf | A- £97 VPusCfsaudAa{G2plca | GCUACCGUCAACUUY | 1141
1565824 | 2894631.1 CfUfuugcuuausgsa 2894632.1 asagullfgAfegguasgsc GCUUAUGA
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AD- A- 254 usascgg{UhdiCfaaf | A- 698 VPusCfsaudAa{G2plca | GCUACCGUCAACUUL | 1142
1565825 | 2894633.1 Cflfuugcuuausgsa 2894634.1 aagullfgAfccguasgse GCUUALIGA

A

Al- A~ 255 usasgeg{Uhd)CiaAf | A- 599 VPusCisaudAa{G2plca | GCUACCGUCAACUUU | 1143
1565826 | 28846351 Cfufuugeuuausgsa 2894636.1 aagulfgAfcgcuasgse GCUUAUGA

1

AD- A- 256 usascegiUhd)Cfaaf | A- 700 VPusCfsaudAa{G2plca | GCUACCGUCAACUIULY | 1144
15685757 | 1991728.1 CfUfuugcuuausgsa 2894528.1 aagullfgAfogguasgsc GCUUAUGA

.2

AD- A- 257 usasceg{UhdicaAfCf | A- 701 VPusdCsaudAadGeaaa | GCUACCGUCAACUUY | 1145
1565586 | 28942331 Ufuugcuuausgsa 28942341 dGulfgacgguasgse GCUUAUGA

A

AD- A- 258 ascseguiChdiafalt | A- 702 VPusUfscadTalAgn)ge | CUACCGUCAACUUUG | 1146
1565587 | 2324727.1 UfUfugcuuaugsasa 2894235.1 asaglifuGfacggusasg CUUAUGAC

A

Al- A 259 ascscgu{ChdlaaCiuf | A- 703 VPusdTscadTadAgeaa | CUACCGUCAACUUUG | 1147
1565588 | 28842361 Ufugcuuaugsasa 28942371 dAgUfugacggusasg CUUAUGALC

1

AD- A- 260 csesguc{AhdIAFCIUT | A- 704 VPusCfsaudAa{G2plca | UACCGUCAACUUUGE | 1148
1565823 | 2894629.1 UUGCUU3USESa 2894630.1 asagulfgAfeggsusg ULIAUGA

A

AD- A- 261 csesguc{AhdiacUfly | A- 705 VPusdGsucdAudAagea | BACCGUCAACUBUGC | 1149
1565589 | 2894238.1 fUfgcuuaugascsa 2894239.1 dAaGfuugacggsusa VUAUGACA

A

AD- A- 262 csgsucalAhdiCiullf | A- 706 VPusUfsgudCa{Tgnlaa | ACCGUCAACUUUGCY | 1150
1565590 | 28942401 UfGfcuuaugacsasa 2894241.1 geaadfgiifugacgsgsu UAUGACAC

A

AD- A~ 263 gsuscaa{Chdiufuf | A- 707 VPusGisugdTelAgniua | CCBUCAACUUUGCUY | 1151
1565591 | 28842421 GfCfuuaugacascsa 28942431 agcahAfaGfuugacsgsg AUGACACA

1

AD- A- 264 uscsaac{Uhd)UfuGi | A- 708 VPusUfsgudGu{C2Zpla | CGUCAACULUGCUUA | 1152
1565758 | 28942441 CfUfuaugacacsasa 2894529.1 uaagcAfaAfguugasesg | UGACACAG

A
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AD- A- 265 uscsaac{Uhd}UfuGt | A- 709 VPustifsgdTg{Tenlcau | CGUCAACUUUGCUUA | 1153
1565592 | 28942441 Cflfuaugacacsasa 2894245.1 aagchfahfguugascsg UGACACAG

A

Al- A~ 266 csasacu{Uhd)UfsCF | A- 710 VPusCisugdTe{Tenlea | GUCAACUUUGCUUAU | 1154
1565594 | 2884247 .1 UfUfaugacacasgsa 28942481 uaaglfahfaguugsasc GACACAGG

A

AD- A- 267 asascu{ Uhd)Giclf | A- 711 VPusCscudGu{G2pluc | UCAACUUUGCUUALUG | 1155
1565759 | 2894530.1 UfAfugacacagsgsa 2894531.1 auaaGfcAfaaguusgsa ACACAGGC

A

AD- A- 268 ascsuuug{Chd)ulfa | A- 712 VPusGfscedTg(Tenlgy | CAACUUUGCUUAUGA | 1156
1565585 | 28942491 fUfgacacaggscsa 2894250.1 caualAiglfaaagususg CACAGGCA

A

AD- A- 269 csusuug{ChdjUfuaf | A- 713 VPusUfsgedCu{G2plug | AACUUUGCUUAUGAC | 1157
1565760 | 2894532.1 UfGfacacaggesasa 2894533.1 ucauhAfaGfcaaagsusu ACAGGCAC

A

Al- A~ 270 ascsagg(Chd)AfeAF | A- 714 VPusUfsugdCulGipla | ACACAGGCACAGGUA | 1158
1565761 | 28845341 GfGfuaucageasasa 28945351 uaccuGfuGicougusgsy | UCAGCAAG

1

AD- A- 271 asusaag{UhdjAfcAf | A- 715 VPusAfsaudCal{Tgnlze | CUAUAAGUACAGCAG | 1159
1565596 | 2894251.1 GfCfagraugaususa 2894252.1 ugcuGfuAfcuuausasg CAUGAUUG

A

AD- A- 272 usasagu{ Ahd}CfaGl | A- 716 VPusClsaadTe{Agniug | UAUVAAGUACAGCAGC | 1160
1565587 | 28942531 CfAfgraugauusgsa 2894254.1 cugcUfgUfacuuasusa AUGAUUGA

A

AD- A- 273 asasgua{Chd)afgCt | A- 717 VPusUfscadAu{C2plau | AUAAGUACAGCAGCA | 1161
1565762 | 2894255.1 AfGfcaugauugsasa 2894536.1 geugluGtuacuusasu UGAULIGAC

A

AD- A~ 274 asasgua{Chd)AfgCf | A- 718 VPusUfscdAa{Tanicau | AUAAGUACAGCAGCA | 1167
1565598 | 2884255.1 AfGfcaugauugsasa 2894256.1 geugCluGfuacuusasu UGAUUGAC

1

AD- A- 275 asasgualChdiafglf | A- 718 VPusUfscaadTe{Agnju | AUAAGUACAGCAGCA | 1163
1565559 | 2894255.1 AfGfcaugauugsasa 2894257.1 geugCfuGfuacuusasu UGAUUGAC

A
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AD- A- 276 asgsuac{Ahd)GicAf | A- 720 VPusGfsucdAa{Tgnica | UAAGUACAGCAGCAL | 1164
1565600 | 2894258.1 GfCfaugauugascsa 2894259.1 ugcuGicifguacususa GAUUGACU

A

Al- A 277 asgsuac{Ahd)gcAlG | A- 721 VPusdGaucdAadTeaug | UAAGUACAGCAGCAL | 1165
1565601 | 28842601 fCfaugauugascsa 2894261.1 dCuGfcuguacususa GAUUGACU

A

AD- A- 278 gsusacagiChd)aGiCt | A- 722 VPusAfsgudCalAgniuc | AAGUACAGCAGCAUG | 1166
1565602 | 28942621 Afugauugacsusa 2894263.1 augclfgCluguacsusu AUUGACUA

A

AD- A- 279 gsusaca{Ghd)CfaGf | A- 723 VPusAfsgucAfalfCiay | AAGUACAGCAGCAUG | 1167
1565827 | 28946371 CfAfugauugacsusa 18040838.1 gelifgCfuguacsusy AUUGACUA

A

AD- A- 280 gsusacagiChd}aGiCf | A- 724 VPusAfsgudCalAZpiuc | AAGUACAGCAGCAUG | 1168
1565828 | 2894262.1 Afugauugacsusa 2894638.1 augclfgCluguacsusuy ALUGACUA

A

AD- A 281 gausacag{Chd}aGiCt | A- 725 VPusdAsgudCadAucay | AAGUACAGCAGCAUG | 1169
1565829 | 28842621 Afugauugacsusa 2894638.1 dGelfgeuguacsusu AUUGACUA

1

AD- A- 282 gsusacagiChd)aGiCt | A- 726 VPusdAsgudCalAgniuc | AAGUACAGCAGCAUG | 1170
1565830 | 28942621 Afugauugacsusa 2894640.1 augclfgCluguacsusu AUUGACUA

A

AD- A- 233 gsusacagi{Chd)aGiCf | A- 727 VPusdAsgudCa{Agniuc | AAGUACAGCAGCAUG | 1171
1565831 | 28942621 Afugauugacsusa 2894641.1 audGelifgcuguacsusuy | AUUGACUA

A

AD- A- 224 gsusacug{Chd}aGiC | A- 728 VPusdAsgudCalAgniuc | AAGUACAGCAGCAUG | 1172
1565833 | 28946441 fafugauugacsusa 2894645.1 augclfgClaguacsusu ALUGACUA

A

AD- A~ 285 gsusagag{ChdlaGfC | A- 729 VPusdAsgudCalAgniuc | AAGUACAGCAGCAUG | 1173
1565834 | 2884646.1 fAfugauugacsusa 2894647.1 augclUfgCfucuacsusy AUUGACUA

1

AD- A- 286 gsusucag{Chd}aGiC | A- 730 VPusdAsgudCalAgniuc | AAGUACAGCAGCAUG | 1174
1565835 | 2894648.1 fAfugauugacsusa 28946491 augclifgClugaacsusu AUUGACUA

A
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AD- A- 287 gsusacagiChd}aGiCf | A- 733 VPusAfsgudCalAgniuc | AAGUACAGCAGCAUG | 1175
1565602 | 2894262.1 Afugauugacsusa 2894263.1 augclfgCluguacsusuy ALUGACUA

2

Al- A~ 288 usascagi{ChdiAfCE | A- 732 VPusUfsagdTc{Agnau | AGUACAGCAGCAUGA | 1176
1565603 | 28842641 AfUfgauugacusasa 28942651 caugCfuGfcuguascsu UUGACUAC

A

AD- A- 289 ascsag{ChdjaGICIAf | A- 733 VPusdAsgudCalAgniuc | GUACAGCAGCAUGAL | 1177
1565832 | 2894642.1 UZALLIZACcsUSa 28946431 augchifgClugusgsc UGACUA

A

AD- A- 290 ascsago{Ahd)GicAf | A- 734 VPusGisuadGu{C2plaa | GUACAGCAGCAUGAU | 1178
1565763 | 2894266.1 UfGfauugacuascsa 2894537.1 ucauGfcfgougusasc UGACUACA

A

AD- A- 291 ascsage{ahdiGfcal | A- 735 VPusGfsudAg{Tenicaa | GUACAGCAGCAUGAU | 1179
1565604 | 28942661 UfGfauugacuascsa 2894267.1 ucauGfcfgougusase UGACUACA

A

AD- A~ 292 ascsagclAhd)GicAf | A- 736 VPusGsuagdTc{Agnla | GUACAGCAGCAUGAY | 1180
1565605 | 28842661 UfGfauugacuascsa 2894268.1 ucauGfcifgeugusasc UGACUACA

1

AD- A- 283 csasgeagiChdiaUiG | A- 737 VPusUfsgudAg{Tenlca | UACAGCAGCAUGAUL | 1181
1565606 | 2894269.1 fAfuugacuacsasa 2894270.1 aucalifgClugeugsusa GACUACAA

A

AD- A- 294 asgseag{Chd)AfuGE | A- 738 vPusUfsugdTalGZpluc | ACAGCAGCAUGAUUG | 1182
1565764 | 2894538.1 Aftifugacuacasasa 2894539.1 aaucAfulGfougeusgsu ACUACAAL

A

AD- A- 295 gscsage{Ahdjifeaf | A- 739 VPusGisuudGuiAgnlg | CAGCAGCAUGAUUGA | 1183
1565607 | 28942711 Uflfgacuacaascsa 2894272.1 ucaauliatifgcugesusg | CUACAACC

A

AD- A~ 296 csasgea{ Uhd)Gfalf | A- 740 VPusGsgudig{Tenjag | AGCAGCAUGAUUGAT | 1134
1565608 | 28842731 UfGfacuacaacscsa 2894274.1 ucaalifcAfugougscsy UACAALCCC

1

AD- A- 257 gscsaug({AhdUfuGh | A- 741 VPusGisggdGuiTenigu | CAGCAUGAUUGACUA | 1185
1565609 | 2894275.1 AfCfuacaaccoscsa 2894276.1 agucAfallfcaugcsusg CAACCCCC

A
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AD- A- 298 asgscuclUhd}fuGt | A- 742 VPusGfsuudGu{C2plec | GAAGCUCUUUGCCUG | 1186
1565766 | 2894279.1 CfCfugggacaascsa 289454321 aggchfaAigagcususe GGAUAACH

A

Al- A~ 299 asgscuc{Uhd)UfuGE | A- 743 VPusGisudTe{Tanicce | GAAGCUCUUUGCCUG | 1187
1565611 | 28842791 CfCfugggacaascsa 2894280.1 aggchAfaAfgageususc GGACAACY

A

AD- A- 300 gscscuggGiaCiafafe | A- 744 VPusAfsugdTu{C2plaa | UUGCCUGGGACAACY | 1188
1565767 | 2894281.1 uug{Ahdlacasusa 2894543 1 guuglifcCicaggesasa UGAACAUG

A

AD- A- 301 gsescuggGlaCiafAfc | A- 745 VPusAfsudGu{Tgnicaa | BUGCCUGGGACAACY | 1189
1565612 | 28942811 uugfAhdlacasusa 2894282.1 guugtifcCfcaggesasa UGAACAUG

A

AD- A- 302 gscscuggGlaCiafafe | A- 746 VPusAfsugudTo{Agnla | UUGCCUGGGACAACY | 1190
1565613 | 28942811 uug{Ahd)acasusa 2894283.1 guuglifcCfcaggcsasa UGAACALIG

A

AD- A~ 303 csusggg{AhdiClaaf | A- 747 VPusCiscadTg{Tgnjuca | GLCUGGGACAACUUG | 1191
1565614 | 28842841 Cfifugaacaugsgsa 28942851 agublfgUfcceagsgse AACAUGGU

1

AD- A- 304 usgsggalChd}afaCf | A- 748 VPusAfsccdAu{G2Zpluu | CCUGGGACAACUUGA | 1192
1565768 | 2894544.1 UfUfgascauggsusa 28945451 caagUfuGtucccasgsg ACAUGGUC

A

AD- A- 305 gsgsgaciAhd}AfcUf | A 749 VPusGisacdCalTgnigu | CUGGGACAACUUGAA | 1193
1565615 | 2894286.1 UfGfaacaugguscsa 2894287.1 ucaaGfubifguccesasg CAUGGUCA

A

AD- A- 306 gsgsgac{AhdiacUfu | A- 750 VPusdGsacdCadTguue | CUGGGACAACUUGAA | 1194
1565616 | 2894288.1 fGfaacaugguscsa 2894289.1 dAaGluuguccosasg CAUGGUCA

A

Al- A 307 gagsaca{AhdiCFulUf | A- 751 VPusUfsgadCof{Agniug | UGGGACAACUUGAAT | 1195
1565617 | 2884290.1 Gfafacauggucsasa 2894291.1 uucalAfgUiuguccscsa AUGGUCAC

1

AD- A- 308 gsascar{Chd)UfuGf | A- 752 VPusGisugdAc{CZplau | GGGACAACUUGAACA | 1196
1565769 | 2894292.1 AfAfcauggucascsa 28945461 guucAfaGiuugucsese UGGUCACU

A
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AD- A- 309 gsascaa{ChdjUfuGf | A- 753 VPusGsugadCelAgniu | GGGACAACUUGAACA | 1197
1565618 | 2894292.1 Afafcauggucascsa 2894293.1 guucAfaGfuugucscse UGGUCACU

A

AD- A~ 310 ascsaac{ibhdiUfgal | A- 754 VPusAfsgudGa{C2plca | GGACAACUUGAACAL | 1198
1565770 | 28842941 AfCfauggurcacsusa 28945471 uguu{fasfguuguscse GGUCACBU

A

AD- A- 311 ascsaac{Uhd)Ufghaf | A- 755 VPusAfsgdTg{Agnicca | GGACAACUUGAACAL | 1199
1565619 | 28942%4.1 AfCfauggucacsusa 2894295.1 uguuCfasfguuguscse GGUCACUU

A

AD- A- 312 csasacu{Uhd}GiaAf | A- 756 VPusAfsagdTe{Agnice | GACAACUUGAACAUG | 1200
1565620 | 2894296.1 CfAfuggucacususa 2894297.1 augutifcAfaguugsusc GUCACUUA

A

AD- A- 313 asascuug{AhdjaCia | A- 757 VPusUfsaadGu{G2plac | ACAACUUGAACAUGG | 1201
1565771 | 28945481 fUfggucacuusasa 2894549.1 cauglifuCtaaguusgsu UCACUUAU

A

Al- A~ 314 ascsuug{And)AfcAf | A- 758 VPusAfsuadAg{Tanlga | CAACUUGAACAUGGU | 1207
1565621 | 15775401 UfGfgucacuuasusa 2894298.1 ccauGfullfcaagususg CACUUAUG

1

AD- A- 315 csusugalAhdiClallf | A- 758 VPusClsaudAa{G2plug | AACUUGAACAUGGUC | 1203
1565772 | 1577508.1 GfGfucacuuausgsa 2894550.1 accalifgUfucasgsusu ACUUAUGA

A

AD- A- 316 csusuga{AhdiCfalf | A- 760 VPusdCsaudAadGugac | AACUUGAACAUGGUC | 1204
1565836 | 15775081 GfGfucacuuausgsa 2894300.1 dCalifguucaagsusu ACUUAUGA

A

AD- A- 317 csusuga{AhdiCfalf | A- 761 VPusCfsadTal{Agnigug | AACUUGAACAUGGUC | 1205
1565837 | 1577508.1 GfGfucacuuausgsa 2894650.1 accalifgiifucaagsusu ACUUAUGA

A

AD- A 318 csusuga{Ahd)Cfalf | A- 762 VPusdCsaudAa{GZplu | AACUUGAACAUGGUL | 1206
1565838 | 15775081 GfGfucacuuausgsa 2894651.1 gacdCalifguucaagsusu | ACUUAUGA

1

AD- A- 319 csusugu{Ahd)Clfalif | A- 763 VPusClsaudAa{G2plug | AACUUGAACAUGGUC | 1207
1565840 | 2894654.1 GfGfucacuuausgsa 2894655.1 accalifgiifacaagsusu ACUUAUGA

A
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A

AD- A- 320 csusucafAhd)Crfalf | A- 764 VPusCfsaudAa{G2plug | AACUUGAACAUGGUC | 1208
1565841 | 2894656.1 GfGfucacuuausgsa 2894657.1 accalifgiifugaagsusu ACUUAUGA

A

Al- A~ 321 csusagalAhd)Cfalf | A- 765 VPusCisaudAa{G2plug | AACUUGAACAUGGUC | 1209
1565842 | 28846581 GfGfucacuuausgsa 2894659.1 accalfgUfucuagsusu ACUUAUGA

A

AD- A- 322 csusugalAhdiClallf | A- 766 VPusCisauahfglUiGfac | AACUUGAACAUGGUC | 1210
822899, | 1577508.1 GfGfucacuuausgsa 1577509.1 callfgUfucaagsusu ACUUAUGA

17

AD- A- 323 csusuga{AhdiCfalf | A- 767 vPusCsaudAa{GZplug | AACUUGAACAUGGUC | 1211
1565772 | 15775081 GfGfucacuuausgsa 2894550.1 accallfgUfucaagsusu ACUUAUGA

2

AD- A- 324 csusugalAhdicallfG | A- 768 VPusdCsaudAadGugac | AACUUGAACAUGGUC | 1212
1565622 | 28942991 fGfucacuuausgsa 2894300.1 dCalifguucaagsusu ACUUAUGA

A

Al- A~ 325 ususgaalChd)ATuGE | A- 769 VPusUfscadTa{Agn)gu | ACUUGAACAUGGUCA | 1713
1565843 § 15775621 GfUfcacuuaugsasa 2894660.1 gaccAfulGfuucaasgsu CUUAUGALC

1

AD- A- 326 ususgaa{Chd}AfuGt | A- 770 VPusUfscadTa{AZplgu | ACUUGAACAUGGUCA | 1214
1565844 | 1577562.1 GfUfcacuuaugsasa 2894661.1 gaccAfuGfuucaasgsu CUUAUGAC

A

AD- A- 327 ususgaalChd JAfUGE | A- 771 vPusdTscadTa{Agn)gy | ACUUGAACAUGGBUCA | 1215
1565845 | 15775621 GfUfcacuuaugsasa 2894662.1 gadCeAfuguucaasgsuy | CUUAUGAC

A

AD- A- 328 ususgaa{ChdjaudG | A- 772 VPusdTscadTalAgnigu | ACUUGAACAUGGUCA | 1216
1565846 | 2894663.1 gUfCiacuuaugsasa 2894662.1 gadCcAfuguucaasgsu CUUAUGAC

A

AD- A~ 329 ususgau{ChdlAfuGl | A- 773 VPusUfscadTa{Agnlgu | ACUUGAACAUGGUCA | 1217
1565848 | 2884666.1 GfUfcacuuaugsasa 2894667.1 gaccAfulfaucaasgsu CUUAUGALC

1

AD- A- 330 ususgual{Chd)AfuGi | A- 774 VPusUfscadTalAgnlzu | ACUUGAACAUGGUCA | 1218
1565849 | 2894668.1 GfUfcacuuaugsasa 2894669.1 gaccAfuGfuacaasgsu CUUAUGAC
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AD- A- 321 ususcaa{Chd)AfuGf | A- 775 VPusUfscadTalAgnigu | ACUUGAACAUGGUCA | 1219
1565850 | 2894670.1 GfUfcacuuaugsasa 2894671.1 gaccAfuGfuugaasgsu CUUAUGAC

A

AD- A 332 ususgaa{ChdjAafuGf | A- 776 VPusUfscauAfaGfUfga | ACUUGAACAUGGUCA | 1220
822926, | 15775621 GfUfcacuuaugsasa 1577563.1 ccAfuGfuucaasgsy CUUAUGALC

4

AD- A- 333 ususgaa{ChdlauGiG | A- 777 VPusdTscadTadAguga | ACUUGAACAUGGUCA | 1221
1565623 | 28943011 fUfcacuuaugsasa 2894302.1 dCcAfuguucaasgsu CUUAUGAC

A

AD- A- 334 usgsa{ Ahd)CRaURGE | A- 778 vPusCsaudAa{GZplug | CUUGAACAUGGUCAC | 1222
1565839 | 28946521 Gfucacuuausgsa 2894653.1 accalifgUfucasgsg UUAUGA

A

AD- A- 335 usgsaac{AhdlugGiu | A- 779 VPusdGsucdAudAagu | CUUGAACAUGGUCAC | 1223
1565624 | 2894303.1 fCfacuuaugascsa 2894304.1 gadAcCfauguucasasg UUAUGACA

A

Al- A~ 336 gsasaca{Uhd)GIGIU | A- 780 VPusUfscadTa{Agnlgy | UUGAACAUGGUCACU | 1224
1565847 | 28846641 fecacuuaugsasa 2894665.1 gaccAfulGfuucsgsg UAUGAC

1

AD- A- 337 gsasaca{thd)GfgUf | A- 781 VPusUfsgudCa{Tgnlaa | UUGAACAUGGUCACY | 1225
1565625 | 2894305.1 CtAfcuuaugacsasa 2894306.1 gugalCfcAfuguucsasa UAUGACAU

A

AD- A- 338 asasca{Uhd)gGiuCt | A- 782 vPusAfsugdto(Agniua | UGAACAUGGUCACUU | 1226
1565626 | 2894307.1 AfCfuuaugacasusa 2894308.1 agugAfcCfauguuscsa AUGACAUC

A

AD- A- 339 ascsaugglUhdjcafCf | A- 783 VPusGsaudGu{C2pla | GAACAUGGUCACUUA | 1227
1565773 | 28943091 Ufuaugacauscsa 2894551.1 uaaguGfaticaugususc | UGACAUCA

A

AD- A~ 340 ascsaugg{Uhd)cAFCE | A- 784 VPusGisadTg{Tenlcau | GAACAUGGUCACULA | 1278
1565627 | 2884309.1 Ufuaugacauscsa 2894310.1 aaguGfalfcaugususc UGACAUCA

1

AD- A- 341 ascsauggi{Uhd)cAfCE | A- 785 VPusGisaugdTo{Agnlu | GAACAUGGUCACUUA | 1229
1565628 | 2894309.1 Ufuaugacauscsa 2894311.1 asaguGtalfcaugususc UGACAUCA

A
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AD- A- 342 csasugg{UhdiCfaCt | A- 786 VPuslUfsgadTgiTenica | AACAUGGUCACUUAL | 1230
1565629 | 2894312.1 Uflfaugacaucsasa 2894313.1 uaaglifgAfccaugsusu GACALICAA

A

Al- A~ 343 asusggulChd)AfcUf | A- 787 VPusUfsugdAu(G2plu | ACAUGGUCACUUALUG | 1231
1565774 | 28845521 UfAfugacaucasasa 28945531 cauaaGfuGlaccausgsu | ACAUCAAG

A

AD- A- 344 usgsguciAhd)Ciulf | A- 788 VPusClsuudGal{Tenjgu | CAUGGUCACUUAUGA | 1232
1565630 | 2894314.1 AflUfgacaucaasgsa 2894315.1 cauahAfglfgaccasusg CAUCAAGC

A

AD- A- 345 gsgsuca{Chd)Ufudf | A- 789 vPusGiscudTg{Agniug | AUGGUCACUUAUGAC | 1233
1565631 | 2894316.1 UfGfacaucaagscsa 2894317.1 ucauAfaGfugacesasu AUCAAGCU

A

AD- A- 346 gsuscac{UhdjUfalf | A- 750 VPusAfsgedTu{G2plau | UGGUCACUUAUGACA | 1234
1565775 | 28945541 GfAfcaucaagosusa 2894555.1 gucalifaAfgugacscsa UCAAGCUC

A

AD- A~ 347 gacsaga{Ahd)Gigaf | A- 791 VPusCiscedTg{Apnigca | UGGCAGAAGGAGAUG | 1235
1565632 | 2884318.1 GfAfugcucaggsgsa 2894319.1 ucuCfclfucugescesa CUCAGGGL

1

AD- A- 348 asasggglAahd)GlaGf | A- 792 VPusUfsggdCu{G2plge | UGAAGGGAGAGCCAG | 1236
1565776 | 2894556.1 CfCfagcoagocsasa 28945571 uggclfclfcocuuscsa CCAGCCAG

A

AD- A- 349 gsasuga{AhdiCfalUf | A- 793 VPusAfsgadTg(G2plug | AGGAUGAACAUGGUC | 1237
1865777 | 2894558.1 GfGfucaccaucsusa 2894559.1 accalifgUfucaucscsu ACCAUCUA

A

AD- A- 350 gsesauu{iihdlauGiG | A- 794 VPusdAsuudAadAcauc | CAGCAUUUAUGGGAU | 1238
1565634 | 2894322.1 fGfauguuuaasusa 2894323.1 dCchAfuaaaugcsusg GUUUAALIG

A

AD- A~ 351 usgsuuulAhd}AFUGE | A- 795 VPusUfsugdAal{C2plua | GAUGUUUAAUGACA | 1239
1565778 | 28843241 AfCfauaguucasasa 2894560.1 ugucAfulifaaacasusc UAGUUCAAG

1

AD- A- 352 usgsuuu{Ahd)AfuGt | A- 796 VPusUfsudGalAgnjcua | CAUGUUUAARUGACA | 1240
1565635 | 28943241 AfCfauaguucasasa 2894325.1 ugucAfullfaaacasusc UAGUUCAAG

A
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AD- A- 353 usgsuuu{AhdjAfuGt | A- 797 VPusUfsugadAc{Tgnla | GAUGHUUUAARUGACA | 1241
1565636 | 28943241 AfCfauaguucasasa 2894326.1 ugucAfullfaaacasusc UAGULICAAG

A

Al- A~ 354 gsusuua{AhdiUfgAF | A- 798 VPusCisuudGalAgnice | AUGUUUAAUGACAUA | 1247
1565637 | 2884327 .1 Cfafuaguucaasgsa 2894328.1 augulCfalfuaaacsasu GUUCAAGU

A

AD- A- 355 gsusuua{AhdjughAfC | A- 799 VPusdCsuudGadaAcua | AUGUUUAAUGACAUA | 1243
1565638 | 2894329.1 fAfuaguucaasgsa 2894330.1 udGuCfauuaaacsasuy GUUCAAGY

A

AD- A- 356 ususuaa{UhdiGfaCf | A- 800 VPusAfscudTeg{Agnlac | UGUUUAAUGACAUA 1244
1565639 | 28943311 AfUfaguucaagsusa 2894332.1 uaugUfcAfuuaaascsa GUUCAAGUY

A

AD- A- 357 ususaaug{AhdicAfU | A- 201 VPusAfsacdTu{G2plas | GUUUAAUGACALIAG | 1245
1565779 | 28945611 fafguucasagususa 2894562.1 cuauGfuCfauuaasasc UUCAAGUUU

A

Al- A~ 358 usasaug{AhdiCfalf | A- 802 VPusAfsaadCu{Tenlga | UUUAAUGACAUAGY | 1246
1565640 | 28843331 AfGiuucaaguususa | 28943341 acuatdfgUfcauuasasa UCAAGUUUU

1

AD- A- 359 usasaug{AhdjcalJfa | A- 803 VPusdAsaadCudTgaac | UUUAAUGACAUAGY | 1247
1565641 | 2894335.1 fGfuucaaguususa 2894336.1 dTalUfgucauuasasa UCAAGUUUU

A

AD- A- 360 asasuga{ChdiAfudf | A- 304 vPusAfsaadAciTanlug | UUAAUGACAUAGUUC | 1248
1565642 | 28943371 GfUfucaaguuususa | 28943338.1 aaculAfuGfucauusasa AAGUUUUC

A

AD- A- 361 asasuga{Chd)auAfG | A- 205 VPusdAsaadAcdTugas | UUAAUGACAUAGUUC | 1249
1565643 | 2894339.1 fUfucaaguuususa 2894340.1 dCulfugucauusasa AAGUUULIC

A

Al- A 362 asusgac{AhdluaGiy | A- 806 VPusdGraadAadCuuga | UAAUGACAUAGUUCA | 1250
1565644 | 28843411 fUfcaaguuuuscsa 2894342.1 dAcUfaugucaususa AGUULUCY

1

AD- A- 363 usgsaca{Uhdlaglfy | A- 807 VPusdAsgadAadAcuug | AAUGACAUAGUUCAA | 1251
1565645 | 2894343.1 fCfaaguuuucsusa 28943441 dAaCfuaugucasusu GUUUUCUY

A
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AD- A- 364 gsascau(Ahd)gulUfC | A- 208 VPusdAsagdAadhacuu | AUGACAUAGUUCAAG | 1252
1565646 | 28943451 fafaguuuucususa 2894346.1 dGaAfcuaugucsasu UUUUCUUG

A

AD- A~ 365 ascsaua{GhdjUfulCf | A- 809 VPusCisaaga{Agniaac | UGACAUAGUUCAAGY | 1253
1565851 | 2854672.1 Afafguuuucuusgsa 1806645.1 uugAfaCfuauguscsa ULUCUUGU

A

AD- A- 366 ascsauag{UhduCia | A- 810 VPusdCsaadGadAaacy | UGACAUAGUUCAAGU | 1254
1565852 | 2894347.1 fAfguuuucuusgsa 2894673.1 dTgAfacuauguscsg UUUCuUUGU

A

AD- A- 367 ascsauag{UhdjuCfa | A- 811 VPusClsaadGalAgnjaa | UGACAUAGUUCAAGY | 1255
1565853 | 28943471 fAafguuuucuusgsa 2894674.1 cuughfaCfuauguscsg UUUCUUGU

A

AD- A- 368 ascsauag{UhdjuCfA | A- 812 VPusdCsaadGalAgnla | UGACAUAGUUCAAGU | 1256
1565854 | 28943471 fafguuuucuusgsa 2894675.1 acudTgAfaCfuauguscs | UUUCUUGU

A g

AD- A 368 ascsauug{UhdiuCia | A- 813 VPusCisaadGalAgniaa | UGACAUAGUUCAAGY | 1257
1565857 | 28846791 fAfguuuucuusgsa 2894680.1 cuughfaCfaauguscsg UUuCUUGU

1

AD- A- 370 ascsaaag{UhdjuCia | A- 814 VPusCfsaadGalAgnjaa | UGACAUAGUUCAAGY | 1258
1565858 | 2894681.1 fAfguuuucuusgsa 2894682.1 cuughfaCiuuuguscsg UUUCuUUGU

A

AD- A- 371 ascsuuag{iUhdiuCfa | A- 815 VPusClsaadGalAgnjaa | UGACAUAGUUCAAGY | 1259
1565859 | 28946831 fAfguuuucuusgsa 2894684.1 cuugAfaCfuaaguscsg UUUCUUGY

A

AD- A- 372 ascsauag{UhdjuCfA | A- 816 VPusdCsaadGadAaacu | UGACAUAGUUCAAGU | 1260
1565647 | 28943471 fafguuuucuusgsa 2894348.1 dTgAfacuauguscsa UUUCUUGU

A

Al- A 373 csasuag{Uhdjucafa | A- 817 VPusdAscadAgdAaaar | GACAUAGUUCAAGUL | 1261
1565648 | 2854349.1 fGfuusucuugsusa 2894350.1 diuGfaacuaugsusc UUCUUGUG

1

AD- A- 374 asusagu{Uhd)Ciafa | A- 818 VPusCfsaadGalAgnjaa | ACAUAGUUCAAGUUL | 1262
1565855 | 2894676.1 fguuuucuusgsa 2894677.1 cuughfaCfuausgsu UcuuGy

A
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AD- A- 375 asusagu{Uhd)CIAfA | A- 819 VPusdCsaadGalAgnla | ACAUAGUUCAAGUUU | 1263
1565856 | 2894676.1 fguuuuCcUUsESa 2894678.1 acudTgAfaCfuausgsu UCuUGY

A

Al- A 376 asusagu{ithd)caAlG | A- 820 VPusdCsacdAadGaaaa | ACAUAGUUCAAGUUL | 1264
1565649 | 28843511 fUfuuucuugusgsa 2894352.1 dCullfgaacuausgsu UCUUGUGA

A

AD- A- 377 usasguu{Chd)AfaGf | A- 821 VPusUfscadCalAgniga | CAUAGUUCAAGUUUL | 1265
1565650 | 2894353.1 UfUfuucuugugsasa | 2894354.1 aaaclHuGtaacuasusg CUUGUGAU

A

AD- A- 378 usasguu{Chd}aaGfy | A- 812 VPusdiscadCadAgaaa | CAUAGLUCAAGUUUU | 1266
1565651 | 2894355.1 fUfuucuugugsasa 2894356.1 dAcUfugaacuasusg CUUGUGAU

A

AD- A- 379 asgsuuc{Ahdafglf | A- 823 VPusAfsucdAciAgniag | AUAGUUCAAGUUIUUC | 1267
1565652 | 2894357.1 UfUfucuugugasusa | 2894358.1 agaalfulifgaacusasu UUGUGAUU

A

Al- A 380 asgsuuc{Ahdjagifty | A- 824 VPusdAsucdAcdAagaa | AUAGUUCAAGUUUUC | 1268
1565653 | 28843591 fUfucuugugasusa 2894360.1 dAaCfuugaacusasy UUGUGAUU

1

AD- A- 381 gsusuca{Ahd)Gfullf | A- 825 VPusAfsaudCa{C2plaa | UAGUUCAAGUUUUC | 1269
1565780 | 2894361.1 UfUfcuugugaususa | 2894563.1 gaaaAfcUfugaacsusa UUGUGALIUU

A

AD- A- 382 gsusuca{AhdiGiulif | A- 816 VPusAfsadTe{Agnicaa | BAGUUCAAGUULUC 1270
1565654 | 2894361.1 UfUfcuugugaususa | 2894362.1 gaaaAfcUfugaacsusa UUGUGAUUY

A

AD- A- 383 ususcaag{Uhdjulf | A- 827 VPusAfsaadTol{Agnica | AGUUCAAGUUUUCY | 1271
1565655 | 28943631 UfCluugugauususa | 28943641 agaaAfalfuugaascsu UGHGAUUUG

A

AD- A 384 uscsaag{UhdjUfulf | A- 828 VPusCisaadAu{C2plac | GUUCAAGUULUCUU 1272
1565781 | 2884365.1 Cffugugauuusgsa | 2894564.1 aaganfasfcuugasasc GUGABUUGG

1

AD- A- 385 uscsaag{UhdiUfullf | A- 8298 VPusClsadaa(Tgnicac | GUUCAAGUUUUCUL | 1273
1565656 | 2894365.1 CfUfugugauuusgsa 2894366.1 aagahfaifcuugasasc GUGAUUUGG

A
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AD- A- 386 uscsaag{UhdjUfulf | A- 230 VPusCfsaaadTolAgnic | GUUCAAGUUUUCUU | 1274
1565657 | 28943651 Cflfugugauuusgsa 2894367.1 aagaAfasfcuugasasc GUGALUUGG

A

AD- A 387 uscsaag{UhdiuuifC | A- 831 VPusdCsaadAudCacaa | GUUCAAGUULUCUY 1275
1565658 | 28843638.1 fUfugugauuusgsa 2894368.1 dGaAfaacuugasasc GUGAUUUGE

A

AD- A- 338 csasagu{UhdiuuCiy | A- 832 VPusdCscadAadTeaca | UUCAAGUUUUCUUG | 1276
1565659 | 2894370.1 fUfgugauuugsgsa 2894371.1 dAghfaaacuugsasa UGAUUUGGES

A

AD- A- 389 asasguu{UhdjucUf | A- 833 VPusdCscedAadAucac | UCAAGLUULCUUGY 1277
1565660 | 28943721 UfGfugauuuggsgsa | 2894373.1 dAaGfaaaacuusgsa GAUUUGEGESE

A

AD- A- 330 usgsaaa{AhdjCfcAf | A- 234 VPusUfsgedAa{G2plag | CCUGAAAACCALIUGE | 1278
1565732 | 28945651 UfUfgcucuugesasa 2894566.1 caauGfgUfuuucasgsg UCUUGCAL

A

AD- A~ 391 gsasaaaf{ChdiCfalf | A- 835 VPusAfsugdCa{Agnlga | CUGAAAACCAUUGCU | 1279
1565661 | 28843741 UfGfoucuugcasusa 28943751 geaalfgGfuuuucsasg CUUGCAUG

1

AD- A- 392 gsasaaa({Chdicallfu | A- 836 VPusdAsugdCadAgage | CUGAAAACCAUUGCYU | 1280
1565662 | 2894376.1 fGfcucuugrasusa 2894377.1 dAallfgguuuucsasg CUUGCAUG

A

AD- A- 393 asasaac{Chd)AfuUf | A- 837 VPusClsaudGe{Agnlag | UGAAAACCALUGCUC | 1281
1565663 | 28943781 GfCfucuugcausgsa 2894379.1 ageaAfuGiguuuuscsa UUGCAUGU

A

AD- A- 3%4 asasaac{ChdjaulfG | A- 238 VPusdCsaudGedAagag | UGAAAACCAUUGCUC | 1282
1565664 | 2894380.1 fCfucuugcausgsa 2894381.1 dCaAfugguuuuscsa UUGCAUGU

A

AD- A 385 asasacc{Ahd}UfuGt | A- 839 VPusAfscadig{Clplaa | GAARACCAUUGCUCH | 1283
1565783 | 2884332.1 Cfifcuugcaugsusa 2894567.1 gagcAfallfgguuususe UGCAUGUY

1

AD- A- 396 asasacc{Ahd}UfuGt | A- 840 VPusAfscaudGe{Agnla | GAAAACCAUUGCUCY | 1284
1565665 | 2894382.1 CfUfcuugcaugsusa 2894383.1 gagcAfallfgzuuususe UGCAUGUU

A

WED (US) 56869076v |

Page 219 of 2758

219



PCT/US2022/035266

WO 2023/278406

Attomey Docket No. A108868 1490W( (ALN-407W0)

AD- A- 397 asascca{UhdiUfgCt | A- 28413 VPusAfsacdAu{G2plca | AAMACCAUUGCUCUY | 1285
1565734 | 2894568.1 UfCluugcaugususa 2894569.1 agagliaAfugguususuy GCAUGUUA

A

Al- A 388 ascscau{Uhd)GfcUf | A- 842 VPusUfsaadCa{Tenige | ARACCAUUGCUCUUG | 12586
1565666 | 2884384.1 Cfufugeauguusasa 28943851 aagaGicAfauggususu CAUGUUAC

A

AD- A- 399 csesauug{ChdjuCiu | A- 843 VPusGisuadAc{Agniug | AACCAUUGCUCUUGC | 1287
1565667 | 2894386.1 fUfgcauguuascsa 2894387.1 caaghfgCiaauggsusu AUGUUACA

A

AD- A- 400 csasuug{Chd)UfcUf | A- 844 vPusUfsgudAa{CZplau | ACCAUUGCUCUUGCA | 1288
1565785 | 2894388.1 UfGfcauguuacsasa 2894570.1 gcaaGiaGicaaugsgsu UGUUACAU

A

AD- A- 401 csasuug{Chd)UfcUf | A- 845 VPustifsgdTa{Agnicau | ACCAUUGCUCUUGCA | 1289
15656638 | 2894388.1 UfGfcauguuacsasa 2894389.1 geaaGfaGicaaugsgsu UGHUACAU

A

AD- A 402 asusugc{UhdjculUfG | A- 846 VPusdAsugdTadAcaug | CCAUUGCUCUUGCAL | 1290
1565669 | 2884390.1 fCfauguuacasusa 2894391.1 dCaAfgagcaausgsg GUUACAUG

1

AD- A- 403 ususgeu{ChdjuuGiC | A- 847 VPusdCsaudGudaacau | CAUUGCUCUUGCAUG | 1291
1565670 | 28943%2.1 fafuguuacausgsa 2894393.1 dGeAfagagcaasusg UUACAUGG

A

AD- A- 404 ususgeu{ChdiufuGf | A- 843 VPusCsaughfaAfCiay | CAULGCUCUUGCAUG | 1292
1565860 | 2894685.1 Cfafuguuacausgsa 1804746.1 geAfaGfageaasusg UUACAUGG

A

AD- A- 405 ususgea{ChduuGiC | A- 249 VPusdCsaudGudAacau | CAUUGCUCUUGCAUG | 1293
1565861 | 2894686.1 fAafuguuacausgsa 28946387.1 dGcAfagugcaasusg UUACAUGG

A

AD- A 406 ususggu{ChdiuuGfC | A- 850 VPusdCsaudGudAacau | CABUGCUCUUGCAUG | 1294
1565862 | 2884633.1 fAfuguuacausgsa 2894683.1 dGcAfagaccaasusg UUACAUGG

1

AD- A- 407 ususccu{ChdjuuGiC | A- 851 VPusdCsaudGudaacau | CAUUGCUCUUGCAUG | 1295
1565863 | 2894650.1 fafuguuacausgsa 2894691.1 dGeAfagaggaasusg UUACAUGG

A

WED (US) 56869076v |

Page 220 of 2758

220



PCT/US2022/035266

WO 2023/278406

Attomey Docket No. A108868 1490W( (ALN-407W0)

AD- A- 408 ususgeu{Cha)ifudG | A- 852 VPusdCsaudGudAacau | CAUUGCUCUUGCAUG | 1296
1565864 | 2894692.1 cdAlUfguuacausgsa | 28943931 dGcAfagagraasusg UUACAUGG

A

AD- A 4089 ususgeu{ChdjUfuGi | A- 853 VPusCisaudGuiAgnjac | CAUUGCUCUUGCAUG | 1297
1565866 | 2884685.1 Cfafuguuacausgsa 28946951 augcAfaGfageaasusg UUACAUGES

A

AD- A- 410 ususgeu{ChdjuuGiC | A- 854 VPusdCsaudGudaacau | CAUUGCUCUUGCAUG | 1298
1565670 | 28943921 fafuguuacausgsa 2894393.1 dGeAfagagcaasusg UUACAUGG

.2

AD- A- 411 usgscuc{UhdiufeCf | A- 855 VPusCscadTg{Tgnjaac | AUUGCUCUYUGCAUGYH | 1299
1565671 | 28943941 AfUfguuacaugsgsa 28943985.1 augCfaAfgagrasasu UACAUGGU

A

AD- A- 412 gsesucu{Uhd)GICEA | A- 856 VPusdCsaudGudaacau | UUGCUCUUGCAUGY | 1300
1565865 | 28946931 fuguuacausgsa 28946941 dGeAfagagesgsg UACALGG

A

AD- A 413 gacsucu{Uhd)GicAf | A- 857 VPusAfsecdAu{G2piua | UUGCUCUUGCAUGY 1301
1565786 | 28845711 UfGfuuacauggsusa | 2894572.1 acauGicAfagagesasa UACAUGGUU

1

AD- A- 414 csuscuug{ChdjalfG | A- 858 VPusAfsacdCa{Tenjgu | UGCUCUUGCAUGUUA | 1302
1565672 | 28943%6.1 fUfuacauggususa 2894397.1 aacallfigCfaagagscsa CAUGGUUA

A

AD- A- 415 csuscuug{ChdjalfG | A- 859 VPusdAsacdCadTguaa | UGCUCUUGCAUGUUA | 1303
1565673 | 28943%96.1 fUfuacauggususa 2894398.1 dCalfgcaagagscsa CAUGGUUA

A

AD- A- 416 uscsuug{Chad)afuGf | A- 2860 VPusUfsaadCoiagniug | GCUCUUGCAUGUUAC | 1304
1565674 | 2894399.1 Uflfacaugguusasa 2894400.1 uaacAfuGfcaagasgse ALGGUUAC

A

AD- A~ 417 csusugc{Ahd)UfgUf | A- 861 VPusGisuadAciC2plan | CUCUUGCAUGUUACA | 1305
1565787 | 1577564.1 UfAfcaugguuasesa 2894573.1 sguaalfalifgraagsasg UGGUUACC

1

AD- A- 418 csusugc{AhdjUfgUf | A- 862 VPusGisuaadCe{Agniu | CUCUUGCAUGUUACA | 1306
1565675 | 15775641 UfAfcaugguuascsa 2894401.1 guaalfalifgcaagsasg UGGUUACC

A
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AD- A- 419 ususgca{Uhd)Gfulf | A- 863 VPusGisgudAa{C2plca | UCUUGCAUGUUACALL | 1307
1565788 | 1577566.1 AfCfaugguuacscsa 28945741 uguaAfcAfugcaasgsa GGUUACCA

A

Al- A~ 420 ususgca{UhdIGFuUf | A- 864 VPusGisgdTa{Agnicca | UCUUGCAUGUUACAY | 1308
1565676 | 15775661 AfCfaugguuacscsa 2894402.1 uguaAfcAfugeaasgsa GGUUACCA

A

AD- A- 421 ususgea{UhdguUfA | A- 865 VPusdGsgudAadCeaug | UCUUGCAUGUUACAU | 1309
1565677 | 2894403.1 fCfaugguuacscsa 28944041 dTaAfcaugeaasgsa GGUUACCA

A

AD- A- 422 usgscaug{UhdiuAfC | A- 866 VPusUfsggdTalAgnice | CUUGCAUGUUACAUG | 1310
1565678 | 28944051 fafugguuacesasa 2894406.1 auguAfaCfaugrasasg GUUACCAC

A

AD- A- 423 gscsaug({UhdiUfall | A- 867 VPusGsugdGuiAgnlac | UUGCAUGUUACAUG | 1311
1565679 | 1577580.1 AfUfgzuuaccasesa 2894407.1 cauglifasfcaugosasa GUUACCACA

A

AD- A 424 gacsaug{Uhdjualfa | A- 868 VPusdGaugdGudAacca | UUGCAUGUUACALUG 1312
1565680 | 2884408.1 fUfgguuaccascsa 2894408.1 dTgtifaacaugcsasa GUUACCACA

1

AD- A- 425 csasugu{Uhd)Afcaf | A- 869 VPusUfsgudGe{Tgnlaa | UGCAUGUUACAUGG | 1313
1565681 | 2894410.1 UfGtguuaccacsasa 2894411.1 ccauGfuhfacaugscsa UUACCACAA

A

AD- A- 476 asusguu{And)Clalf | A- 870 vPusUfsugdTe({GZplua | GCAUGUUACAUGGU | 1314
1565788 | 28945751 GfGfuuaccacasasa 2894576.1 accalifgUfaacausgsc UACCACAAG

A

AD- A- 427 usgsuua{Chd)AfuGt | A- 871 VPusCfsuudGu{G2plg | CAUGUUACAUGGUUA | 1315
1565790 | 2894577.1 GfUfuaccacaasgsa 2894578.1 uaaccAfuGfuaacasusg | CCACAAGC

A

AD- A 428 csusceu{ChdjugGRCE | A- 872 VPusdTsucdGadTgrug | AGCUCCUCUGGCCAG | 1316
1565682 | 28844121 Cfagcaucgasasa 28944131 dGeCfagaggagscsu CAUCGAAU

1

AD- A- 429 asusaual Ahd)GiuAf | A- 873 VPusUfsaadAu{G2Zpica | GAAUAUAAGUAAGAL | 1317
1565791 | 2894579.1 AfGfaugcauuusasa 2894580.1 ucuuAfclHuauasususc GCAUUUAC

A
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AD- A- 43¢ usasuaag{ihd}aAfG | A- a74 VPusdGsuadAadTgeau | AAUAUAAGUAAGAUG | 1318
1565683 | 28944141 fafugcauuuascsa 2894415.1 dCullfacuuauasusu CAUUUACY

A

Al- A 431 asusaag{Uhd}aaGfA | A- 875 VPusdAsgudAadAugra | AUAUAAGUAAGAUGC | 1319
1565684 | 28844161 fUfgeauuuacsusa 28944171 dTeUfuacuuausasu AUUUACUA

A

AD- A- 432 usasagu{Ahdlaghfly | A- 876 VPusdTsagdTadAauge | UAUAAGUAAGAUGCA | 1320
1565685 | 2854418.1 fGfcauuuacusasa 2894419.1 dAuCfuuacuuasusa ULUACUAC

A

AD- A- 433 asasgua{Ahd)Gfalf | A- 877 VPusGisuagUfaAfAfug | AUAAGUAAGAUGCAL | 1321
1565867 | 2894420.1 GfCfauuuacuascsa 1804826.1 callfcUfuacuusasu UUACUACA

A

AD- A- 434 asasgua{AhdiGfalf | A- 878 VPusdGsuadGudaaau | AUAAGUAAGAUGCAU | 1322
1565868 | 28944201 GfCfauuuacuascsa 2894696.1 gadCallfcuuacuusgsu UUACUACA

A

Al- A~ 435 asasgualAhd)Glalf | A- 879 VPusGisuadGuiAgniaa | AUAAGUAAGAUGCAU | 1373
1565869 | 28844201 GfCfauuuacuascsa 2894697.1 ugeallfcfuacuusgsy UUACUACA

1

AD- A- 436 asasgualAhdiGlallf | A- 880 VPusGisuadGuiAZpla | AUAAGUAAGAUGCAL | 1324
1565870 | 2894420.1 GfCfauuuacuascsa 2894698.1 augcalfcUfuacuusgsu | UUACUACA

A

AD- A- 437 asasgua{AhdigallfG | A- 881 VPusGisuadGul{Agnjaa | AUAAGUAAGAUGCAL | 1325
1565871 | 28944221 fCfauuuacuascsa 2894697.1 ugcalifclUfuacuusgsy UUACUACA

A

AD- A- 438 asasgua{AhdigadTg | A- 282 VPusdGsuadGui{Agnla | AUAAGUAAGAUGCAL | 1326
1565872 | 2894699.1 CidAuuuacuascsa 2894700.1 augdCallicUfuacuusgs | UUACUACA

A u

AD- A~ 439 asasgua{AhdigalUiG | A- 883 VPusdGsuadGuiAgnla | AUAAGUAAGAUGCAU | 1327
1565873 | 28844221 fCfauuuacuascsa 2894700.1 augdCalfcUfuacuusgs | UUACUACA

g [t

AD- A- 440 asasguu{Ahd)galfG | A- 884 VPusGisuadGuiAgnjaa | AUAAGUAAGAUGCAL | 1328
1565874 | 2894701.1 fCfauuuacuascsa 2894702.1 ugcalifclUfaacuusgsu UUACUACA

A
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AD- A- 441 asasgaa{AhdigalfG | A- 245 VPusGfsuadGulAgniaa | AUAAGUAAGAUGCAL | 1329
1565875 | 28947031 fCfauuuacuasesa 2894704.1 ugcallfcllfuucuusgsu UUACUACA

A

AD- A~ 442 asascua{Ahd)gallfG | A- 886 VPusGisuadGuiAgniaa | AUAAGUAAGAUGCAL | 1330
1565876 | 28847051 fCfauuuacuascsa 2894706.1 ugeallfcUfuaguusgsu UUACUACA

A

AD- A- 443 asasgualAhdiGlallf | A- 887 VPusGisuadGuiAgnjaa | AUAAGUAAGAUGCALU | 1331
1565686 | 2894420.1 GfCfauuuacuascsa 2894421.1 ugcalfclfuacuusasu UUACUACA

A

AD- A- 444 asasgua{AhdigallfG | A- 833 VPusdGsuadGudAaau | AUAAGUAAGAUGCAL | 1332
1565687 | 28944221 fCfauuuacuascsa 28944231 gdCallfcuuacuusasy UUACUACA

A

AD- A- 445 asgsuaag{AhdjuGiC | A- 889 VPusUfsgudAg{Tgnlas | UAAGUAAGAUGCAUY | 1333
1565688 | 28944241 fAafuuuacuacsasa 2894425.1 augcAfuCfuuacususa UACUACAG

A

Al- A~ 446 gsusaag{And}UIGIC | A- 830 VPusGisuadGuiAgniaa | AAGUAAGAUGCAUUY | 1334
1565877 | 2884707 .1 fauuuacuascsa 2894708.1 ugcallfcUfuacsusu ACUACA

1

AD- A- 447 ususggeiUhd)UicUf | A- 891 VPusUfscudGalAgnige | AGUUGGCUUCUAAL | 1335
1565689 | 2894426.1 Afafugcuucagsasa 2894427.1 auuaGfaAfgrcaascsu GLUUCAGAU

A

AD- A- 448 csusucu{AhdiafuGt | A- 892 VPusUfscudAu{CZplug | GGCUUCUAALGCUUC | 1336
1565792 | 28944281 CfUfucagauagsasa 2894581.1 aagcAfulfagaagscsc AGAUAGAA

A

AD- A- 449 csusucu{AhdiafuGt | A- 893 VPusUfscdTalTgnjcug | GGCUUCUAAUGCUUC | 1337
1565690 | 2894428.1 Cflfucagauagsasa 2894429.1 aagchfullfagaagscse AGALUAGAA

A

AD- A 450 csusucu{Ahd)AfuG) | A- 8924 VPusUfscuadTelTenlg | GGCUUCUAAUGCUUC | 13358
1565691 | 28844231 Cfilfucagauagsasa 2894430.1 aagcAfullfagaagsese AGAUAGAA

1
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Table 28. Exemplary Human MYOC siRNA Unmodified Single Strands and Duplex Sequences

Column 1 indicates duplex name; the number following the decimal point in a duplex name merely refers to a batch production

number. Column 2 indicates the sense sequence name. Column 3 indicates the sequence 1D for the sequence of column 4. Column 4

provides the unmodified sequence of a sense strand suitable for use in a duplex described herein. Column 5 provides the position in

the target mRNA (NM_000261 2} of the sense strand of Column 4. Column 6 indicates the antisense sequence name. Column 7

indicates the sequence 1 for the sequence of column 8. Column 8 provides the sequence of an antisense strand suitable foruse ina

duplex described herein, without specifying chemical medifications. Column 9 indicates the position in the target mRNA

(NM_000261.2) that 1s complementary to the antisense strand of Column 8.

Duplex Sense Seq iD Sense sequence {5'- mRNA target Antisense | SeqID N{: | antisense sequence | mRNA target

Name sequence | NO: 3 range in sequence | {antisense} | {5’-3") range in
name {sensea} NM_000261.2 | name MNM_000261.2

AD- A- 1338 CUCUCAGCACAGCAG | 28-49 A- 1783 UVAAGCTCUGLUGUG | 27-49

15654441 | 2893865.1 AGCUUA 2893966.1 CUGAGAGGU

AD- A- 1340 CUCUCAGCACAGCAG | 29-49 A~ 1784 UAAGCTCTGCUGUG | 27-49

1565445.1 | 2893965.1 AGCUUA 28939671 CUGAGAGGU

AD- A- 1341 CUCUCAGCACAGCAG | 2948 A- 1785 UAAGCUCUGCUGY | 27-48

1565692.1 | 2893965.1 AGCUUA 28944311 GCUGAGAGGU

AD- A- 1342 UCUCAGCACAGCAGA | 3050 A- 1786 UAAAGCTCUGCUGY | 2850

1565446.1 | 2893568.1 GCUUUA 2893969.1 GCUGAGAGG

AD- A- 1343 CAGCAGAGCUBUCCA | 38-58 A- 1787 VUCCTCTGGAAAGL | 36-58

1565447.1 | 2893870.1 GAGGAA 289359711 UCUGCUGUG

AD- A- 1344 AAUGAGGUUCUUCY | 77-97 A- 1788 UGUGCACAGAAGAA | 75-97

1565448.1 | 28935721 GUGCACA 28939731 CCUCAUUGC

AD- A- 1345 AAUGAGGUUCUUCY | 77-87 A- 173% UGUGCACAGAAGAA | 75-87

1565693.1 | 2893572.1 GUGCACA 28944321 CCUCAUUGC

AD- A- 1346 AUGAGGUUCUUCUG | 78-88 A- 1790 UCGUGCACAGAAGA | 76-98

1565445.1 | 2893974.1 UGCACGA 2893975.1 ACCUCAUUG

AD- A- 1347 UGAGGUUCUUCUGY | 79-99 A- 1791 UVACGUGCACAGAAG | 77-99

1565450.1 | 2893876.1 GCACGUA 28938977.1 AACCUCAUU
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AD- A 1348 UGAGGUUCULICUGY | 78-99 A~ 1792 UACGTGCACAGAAG | 77-98
1565694.1 | 28939746.1 GCACGUA 2894433.1 AACCUCAUU
AD- A- 1349 GAGGUUCUUCUGUG | 80-100 A- 1793 UAACGUGCACAGAA | 78-100
1565695.1 | 2894434.1 CACGUUA 2894435.1 GAACCUCAU
AD- A- 1350 AGGUUCUUCUGUGEC | 81-101 A- 1794 UCAACGUGCACAGA | 79-101
131831755 | 20588741 ACGUUGA 1801665.1 AGAACCUCA
AD- A- 1351 AGGUUCUUCUGUGC | 81-101 A 1795 UCAACGTGCACAGA | 78-101
1565753.1 | 2893573.1 ACGUUGA 2894582.1 AGAACCUCG
AD- A~ 1352 AGGUUCUUCUGUGT | 81-101 A~ 1796 UCAACGTGCACAGA | 78-101
1565795.1 | 2058874.1 ACGUUGA 2894585.1 AGAACCUCG
AD- A- 1353 AGGUUCUUCUGUGC | 81-101 A- 1797 UCAACGTGCACAGA | 79-101
1565796.1 | 2058874.1 ACGUUGA 2894586.1 AGAACCUCG
AD- A- i354 AGGUACULCUGUGT | 81-101 A- 1798 UCAACGTGCACAGA | 79-101
1565797.1 | 2894587 .1 ACGUUGA 2894588.1 AGUACCUCG
AD- A- 1355 AGGAUCUUCUGUGC | 81-101 A 1799 UCAACGTGCACAGA | 78-101
1565758.1 | 2894589.1 ACGUUGA 2894590.1 AGAUCCULG
AD- A~ 1356 AGCUUCUUCUGUGC | 81-101 A~ 1800 UCAACGTGCACAGA | 78-101
1565799.1 | 28945911 ACGUUGA 2894592.1 AGAAGCUCG
AD- A- 1357 AGGUUCUUCUGUGC | 81-101 A- 1801 UCAACGTGCACAGA | 79-101
1565451.1 | 28939781 ACGUUGA 2893979.1 AGAACCUCA
AD- A- 1358 GGUUCULCUGUGLA | 82-102 A- 1802 UGCAACGUGCACAG | 80-102
1565452.1 | 28935880.1 CGUUGCA 2893931.1 AAGAACCUC
AD- A- 1355 GGUUCUUCUGUGCA | 82-102 A 1803 UGCAACGUGCACAG | 80-102
1565656.1 | 2894436.1 CGUUGCA 2894437.1 AAGAACCUC
AD- A~ 1360 GUUCUUCUGUGCAC | 83-101 A~ 1804 UCAACGTGCACAGA | 81-101
1565794.1 | 28945533.1 GUUGA 2894584.1 AGAACCU
AD- A- 1361 GUUCUUCUGUGCAC | 83-103 A- 1805 UAGCAACGUGCACA | 81-103
1565453.1 | 2893982.1 GUUGCUA 2893983.1 GAAGAACCU
AD- A- i362 UUCHUCUGUGCALG | 84-104 A- 1806 UCAGCAACGUGCAL | 82-104
1565454.1 | 2853584.1 UUGCUGA 2893985.1 AGAAGAALCC
AD- A- 1363 UCUUCUGUGCACGY | 85-105 A 1807 UGCAGCAACGUGCA | 83-105
1565455.1 | 28935886.1 UGCUGCA 2893987.1 CAGAAGAAC
AD- A~ 1364 UCUUCUGUGCACGU | 85-105 A~ 1808 UGCAGCAACGUGCA | 83-105
1565456.1 | 2893958.1 UGCUGCA 2893989.1 CAGAAGAAC
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AD- A 1365 CUUCUGUGCACGUL | 86-106 A~ 1809 UUGCAGCAALGUGL | 84-106
1565457.1 | 2893990.1 GCUGCAA 2893991.1 ACAGAAGAA
AD- A- 1366 CUUCUGUGCACGUU | 86-106 A- 1810 UUGCAGCAACGUGC | 84-106
1565697.1 | 2893990.1 GCUGCAA 28944338.1 ACAGAAGAA
AD- A- 1367 UUCUGUGCACGUUG | 87-107 A- 1811 UCUGCAGCAACGUG | 85-107
1565688.1 | 285944391 CUGCAGA 2894440.1 CACAGAAGA
AD- A- 1368 UCUGUGCACGUUGT | 88-108 A 1812 UGCUGCAGCAACGY | 86-108
1565458.1 | 28535892.1 UGCAGCA 2893993.1 GCACAGAAG
AD- A~ 1369 CUGUGCACGUUGCY | 89-103 A~ 1813 UAGCUGCAGCAACG | 87-10%
1565459.1 | 2893994.1 GCAGCUA 2893995.1 UGCACAGAA
AD- A- 1370 CUGUGCACGUUGCU | 89-108 A- 1814 UAGCTGCAGCAALCG | 87-108
1565699.1 | 2893994.1 GCAGCUA 28944411 UGCACAGAA
AD- A- i371 UGUGCACGUUIGCUG | 90-110 A- 1815 UAAGCUGCAGCAAL | 88-11D0
1565700.1 | 2894442 1 CAGCUUA 2894443.1 GUGCACAGA
AD- A- 1372 GUGCACGUUGCUGT | 81111 A 1816 UAAAGCTGCAGCAA | 85-111
1565460.1 | 2893596.1 AGCUUUA 2893997.1 CGUGCACAG
AD- A~ 1373 GCACGUUGCUGCAG | 93-113 A~ 1817 UCCAAAGCUGCAGC | B1-113
1565461.1 | 2893998.1 CUUUGGA 2893999.1 AACGUGCAC
AD- A- 1374 CACGUUGCUGCAGC | 94-114 A- 1818 UCCCAAAGCUGCAG | 92-114
1565462.1 | 28940001 UUUGGGA 2894001.1 CAACGUGCA
AD- A- 1375 GAGAUGCCAGCUGY | 117-137 A- 1819 UAGCTGGACAGCUG | 115-137
1565701.1 | 2894444 1 CCAGCUA 2894445.1 GCAUCUCAG
AD- A- 1376 GAUGCCAGCUGUCCA | 119-139 A 1820 UGCAGCTGGACAGC | 117-139
1565463.1 | 2894002.1 GCUGCA 2894003.1 UGGCAUCUC
AD- A~ 1377 CUGUCCAGCUGCUGC | 127-147 A~ 1821 UCAGAAGCAGCAGC | 125-147
1565464.1 | 2894004.1 UUCUGA 2894005.1 UGGACAGCU
AD- A- 1378 CCAGCUGCUGCUUC | 131-151 A- 1822 UAGGCCAGAAGCAG | 129-151
1565465.1 | 2894006.1 UGGCCUA 2894007.1 CAGCUGGAL
AD- A- i379 CUGGCCUGCCUGGH | 144-164 A- 1823 UUCCCACACCAGGL | 142-164
1565466.1 | 2894008.1 GUGGGAA 2894309.1 AGGCCAGAA
AD- A- 1380 CUGGCCUGCCUGGU | 144-164 A 1824 UUCCCACACCAGGC | 142-164
1565467.1 | 2894008.1 GUGGGAA 2894010.1 AGGCCAGAA
AD- A~ 1381 CUGGCCUGCCUGGY | 144-164 A~ 1825 UUCCCACACCAGGC | 142-164
1565702.1 | 2894008.1 GUGGBGAA 2894446.1 AGGCLAGAA
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AD- A 1382 UGGCCUGCCUGEUG | 145-165 A~ 1826 UAUCCCACACCAGG | 143-165
1565465.1 | 28940111 UGGGAUA 2894012.1 CAGGCLAGA

AD- A- 1383 GCCUGCCUGGUGUG | 147-167 A- 1827 UACATCACACACCA | 145-167
1565469.1 | 2894013.1 UGAUGUA 2894014.1 GGCAGGCCA

AD- A- i384 GCCUGCCUGRUGUG | 147-167 A- 1828 UACATCCCACALCCAG | 145-167
1565703.1 | 2854447 1 GGAUGUA 2894448.1 GCAGGCCA

AD- A- 1385 AGAGUGGCCGAUGC | 205-225 A 1829 UAUACUGGCAUCGG | 203-225
1565704.1 | 2854449.1 CAGUAUA 2894450.1 CCACUCUGG

AD- A~ 1386 AGUGUGGLCAGUCC | 231-251 A~ 1830 UUCATUGGGACUG | 228-251
1565705.1 | 28944511 CAAUGAA 2894452.1 GCCACACUGA

AD- A- 1387 GUGUGGCCAGUCCC | 232-252 A- 1831 UUUCAUTGGGACU | 230-252
1565470.1 | 28940151 AAUGAAA 2894016.1 GGCCACACUG

AD- A- 1388 GUGUGGCCAGUCCL | 232-252 A- 1832 UTUCAUTGGGACUG | 230-252
1565471.1 | 2894015.1 AAUGAAA 2894317.1 GCCACACUG

AD- A- 1385 GCCAGGCCAUGUCAG | 271-291 A 1833 UGATGACUGACAUG | 269-291
1565472.1 | 2894018.1 UCAUCA 2894019.1 GCCUGGCUC

AD- A~ 1390 GCCAGGCCAUGUCAG | 271-291 A~ 1834 UGAUGACTGACALIG | 268-291
1565473.1 | 2894018.1 UCAUCA 28940201 GCLUGGLUC

AD- A- 1391 GCCAGGCCAUGUCAG | 271-281 A- 1835 UGAUGACUGACAU | 269-291
1565706.1 | 28940181 UCAUCA 2894453.1 GGCCUGELUC

AD- A- 1392 GGCCAUGUCAGUCA | 275-285 A- 1836 UUAUGGAUGACUG | 273-285
1565474.1 | 28940211 UCCAUAA 28948322.1 ACAUGGLCUG

AD- A- 1383 GACCUGGAGGCCACC | 327-347 A 1837 UGCUTUGGUGGCL | 325-347
1565707.1 | 2854454.1 AAAGCA 28944551 UCCAGGUCUA

AD- A~ 1394 CUGGAGGCCACCAAA | 330-350 A~ 1838 UCGAGLTUUGGUG | 328-350
1565475.1 | 2894023.1 GCUCGA 2894424.1 GCCUCCAGGU

AD- A- 1395 GAAACCCAAACCAGA | 471-481 A- 1839 UAACTCTCUGGUUY | 469-491
1565476.1 | 28940251 GAGUUA 2894026.1 GGGUUUCCA

AD- A- 13596 CAGCAACCUCCUCCG | 503-523 A- 1840 UUGTCTCGGAGGAG | 501-523
1565477.1 | 28984027.1 AGACAA 2894028.1 GUUGCUGUA

AD- A- 1387 CAGCAACCUCCUCCG | 503-523 A 1841 UUGUCUCGGAGGA | 501-523
1565708.1 | 2894027.1 AGACAA 2894456.1 GGUUGCUGUA

AD- A~ 1398 GCAACCUCCUCCBAG | 505-525 A~ 1842 UCUTGTCUCGGAGG | 503-525
1565473.1 | 2894029.1 ACAAGA 2894430.1 AGGUUGCUG
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AD- A 1399 GCAACCUCCUCCGAG | 505-525 A~ 1843 UCUUGTCTCGGAGG | 503-525
1565479.1 | 2894029.1 ACAAGA 2894031.1 AGGUUGCUG

AD- A- 1400 GCAACCUCCUCCGAG | 505-525 A- 1844 UCUUGUCUCGGAG | b03-525
1565709.1 | 2894028.1 ACAAGA 2894457.1 GAGGUUGCUG

AD- A- 1401 AGACAAGUCAGUUC | 518-538 A- 1845 UCCUCCAGAACTGA | 516-538
1565480.1 | 2894032.1 UGGAGGA 28948333.1 CUUGUCUCG

AD- A- 1402 CAAGUCAGUUCUGG | 521-541 A 1846 UCUUCCTCCAGAAC | 518-541
1565481.1 | 2854034.1 AGGAAGA 2894035.1 UGACUUGUC

AD- A~ 1403 GUCAGUUCUGGBAGG | 524-544 A~ 1847 UUCUCUTCCUCCAG | 522-544
1565482.1 | 2894036.1 AAGAGAA 2894437.1 AACUGACUU

AD- A- 1404 AGAAUCUGGCCAGG | 568-588 A- 1848 UCAACCTCCUGGCC | 566-588
1565483.1 | 28940381 AGGUUGA 2894039.1 AGAUUCUCA

AD- A- 1405 UGGCCAGGAGGUUG | 574-594 A- 1849 UGCTUTCCAACCUCT | 572-594
1565484.1 | 2894040.1 GAAAGCA 2894341.1 UGGCCAGA

AD- A- 1406 UGGCCAGGAGGUUG | 574-594 A 1850 UGCUTUCCAACCUC | 572-594
1565710.1 | 2894040.1 GAAAGCA 2894458.1 CUGGCCAGA

AD- A~ 1407 CAGCCAGGAGGUAG | 596-616 A~ 1851 UGCCTUGCUACCUL | 594-616
1565711.1 | 2894459.1 CAAGGCA 2894460.1 CUGHGCUGCY

AD- A- 1408 UGCCACCAGGCUCCA | 661-681 A- 1852 UUUCTCTGGAGCCU | 659-681
15654851 | 2894042.1 GAGAAA 2894043.1 GGUGGCACA

AD- A- 1409 AAUUUGGACACUUY | 693-713 A- 1853 UAAGGCCAAAGUGU | 691-713
1565486.1 | 28940441 GGCCUUA 2894345.1 CCAAALUCC

AD- A- 1410 AAUUUGGACACUUU | 683-713 A 1854 UAAGGCCAAAGUGU | 681-713
1565712.1 | 2854044.1 GGCCUUA 2894461.1 CCAAAUUCC

AD- A~ 1411 ACACUUUGGECCUUCC | 700-720 A~ 1855 UUUCCUGGAAGECC | 698-720
1565713.1 | 2894462.1 AGGAAA 2894463.1 AAAGUGUCC

AD- A- 1412 CUUUGGCCUUCCAG | 703-723 A- 1856 UCAGTUCCUGGAAG | 701-723
1565487.1 | 2894046.1 GAACUGA 2894047.1 GCCAAAGUG

AD- A- 1413 AGGAACUGAAGUCC | 715-735 A- 1857 UUAGCUCGGACUUC | 713-735
1565714.1 | 2894048.1 GAGCUAA 2894464.1 AGUUCCUGE

AD- A- 1414 AGGAACUGAAGUCC | 715-735 A 1858 UUAGCTCGGACUUC | 713-735
1565488.1 | 2854048.1 GAGCUAA 2894049.1 AGUUCCUGE

AD- A~ 1415 GAAGUCCGAGCUAAC | 722-742 A~ 1859 UCUBUCAGUUAGCUC | 720-742
1565715.1 | 2894465.1 LUGAAGA 2894466.1 GGACUUCAG
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AD- A 1416 GCUAACUGAAGUUC | 731-751 A~ 1860 UAAGCAGGAACUUC | 728-751
1565716.1 | 2894467.1 CUGCUUA 2894468.1 AGUUAGCUC

AD- A- 1417 CUAACUGAAGUUCC | 732-752 A- 1861 UGAAGCAGGAACUUY | 730-752
1565489.1 | 28940501 UGCUUCA 2894051.1 CAGUUAGCYU

AD- A- 1418 GAAGUUCCUGCUUC | 738-758 A- 1862 UAUUCGGGAAGCA | 736-758
1565717.1 | 28944691 CCGAALIA 289447(.1 GGAACUUCAG

AD- A- 1415 GAGAACUAGUUUGE | 814-334 A 1863 UUCCTACCCAAACU | 812-834
1565718.1 | 2894052.1 GUAGGAA 2894471.1 AGUUCUCCA

AD- A~ 1420 GAGAACUAGUUUGG | 814-834 A~ 1864 UUCCUACCCARACH | 812-834
1565490.1 | 2894052.1 GUAGGAA 2894053.1 AGUUCUCCA

AD- A- 1421 ACUAGUUUGGGUAG | 818-838 A- 1865 UGCUCUCCUACCCA | 816-838
15657191 | 2894054.1 GAGAGCA 28944721 AACUAGUUC

AD- A- 1422 ACUAGUULGGEGBUAG | 818-338 A- 1866 UGCTCTCUACCCAAA | 816-837
1565451.1 | 2894054.1 GAGAGCA 2894855.1 CUAGUUC

AD- A- 1423 GGGUAGGAGAGCCU | 826-346 A 1867 UCGUGAGAGGCUC | 824-846
1565720.1 | 2854473.1 CUCACGA 2894474.1 UCCUACCCAA

AD- A~ 1424 GUAGGAGAGCCUCYU | 828-848 A~ 1868 UAGCGUGAGAGGL | 826-848
1565721.1 | 2894475.1 CACGCUA 2894476.1 UCUCCUACCC

AD- A- 1425 GUAGGAGAGCCUCU | 828-848 A- 1869 UAGCGUGAGAGGT | 826-848
1565492.1 | 2894056.1 CACGCUA 2894057.1 UCUCCUACCE

AD- A- 1426 UAGGAGAGCCUCUC | 829-849 A- 1870 UCAGCGTGAGAGGC | 827-849
1565453.1 | 2894058.1 ACGCUGA 28948359.1 UCUCCUACC

AD- A- 1427 AGGAGAGCCUCUCAC | 830-350 A 1871 UUCAGCGUGAGAG | 828-850
1565722.1 | 2894477.1 GCUGAA 2894478.1 GCUCUCCUAC

AD- A~ 1428 GCCUCUCACGLUGAG | 836-856 A~ 1872 UCUGTUCUCAGLGYU | 834-856
1565723.1 | 2894060.1 AACAGA 2894479.1 GAGAGGCUC

AD- A- 1429 GCCUCUCACGCUGAG | 836-856 A- 1873 UCUGUTCUCAGCGU | 834-856
1565494.1 | 2894060.1 AACAGA 2894061.1 GAGAGGCUC

AD- A- 1430 GCCUCUCACGCUGAG | 836-856 A- 1874 UCUGUTCTCAGCGY | 834-856
15654585.1 | 2884060.1 AACAGA 28940362.1 GAGAGGLUC

AD- A- 1431 CACGCUGAGAACAGC | 842-362 A 1875 UUUBCUGCUGUULC | 840-862
1565724.1 | 2894480.1 AGAAAA 2894481.1 UCAGCGUGAG

AD- A~ 1432 ACGCUGAGAACAGCA | 843-863 A~ 1876 UGUUTCTGCUGUUC | 841-863
1565496.1 | 2894063.1 GAAACA 2894064.1 UCAGCGUGA
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Al- A 1433 COCUGAGAACAGCAG | B44-864 A~ i877 UUGUTUCUGCUGY | 842-864
1565725.1 | 2894065.1 AAACAA 28944821 UCUCAGLGUG

AD- A 1434 COCUGAGAACAGCAG | B44-864 A- 1878 UUGTUTCUGCUGUL | 842-864
1565497.1 | 28940651 AAACAA 28840661 CUCAGLCGUG

AD- A- 1435 GCUGAGAACAGCAGA | 845-865 A- 1879 UUUGTUTCUGCUGU | 843-865
1565498.1 | 28940671 AACAAA 28940681 UCUCAGCGY

AD- A- 1436 CUGAGAACAGCAGAA | 846-866 A- 1880 UVAUUGUTUCUGCU | 844-866
1565499.1 | 2894069.1 ACAAUA 2894070.1 GUUCUCAGCG

Al- A 1437 UGAGAACAGCAGAAA | B47-867 A~ 1881 UAAUTGTUUCUGCU | 845-867
1565500.1 | 28940711 CAAUUA 28946721 GUUCUCAGC

AD- A 1438 GAGAACAGCAGAAAL | B48-868 A- 1882 UUAATUGUUUCUG | 845-868
1565726.1 | 28944831 AAUUAA 28844841 CUGUUCUCAG

AD- A- 1439 AGAACAGCAGAMACA | 849-869 A- 1883 UGUAAUTGUUUCE | 847-868
1565501.1 | 2894073.1 AUUACA 28940741 GCUGUUCUCA

AD- A- 1440 AGAACAGCAGAAACA | 845-869 A- 1884 UGUAAUTGUUUCU | 847-869
1565502.1 | 2854075.1 AUUACA 2894076.1 GCUGUUCUCA

Al- A 1441 GAACAGCAGAAACAA | B50-878 A~ 1885 UAGUAATUGUUTCU | B48-878
1565503.1 | 28%4077.1 UUACUA 2894478.1 GCUGUUCUC

AD- A 1442 AACAGCAGAAACAAL | 851-871 A- 1886 UCAGTAAUUGUUUC | 849-871
1565801.1 | 1991726.1 UACUGA 28845851 UGCUGUUCU

AD- A- 1443 AACAGCAGARACAAU | 851-871 A- 1887 UCAGTAAUUGUUUC | 849-871
1565802.1 | 1891726.1 UACUGA 2894586.1 UGCUGUUCY

AD- A- 1444 AACACCAGAAACAAL | 851-871 A 1888 UCAGTAAUUGUTUC | 849-871
1565803.1 | 2894587.1 UACUGA 2894598.1 UGGUGUUCU

Al- A 1445 AACUGCAGAAMACAAL | B51-871 A~ 1889% UCAGTAAUUGUTUC | 848-871
1565804.1 | 2894599.1 UACUGA 289460401 UGCAGUUCY

AD- A 1446 AAGAGCAGAAACAALU | 851-871 A- 1890 UCAGTAAUUGUTUC | 849-871
1565805.1 | 2894601.1 UACUGA 28846021 UGCUCUUCY

AD- A- 1447 AACAGCAGARACAAU | 851-871 A- 1891 UCAGUAALUGUUU | 849-871
10734185 | 1891726.1 UACUGA 1802580.1 CUGCUGUUCY

AD- A- 1448 AACAGCAGAAACAAU | 851-871 A- 1892 UCAGTAAUUGUTUC | 849-871
1565504.1 | 2894079.1 UACUGA 2894080.1 UGCUGUUCY

Al- A 1449 AACAGCAGAAACAAL | B51-871 A~ 1893 UCAGTAAUUGUTUC | 8489-871
1565504.2 | 2894079.1 UACUGA 28940801 UGCUIGUUCU
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AD- A 1450 ACAGCAGAAACAALIYU | 852-872 A~ 1894 UCCAGUAAUUGTUUY | 850-872
1565505.1 | 28940511 ACUGGA 2894082.1 CUGCUGUUC

AD- A- 1451 CAGCAGAAACAAUUA | 853-871 A- 1895 UCAGTAAUUGUTUC | 851-871
1565800.1 | 2894593.1 CUGA 2894594.1 UGCUGUU

AD- A- 1452 CAGCAGAAACAALIUA | 853-873 A- 1896 UGCCAGTAALUGUY | 851-873
1565506.1 | 2894083.1 CUGGCA 2894334.1 UCUGCUGUU

AD- A- 1453 AGCAGAAACAAUUAC | 854-874 A 1897 UUGCCAGUAAUUG | 852-874
1565727.1 | 2894485.1 UGGCAA 2894486.1 UUUCUGCUGU

AD- A~ 1454 GCAGAAACAAUUACL | B55-875 A~ 1898 UUUGCCAGUAAUL | 853-875
1565507.1 | 28940585.1 GGCAAA 2894486.1 GUUUCUGCUG

AD- A- 1455 CAGAAACAAUUACUG | 856-876 A- 1899 UCUUGCCAGUAAU | 854-876
1565728.1 | 15775101 GCAAGA 2894487.1 UGUUBCUGCU

AD- A- 1456 CAGAAACAAUUACUG | 856-876 A- 1800 UCLHUGCCAGUAAL | 854-876
1565508.1 | 15775101 GCAAGA 28943871 UGUUUCUGCU

AD- A- 1457 AGAAACAAUUACUG | 857-877 A 1901 UACUTGACAGUAAU | 855-877
1565500.1 | 2894088.1 UCAAGUA 2894089.1 UGUUUCUGC

AD- A~ 1458 GAAACAAUUACUGG | 858-878 A~ 1902 UUACTUGCCAGUAA | 856-878
1565730.1 | 2894490.1 CAAGUAA 2894491.1 UUGUUUCUG

AD- A- 1459 AAACAAUUACUGGCA | 859-879 A- 1803 UAUACUTGCCAGUA | 857-879
1565510.1 | 2894090.1 AGUAUA 2894091.1 AUUGUUUCY

AD- A- 1460 AACAALUUACUGGCAA | 860-3580 A- 1804 UCAUACTUGCCAGY | 858-830
1565511.1 | 28940921 GUALIGA 28948393.1 AAUUGUULC

AD- A- 1461 AACAAUUACUGGCAA | 860-380 A 1905 UCAUACTUGCCAGU | 858-880
1565512.1 | 2894094.1 GUAUGA 2894005.1 AAUUGUUUC

AD- A~ 1462 GGCAAGUAUGBUGU | 870-830 A~ 1906 UAUCCACACACCAL | 868-85%C
1565731.1 | 2894096.1 GUGGBAUA 2894492.1 ACUUGCCAG

AD- A- 1463 GGCAAGUAUGGBUGU | 870-830 A- 1807 UAUCCACACACCAU | 868-890
1565513.1 | 2894096.1 GUGGAUA 2894097.1 ACUUGCCAG

AD- A- 1464 GGCAAGUAUGGUGU | 870-880 A- 1808 UAUCCACACACCAL | 868-890
1565514.1 | 28584096.1 GUGGAUA 2894898.1 ACUUGCCAG

AD- A- 1465 CAAGUAUGGUGUGY | 872-892 A 1909 UGCATCCACACACCA | 870-892
1565732.1 | 2894099.1 GGAUGCA 2894493.1 UACUUGCC

AD- A~ 1466 CAAGUAUGGUGUGH | 872-892 A~ 1910 UGCAUCCACACACC | 870-892
1565515.1 | 2894099.1 GGAUGCA 28941601 AUACUUGCC
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AD- A 1467 UGAGUAUGACCUCA | 974-9%4 A~ 1911 UGGCTGAUGAGGUC | §72-9%4
1565516.1 | 28941011 UCAGCCA 2894162.1 AUACUCAAA
AD- A- 1468 GAGUAUGACCUCAY | 975-885 A- 1912 UUGGCUGAUGAGG | 973-895
15657331 | 2894494.1 CAGCCAA 2894495.1 UCAUACUCAA
AD- A- 1469 AGUAUGACCUCAUCA | 976-986 A- 1913 UCUGGCTGAUGAGG | 974-996
1565517.1 | 2894163.1 GCCAGA 2894104.1 UCAUACUCA
AD- A- 1470 GUAUGACCUCAUCA | 877-897 A 1914 UACUGGCUGAUGA | 875-997
1565734.1 | 2894105.1 GCCAGUA 2894496.1 GGUCAUACUC
AD- A~ 1471 GUAUGACCUCAUCA | B77-537 A~ 1915 UACUGGCTGAUGAG | B75-597
1565518.1 | 2894105.1 GCCAGUA 2894166.1 GUCAUACUC
AD- A- 1472 UAUGACCUCAUCAGC | 978-888 A- 1916 UAACTGGCUGAUGA | 976-598
15657351 | 2894497 .1 CAGUUA 28944938.1 GGUCAUACY
AD- A- 1473 AUGACCUCAUCAGCC | 979-989 A- 1817 UAAACUGGCUGAY | 977-999
1565736.1 | 2894499 1 AGUUUA 2894504(.1 GAGGUCAUAC
AD- A- 1474 UGACCUCAUCAGCCA | 880-1000 A 1918 UUAAACTGGCUGAU | §78-1000
1565519.1 | 2894107.1 GUUUAA 2894108.1 GAGGUCAUA
AD- A~ 1475 GACCUCAUCAGCCAG | 981-1001 A~ 1919 UAUARACUGGITGA | §79-1001
1565520.1 | 2894109.1 UUUAUA 28941101 UGAGGUCAU
AD- A- 1476 ACCUCAUCAGCCAGY | 982-1002 A- 1920 UCAUAAACUGGCUG | 980-1002
1565521.1 | 28941111 UUAUGA 28941121 AUGAGGUCA
AD- A- 1477 CCUCAUCAGCCAGUL | 983-1003 A- 1821 UGCAUAAACUGGCYU | 981-1003
1244360.3 | 2298063.1 UAUGCA 1803173.1 GAUGAGGUC
AD- A- 1478 CCUCAUCAGCCAGUU | 883-1003 A 1922 UGCATAAACUGGCY | 881-1003
1565522.1 | 2894113.1 UAUGCA 2894114.1 GAUGAGGUC
AD- A~ 1479 CCUCAUCAGCCAGUY | 983-1003 A~ 1923 UGCATAAACUGGCY | 831-1603
1565806.1 | 2298063.1 UALGCA 28946063.1 GAUGAGGUC
AD- A- 1480 CCUCAUCAGCCAGUY | 983-1003 A- 1924 UGCATAAACUGGCY | 981-1003
1565807.1 | 2298063.1 UAUGCA 2894604.1 GAUGAGGUC
AD- A- 1481 CCUCAUCAGCCAGUL | 983-1003 A- 1925 UGCATAAACUGECY | 981-1003
1565808.1 | 2894113.1 UAUGCA 2894605.1 GAUGAGGUC
AD- A- 1482 CCUCAUCAGCCAGUU | 883-1003 A 1926 UGCATAAACUGGCY | 881-1003
1565800.1 | 2894606.1 UAUGCA 2894603.1 GAUGAGGUC
AD- A~ 1483 CCUCAUCAGCCAGUY | 983-1003 A~ 1927 UGCATAAACUGGCY | 831-1603
1565810.1 | 2894607.1 UAUGCA 2894608.1 GAUGAGGUC
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AD- A 1484 CCUCUUCAGCCAGUY | 983-1003 A~ 1928 UGCATAAACUGGCY | 831-1003
1565812.1 | 2894611.1 UAUGCA 2894612.1 GAAGAGGUC
AD- A- 1485 CCUGAUCAGCCAGUU | 983-1003 A- 1929 UGCATAAACUGGCY | 981-1003
1565813.1 | 2894613.1 UAUGCA 2894614.1 GAUCAGGUC
AD- A- 1486 CCACAUCAGCCAGUU | 983-1003 A- 1930 UGCATAAACUGECY | 981-1003
1565814.1 | 2894615.1 UAUGCA 2894616.1 GAUGUGGUC
AD- A- 1487 CCUCAUCAGCCAGUU | 883-1003 A 1931 UGCATAAACUGGCY | 881-1003
1565522.2 | 2894113.1 UAUGCA 2894114.1 GAUGAGGUC
AD- A~ 1488 CUCAUCAGCCAGUUL | 984-1004 A~ 1932 UTGCAUAAACUGGC | 882-1004
1565523.1 | 2894115.1 AUGCAA 2894116.1 UGAUGAGGU
AD- A- 1489 UCAUCAGCCAGUUY | 985-1003 A- 1933 UGCATAAACUGGCY | 983-1003
1565811.1 | 2894609.1 AUGCA 2894610.1 GAUGAGG
AD- A- 1450 UCAUCAGCCAGUUY | 985-1005 A- 1934 UCUGCATAAACUGG | 983-1005
1565524.1 | 28941171 AUGCAGA 2894118.1 CUGAUGAGE
AD- A- 1451 UCAUCAGCCAGUUYU | 985-1005 A 1935 UCUGCATAAACTGG | 883-1005
1565525.1 | 2894119.1 AUGCAGA 2894120.1 CUGAUGAGG
AD- A~ 1492 CAUCAGCCAGUUUA | 986-1006 A~ 1936 UCCUGCAUAAACUG | 984-1006
1565526.1 | 2894121.1 UGCAGGA 2894122.1 GCUGAUGAG
AD- A- 1493 AUCAGCCAGUUUAU | 987-1007 A- 1937 UCCCTGCAUAAACY | 985-1007
1565737.1 | 28941231 GCAGGGA 2894501.1 GGCUGAUGA
AD- A- 1494 AUCAGCCAGUUUAL | 987-1007 A- 1938 UCCCUGCAUAAACY | 985-1007
1565527.1 | 2894123 .1 GCAGGGA 2894124.1 GGCUGALIGA
AD- A- 1485 UCAGCCAGUUUAUG | ©88-1008 A 1939 UGCCCUGCAUAAAC | 886-1008
1565738.1 | 2894502.1 CAGGGCA 2894503.1 UGGCUGAUG
AD- A~ 1496 CAGCCAGUUUAUGC | 989-1009 A~ 1940 UAGCCCTGCAUAAA | 887-1009
15655258.1 | 28941251 AGGGCUA 2894126.1 CUGGCUGAL
AD- A- 1497 AGCCAGUUUAUGCA | 990-1010 A- 1941 UUAGCCCUGCAUAA | 988-1010
15657391 | 28941271 GGGCUAA 2894504.1 ACUGGCUGA
AD- A- 1458 AGCCAGUULALGCA | 990-1010 A- 1942 UUAGCCCTGCAUAA | 988-1010
1565529.1 | 2884127.1 GGGCUAA 2894128.1 ACUGGCUGA
AD- A- 14585 GCCAGUUUAUGCAG | 991-1011 A 1943 UGUAGCCCUGCAUA | 888-1011
1565740.1 | 2894505.1 GGCUACA 2894506.1 AACUGGCUG
AD- A~ 1500 GCCAGUUUAUGCAG | 991-1011 A~ 1944 UGUAGCACUGCAUA | 888-1011
1565530.1 | 2894129.1 UGCUACA 28941301 AACUGGCUG
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AD- A 1501 CCAGUUUAUGCAGG | 992-1012 A~ 1945 UGGUAGCCCUGCAL | 890-1012
1565741.1 | 2894507.1 GCUACCA 2894508.1 AAACUGGCU
AD- A- 1502 CCAGUUUAUGCAGG | 992-1012 A- 1946 UGGUAGACCUGCAL | 990-1012
1565531.1 | 28941311 UCUACCA 28941321 AAACUGGCU
AD- A- i503 UGCAGEGCUACCCY | 10006-1820 A- 1847 UCUHUAGAAGGGTAG | 998-1020
1565532.1 | 28941331 UCUAAGA 2894134.1 CCCUGCAUA
AD- A- 1504 GGGUGCUGUGGUGU | 1052-1072 A 1948 UCCGAGTACACCAC | 1050-1072
1565533.1 | 28041351 ACUCGGA 2894136.1 AGCACCCGU
AD- A~ 1505 GGGUGCUGUGHBUGY | 1052-1072 A~ 1949 UCCGAGTACACCAL | 1050-1072
1565534.1 | 2894137.1 ACUCGGA 2894138.1 AGCACCCGU
AD- A- 1506 GAGCCUCUAUUUCCA | 1073-1093 A- 1850 UCGCCCTGGAAAUA | 1071-1003
15655351 | 2894138.1 GGGLGA 28941401 GAGGCUCCC
AD- A- 1507 GAGCCUCUALUUCCA | 1073-1093 A- 1951 UCGCCCTGGAAAUA | 1071-1093
1565536.1 | 28941411 GGGLGA 2894142.1 GAGGCUCCC
AD- A- 1508 CCUCUAUUUCCAGG | 1076-1096 A 1952 UCAGCGCCCUGGAA | 1674-1096
1565537.1 | 2854143.1 GCGLUGA 2894144.1 AUAGAGGCU
AD- A~ 1509 UUCCAGGGRCGCUGA | 1083-1103 A~ 1953 UCUGGACUCAGCGE | 1081-1103
1565742.1 | 28941451 GUCCAGA 2894509.1 CCUGGAAAU
AD- A- 1510 UUCCAGGGCGCUGA | 1083-1103 A- 1954 UCUGGACUCAGCGC | 1081-1103
1565538.1 | 28941451 GUCCAGA 2894146.1 CCUGGAAAU
AD- A- i511 UUCCAGGRGLGECUGA | 1083-1103 A- 1955 UCUGGACTCAGCGC | 1081-1103
1565539.1 | 28941451 GUCCAGA 2894147.1 CCUGGAAAL
AD- A- 1512 AGGGCGCUGAGUCC | 1087-1107 A 1956 UAGUTCTGGACUCA | 1085-1107
1565540.1 | 2854148.1 AGAACUA 2894149.1 GCGCCCUGE
AD- A~ 1513 GGGLGCUGAGUCCA | 1088-1108 A~ 1957 UCAGTUCUGGACUC | 1086-1108
1565743.1 | 2894150.1 GAACUGA 28945101 AGCGCLCUG
AD- A- 1514 GGGCGCUGAGUCCA | 1088-1108 A- 1958 UCAGUTCUGGACUC | 1086-1108
1565541.1 | 28941501 GAACUGA 28941511 AGCGCLCCUG
AD- A- i515 GGGCGCUGAGUCCA | 1088-1108 A- 195% UCAGTUCUGGACUC | 1086-1108
1565542.1 | 2884152.1 GAACUGA 2894153.1 AGCGCCCUG
AD- A- 1516 GGCGCUGAGUCCAG | 1089-1109 A 1960 UACAGUTCUGGACU | 1087-1109
1565543.1 | 2894154.1 AACUGUA 2894155.1 CAGCGCCCU
AD- A~ 1517 GCOCUGAGUCCAGA | 1090-1110 A~ 1961 UGACAGTUCUGGAL | 1088-1110
1565544.1 | 2894156.1 ACUGUCA 2894157.1 UCAGCGLOC
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AD- A 1518 CGCUGAGUCCAGAAC | 1091-1111 A~ 1962 UUGACAGUUCUGG | 1088-1111
1565744.1 | 28945111 UGUCAA 2894512.1 ACUCAGCGLC
AD- A- 1519 GCUGAGUCCAGAAC | 1092-1112 A- 1963 UAUGACAGUUCUG | 1090-1112
15655451 | 28941581 UGUCAUA 2894159.1 GACUCAGLCGL
AD- A- 1520 CUGAGUCCAGAACY | 1093-1113 A- 1964 UUAUGACAGUUCH | 1091-1113
1565745.1 | 15775521 GUCAUAA 2894513.1 GGACUCAGCG
AD- A- 1521 CUGAGUCCAGAACY | 1093-1113 A 1965 UUATGACAGUUCUG | 1091-1113
1565546.1 | 1577552.1 GUCAUAA 2894160.1 GACUCAGCG
AD- A~ 1522 CUGAGUCCAGAACYU | 1093-1113 A~ 1966 UUAUGACAGUUCH | 1081-1113
1565547.1 | 1577552.1 GUCAUAA 2894161.1 GGACUCAGLS
AD- A- 1523 UGAGUCCAGAACUG | 1094-1114 A- 1967 UUUATGACAGUUCU | 1092-1114
1565548.1 | 2894162.1 UCAUABA 2894163.1 GGACUCAGC
AD- A- i524 GAGUCCAGAACUGH | 1095-1115 A- 1968 UCLHUAUGACAGUL | 1093-1115
1565746.1 | 15775181 CAUAAGA 2894514.1 CUGGACUCAG
AD- A- 1525 GAGUCCAGAACUGU | 1095-1115 A 1969 UCUUAUGACAGTUC | 1093-1115
1565549.1 | 2894164.1 CAUAAGA 2894165.1 UGGACUCAG
AD- A~ 1526 AGUCCAGAACUGUCA | 1096-1116 A~ 1970 UUCUTATGACAGUU | 1084-1116
1565550.1 | 2894166.1 UAAGAA 2894167.1 CUGGACUCA
AD- A- 1527 AGUCCAGAACUGUCA | 1096-1116 A- 1971 UTCUTATGACAGUU | 1094-1116
1565551.1 | 2894168.1 UAAGAA 2894169.1 CUGGACUCA
AD- A- 1528 GUCCAGAACUGUCA | 1097-1117 A- 1872 UAUCUUAUGACAG | 1095-1117
1244365.3 | 23247261 UAAGAUA 1803353.1 UUCUGGACUC
AD- A- 1529 GUCCAGAACUGUCA | 1097-1117 A 1973 UAUCTUAUGACAGY | 1095-1117
1565552.1 | 2894170.1 UAAGAUA 2894171.1 UCUGGACUC
AD- A~ 1530 GUCCAGAACUGUCA | 1097-1117 A~ 1974 UAUCTUAUGACAGU | 1085-1117
1565553.1 | 2894170.1 UAAGAUA 2894172.1 UCUGGACUC
AD- A- 1531 GUCCAGAACUGUCA | 1097-1117 A- 1975 UAUCTUAUGACAGU | 1095-1117
1565815.1 | 28941701 UAAGAUA 2894617.1 UCUGGACUC
AD- A- i532 GUCCAGAACUGUCA | 1097-1117 A- 1976 UAUCTUAUGACAGY | 1095-1117
1565816.1 | 28841701 UAAGAUA 2894618.1 UCUGGACUC
AD- A- 1533 GUCCUGAACUGUCA | 1097-1117 A 1977 UAUCTUAUGACAGY | 1095-1117
1565818.1 | 2894621.1 UAAGAUA 2894622.1 UCAGGACUC
AD- A~ 1534 GUCGAGAACUGUCA | 1097-1117 A~ 1978 UAUCTUAUGACAGU | 1085-1117
1565819.1 | 2894623.1 UAAGAUA 2894624.1 UCUCGACUC
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AD- A 1535 GUGCAGAACUGUCA | 1097-1117 A~ 1979 UAUCTUAUGACAGU | 1085-1117
1565820.1 | 2894625.1 UAAGAUA 2894626.1 UCUGGACUC

AD- A- 1536 GUCCAGAACUGUCA | 1097-1117 A- 19280 UAUCTUAUGACAGU | 1095-1117
1565552.2 | 28941701 UAAGAUA 28941711 UCUGGACUC

AD- A- 1537 GUCCAGAACUGUCA | 1097-1117 A- 1881 UAUCTUAUGACAGY | 1095-1117
1565553.2 | 28941701 UAAGAUA 2894172.1 UCUGGACUC

AD- A- 1538 UCCAGAACUGUCAUA | 1088-1118 A 1982 UUAUCUTAUGACAG | 1096-1118
1565554.1 | 2894173.1 AGAUAA 2894174.1 UUCUGGACU

AD- A~ 1539 CCAGAACUGUCAUAA | 1099-1117 A~ 1983 UAUCTUAUGACAGU | 1087-1117
1565817.1 | 2894619.1 GAUA 2894620.1 UCUGGGLE

AD- A- 1540 CCAGAACUGUCAUAA | 1098-1119 A- 1924 UAUATCTUAUGACA | 1097-1119
1565555.1 | 28941751 GAUAUA 28941761 GUUCUGGAC

AD- A- i541 CAGAACUGUCAUAA | 11086-1120 A- 1885 UCAUAUCUUAUGAL | 1098-1120
1565747.1 | 28941771 GAUAUGA 2894515.1 AGUUCUGGA

AD- A- 1542 CAGAACUGUCAUAA | 1100-1120 A 1986 UCATATCUUAUGAC | 1088-1120
1565556.1 | 2894177.1 GAUAUGA 2894178.1 AGUUCUGGA

AD- A~ 1543 CAGAACUGUCAUAA | 1100-1120 A~ 1987 UCAUAUCUUAUGAC | 1088-1120
1565557.1 | 2894179.1 GAUALUGA 2894180.1 AGUUCUGGA

AD- A- 1544 AGAACUGUCAUAAG | 1103-1121 A- 19288 UUCATATCUUAUGA | 1099-1121
1565558.1 | 28941811 AUAUGAA 2894182.1 CAGUUCUGE

AD- A- 1545 AGAACUGUCAUAAG | 1101-1121 A- 1989 UTCATATCUUATGAC | 1099-1121
1565559.1 | 2894183.1 AUAUGAA 2894184.1 AGUUCUGG

AD- A- 1546 GAACUGUCAUAAGA | 1102-1122 A 1990 UCUCAUAUCUUAL | 1100-1122
1565560.1 | 2894185.1 UAUGAGA 2894186.1 GACAGUUCUG

AD- A~ 1547 AACUGUCAUAAGAY | 1103-1123 A~ 1991 UGCUCATAUCUUAU | 1101-1123
1565561.1 | 28941587.1 AUGAGCA 2894188.1 GACAGUUCY

AD- A- 1548 ACUGUCAUAAGAUA | 1104-1124 A- 1892 UAGCTCAUAUCUUA | 1102-1124
1565562.1 | 2894189.1 UGAGCUA 2894190.1 UGACAGUUC

AD- A- 1549 CUGUICAUAAGAUAL | 11085-1125 A- 1993 UCAGCUCAUALCUY | 1103-11325
1565748.1 | 2884191.1 GAGCUGA 2894516.1 AUGACAGUU

AD- A- 1550 CUGUCAUAAGALAL | 1105-1125 A 1994 UCAGCTCAUAUCUY | 1103-1125
1565563.1 | 28941911 GAGCUGA 2894192.1 AUGACAGUU

AD- A~ 1551 CUGUCAUAAGAUAU | 1105-1125 A~ 1995 UCAGCTCAUAUCUU | 1103-1125
1565564.1 | 28941911 GAGCUGA 2894193.1 AUGACAGULY
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AD- A 1552 UGUCAUAAGAUAUG | 1106-1126 A~ 1996 UUCAGCTCAUAUCY | 1104-1126
1565565.1 | 2894194.1 AGCHUGAA 2894195.1 UAUGACAGU
AD- A- 1553 CAUAAGAUAUGAGC | 1108-1129 A- 1897 UUAUTCAGCUCAUA | 1107-1129
1565566.1 | 2894196.1 UGAAUAA 2894197.1 UCUUAUGAC
AD- A- 1554 CUGAAUACCGAGACA | 1122-1142 A- 1998 UUUCACTGUCUCGE | 1120-1142
1565567.1 | 2894198.1 GUGAAA 2894199.1 UAUUCAGCU
AD- A- 1555 UACCGAGACAGUGA | 1127-1147 A 1999 UCAGCCTUCACUGU | 1125-1147
1565568.1 | 2894200.1 AGGCUGA 2894201.1 CUCGGUAUU
AD- A~ 1556 UACCGAGACAGUGA | 1127-1147 A~ 2000 UCAGCCTUCACTGU | 1125-1147
1565569.1 | 2894202.1 AGGCUGA 2894263.1 CUCGGUAUU
AD- A- 1557 ACAGUGAAGGCUGA | 1134-1154 A- 2001 UUCCTUCUCAGCCY | 1132-1154
15657491 | 2894204.1 GAAGGAA 2894517.1 UCACUGUCU
AD- A- 1558 ACAGUGAAGGCUGA | 1134-1154 A- 2002 UUCCUTCUCAGCCU | 1132-1154
1565576.1 | 2894204.1 GAAGGAA 2894205.1 UCACUGUCU
AD- A- 1559 ACAGUGAAGGCUGA | 1134-1154 A 2003 UUCCUTCTCAGCCY | 1132-1154
1565571.1 | 2894204.1 GAAGGAA 2894206.1 UCACUGUCU
AD- A~ 1560 UGAGAAGGAAAUCC | 1145-1165 A~ 2004 UCUCCAGGGAUUUC | 1143-1165
1565750.1 | 2894518.1 CUGGAGA 2894519.1 CUUCUCAGC
AD- A- 1561 GCCAAAGGUGCCAU | 1266-1286 A- 2005 UAGGACAAUGGCAC | 1264-1286
15655731 | 2894208.1 UGUCCUA 28942101 CUUUGGCCY
AD- A- 1562 CCAAACUGAACCCAG | 1288-1308 A- 2006 UAUUCUCUGGGUY | 1286-1308
1565751.1 | 28942111 AGAALIA 2894520.1 CAGUUUGGAG
AD- A- 1563 CCAAACUGAACCCAG | 1288-1308 A 2007 UAUTCTCUGGGUUC | 1286-1308
1565574.1 | 28942111 AGAAUA 2894212.1 AGUUUGGAG
AD- A~ 1564 COCAMACUGAACCCAG | 1288-1308 A~ 2008 UVAUUCTCTGGGUUC | 1286-1308
1565575.1 | 289472111 AGAAUA 2894213.1 AGUUUGGAG
AD- A- 1565 CAAACUGAACCCAGA | 1288-1309 A- 2009 UGAUTCTCUGGGUU | 1287-1309
1565576.1 | 2894214.1 GAAUCA 28942151 CAGUUUGGA
AD- A- 1566 UCCGUAAGCAGUCA | 1339-1359 A- 2010 UGGCGACUGACUGT | 1337-1359
1565752.1 | 2884216.1 GUCGCCA 2894521.1 UUACGGAUG
AD- A- 1567 UCCGUAAGCAGUCA | 1339-1359 A 2011 UGGCGACUGACUGC | 1337-1355
1565577.1 | 2894216.1 GUCGCCA 2894217.1 UUACGGAUG
AD- A~ 1568 UCCGUAAGCAGULCA | 1338-1359 A~ 2012 UGGCGACTGACUGC | 1337-1359
1565573.1 | 28947216.1 GUCGLCA 2894218.1 UUACGGBAUG

WED (US) 56869076v |

Page 238 of 2758

238



PCT/US2022/035266

WO 2023/278406

Attomey Docket No. A108868 1490W( (ALN-407W0)

AD- A 1569 UCCGUAAGCAGULCA | 1338-1359 A~ 2013 UGGCGACUGALTGC | 1337-1359
1565579.1 | 28947219.1 GUCGLCA 28942201 UUACGGBAUG
AD- A- 1570 UAAGCAGUCAGUCG | 1343-1363 A- 2014 UCAUTGGCGACUGA | 1341-1363
1565753.1 | 28945221 CCAAUGA 2894523.1 CUGCUUALG
AD- A- i571 CAGUCAGUCGCCAAU | 1347-1367 A- 2015 UAAGGCALIUGGCG | 1345-1367
1565580.1 | 28942211 GCCUUA 2894222.1 ACUGACLIGCU
AD- A- 1572 UCAGUCGCCAAUGCC | 1350-1370 A 2016 UAUGAAGGCAUUG | 1348-1370
1565754.1 | 28945241 UUCAUA 2894525.1 GCGACUGACU
AD- A~ 1573 AGUCGCCAAUGCCUY | 1352-1372 A~ 2017 UUGATGAAGGCAUY | 1350-1372
1565581.1 | 2894223.1 CAUCAA 2894224.1 GGLGACUGA
AD- A- 1574 GCCAAUGCCUUCAUC | 1356-1376 A- 2018 UCAGAUGAUGAAG | 1354-1376
1565582.1 | 28942251 AUCUGA 28942261 GCAUUGGCGA
AD- A- 1575 CCUUCAUCAUCUGY | 1363-1383 A- 2019 UGGUGCCACAGALG | 1361-1383
1565755.1 | 2894227 .1 GGCACCA 2894526.1 AUGAAGGCA
AD- A- 1576 CCUBCAUCAUCUGY | 1363-1383 A 2020 UGGUGCCACAGAUG | 1361-1383
1565583.1 | 2804227.1 GGCACCA 2894228.1 AUGAAGGCA
AD- A~ 1577 CUGUGGCACCUUGY | 1373-1393 A~ 2021 UCGGTGTACAAGGY | 1371-1393
1565584.1 | 2894229.1 ACACCGA 28942301 GCCACAGAL
AD- A- 1578 CUACCGUCAACUUUG | 1417-1437 A- 2022 UAUAAGCAAAGUU | 1415-1437
1565756.1 | 28942311 CUUAUA 28945271 GACGGUAGCA
AD- A- 1579 CUACCGUCAACUUUG | 1417-1437 A- 2023 UAUAAGCAAAGUY | 1415-1437
1565585.1 | 28942311 CUUAUA 2894232.1 GACGGUAGCA
AD- A- 1580 UACCGUCAACUUUGC | 1418-1438 A 2024 UCAUAAGCAAAGUY | 1416-1438
10734203 | 19917281 UUAUGA 1806295.1 GACGGUAGC
AD- A~ 1581 UACCGUCAACUUUGT | 1418-1438 A~ 2025 UCAUAAGCAAAGUL | 1416-1438
12443663 | 1991728.1 UUAUGA 1803954.1 GACGGUAGC
AD- A- 1582 UACCGUCAACUUUGT | 1418-14338 A- 2026 UCAUAAGCAAAGUU | 1416-1438
15657571 | 19917281 UUAUGA 2894528.1 GACGGUAGC
AD- A- 1583 UACCGUCAACUUUGC | 1418-1438 A- 2027 UCATAAGCAAAGUY | 1416-1438
1565821.1 | 1981728.1 UUAUGA 2894627.1 GACGGUAGC
AD- A- 1584 UACCGUCAACUUUGC | 1418-1438 A 2028 UCAUAAGCAAAGUY | 1416-1438
1565822.1 | 19917281 UUAUGA 2894628.1 GACGGUAGC
AD- A~ 1585 UACCCUCAACUUUGE | 1418-1438 A~ 2029 UCAUAAGCAAAGUL | 1416-1438
1565824.1 | 2894631.1 UUAUGA 2894632.1 GAGGGUAGC
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AD- A 1586 UACGGUCAACUULUG | 1418-1438 A~ 2030 UCAUAAGCAAAGUU | 1416-1438
1565825.1 | 2894633.1 CUUAUGA 2894634.1 GACCGUAGC

AD- A- 1587 UAGCGUCAACUUUG | 1418-14338 A- 2031 UCAUAAGCAAAGUU | 1416-1438
1565826.1 | 28946351 CUUAUGA 2894636.1 GACGCUAGC

AD- A- 1588 UACCGUCAACUUUGC | 1418-1438 A- 2032 UCAUAAGCARAGUU | 1416-1438
1565757.2 | 19917281 UUAUGA 2894528.1 GACGGUAGC

AD- A- 1585 UACCGUCAACUUUGC | 1418-1438 A 2033 UCAUAAGCAAAGUY | 1416-1438
1565586.1 | 2804233.1 UUAUGA 2894234.1 GACGGUAGC

AD- A~ 1590 ACCGUCAACUULGCY | 1418-1439 A~ 2034 UUCATAAGCAAAGU | 1417-1439
1565587.1 | 2324727 .1 UAUGAA 28942351 UGACGGUAG

AD- A- 1591 ACCGUCAACUUUGCU | 1415-1439 A- 2035 UTCATAAGCAAAGU | 1417-1439
1565588.1 | 2894236.1 UAUGAA 2894237.1 UGACGGBUAG

AD- A- 1592 CCGUCAACULUUGCEY | 1420-1438 A- 2036 UCAUAAGCAARAGUY | 1418-1438
1565823.1 | 2894629.1 UAUGA 2894630.1 GACGGUG

AD- A- 1583 CCGUCAACUUUGCY | 1420-1440 A 2037 UGUCAUAAGCAAAG | 1418-1440
1565589.1 | 28042338.1 UAUGACA 2894239.1 UUGACGGUA

AD- A~ 1594 CGUCAACUUUGCUY | 1421-1441 A~ 2038 UUGUCATAAGCAAA | 1418-1441
1565590.1 | 2894240.1 AUGACAA 2894241.1 GUUGACGGU

AD- A- 1595 GUCAACUUUGCUUA | 1422-1442 A- 2039 UGUGTCAUAAGCAA | 1420-1442
1565591.1 | 28942421 UGACACA 2894243.1 AGUUGACGGE

AD- A- 15596 UCAACUUUGCUUAL | 1423-1443 A- 2040 UUGUGUCAUAAGC | 1421-1443
1565758.1 | 28584244 1 GACACAA 2894529.1 AAAGUUGACG

AD- A- 1557 UCAACUUUGCUUAL | 1423-1443 A 2041 UUGTGTCAUAAGCA | 1421-1443
1565552.1 | 28942441 GACACAA 28942451 AAGUUGACG

AD- A~ 1598 CAACUUUGCUUAUG | 1424-1444 A~ 2042 UCUGTGTCAUAAGC | 1422-1444
1565594.1 | 2894247.1 ACACAGA 2894248.1 AAAGUUGAC

AD- A- 1599 AACUUUGCUUAUGA | 1425-1445 A- 2043 UCCUGUGUCAUAA | 1423-1445
15657591 | 28945301 CACAGGA 2894531.1 GCAAAGUUGA

AD- A- 1600 ACUHUUGCUUAUGAL | 1426-1446 A- 2044 UGCCTGTGUCAUAA | 1424-1446
1565585.1 | 28584249.1 ACAGGCA 2894250.1 GCAAAGULIG

AD- A- 1601 CUVUGCUUAUGACA | 1427-1447 A 2045 UUGCCUGUGUCAU | 1425-1447
1565760.1 | 28945321 CAGGCAA 2894533.1 AAGCAAAGUU

AD- A~ 1602 ACAGGCACAGGUAUC | 1440-1460 A~ 2046 UUUGCUGAUACCY | 1438-1460
1565761.1 | 2894534.1 AGCAAA 2894535.1 GUGCCUGUGY
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Al- A 1603 AUAAGUACAGCAGCA | 1489-1509 A~ 2047 UAAUCATGCUGCUG | 1487-1509
1565596.1 | 28942511 UGAUUA 28942521 UACUUAUAG
AD- A 1604 UAAGUACAGCAGCA 1480-1510 A- 2048 UCAATCAUGCUGCU | 1488-1510
1565597.1 | 28942531 UGAUUGA 28842541 GUACUUAUA
AD- A- 1605 AAGUACAGCAGCAL 1491-1511 A- 2049 UUCAAUCAUGCUGC | 1489-1511
1565762.1 | 28942551 GAUUGAA 2894536.1 UGUACUUAU
AD- A- 1606 AARGUACAGCAGCAU 1491-1511 A- 2050 UUCAATCAUGCUGC | 1489-1511
1565588.1 | 2894255.1 GAUUGAA 2894256.1 UGUACUUAU
Al- A 1607 AAGUACAGCAGCAU 1491-1511 A~ 2051 UUCAATCAUGCUGC | 1488-1511
1565599.1 | 2894255.1 GAUUGAA 28942571 UGUACUUAU
AD- A 1608 AGUACAGCAGCAUG 1492-1512 A- 2052 UGUCAATCAUGCUG | 1480-1512
1565600.1 | 2894258.1 AUUGACA 28842591 CUGUACUUA
AD- A- 1609 AGUACAGCAGCAUG 1492-1512 A- 2053 UGUCAATCAUGLEUG | 1490-1512
1565601.1 | 2894260.1 AUUGACA 2894261.1 CUGUACUUA
AD- A- 1610 GUACAGCAGCAUGA | 1493-1513 A- 2054 UAGUCAAUCAUGCU | 1491-1513
1565602.1 | 2894262.1 UUGACUA 2894263.1 GCUGUACUU
Al- A 1611 GUACAGCAGCALIGA | 1493-1513 A~ 2055 UAGUCAAUCAUGCY | 1481-1513
1565827.1 | 2894637.1 UUGACUA 1804098.1 GCUGUACUU
AD- A 1612 GUACAGCAGCAUGA | 14983-1513 A- 2056 UAGUCAAUCAUGCY | 1491-1513
1565828.1 | 2894262.1 UUGACUA 2884638.1 GCUGUACUY
AD- A- 1613 GUACAGCAGCAUGA 1493-1513 A- 2057 UAGUCAAUCAUGCY | 1491-1513
15658291 | 28942621 UUGACUA 2894639.1 GCUGUACUU
AD- A- i614 GUACAGCAGCAUGA | 1493-1513 A 2058 UAGUCAAUCAUGCU | 1491-1513
1565830.1 | 2894262.1 UUGACUA 2894640.1 GCUGUACUU
Al- A 1615 GUACAGCAGCALIGA | 1493-1513 A~ 2059 UAGUCAAUCAUGECY | 1481-1513
1565831.1 | 2894262.1 UUGACUA 28946411 GCUGUACUU
AD- A 1616 GUACUGCAGCAUGA | 14983-1513 A- 2060 UAGUCAAUCAUGCY | 1491-1513
1565833.1 | 2894644 .1 UUGACUA 28846451 GCAGUACUYU
AD- A- 1617 GUAGAGCAGCAUGA | 1493-1513 A- 2061 UAGUCAAUCAUGCY | 1491-1513
1565834.1 | 28946461 UUGACUA 28946471 GCUCUACUU
AD- A- ie18 GUUCAGCAGCAUGA | 1493-1513 A- 2062 UAGUCAAUCAUGCU | 1491-1513
1565835.1 | 2894648.1 UUGACUA 28946491 GCUGAACUU
Al- A 1619 GUACAGCAGCALIGA | 1493-1513 A~ 2063 UAGUCAAUCAUGCY | 1481-1513
1565602.2 | 2894262.1 UUGACUA 28942631 GCUGUACUU
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AD- A 1620 UACAGCAGCAUGAL | 1494-1514 A~ 2064 UUAGTCAAUCAUGC | 1482-1514
1565603.1 | 28947264.1 UGACUAA 2894265.1 UGCUGUACU

AD- A- i621 ACAGCAGCAUGAUU | 1495-1513 A- 2065 UAGUCAAUCAUGCY | 1493-1513
1565832.1 | 2894642.1 GACUA 2894643.1 GCUGUGL

AD- A- 1622 ACAGCAGCAUGAUU | 1495-1515 A- 2066 UGUAGUCAAUCAL | 1493-1515
1565763.1 | 2884266.1 GACUACA 2894537.1 GCUGCUGUAC

AD- A- 1623 ACAGCAGCAUGAUU | 1485-1515 A 2067 UGUAGTCAAUCAUG | 1493-1515
1565604.1 | 2854266.1 GACUACA 2894267.1 CUGCUGUACL

AD- A~ 1624 ACAGCAGCAUGAUL | 1495-1515 A~ 2068 UGUAGTCAAUCAUG | 1483-1515
1565605.1 | 28947266.1 GACUACA 2894268.1 CUGCUGUAC

AD- A- 1625 CAGCAGCAUGAUUG | 1496-1516 A- 2069 UUGUAGTCAAUCAU | 1494-1516
1565606.1 | 2894269.1 ACUACAA 28942701 GCUGCUGUA

AD- A- 1626 AGCAGCAUGAULIGA | 1497-1517 A- 2070 UUUGTAGUCAAUCA | 1495-1517
1565764.1 | 2894538.1 CUACAAA 2894539.1 UGCUGCUGU

AD- A- 1627 GCAGCAUGAUUGAC | 1498-1518 A 2071 UGUUGUAGUCAAU | 1496-1518
1565607.1 | 28942711 UACAACA 2894272.1 CAUGCUGCUG

AD- A~ 1628 CAGCAUGALUGACY | 1499-1519 A~ 2072 UGGUTGTAGUCAAU | 1487-1519
15656058.1 | 2894273.1 ACAACCA 2894274.1 CAUGCUGCU

AD- A- 1629 GCAUGAUUGACUAC | 1501-1521 A- 2073 UGGGGUTGUAGUC | 1499-1521
1565600.1 | 28942751 AACCCCA 28942761 AAUCAUGCUG

AD- A- 1630 AGCUCHUUGCCUGE | 1531-1551 A- 2074 UGUUGUCCCAGGCA | 1529-1551
1565766.1 | 28842791 GACAACA 289454721 AAGAGCULC

AD- A- 1631 AGCUCUUUGCCUGG | 1531-1551 A 2075 UGUTGTCCCAGGCA | 1529-1551
1565611.1 | 2894279.1 GACAACA 2894280.1 AAGAGCUUC

AD- A~ 1632 GCCUGGGACAACUL | 1539-1559 A~ 2076 UAUGTUCAAGUUG | 1537-1559
1565767.1 | 28942531.1 GAACAUA 2894543.1 UCCCAGGCAA

AD- A- 1633 GCCUGGGACAACUL | 1538-1559 A- 2077 UAUGUTCAAGUUG | 1537-1559
1565612.1 | 28942811 GAACAUA 28942821 UCCCAGGCAA

AD- A- 634 GCCUGGGACAACULY | 1539-1559 A- 2078 UAUGUTCAAGUUG | 1537-1559
1565613.1 | 2884281.1 GAACAUA 2894283.1 UCCCAGGCAA

AD- A- 1635 CUGGGACAACUUGA | 1541-1561 A 2079 UCCATGTUCAAGUU | 1539-1561
1565614.1 | 2894284.1 ACAUGGA 2894285.1 GUCCCAGGC

AD- A~ 1636 UGGGACAACUUGAA | 1542-1562 A~ 2080 UACCAUGUUCAAGY | 1540-1562
15657658.1 | 28945441 CAUGGUA 2894545.1 UGUCCCAGG
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AD- A 1637 GGGACAACUUGAAC | 1543-1563 A~ 2081 UGACCATGUUCAAG | 1541-1563
1565615.1 | 28942586.1 AUGGUCA 2894287.1 UUGUCCCAG
AD- A- 1638 GGGACAACUUGAAC | 1543-1563 A- 2082 UGACCATGUUCAAG | 1541-1563
1565616.1 | 28942881 AUGGUCA 2894289.1 UUGUCCCAG
AD- A- 1639 GGACAACUUGAACA | 1544-1564 A- 2083 UUGACCAUGUUCAA | 1542-1564
1565617.1 | 28942901 UGGUCAA 2894291.1 GUUGUCCCA
AD- A- 1640 GACAACUUGAACAL | 1545-1565 A 2084 UGUGACCAUGUUC | 1543-1565
1565769.1 | 2804292.1 GGUCACA 2894546.1 AAGUUGUCCC
AD- A~ 1641 GACAACUUGAACAL | 1545-1565 A~ 2085 UGUGACCAUIGUUC | 1543-1565
1565618.1 | 2894292.1 GGUCACA 2894293.1 AAGUUGUICCC
AD- A- i642 ACAACUUGAACAUG | 1546-1566 A- 2086 UAGUGACCAUGUL | 1544-1566
15657701 | 28942941 GUCACUA 2894547.1 CAAGUUGUCC
AD- A- 1643 ACAACUUGAACAUG | 1546-1566 A- 2087 UAGTGACCAUGUUC | 1544-1566
1565619.1 | 285842941 GUCACUA 2894295.1 AAGUUGUCC
AD- A- 1644 CAACUUGAACAUGG | 1547-1567 A 2088 UAAGTGACCAUGUU | 1545-1567
1565620.1 | 2894296.1 UCACUUA 2894297.1 CAAGUUGUC
AD- A~ 1645 AACUUGAACAUGGU | 1548-1568 A~ 2089 UUAAGUGACCAUG | 1546-1568
1565771.1 | 2894548.1 CACUUAA 2894549.1 UUCAAGUUGY
AD- A- 1646 ACUUGAACAUGGUC | 1549-1569 A- 2080 UAUAAGTGACCAUG | 1547-1569
1565621.1 | 15775401 ACUUAUA 2894298.1 UUCAAGUUG
AD- A- 1647 CUUGAACAUGGBUCA | 15506-1570 A- 2091 UCAUAAGUGACCAL | 1548-1570
15657721 | 15775081 CUUAUGA 2894550.1 GUUCAAGUU
AD- A- 1648 CUUGAACAUGGUCA | 1550-1570 A 2092 UCAUAAGUGACCAL | 1548-1570
1565836.1 | 1577508.1 CUUAUGA 2894300.1 GUUCAAGUU
AD- A~ 1649 CUUGAACAUGGUCA | 1550-1570 A~ 2093 UCATAAGUGACCAU | 1548-1570
1565837.1 | 1577508.1 CUUAUGA 2894650.1 GUUCAAGUU
AD- A- 1650 CUUGAACAUGGUCA | 1550-1570 A- 2094 UCAUAAGUGACCAU | 1548-1570
1565838.1 | 15775081 CUUAUGA 2894651.1 GUUCAAGUU
AD- A- 1651 CUUGUACAUGGUCA | 1550-1570 A- 2095 UCAUAAGUGACCAL | 1548-1570
1565840.1 | 2894654.1 CUUAUGA 2894655.1 GUACAAGUIU
AD- A- 1652 CUUCAACAUGGUCAC | 1550-1570 A 2096 UCAUAAGUGACCAL | 1548-1570
1565841.1 | 2894656.1 UUAUGA 2894657.1 GUUGAAGUU
AD- A~ 1653 CUAGAACAUGGUCAC | 1550-1570 A~ 2097 UCAUAAGUGACCAU | 1548-1570
1565842.1 | 2894658.1 UUAUGA 2894659.1 GUUCUAGUU
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AD- A 1654 CUUGAACAUGGUCA | 1550-1570 A~ 2098 UCAUAAGUGACCAU | 1548-1570
822899.17 | 1577504.1 CUUAUGA 1577509.1 GUUCAAGUU
AD- A- 1655 CUUGAACAUGGUCA | 1550-1570 A- 2099 UCAUAAGUGACCAU | 1548-1570
15657722 | 15775081 CUUAUGA 2894550.1 GUUCAAGUU
AD- A- 1656 CUUGAACAUGGBUCA | 15506-1570 A- 2100 UCAUAAGUGACCAL | 1548-1570
1565622.1 | 28584299 1 CUUAUGA 289430(.1 GUUCAAGUU
AD- A- 1657 VUGAACAUGGUCAC | 1551-1571 A 2101 UUCATAAGUGACCA | 1549-1571
1565843.1 | 1577562.1 UUAUGAA 2894660.1 UGUUCAAGU
AD- A~ 1658 UUGAACAUGGUCAL | 1551-1571 A~ 2102 UUCATAAGUGACCA | 1548-1571
1565844.1 | 1577562.1 UUAUGAA 2894661.1 UGUUCAAGU
AD- A- 1659 UUGAACAUGGUCAC | 1551-1571 A- 2103 UTCATAAGUGACCA | 1548-1571
15658451 | 15775621 UUAUGAA 2894662.1 UGUUCAAGU
AD- A- 1660 UUGAACAUGGUCAC | 1551-1571 A- 2104 UTCATAAGUGACCA | 1549-1571
1565846.1 | 2894663.1 UUAUGAA 2894662.1 UGUUCAAGU
AD- A- ie6l UUGAUCAUGGUCAC | 1551-1571 A 2105 UUCATAAGUGACCA | 1549-1571
1565848.1 | 2894666.1 UUAUGAA 2894667.1 UGAUCAAGU
AD- A~ 1662 UUGUACAUGGUCAC | 1551-1571 A~ 2106 UUCATAAGUGACCA | 1548-1571
1565849.1 | 2894668.1 UUAUGAA 2894669.1 UGUACAAGU
AD- A- 1663 UUCAACAUGGUCAC | 1551-1571 A- 2107 UUCATAAGUGACCA | 1549-1571
1565850.1 | 2894670.1 UUAUGAA 2894671.1 UGUUGAAGU
AD- A- 1664 UUGAACAUGGUCAC | 1551-1571 A- 2108 UUCAUAAGUGACCA | 1549-1571
822926.4 | 1577562.1 UUAUGAA 1577563.1 UGUUCAAGU
AD- A- 1665 VUGAACAUGGUCAC | 1551-1571 A 2109 UTCATAAGUGACCA | 1548-1571
1565623.1 | 2894301.1 UUAUGAA 2894302.1 UGUUCAAGU
AD- A~ 1666 UGAACAUGGUCACY | 1552-1570 A~ 2110 UCAUAAGUGACCAU | 1550-1570
1565839.1 | 2894652.1 UALGA 2894653.1 GUUCAGG
AD- A- 1667 UGAACAUGGUCACU | 1552-1572 A- 2111 UGUCAUAAGUGACC | 1550-1572
1565624.1 | 2894303.1 UAUGACA 2894304.1 AUGUUCAAG
AD- A- 1668 GAACAUGGUCACUL | 1553-1571 A- 2112 UUCATAAGUGACCA | 1551-1571
1565847.1 | 2894664.1 AUGAA 2894665.1 UGUUCGEG
AD- A- 1665 GAACAUGGUCACUU | 1553-1573 A 2113 UUGUCATAAGUGAC | 1551-1573
1565625.1 | 2894305.1 AUGACAA 2894306.1 CAUGUUCAA
AD- A~ 1670 AACAUGGUCACUUA | 1554-1574 A~ 2114 UAUGTCAUAAGUGA | 1552-1574
1565626.1 | 2894307.1 UGACALA 2894308.1 CCAUGUUCA
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AD- A 1671 ACAUGGUCACUUAL | 1555-1575 A~ 2115 UGAUGUCAUAAGY | 1553-1575
1565773.1 | 2894309.1 GACAUCA 2894551.1 GACCAUGUUC
AD- A- 1672 ACAUGGUCACUUALU | 1555-1575 A- 2116 UGATGTCAUAAGUG | 1553-1575
1565627.1 | 2894308.1 GACAUCA 2894310.1 ACCAUGUUC
AD- A- i673 ACAUGGUCACUUAL | 1555-1575 A- 2117 UGAUGTCAUAAGUG | 1553-1575
1565628.1 | 2894309.1 GACAUCA 2894311.1 ACCAUGUUC
AD- A- 1674 CAUGGUCACUUAUG | 1556-1576 A 2118 UUGATGTCAUAAGU | 1554-1576
1565629.1 | 2894312.1 ACAUCAA 28943131 GACCAUGUU
AD- A~ 1675 AUGGUCACUUAUGA | 1557-1577 A~ 2119 UUUGAUGUCAUAA | 1555-1577
15657741 | 2894552.1 CAUCAAA 2894553.1 GUGACCAUGU
AD- A- 1676 UGGUCACUUAUGAC | 1558-1573 A- 2120 UCUUGATGUCAUAA | 1556-1578
1565630.1 | 2894314.1 AUCAAGA 2894315.1 GUGACCAUG
AD- A- i677 GGUCACUUAUGACA | 1559-1579 A- 2121 UGCUTGAUGUCAUA | 1557-1579
1565631.1 | 2894316.1 UCAAGCA 2894317.1 AGUGACCAL
AD- A- 1678 GUCACUUAUGACAU | 1560-1580 A 2122 UAGCTUGAUGUCAU | 1558-1580
1565775.1 | 2894554.1 CAAGCUA 2894555.1 AAGUGACCA
AD- A~ 1679 GCAGAAGGAGAUGL | 1619-1639 A~ 2123 UCCCTGAGCAUCUC | 1617-1639
1565632.1 | 2894318.1 UCAGGGA 2894319.1 CUUCUGCCA
AD- A- 1680 AAGGGAGAGCCAGCC | 1659-1679 A- 2124 UUGGCUGGRCUGGC | 1657-1679
1565776.1 | 2894556.1 AGCCAA 2894557.1 UCUCCCUUCA
AD- A- i681 GAUGAACAUGGUCA | 1727-1747 A- 2125 UAGATGGUGACCAL | 1725-1747
1565777.1 | 2894558.1 CCAUCUA 2894559.1 GUUCAUCCU
AD- A- 1682 GCAUUUAUGGGAUG | 1816-1836 A 2126 UAUUAAACAUCCCA | 1814-1836
1565634.1 | 28943221 UUUAAUA 2894323.1 UAAAUGCUG
AD- A~ 1683 UGUUUAAUGACAUA | 1828-1848 A~ 2127 UUUGAACUALGUC | 1826-1848
15657731 | 2894324.1 GUUCAMA 2894560.1 AUUAAACAUC
AD- A- 1684 UGUUUAAUGACAUA | 1828-1843 A- 2128 UUUGAACUAUGUC | 1826-1848
1565635.1 | 28943241 GUUCAAA 28943251 AUUAAACAUC
AD- A- 1685 UGUUUAAUGACAUA | 1828-1848 A- 2129 UUUGAACTAUGUCA | 1826-1848
1565636.1 | 2884324.1 GUUCAAA 2894326.1 UUAAACAUC
AD- A- 1686 GUUUAAUGACAUAG | 1829-1849 A 2130 UCUUGAACUAUGU | 1827-1845
1565637.1 | 2894327.1 UUCAAGA 2894328.1 CAUUAAACAU
AD- A~ 1687 GUUUAAUGACAUAG | 1829-1849 A~ 2131 UCUUGAACUALIGL | 1827-1849
15656358.1 | 2894329.1 UUCAAGA 28943301 CAUUAAACAU
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AD- A 1688 UUUAAUGACAUAGYU | 1830-1850 A~ 2132 UACUTGAACUAUGU | 1828-1850
1565639.1 | 2894331.1 UCAAGUA 2894332.1 CAUUAAACA
AD- A- 1689 UUAAUGACAUAGUU | 1831-1851 A- 2133 UAACTUGAACUAUG | 1829-1851
15657791 | 2894561.1 CAAGUUA 2894562.1 UCAUUAAAC
AD- A- 1690 UAAUGACAUAGULC | 1832-1852 A- 2134 UAAACUTGAACUAU | 1830-1852
1565640.1 | 28943331 AAGUULA 2894334.1 GUCAUUAAA
AD- A- 1651 UAAUGACAUAGUUC | 1832-1852 A 2135 UAAACUTGAACTAU | 1830-1852
1565641.1 | 28943351 AAGUUUA 2894336.1 GUCAUUAAA
AD- A~ 1692 AAUGACAUAGUUCA | 1833-1853 A~ 2136 UAAAACTUGAACUA | 1831-1853
1565642.1 | 2894337.1 AGUUUUA 2894338.1 UGUCAUUAA
AD- A- 1693 AAUGACAUAGUUCA | 1833-1853 A- 2137 UAAAACTUGAACUA | 1831-1853
1565643.1 | 2894338.1 AGUUUUA 2894340.1 UGUCAUUAA
AD- A- 1694 AUGACAUAGUUCAA | 1834-1854 A- 2138 UGAAAACUUGAACY | 1832-1854
1565644.1 | 28943411 GUUUUCA 2894342.1 AUGUCAUUA
AD- A- 1685 UGACAUAGUUCAAG | 1835-1855 A 2135 UAGAAAACUUGAAC | 1833-1855
1565645.1 | 2894343.1 UUUUCUA 2894344.1 UAUGUCAUU
AD- A~ 1696 GACAUAGUUCAAGU | 1836-1856 A~ 2140 UAAGAAAACUUGAA | 1834-1856
1565646.1 | 2894345.1 UUUCUUA 2894346.1 CUAUGUCAL
AD- A- 1697 ACAUAGUUCAAGUU | 1837-1857 A- 2141 UCAAGAAAACUUGA | 1835-1857
1565851.1 | 2894672.1 UUCUUGA 1806645.1 ACUAUGUCA
AD- A- 1698 ACAUAGUUCAAGUL | 1837-1857 A- 2142 UCAAGAAAACUTGA | 1835-1857
1565852.1 | 2894347 1 UUCLUGA 2894673.1 ACUAUGUCG
AD- A- 1655 ACAUAGUUCAAGUL | 1837-1857 A 2143 UCAAGAAAACUUGA | 1835-1857
1565853.1 | 2894347.1 UUCUUGA 2894674.1 ACUAUGUCG
AD- A~ 1700 ACAUAGUUCAAGUU | 1837-1857 A~ 2144 UCAAGAAAACUTGA | 1835-1857
1565854.1 | 2894347.1 UUCUUGA 2894675.1 ACUAUGUCG
AD- A- 1701 ACAUUGUUCAAGUU | 1837-1857 A- 2145 UCAAGAAAACUUGA | 1835-1857
1565857.1 | 2894679.1 UUCUUGA 2894680.1 ACAAUGUCG
AD- A- 1702 ACAAAGUUCAAGUL | 1837-1857 A- 2146 UCAAGAAAACULIGA | 1835-1857
1565858.1 | 2894681.1 UUCLUGA 2894682.1 ACULUGUCG
AD- A- 1703 ACUUAGUUCAAGUU | 1837-1857 A 2147 UCAAGAAAACUUGA | 1835-1857
1565859.1 | 2894683.1 UUCUUGA 2894684.1 ACUAAGUCG
AD- A~ 1704 ACAUAGUUCAAGUU | 1837-1857 A~ 2148 UCAAGAAAACUTGA | 1835-1857
1565647.1 | 2894347.1 UUCUUGA 2894348.1 ACUAUGUCA
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AD- A 1705 CAUAGUUCAAGUUL | 1838-1858 A~ 2149 UACAAGAAAACTUG | 1836-1858
1565645.1 | 2894349.1 UCUUGUA 2894350.1 AACUAUGUC

AD- A- 1706 AUVAGUUCAAGUUUU | 1835-1857 A- 2150 UCAAGAAAACUUGA | 1837-1857
1565855.1 | 2894676.1 CUUGA 2894677.1 ACUAUGU

AD- A- 1767 AUAGUUCAAGUUUY | 1839-1857 A- 2151 UCAAGAAAACUTGA | 1837-1857
1565856.1 | 2894676.1 CUUGA 2894678.1 ACUAUGU

AD- A- 1708 AUAGUUCAAGUUUY | 1839-1859 A 2152 UCACAAGAAAACUY | 1837-1855
1565649.1 | 2894351.1 CUUGUGA 2894352.1 GAACUAUGU

AD- A~ 1709 UAGUUCAAGUUUUC | 1840-1860 A~ 2153 UUCACAAGAAAACY | 1838-1860
1565650.1 | 2894353.1 UUGHIGAA 2894354.1 UGAACUAUG

AD- A- 1710 UAGUUCAAGUUUUC | 1840-1860 A- 2154 UTCACAAGAAAACY | 1838-1860
1565651.1 | 28943551 UUGUGAA 2894356.1 UGAACUAUG

AD- A- i711 AGUUCAAGUUUUCH | 1841-1861 A- 2155 UAUCACAAGAAAAC | 1839-1861
1565652.1 | 2894357 1 UGHUGAUA 2894358.1 UUGAACUAU

AD- A- 1712 AGUUCAAGUUUUCU | 1841-1861 A 2156 UAUCACAAGAAAAC | 1839-1861
1565653.1 | 2894359.1 UGUGAUA 2894360.1 UUGAACUAU

AD- A~ 1713 GUUCAAGUUUUCUY | 1842-1862 A~ 2157 UAAUCACAAGAAAA | 1840-1862
1565780.1 | 28943611 GUGAUUA 2894563.1 CUUGAACUA

AD- A- 1714 GUUCAAGUUUUCUU | 1842-1862 A- 2158 UAATCACAAGAAAA | 1840-1862
1565654.1 | 2894361.1 GUGALUA 2894362.1 CUUGAACUA

AD- A- 1715 UUCAAGUUUUCHUG | 1843-1863 A- 2159 UAAATCACAAGAAA | 1841-1863
1565655.1 | 28943631 UGAUUUA 2894364.1 ACUUGAACH

AD- A- 1716 UCAAGUUUUCUUGU | 1844-1864 A 2160 UCAAAUCACAAGAA | 1842-1864
1565781.1 | 2894365.1 GAUUUGA 2894564.1 AACUUGAAL

AD- A~ 1717 UCAAGUUUUCUUGU | 1844-1864 A~ 2161 UCAAATCACAAGAA | 1842-1864
1565656.1 | 2894365.1 GAUUUGA 2894366.1 AACUUGAAC

AD- A- 1718 UCAAGUUUUCUUGU | 1844-1864 A- 2162 UCAAATCACAAGAA | 1842-1864
1565657.1 | 2894365.1 GAUUUGA 2894367.1 AACUGAAC

AD- A- 1719 UCAAGUUUUCULIGY | 1844-1864 A- 2163 UCAAAUCACAAGAA | 1842-1864
1565658.1 | 2894368.1 GAULUGA 2894369.1 AACUUGAAL

AD- A- 1720 CAAGUUUUCUUGUG | 1845-1865 A 2164 UCCAAATCACAAGA | 1843-1865
1565659.1 | 2894370.1 AUUUGGA 2894371.1 AAACUUGAA

AD- A~ 1721 AAGUUUUCUUGUGA | 1846-1866 A~ 2165 UCCCAAAUCACAAG | 1844-1866
1565660.1 | 2894372.1 UUUGGGA 2894373.1 AAAACUUGA
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AD- A 1722 UGAAAACCALIUGCUC | 1897-1917 A~ 2166 UUGCAAGAGCAAUG | 1885-1917
1565782.1 | 2894565.1 UUGCAA 2894566.1 GUUUUCAGG
AD- A- 1723 GAAAACCAUUGCUCU | 1898-1918 A- 2167 UAUGCAAGAGCAAU | 1896-1918
1565661.1 | 2894374.1 UGCAUA 2894375.1 GGUUUUCAG
AD- A- 1724 GAAAACCALUGCUCY | 1898-191¢8 A- 2168 UAUGCAAGAGCAAL | 1896-1918
1565662.1 | 2884376.1 UGCAUA 2894377.1 GGUUUUCAG
AD- A- 1725 ARAACCAUUGCUCUU | 18589-19159 A 2165 UCAUGCAAGAGCAA | 1897-1915
1565663.1 | 2894373.1 GCAUGA 2894379.1 UGGUUUUCA
AD- A~ 1726 AAAACCAUUGCUCUY | 1898-1919 A~ 2170 UCAUGCAAGAGCAA | 1897-1919
1565664.1 | 28943580.1 GCAUGA 2894381.1 UGGUUUUCA
AD- A- 1727 AAACCAUUGCUCUU | 1900-1820 A- 2171 UACATGCAAGAGCA | 1898-1920
15657831 | 28943821 GCAUGUA 2894567.1 AUGGUUUUC
AD- A- 1728 AAACCAUUGCUCULY | 19006-1920 A- 2172 UACAUGCAAGAGCA | 1898-1920
1565665.1 | 2894382.1 GCAUGUA 2894383.1 AUGGUUUUC
AD- A- 1725 AARCCAUUGCUCUUGC | 1801-1921 A 2173 UAACAUGCAAGAGC | 1899-1921
1565784.1 | 28945638.1 AUGUUA 2894569.1 AAUGGULUU
AD- A~ 1730 ACCAUUGCUCUUGCA | 1902-1922 A~ 2174 UUAACATGCAAGAG | 1900-1922
1565666.1 | 28943534.1 UGUUAA 2894385.1 CAAUGGUUU
AD- A- 1731 CCAUUGCUCUUGCA | 1903-1923 A- 2175 UGUAACAUGCAAGA | 1901-1923
1565667.1 | 2894386.1 UGUUACA 2894387.1 GCAAUGGUU
AD- A- i732 CAUUGCUCUUGCAL | 1904-1924 A- 2176 UUGUAACAUGCAAG | 1902-1924
1565785.1 | 2894388.1 GUUACAA 2894570.1 AGCAAUGGU
AD- A- 1733 CAUUGCUCUUGCAU | 1504-1924 A 2177 UUGTAACAUGCAAG | 1802-1924
1565668.1 | 28943838.1 GUUACAA 2894389.1 AGCAAUGGU
AD- A~ 1734 AUUGCUCUUGCAUG | 1905-1925 A~ 2178 UAUGTAACAUGCAA | 1903-1925
1565669.1 | 2894390.1 UUACALUA 2894391.1 GAGCAAUGG
AD- A- 1735 UUGCUCUUGCAUGYU | 1906-1926 A- 2179 UCAUGUAACAUGCA | 1904-1926
1565670.1 | 28943921 UACAUGA 2894393.1 AGAGCAAUG
AD- A- 1736 UUGCUCUUGCAUGY | 1906-1926 A- 2180 UCALUGUAACAUGCA | 1904-1926
1565860.1 | 2894685.1 UACALIGA 1804746.1 AGAGCAAUG
AD- A- 1737 UUGCACUUGCAUGU | 1806-1926 A 2181 UCAUGUAACAUGCA | 1804-1926
1565861.1 | 2894686.1 UACAUGA 2894687.1 AGUGCAAUG
AD- A~ 1738 UUGGUCUUGCAUGY | 1906-1926 A~ 2182 UCAUGUAACAUGCA | 1904-1926
1565862.1 | 28946358.1 UACAUGA 2894689.1 AGACCAAUG
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AD- A 1739 UUCCUCUUGCAUGU | 1906-1926 A~ 2183 UCAUGUAACAUGCA | 1904-1926
1565863.1 | 2894690.1 UACAUGA 2894691.1 AGAGGAAUG

AD- A- 1740 UUGCUCUUGCAUGY | 1906-1926 A- 2184 UCAUGUAACAUGCA | 1904-1926
1565864.1 | 2894692.1 UACAUGA 2894393.1 AGAGCAAUG

AD- A- i741 UUGCUCUUGCAUGY | 1906-1926 A- 2185 UCALGUAACAUGCA | 1904-1926
1565866.1 | 2894685.1 UACALIGA 2894695.1 AGAGCAAUG

AD- A- 1742 VUGCUCUUGCAUGY | 1806-1926 A 2186 UCAUGUAACAUGCA | 1804-1926
1565670.2 | 2894392.1 UACAUGA 2894393.1 AGAGCAAUG

AD- A~ 1743 UGCUCUBUGCAUGUY | 1807-1927 A~ 2187 UCCATGTAACAUGC | 1905-1927
1565671.1 | 2894394.1 ACAUGGA 2894395.1 AAGAGCAAU

AD- A- 1744 GCUCUUGCAUGUUA | 1908-1926 A- 2188 UCAUGUAACAUGCA | 1906-1926
1565865.1 | 2894693.1 CAUGA 2894694.1 AGAGCGG

AD- A- 1745 GCUCUUGCAUGUUA | 1908-1928 A- 2189 UACCAUGUAACAUG | 1906-1928
1565786.1 | 28945711 CAUGGUA 28945721 CAAGAGCAA

AD- A- 1746 CUCUUGCAUGUUAC | 1509-1929 A 2180 UAACCATGUAACAU | 1807-1925
1565672.1 | 2894396.1 AUGGUUA 2894397.1 GCAAGAGCA

AD- A~ 1747 CUCUUGCAUGUUAL | 1909-1929 A~ 2191 UAACCATGUAACAU | 1907-1929
1565673.1 | 2894396.1 AUGGUUA 2894398.1 GCAAGAGCA

AD- A- 1748 UCUUGCAUGUUACA | 1810-1830 A- 2192 UUAACCAUGUAACA | 1908-1930
1565674.1 | 2894399.1 UGGUUAA 2894400.1 UGCAAGAGC

AD- A- 1749 CUUGCAUGUUACAL | 1911-1931 A- 2193 UGUAACCAUGUAAC | 1909-1931
1565787.1 | 1577564.1 GGUUACA 2894573.1 AUGCAAGAG

AD- A- 1750 CUUGCAUGUUACAL | 1911-1931 A 2184 UGUAACCAUGUAAC | 1809-1931
1565675.1 | 1577564.1 GGUUACA 2894401.1 AUGCAAGAG

AD- A~ 1751 UUGCAUGUUACAUG | 1912-1932 A~ 2195 UGGUAACCAUGUAA | 1910-1932
1565788.1 | 1577566.1 GUUACCA 2894574.1 CAUGCAAGA

AD- A- 1752 UUGCAUGUUACAUG | 1912-1932 A- 2196 UGGTAACCAUGUAA | 1910-1932
1565676.1 | 1577566.1 GUUACCA 2894402.1 CAUGCAAGA

AD- A- 1753 UUGCAUGUUACAUG | 1912-1932 A- 2197 UGGUAACCAUGTAA | 1910-1932
1565677.1 | 28584403.1 GUUACCA 2894404.1 CAUGCAAGA

AD- A- 1754 UGCAUGUUACAUGG | 1813-1933 A 2198 UUGGTAACCAUGUA | 1811-1933
1565678.1 | 2894405.1 UUACCAA 2894406.1 ACAUGCAAG

AD- A~ 1755 GCAUGUUACAUGGY | 1914-1934 A~ 2199 UGUGGUAACCAUG | 1912-1934
1565679.1 | 1577580.1 UACCACA 2894467 .1 UAACAUGCAA
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AD- A 1756 GCAUGUUACAUGGY | 1914-1934 A~ 2200 UGUGGUAACCATGU | 1912-1934
1565680.1 | 2894408.1 UACCACA 2894409.1 AACAUGCAA
AD- A- 1757 CAUGUUACAUGGUY | 1915-1935 A- 2301 UUGUGGTAACCAUG | 1913-1835
1565681.1 | 28944101 ACCACAA 28944111 UAACAUGCA
AD- A- 1758 AUGUUACAUGGUUA | 1916-1936 A- 2202 UUUGTGGUAACCAU | 1914-1936
1565789.1 | 28845751 CCACAAA 2894576.1 GUAACAUGC
AD- A- 1755 UGUUACAUGGUUAC | 1817-1937 A 2203 UCUUGUGGUAACC | 1815-1937
1565750.1 | 2894577.1 CACAAGA 2894578.1 AUGUAACAUG
AD- A~ 1760 CUCCUCUGGCCAGCA | 1976-1996 A~ 2204 UTUCGATGCUGGCC | 1974-1996
1565682.1 | 2894412.1 UCGAAA 2894413.1 AGAGGAGCU
AD- A- 1761 AUVAUAAGUAAGAUG | 1995-2015 A- 2205 UUAAAUGCAUCUY | 1993-2015
1565791.1 | 2894579.1 CAUUUAA 2894580.1 ACUUAUAUUC
AD- A- 1762 UAUAAGUAAGAUGE | 1996-2816 A- 2206 UGUAAATGCAUCUY | 1994-2016
1565683.1 | 28944141 AUUUACA 2894415.1 ACUUAUALU
AD- A- 1763 AUAAGUAAGAUGCA | 1887-2017 A 2207 UAGUAAAUGCATCU | 1895-2017
1565684.1 | 28944156.1 UUUACUA 2894417.1 UACUUAUAU
AD- A~ 1764 UAAGUAAGAUGCAL | 1998-2018 A~ 2208 UTAGTAAAUGCAUC | 1986-2018
1565685.1 | 2894418.1 UUACUAA 2894419.1 UUACUUAUA
AD- A- 1765 AAGUAAGAUGCAUU | 1999-2019 A- 2209 UGUAGUAAAUGCA | 1997-2019
1565867.1 | 28944201 UACUACA 1804926.1 UCUUACUUAU
AD- A- 1766 AAGUAAGAUGCAULY | 1999-2819 A- 2210 UGUAGUAAAUGCA | 1997-2019
1565868.1 | 2894420.1 UACUACA 2894696.1 UCUUACUUGU
AD- A- 1767 AAGUAAGAUGCAUL | 1889-2019 A 2211 UGUAGUAAAUGCA | 1897-2015
1565869.1 | 28944201 UACUACA 2894697.1 UCUUACUUGU
AD- A~ 1768 AAGUAAGAUGCAUL | 1998-2019 A~ 2212 UGUAGUAAAUGCA | 1987-2019
1565870.1 | 2894420.1 UACUACA 2894698.1 UCUUACUUGY
AD- A- 1769 AAGUAAGAUGCAUU | 1999-2019 A- 2213 UGUAGUAAAUGCA | 1997-2019
1565871.1 | 28944221 UACUACA 2894697.1 UCUUACUUGU
AD- A- 1776 AAGUAAGATGCAUU | 1999-2819 A- 2214 UGUAGUAAAUGCA | 1997-2019
1565872.1 | 2894699.1 UACUACA 2894700.1 UCUUACUUGU
AD- A- 1771 AAGUAAGAUGCAUL | 1889-2019 A 2215 UGUAGUAAAUGCA | 1897-2015
1565873.1 | 28944221 UACUACA 2894700.1 UCUUACUUGU
AD- A~ 1772 AAGUUAGAUGCAUY | 1998-2019 A~ 2216 UGUAGUAAAUGCA | 1987-2019
1565874.1 | 28947011 UACUACA 289476G2.1 UCUAACUUGU
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AD- A 1773 AAGAAAGALIGCAULY | 1998-2019 A~ 2217 UGUAGUAAAUGCA | 1987-2019
1565875.1 | 2894703.1 UACUACA 2894704.1 UCUUUCUUGY

AD- A- 1774 AACUAAGAUGCAUU | 1999-2019 A- 2218 UGUAGUAAAUGCA | 1997-2019
1565876.1 | 28947051 UACUACA 2894706.1 UCUUAGUUGU

AD- A- 1775 AAGUAAGAUGCAUL | 1999-2819 A- 2219 UGUAGUAAAUGCA | 1997-2019
1565686.1 | 2894420.1 UACUACA 2894421.1 UCUUACUUAU

AD- A- 1776 AAGUAAGAUGCAUL | 1889-20159 A 2220 UGUAGUAAAUGCA | 1897-2015
1565687.1 | 28944221 UACUACA 28944231 UCUUACUUAU

AD- A~ 1777 AGUAAGAUGCALUUY | 2000-2020 A~ 2221 UUGUAGTAAALIGCA | 1988-2020
15656858.1 | 2894424.1 ACUACAA 2894425.1 UCUUACUUA

AD- A- 1778 GUAAGAUGCAUUUA | 2001-2019 A- 2322 UGUAGUAAAUGCA | 1999-2019
1565877.1 | 28947071 CUACA 2894708.1 UCUUACUU

AD- A- 1779 UUGGCUUCUAALGT | 2021-2041 A- 2223 UUCUGAAGCAULA | 2019-2041
1565689.1 | 28944261 UUCAGAA 28944271 GAAGCCAACU

AD- A- 1780 CUUCUAAUGCUUCA | 2025-2045 A 2224 UUCUAUCUGAAGCA | 2023-2045
1565792.1 | 2894428.1 GAUAGAA 2894581.1 UUAGAAGCC

AD- A~ 1781 CUUCUAAUGCUUCA | 2025-2045 A~ 2225 UUCTATCUGAAGCA | 2023-2045
1565690.1 | 2894428.1 GAUAGAA 2894429.1 UUAGAAGCC

AD- A- 17382 CUUCUAAUGCUUCA | 2025-2045 A- 22326 UUCUATCTGAAGCA | 2023-2045
1565691.1 | 28944281 GAUAGAA 2894430.1 UUAGAAGCC
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Example 2. fn vitre screening of MYOC siRNA

Experimental Methods

Cell culture and transfections:

Human Trabecular Mestvwork Cells (HINMC) Cell Transfections

HTMC cells (ATCC) were transfecied by adding 4.9 ul of Opti-MEM plus 0.1 pl of
RNAIMAX per well (Invitrogen, Carlsbad CA cat # 13778-150) to 5 ul of siRNA duplexes per
well, with 4 replicates of each siRNA duplex, into a 384-well plate, and incubated at room
temperature for 135 minutes. Forty ul of DMEM:F 12 Medium (ThermoFisher) containing ~5 x 10°
cells were then added to the stRNA-transfection roixture. Cells were incubated for 24 hours prior

to RNA purification. Experiments were performed at 10 oM, | nM, and 0.1 nM.

Total RNA isolation using DYNABEADS mRNA Isolation Kit:

RNA was isolated using an automated protocol on a BioTek-EL406 platform using
DYNABEADs (Invitrogen, ¢at#61012). Briefly, 70 ul of Lysis/Binding Buffer and 10 yl of lysis
buffer containing 3 @l 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
fimes with 150 ul Wash Buffer A and once with Wash Buffer B. Beads were then washed with

150 pl Elution Buffer, re~captured and supernatant removed.

¢DNA synthesis asing ABRI Hieh capacity ¢DNA reverse transcription kit {Applied
Biosystems, Foster City, CA, Cat #4368813):

Ten ul of a master mix containing 1 ! 10X Buffer, 0.4 pl 25X dNTPs, 1 pl 10x Random
primers, 0.5 pl Reverse Transcriptase, 0.5 pl RNase inhibitor and 6.6 wl 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 2 h 37°C.

Real time PCR:
Two pl of ¢cDNA and 5pl Lighteyeler 480 probe master mix {Roche Cat # 04887301001
were added to either 0.5 pl of Human GAPDH TagMan Probe (4326317E)and 0.5 pl MYOC

Hurman probe per well in a 384 well plates (Roche cat # 04887301001). Real time PCR was
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done in a LightCyclerd80 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 refative fold change, real time data were analyzed using the AACt method and

normalized to assays performed with cells transfected with a non-targeting control siRNA.

Results

The results of the multi-dose screen in human trabecular meshwork cells (HTMC) with
exemplary human MYOC siRNAs are shown in Table 3 {correspond to siRNAs in Table 2A),
The multi-dose experiments were performed at 10 oM, 1 nM, and 0.1 nM final duplex
concentrations and the data are expressed as percent message remaining relative to non-targeting
control.

Of the exemplary sitRNA duplexes evaluated in Table 3 below, 174 achieved 2
knockdown of MYOC of > 90%, 347 achieved a knockdown of MYOC of > 70%, 392 achieved
a knockdown of MYOC of > 50%, 424 achieved a knockdown of MYOCU of > 20%, and 433
achieved a knockdown of MYOC of > 10% in HTMC cells when administered at the 10 nM
concentration.

Of the exemplary siRNA duplexes evaluated in Table 3 below, 142 achieved a
knockdown of MYOC of > 90%, 341 achieved a knockdown of MYOC of > 70%, 391 achieved
a knockdown of MYOC of > 50%, 424 achieved a knockdown of MYOU of > 20%, and 431
achieved a knockdown of MYOC of > 10% in HTMC cells when administered at the 1 nM
concentration,

Of the exemplary siRNA duplexes evaluated in Table 3 below, 57 achieved a knockdown
of MYOC of > 90%, 277 achieved a knockdown of MYOUC of > 70%, 361 achieved a
knockdown of MYOC of > 50%, 416 achieved a knockdown of MYOC of > 20%, and 425
achieved a koockdown of MYOU of 2 10% 10 HTMC cells when administered at the 0.1 oM
concentration,

Of the exemplary siRNA duplexes evaluated in Table 3 below, AD-1565448 1, AD-
11931755, AD-1565798 1, AD-1565452 1, AD-1565453 1, AID-1563434.1, AD-1565456.1,
AD-1565492 1, AD-1565493.1, AD-1565503 1, AD-1073418.5, AD-1565804.1, AD-1565806.1,
AD-1244366.3, AD-1565589 1, AD-1565837.1, AD-1565624.1, AD-1565626.1 showed superior
knockdown of MYOC in HIMC cells.
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Table 3. MYQU endogenous in vitro multi-dose screen with one set of exemplary human
MYOC siRNAs (*the number following the decimal point in a duplex name merely refersto a
batch production number}

Duplex Name* 10 ni inM 0.1 ni
% message St. Dev. % message | St Dew. % message St. Dev.
remaining remaining remaining
AD-1565444.1 13.58 1.84 1471 7.84 26.73 7.48
AD-1565445.1 10.87 65.23 13.16 498 25.60 5.38
AD-1565692.1 16.41 2.08 18.61 .75 25.71 417
AD-1565446.1 14.37 7.51 £.94 171 1417 372
AD-1565447.1 10.38 3.76 16.19 332 2350 £.92
AD-1565448.1 8.24 579 413 2.66 5.87 2.52
AD-1565%693.1 3.99 1.51 6.10 1.34 12.35 2.47
AD-1565448.1 7.20 2.64 3.83 1.28 7.08 3.86
AD-1565450.1 8.78 4.45 6.72 1.51 12.08 2.48
AD-1565694.1 418 271 9.79 5.26 8.35 1.68
AD-1565695.1 735 3.15 6.28 1.55 G.28 3.23
AD-11931755 2.63 0.72 2.84 111 895 458
AD-1565793.1 5.77 0.80 2.83 8.70 9.78 3.84
AD-1565795.1 3,58 2.06 6.15 1.52 3.48 3.62
AD-1565796.1 1.04 0.24 3.44 114 575 1.09
AD-1565797.1 2.72 0.83 3.58 2.60 2.08 3.77
AD-1565798.1 3.85 2.69 2.43 1.56 3.53 1.68
AD-1565799.1 464 3.3¢9 3.82 0.78 4.90 2.65
AD-1565451.1 531 1.89 4.64 1.66 1031 5.68
AD-1565452.1 6.08 2.03 7.09 162 7.98 5.26
AD-1565%696.1 5.58 2.54 952 3.27 8.31 3.16
AD-1565794.1 6.22 1.9 4.53 2.58 6.90 3.64
AD-1565453.1 6.30 1.27 8.30 1.28 10.41 6.07
AD-1565454.1 18.20 492 6.07 1.17 .34 131
AD-1565455.1 16.24 3.57 6.52 3.62 13.11 3.35
AD-1565456.1 106.95 4232 4.41 1.79 .13 3.28
AD-1565457.1 16.55 3.00 5.13 2.63 13.24 6.40
AD-1565697.1 6.35 1.84 §.23 3.77 10.72 .63
AD-1565698.1 5.42 2.65 1212 1.42 6.99 1.98
AD-1565458.1 11.01 3.72 4.33 2.88 11.84 3.86
AD-1565458.1 42.85 5.80 36.24 26.02 45.00 15.33
AD-1565699.1 8.28 274 10.34 4.26 18.07 7.91
AD-1565700.1 7.73 421 11.72 4.13 8.75 196
AD-1565460.1 8.30 1.22 8.69 2.89 12.07 3.01
AD-1565461.1 14.00 346 533 2.92 16.28 3.37
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AD-1565462.1 21.95 3.70 20.28 2.83 31.62 4.9¢
AD-1565701.1 8.93 5.10 9.40 376 13.18 117
AD-1565463.1 71.43 19.78 76.54 8.03 82.89 9.94
AD-1565464.1 16.39 4.06 10.09 2.80 31.3% 3.54
AD-1565465.1 20.84 5.18 12.50 2.7% 45.66 3.05
AD-1565466.1 82.31 6.76 75.73 28.49 52.65 18.60
AD-1565467.1 102.55 23.01 34.98 22.44 116.91 27.98
AD-1565702.1 11628 14.85 85.92 14.00 76.00 18.38
AD-1565468.1 121.69 34.80 86.60 571 79.45 23.26
AD-1565469.1 46.82 18.05 34.92 10.42 53.10 8.35
AD-1565703.1 40.06 8.59 41.08 11.27 50.91 16.81
AD-1565704.1 23.10 272 3211 12.42 49.32 3.69
AD-1565705.1 20.82 4.90 14.51 3.7¢9 54.80 11.30
AD-1565470.1 58.45 4.61 77.51 21.21 78.93 12,11
AD-1565471.1 8.36 2.25 14.98 3.23 29.42 6.67
AD-1565472.1 67.13 22.48 107.96 18.35 21.66 15.72
AD-1565473.1 17.14 6.70 12.35 2.42 52.81 13.13
AD-1565706.1 12.69 1.44 17.98 1.45 33.72 18.29
AD-1565474.1 7.35 1.92 13.57 0.74 12.54 0.65
AD-1565707.1 14.28 5.67 12.45 3.33 16.18 4.97
AD-1565475.1 10491 17.03 82.52 25.04 68.96 7.03
AD-1565476.1 13.25 5.61 1071 3.39 13.33 2.98
AD-1565477.1 20.62 5.16 2171 5.04 39.44 2.72
AD-1565708.1 20.35 7.28 3451 g.60 46.23 16.06
AD-1565478.1 113,51 34.51 84.19 13.48 93.61 3.41
AD-1565479.1 120.66 38.76 113.47 21.10 107.18 23.97
AD-1565709.1 86.03 16.16 82.56 20.98 3455 10.86
AD-1565480.1 8.45 351 15.47 2.78 2503 4.12
AD-1565481.1 11.63 2.84 817 149 2418 8.77
AD-1565482.1 55.07 21.96 62.38 10.34 76.05 18.42
AD-1565483.1 42.47 1.01 32.88 6.07 40.92 10.70
AD-1565484.1 41.71% 8.56 35.08 6.28 47.77 12.25
AD-1565710.1 14.85 7.13 25.67 5.90 22.93 2.0%
AD-1565711.1 23.82 14.98 23.65 4.48 18.78 3.54
AD-1565485.1 25.24 2.83 19.83 6.64 25.74 2.78
AD-1565486.1 10.05 1.20 14.31 1.72 31.42 7.60
AD-1565712.1 520 2.02 19.24 5.00 20.42 4.82
AD-1565713.1 9.27 2.63 1911 221 25.72 3.81
AD-1565487.1 46.68 5489 28.42 477 77.47 6.44
AD-1565714.1 5.67 1.87 535 2.39 11.46 2.28
AD-1565488.1 8.38 2.02 11.25 2.36 20.20 1.78
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AD-1565715.1 3.35 1.88 5.60 2.17 18.53 6.10
AD-1565716.1 3.87 1.85 841 5.17 10.69 3.07
AD-1565489.1 5.86 1.57 14.64 3.55 19.00 575
AD-1565717.1 3.41 0.66 2.37 .59 12.97 3.8%
AD-1565718.1 2.99 0.86 3.53 2.40 8.04 3.91
AD-1565490.1 24.04 3.60 131.67 1.80 31.8¢6 10,18
AD-1565715.1 6.39 5.62 251 .45 3.80 214
AD-1565491.1 88.01 24.84 75.92 22.03 84.59 11.40
AD-1565720.1 3.86 1.70 4.23 227 13.61 2.34
AD-1565721.1 2.67 0.20 4.76 0.47 12.89 4.11
AD-1565492.1 5.24 3.51 4.60 2.16 9.33 1.80
AD-1565493.1 501 2.24 6.54 252 25.69 11.06
AD-1565722.1 16.33 5.69 18.52 3.24 66.71 10.30
AD-1565723.1 4.09 177 16.11 5.83 10.33 2.92
AD-1565424.1 40.03 5.07 32.09 5.50 64.47 10.72
AD-1565495.1 8.19 5.03 12.26 3.30 2955 9.26
AD-1565724.1 3.97 1.66 3.08 1.67 5.45 1.50
AD-1565496.1 10.35 2.39 20,15 3.54 23.78 8.91
AD-1565725.1 10.58 5.58 4.80 2.1% 16.16 7.18
AD-1565497.1 12.48 5.89 D46 3.87 16.17 5.75
AD-1565493.1 12.18 4.54 8.54 1.66 12.85 5.36
AD-1565499.1 28.70 6.47 25.63 9.41 33.18 6.95
AD-1565500.1 5.40 1.84 4.31 1.08 7.40 2.30
AD-1565726.1 4.06 1.69 2.85 0.29 5.86 5.60
AD-1565501.1 38.18 13.02 3%.37 15.62 49.41 13.10
AD-1565502.1 10.38 5.35 10.28 5.46 32.08 11.21
AD-1565503.1 5.08 2.84 7.82 2.01 7.77 0,71
AD-1565801.1 18.47 3.93 10.99 7.48 2201 4.67
AD-1565802.1 3.76 1.21 421 161 7.43 1.97
AD-1565803.1 7.26 4.22 7.65 1.94 12,18 311
AD-1565804.1 1.84 0.46 1.46 0.81 4.34 0.27
AD-1565805.1 181 1.74 1.62 1.12 7.02 3.33
AD-1073418.5 1.66 0.30 2.82 1.23 7.78 4.94
AD-1565504.1 3.08 1.15 3.44 1.47 777 2.53
AD-1565504.2 557 0.51 6.32 3.44 12.16 491
AD-1565505.1 6.00 3.10 g.11 8.70 19.63 5.31
AD-1565800.1 231 0.80 3.23 1.74 3.80 5.48
AD-1565506.1 23.85 10.31 28.097 3.84 54.83 10.10
AD-1565727.1 3.70 2.04 4.10 2.15 6.37 2.91
AD-1565507.1 21.31 7.92 2751 3.72 4597 12.71
AD-1565728.1 5.43 1.60 3.89 130 13.39 1.84

256




WO 2023/278406

PCT/US2022/035266

AD-1565508.1 16.45 8.67 8.99 1.68 34.15 11.20
AD-15655098.1 7.04 2.82 6.61 2.08 12.83 2.54
AD-1565730.1 3.38 1.27 6.47 1.28 12.36 3.43
AD-1565510.1 14.18 2.68 2457 2.78 27.08 1.3%
AD-1565511.1 50.88 7.77 59.88 1133 85.05 19.40
AD-1565512.1 577 0.64 16879 8.26 18.40 4.16
AD-1565731.1 579 1.45 478 1.98 8.21 1.74
AD-1565513.1 7.85 3.02 8.39 4.73 15.10 2.47
AD-1565514.1 3.18 4.29 8.45 1.89 14.87 2.07
AD-1565732.1 10.04 3.21 20.83 10.19 28.95 575
AD-1565515.1 31.33 13.22 25.47 9.82 66.58 12.24
AD-1565516.1 32.42 65.12 22.34 7.88 52.38 16.81
AD-1565733.1 10.2¢ 4.94 7.05 2.67 259.37 £.82
AD-1565517.1 89.04 28.81 134.10 30.28 77.81 27.77
AD-1565734.1 8.69 5.99 8.33 2.02 28198 7.9
AD-1565518.1 113.31 25.68 899.25 17.54 105.41 19.72
AD-1565735.1 8.25 2.86 7.32 2.59 17.48 2.04
AD-1565736.1 89.87 1116 82.82 8.36 654.20 3.72
AD-1565518.1 33.76 6.02 27.44 10.42 58.44 19.24
AD-1565520.1 8.4¢ 1.00 20.63 6.01 29.83 7.27
AD-1565521.1 16.54 572 10.87 2.71 24.04 8.83
AD-1244360.3 0.93 0.59 2.05 1.46 6.06 1.47
AD-1565522.1 211 0.17 2.21 g.63 10.71 6.20
AD-1565806.1 2.01 1.23 199 0.78 6.54 4.21
AD-1565807.1 1.14 0.28 2.06 0.28 9.34 3.20
AD-1565808.1 6.46 275 13.23 2.10 30.00 3.49
AD-1565809.1 31.44 S9.01 31.685 16.95 61.12 834
AD-1565810.1 73.75 16.63 55.04 14.78 90.94 25.33
AD-1565812.1 4.64 0.12 8.16 2.01 16.45 9.69
AD-1565813.1 3.88 2.31 572 3.22 12.47 5.05
AD-1565814.1 3.74 1.35 2.28 1.09 11.58 10.04
AD-1565522.2 3.48 2.3% 5.47 1.39 8.65 3.67
AD-1565523.1 8.60 5.54 16.19 3.18 24.63 18.25
AD-1565811.1 1.86 0.79 3.34 1.00 6.85 1.49
AD-1565524.1 72.85 22.18 71.70 9.91 94.59 16.44
AD-1565525.1 £.68 1.44 29.00 11.53 32.55 7.03
AD-1565526.1 64.82 2.95 81.81 23.93 94.24 1.92
AD-1565737.1 4.73 1.10 5.926 1.36 27.49 7.25
AD-1565527.1 35.186 10.68 57.77 13.50 44.78 5.80
AD-1565738.1 33.81 11.97 37.71 4.91 40.38 .49
AD-1565528.1 457 g.93 13.08 a8.54 16.65 3.30
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AD-1565738.1 13.69 2.79 7.63 0.94 17.67 1.57
AD-1565529.1 12.48 6.69 12.41 3.01 24.60 4.68
AD-1565740.1 46.59 11.69 24.59 13.81 29.59 8.28
AD-1565530.1 3.85 111 16.59 6.50 2415 14.29
AD-1565741.1 479 2.45 5.18 2.76 11.67 1.29
AD-1565531.1 2.88 0.62 8.86 2.91 29.15 16.15
AD-1565532.1 47.20 12.54 54.02 12.23 60.18 10.88
AD-1565533.1 52.58 14.14 52.92 5.95 68.08 20.69
AD-1565534.1 16.47 2.43 36.07 8.10 38.80 1.21
AD-1565535.1 18.47 1.42 18.34 0.59 88.34 12.82
AD-1565536.1 575 2.08 26.98 12.23 32.41 16.44
AD-1565537.1 2.45 1.00 14.01 3.91 15.90 7.45
AD-1565742.1 877 3.85 14.00 8.58 23.85 4.45
AD-1565538.1 41.11 17.44 17.75 3.59 36.81 13.95
AD-1565538.1 6.54 1.80 23.36 841 3551 12.28
AD-1565540.1 10.80 3.12 33.16 1152 45.84 15.31
AD-1565743.1 78.79 i7.64 56.91 8.13 57.87 7.64
AD-1565541.1 89.10 26.43 118.75 23.82 89.25 13.47
AD-1565542.1 38.04 7.88 75.90 21.39 33.19 2.91
AD-1565543.1 30.20 .87 28.14 4.70 41.52 4.50
AD-1565544.1 .42 2.27 28.40 7.23 39.24 12.42
AD-1565744.1 24.73 6.76 22.51 8.57 2581 5.69
AD-1565545.1 47.11 5.45 68.77 12.27 59.03 19.68
AD-1565745.1 6.33 1.81 4.99 2.25 10.10 3.22
AD-1565546.1 18.2¢ 377 28.33 6.33 52.11 19.47
AD-1565547.1 554 1.02 1531 5.28 33.54 3.36
AD-1565548.1 8.24 375 14.70 2.67 40.18 5.50
AD-1565746.1 8.80 2.86 7.57 2.68 13.62 1.74
AD-1565548.1 5.83 2.43 10.39 0.49 20.05 4.04
AD-1565550.1 20.30 6.68 20.60 4.03 50.84 7.85
AD-1565551.1 5.55 2.48 1471 3.54 40.87 9.99
AD-1244365.3 2.81 0.70 6.43 2.73 14.36 7.50
AD-1565552.1 4.23 2.73 4.99 1.74 23.97 7.92
AD-1565553.1 3.13 1.08 4.01 2.83 14.81 3.86
AD-1565815.1 20.58 6.87 17.87 5.67 55.24 13.57
AD-1565816.1 8.35 5.93 6.40 184 17.06 5.64
AD-1565818.1 71.18 3431 91.54 3975 10207 7.11
AD-1565819.1 8.53 2.68 16.42 9.17 37.73 10.42
AD-1565820.1 4.30 1.60 16.39 15.44 31.97 6.06
AD-1565552.2 871 4.40 17.83 8.52 34.81 16.71
AD-1565553.2 8.88 2.16 15.76 345 1852 1.32
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AD-1565554.1 86.10 20.06 92.44 20.16 90.05 11.05
AD-1565817.1 8.82 3.58 5.94 1.98 27.04 8.06
AD-1565555.1 60.03 7.25 78.65 1.93 94.66 18.30
AD-1565747.1 371 0.52 4.30 0.82 5.49 1987
AD-1565556.1 6.54 1.27 18.147 7.56 2457 2.17
AD-1565557.1 6.55 0.71 11.8¢ 1.61 14.15 4.83
AD-1565558.1 34.90 6.82 4574 16.31 51.71 5.43
AD-1565559.1 7.56 3.35 16.90 6.13 35.70 6.70
AD-1565560.1 12.01 4.77 2012 8.08 42.42 14.79
AD-1565561.1 14.87 2.55 41.04 16.82 56.34 19,15
AD-1565562.1 31.27 1.55 39.84 1111 68.61 16.49
AD-1565748.1 473 2.30 7.31 2.75 6.16 3.13
AD-1565563.1 11.56 3.31 14.52 3.50 32.01 6.14
AD-1565564.1 45.30 578 3111 13.84 62.81 24,12
AD-1565565.1 7.88 3.48 17.14 333 37.36 12.76
AD-1565566.1 8.76 0.08 25.85 2.71 16.79 4.03
AD-1565567.1 36.72 1297 31.96 7.23 37.27 12.04
AD-1565568.1 12.21 578 1535 476 17.96 8.52
AD-1565569.1 16.87 4,71 1451 4.01 25.63 7.40
AD-1565749.1 531 1.88 6.58 1.58 14.50 3.78
AD-1565570.1 8.58 4.30 9.96 2.16 23.50 4.89
AD-1565571.1 8.78 4.04 10.58 148 31.02 14.75
AD-1565750.1 6.27 1.48 5.63 g.86 931 2.00
AD-1565573.1 13.43 7.22 17.01 173 32.17 10.08
AD-1565751.1 13.71 7.32 10.60 1.99 26.81 4.95
AD-1565574.1 58.13 13.35 39.02 8.73 100.79 15.98
AD-1565575.1 67.71 7.53 62.51 358 86.20 24.09
AD-1565576.1 10.63 2.87 18.40 9.43 34.88 578
AD-1565752.1 6.45 2.12 7.36 377 8.02 2.33
AD-1565577.1 18.86 4.83 15.88 7.49 44.31 13.98
AD-1565578.1 10.01 3.05 1575 5.12 2161 4.88
AD-1565579.1 36.45 2.52 13.87 3.07 22.87 6.37
AD-1565753.1 4.80 2.52 4.20 .60 5.88 2.28
AD-1565580.1 50.9% 16.10 54.79 18.39 47.79 8.33
AD-1565754.1 5.40 1.31 5.57 1.86 20.02 4.99
AD-1565581.1 76.36 0.65 50.01 18.97 112.59 14.54
AD-1565582.1 68.84 13.42 59.94 12.89 54.61 10.15
AD-1565755.1 14.04 3.54 17.44 4.58 30.93 8.58
AD-1565583.1 75.79 12.48 58.61 13.48 91.02 22.93
AD-1565584.1 16.03 6.74 31.35 5.39 53.28 7.92
AD-1565756.1 10.12 1.85 13.28 155 1852 5.93
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AD-1565585.1 65.26 7.83 76.22 18.35 138.12 8.35
AD-1073420.3 4.68 3.06 8.04 5.83 14.60 521
AD-1244366.3 2.80 0.55 2.75 1.99 8.93 3.10
AD-1565757.1 2.58 1.56 3.05 0.76 8.14 2.74
AD-1565821.1 5.45 1.74 4.48 4.95 18.08 6.93
AD-1565822.1 2.64 1.05 3.40 1.03 11.58 3.46
AD-1565824.1 10.07 4.80 5.40 141 14.69 3.10
AD-1565825.1 3.43 0.99 4.41 0.69 14.18 3.87
AD-1565826.1 2.60 0.31 5.27 2.04 11.44 3.39
AD-1565757.2 570 4.74 3.31 111 6.26 150
AD-1565586.1 10.54 3.26 872 4.39 20.36 3.80
AD-1565587.1 10.26 1.67 23.30 4.07 23.21 6.92
AD-1565588.1 5.5 3.07 8.28 3.7¢9 14.45 5.15
AD-1565823.1 2.80 150 5.22 2.56 12.75 5.20
AD-1565588.1 7.82 4.23 16.17 333 14.88 7.64
AD-1565590.1 17.34 3.89 25.42 6.05 39.12 6.12
AD-1565591.1 89.81 6.12 16.24 68.75 14.32 3.13
AD-1565758.1 5.05 1.81 6.30 2.45 .65 2.97
AD-1565592.1 10.85 4.12 20.95 5.38 22.85 8.66
AD-1565594.1 71.45 i2.79 106.92 35.47 73.36 15.85
AD-1565758.1 3.02 3.35 1076 2.33 13.68 212
AD-1565595.1 13.55 3.92 40.56 9.53 66.88 17.43
AD-1565760.1 7.84 3.28 13.72 4.96 27.50 7.10
AD-1565761.1 555 2.42 6.63 1.87 16.59 1.03
AD-1565596.1 &60.69 7.73 48.61 17.04 79.55 24.61
AD-1565597.1 17.28 4.78 27.20 12.46 18.26 5.10
AD-1565762.1 13.16 1.54 10.59 2.12 13.86 334
AD-1565528.1 59.38 11.46 56.84 17.50 52.34 9.18
AD-1565598.1 79.70 12.67 150.03 21.77 122.89 36.87
AD-1565600.1 82.87 13.09 57.05 6.94 28.22 21.48
AD-1565601.1 2518 2.27 22.89 9.55 44.49 577
AD-1565602.1 3.97 1.58 6.23 .60 30.83 8.44
AD-1565827.1 3.83 1.64 422 2.36 11.52 3.63
AD-1565823.1 3.65 0.82 2.60 .33 2171 3.56
AD-1565828.1 3.60 2.48 2.88 .44 5.09 3.82
AD-1565830.1 2.98 1.54 5.47 1.73 598 5.3%
AD-1565831.1 447 1.82 7.16 2.87 14.17 5.18
AD-1565833.1 48.82 24.88 57.44 5.52 82.58 21.34
AD-1565834.1 4476 S.00 2117 7.13 49.24 18.58
AD-1565835.1 21.43 3.51 28.41 7.50 53.98 13.43
AD-1565602.2 8.60 3.72 16.07 8.09 21.32 2.83
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AD-1565603.1 15.64 6.79 20.38 8.40 15.80 3.00
AD-1565832.1 2.84 0.85 4.48 191 9.88 4.28
AD-1565763.1 31.78 1113 55.15 17.04 4331 1.78
AD-1565604.1 74.65 13.66 64.27 3.82 76.86 24.52
AD-1565605.1 114.63 37.42 90.22 23.73 51.30 6.16
AD-1565606.1 10.83 4.65 15.08 6.65 16.70 4.41
AD-1565764.1 424 0.65 4.49 2.04 561 2.08
AD-1565607.1 27.14 6.06 36.08 7.73 64.66 4.95
AD-1565608.1 14.35 6.24 31.28 7.21 44.69 .15
AD-1565609.1 9.04 3.66 20.95 7.58 25.35 5.78
AD-1565766.1 7.86 1.81 592 1.72 18.25 148
AD-1565611.1 15.58 4.66 2513 8.99 27.02 3.88
AD-1565767.1 7.79 5.06 13.20 3.78 14.68 3.73
AD-1565612.1 27.72 4.59 35.45 10.64 49.10 £.99
AD-1565613.1 32.54 7.98 63.94 9.99 64.04 15.15
AD-1565614.1 14.27 6.39 25.57 1.52 43.23 30.00
AD-1565768.1 4.44 1.76 523 1.23 14.17 5.16
AD-1565615.1 55.18 8.55 79.04 23.74 78.22 6.99
AD-1565616.1 15.40 4.47 35.68 7.48 51.89 10.44
AD-1565617.1 3.84 2.17 131.03 1.79 34.82 1.45
AD-1565769.1 591 3.78 3.71 3.60 6.16 2.19
AD-1565618.1 7.81 3.67 7.98 3.83 22.24 8.77
AD-1565770.1 17.14 1.76 14.94 031 51.38 16.55
AD-1565619.1 65.85 i3.72 60.46 19.23 51.34 1211
AD-1565620.1 4.02 3.38 475 3.11 18.39 8.53
AD-1565771.1 5.16 1.04 6.21 i.84 11.84 4.85
AD-1565621.1 33.75 17.64 64.18 12.51 11081 8.38
AD-1565772.1 2.83 0.68 4.28 1.68 12.04 351
AD-1565836.1 3.31 1.54 6.47 2.88 13.20 379
AD-1565837.1 4.13 1.20 4.14 0.94 14.83 4.25
AD-1565838.1 6.38 1.77 575 2.18 15.94 4.66
AD-1565840.1 7.19 3.59 553 1.80 32.45 6.46
AD-1565841.1 472 1.31 8.47 2.00 18.97 8.19
AD-1565842.1 3.04 1.48 4.60 3.10 14.00 3.53
AD-822899.17 351 1.21 5.57 2.82 12.80 3.86
AD-1565772.2 2.85 0.87 4.95 1.83 13.34 9.42
AD-1565622.1 5.09 3.35 11.85 1.77 21.74 5.30
AD-1565843.1 9.58 4.09 8.54 1.89 15.97 7.50
AD-1565844.1 2.75 1.37 4.20 1.48 8.94 4.30
AD-1565845.1 27.92 5.48 26.58 £.338 57.51 .61
AD-1565846.1 43.68 10.51 49.20 29.92 7191 11.76
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AD-1565848.1 84.29 2252 111.68 12.87 111.38 29.52
AD-1565849.1 37.68 9.68 17.51 5.53 45.10 16.47
AD-1565850.1 57.87 9.01 36.20 10.32 £53.68 16.98
AD-822926.4 7.22 4.66 435 1.48 17.62 7.83
AD-1565623.1 8.25 3.03 11.68 4.46 14.42 3.89
AD-1565838.1 6.07 2.22 5.99 5.16 11.18 3.84
AD-1565624.1 6.10 1.35 8.89 1.80 5.85 2.62
AD-1565847.1 9.04 3.53 6.21 2.83 38.22 4.27
AD-1565625.1 60.76 1.13 51.43 8.88 33.00 0.71
AD-1565626.1 8.87 3.65 8.36 3.18 9.48 176
AD-1565773.1 6.64 1.30 13.77 5.02 38.32 6.58
AD-1565627.1 7.68 2.80 8.60 2.57 5.19 3.34
AD-1565628.1 27.35 5.83 27.90 9.2% 4272 13.86
AD-1565629.1 12.25 4.89 42.80 12.64 37.72 0,21
AD-1565774.1 17.59 5.54 512 0.90 18.54 7.84
AD-1565630.1 12.85 1.09 28.20 7.37 36.41 6.87
AD-1565631.1 14.87 4.36 29.86 5.00 30.09 6.35
AD-1565775.1 12.20 0.98 10.60 2.86 11.61 3.39%
AD-1565632.1 34.01 6.07 33.10 1.65 43.01 7.59
AD-1565776.1 59.47 10.06 46.53 13.29 76.25 10.64
AD-1565777.1 3.25 3.60 4.24 1.29 7.38 4.40
AD-1565634.1 19.64 6.63 2471 9.68 12.30 3.61
AD-1565778.1 18.08 3.67 20.05 3.75 18.26 5.00
AD-1565635.1 24.90 4.36 2737 3.30 17.01 6.09
AD-1565636.1 18.08 5.60 26.04 8.67 18.12 5.80
AD-1565637.1 24.19 775 22.69 7.34 22.00 7.85
AD-1565838.1 20.13 4.33 2173 5.82 23.78 7.73
AD-1565630.1 19.98 6.07 17.46 5.27 17.52 4.96
AD-1565779.1 16.57 5.59 23.11 7.46 1857 2.30
AD-1565640.1 24.23 7.16 24.86 4.78 2285 5.65
AD-1565641.1 14.78 4.59 20.27 7.35 15.40 4.17
AD-1565642.1 22.92 7.06 27.36 1.86 22.58 4.00
AD-1565643.1 21.33 5.08 25.45 4.54 21.06 4.94
AD-1565644.1 21.50 4.66 28.68 4.46 21.57 3.60
AD-1565645.1 20.71 1.23 30.21 6.14 24.39 5.16
AD-1565646.1 25.16 2.74 21.62 213 26.27 491
AD-1565851.1 32.51 12.05 25.85 3.74 28.17 4.26
AD-1565852.1 23.35 2.52 24.85 2.61 25.45 1.40
AD-1565853.1 20.79 5.56 15.58 2.51 23.92 2.07
AD-1565854.1 21.35 2.18 16.74 4.57 37.31 16.98
AD-1565857.1 39.72 24.46 60.67 18.16 72.79 19.16
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AD-1565858.1 32.39 5.99 20.22 3.18 34.87 11.29
AD-1565859.1 44.64 4.32 28.84 7.42 41.43 14.25
AD-1565647.1 33.50 6.27 23.93 7.48 20.42 3.95
AD-1565648.1 17.96 3.05 16.97 2.55 15.96 148
AD-1565855.1 24.35 5.54 18.07 .61 37.07 7.91
AD-1565856.1 32.83 3.41 20.30 3.88 46.01 8.44
AD-1565644.1 2170 5.38 31.01 4.14 14.38 2.35
AD-1565650.1 14.11 291 16.32 3.70 13.62 10.74
AD-1565651.1 15.70 3.78 23.56 8.66 14.00 4.41
AD-1565652.1 28.65 5.13 3211 5.96 41.78 11.65
AD-1565653.1 18.91 3.29 22.20 8.89 1674 4.17
AD-1565780.1 21.89 7.89 22.48 5.59 25.73 7.52
AD-1565654.1 28.76 5.80 27.06 9.35 36.78 10.64
AD-1565655.1 14.26 1.84 16.84 2.83 2257 351
AD-1565781.1 2273 5.86 23.64 7.88 26.26 4.73
AD-1565656.1 8.05 3.17 18.34 3.69 20.89 1.60
AD-1565657.1 37.82 7.32 34.46 471 46.82 15.41
AD-1565658.1 20,16 5.46 22.60 1.17 33.74 16.69
AD-1565659.1 21.80 501 32.48 6.03 27.18 5.57
AD-1565660.1 18.96 4.48 25.75 6.04 33.55 9.37
AD-1565782.1 15.4% 5.05 13.48 3.51 23.54 5.97
AD-1565661.1 23.24 421 30.64 8.86 21.49 5.88
AD-1565662.1 22.44 1.52 2991 5.54 23.11 6.46
AD-1565663.1 18.51 3.82 19.55 2.35 22.06 6.15
AD-1565664.1 20.84 2.0 14.97 3.73 16.29 4.16
AD-1565783.1 18.12 7.35 16.94 5.39 19.67 8.30
AD-1565665.1 17.64 0.62 28.45 9.88 2819 774
AD-1565784.1 16.20 545 15.66 5.02 13.24 3.05
AD-15656066.1 17.38 4.44 22.81 7.48 2453 5.40
AD-1565667.1 17.79 4.54 26.44 5.86 16.24 2.00
AD-1565785.1 18.10 7.14 10.86 5.66 17.76 6.07
AD-1565668.1 41.48 8.93 43.99 2.72 37.17 6.96
AD-1565669.1 24.91 3.24 25.11 4.53 14.49 3.34
AD-1565670.1 14.17 6.35 21.86 3.65 29.29 2.34
AD-1565860.1 12.24 3.88 14.80 4.75 36.53 4.17
AD-1565861.1 19.87 5.39 1491 8.45 25.82 7.66
AD-1565862.1 16.77 5.82 2311 4.79 2852 8.22
AD-1565863.1 20.42 7.47 23.10 8.82 22.00 7.25
AD-1565864.1 23.64 12.69 17.75 507 21.37 4.31
AD-1565866.1 21.29 7.6% 17.97 4.76 2556 4.55
AD-1565670.2 20.00 4.48 18.21 5.61 15.66 2.61
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AD-1565671.1 34.15 10.48 35.84 7.21 26.67 12.46
AD-1565865.1 22.15 7.26 22.19 576 25.14 5.04
AD-1565786.1 19.30 7.79 15.01 4.01 23.94 1.39
AD-1565672.1 18.40 4.74 28.01 8.90 16.08 3.82
AD-1565673.1 11.46 501 18.74 4.14 18.41 3.39
AD-1565674.1 22.27 7.50 2645 5.36 22.47 7.98
AD-1565787.1 20.36 2.47 9.49 3.21 18.01 2.6
AD-1565675.1 28.40 5.05 34.29 3.63 29.59 10.48
AD-1565788.1 15.79 4.25 15.72 4.64 16.69 (.95
AD-1565676.1 22.39 5.86 2447 3.84 28.08 573
AD-1565677.1 22.77 5.35% 2627 7.04 22.49 7.99
AD-1565678.1 14.89 2.15 17.14 5.83 19.52 5.04
AD-1565679.1 17.93 3.69 18.38 3.82 23.25 478
AD-1565680.1 16.07 375 20.49 2.85 18.02 1.58
AD-1565681.1 66.05 9.80 45.76 2.54 76.24 17.73
AD-1565785.1 17.89 6.69 17.09 1.75 15.21 4.11
AD-1565790.1 15.85 0.71 12.83 5.40 24.07 8.61
AD-1565682.1 28.99 9.62 2853 6.54 34.55 13.61
AD-1565791.1 13.75 1.62 12.50 3.56 34.69 3.47
AD-1565683.1 33.85 .82 28.85 271 27.77 9.17
AD-1565684.1 46.44 i16.14 47.20 1z2.01 S2.00 26.93
AD-1565685.1 44.48 12.33 36.23 5.10 58.69 23.40
AD-1565867.1 24.71 5.92 23.04 2.85 31.52 3.79
AD-1565868.1 33.54 3.52 31.27 12.38 37.03 4.99
AD-1565869.1 27.19 9.45 33.17 8.74 30.69 5.68
AD-1565870.1 22.23 4.78 2155 2.08 29.63 39.89
AD-1565871.1 22.89 4.89 24.65 .94 2111 191
AD-1565872.1 28.60 9.58 27.43 10.76 2301 572
AD-1565873.1 15.65 4.07 30.34 7.91 29.58 6.70
AD-1565874.1 77.37 12.83 106.84 16.49 58.43 243
AD-1565875.1 7777 23.89 44.29 12.88 55.86 13.56
AD-1565876.1 114.72 42.05 5555 13.12 52.88 7.6%
AD-1565686.1 23.56 4.75 40.73 8.81 43.94 3.80
AD-1565687.1 23.34 1.87 2153 3.56 22.50 4.26
AD-1565688.1 27.58 6.13 27.27 235 24.05 3.29
AD-1565877.1 21.23 2.76 37.13 7.45 45.66 6.89
AD-1565689.1 26.48 4.22 2299 5.21 24.67 3.21
AD-1565792.1 10.48 213 8.23 1.24 21.07 8.93
AD-1565690.1 23.90 2.04 27.49 431 22.85 491
AD-1565691.1 30.69 8.84 33.68 2.31 34.86 £.66
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Example 3. Validation of Human MYOC siRNAs in g Mouse Glauvcoma Model

To test human MYOC siRNAs in vive, a glaucoma mouse model was used: synergistic
activation mediator (SAM} mice comprising a humanized MYOC locus comprising a Y437H
mutation (SAM-MYOC mice). In these mice, a SAM guide RNA targeting the MYOC promoter
(SAM gRNA) can be used to increase expression of the humanized MYOC comprising the
Y437H mutation, resulting in increased intraocular pressure (IOP). The SAM-MYOU mice were
generated by crossing mice comprising genomically integrated dCas9 synergistic activation
mediator (SAM) system components (dCasS-VP64 and MCP-p65-HSF 1) as one transcript driven
by the endogenous Kosa2s promoter (described in US 2019/0284572 and WO 2019/183123,
each of which is herein incorporated by reference} with mice comprising a humanized MYOC
locus coroprising a Y437H mutation. In these mice, the mouse Myoc sequence from the start
codon to the stop codon was replaced with the corresponding human MYOC sequence. The
tnserted human MYOC sequence comprises a Y437H mutation, which is a mutation associated
with elevated I0P and development of glaucoma. Injection of AAV2 Y3F or lentivirus encoding
the SAM guide RNA targeting the MYOC promoter resulted in increased humanized AYOC
Y437H expression in the limbal ring {trabecular meshwork (TM), iris, and ciliary body (CB})),
and this correlated with increased Y0P, validating the SAM-MYOC mice as a suttable MYOC
disease model with increased 10OP (data not shown).

siRNAs targeting human MYOC were tested to determine if they could lower the high
intraocular pressure {(I0P) observed in SAM mice comprising a humanized AMYOC locus
comprising a2 Y437H mutation (SAM-MYOC mice) following treatment with the SAM gRNA.
The experimental setup 13 shown in Figure 1A, The SAM gRNA was administered via
intracameral (IC} injection at day 0, and baseline [OP was measured. 10P was then measured
over the following five weeks. At week five, MYOCU siRNA AD-822899 (1 yL, 15 ug dose) was
administered via intravitreal (IVT) injection, and [OP was measured at various timepoints over
the subsequent weeks. There were three treatment groups: (1) naive control mice; (2) SAM-
gRMNA-treated mice treated with human MYOC siRNA; and (3) SAM-gRN A-treated rice treated
with luciferase siRNA. As shown in Figure 1B, the human MTOC siRNA lowered 10P in the
SAM-MYOC mice treated with the SAM gBNA, reversing and returning the IOP to baseline

fevels starting at D7 after siRNA injection, whereas the luciferase siRNA had no effect on IGP.
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Several additional siRNAs targeting human MYOC were then tested at a lower dose to
determine if they could lower the I0P observed in the SAM-MYOC mice following treatment
with lentiviral SAM gRNA. Mice were bilaterally injected with SAM gRNA and siRNAs. The
experimental setup is shown o Figare 24 SAM gRNA was administered via inracameral (1C)
injection at day 0, and baseline 0P was measured. 1P was then measured over the following
five weeks. At week five, MYOC siRNAs AD-822899, AD-1565804, AD-1565837, AD-
1193175, or AD-1565503 (1 ud, 7.5 pg dose) were administered via intravitreal (IV'T} injection,
and IOP was measured at various timepoints over the subsequent weeks. mRNA knockdown in
the limbal ring was tested by gPCR, and RNASCOPE® analysis was done. The control groups
included naive conirol mice, PBS-treated mice, and LY-SAM gRNA-treated mice. As shown in
Figure 2B, each human MYOC siRNA lowered 10P in the SAM-MYOC mice treated with SAM
gRNA, reversing and returning the IOP to baseline levels scon after siRNA injection. As shown
in Figure 2C, cach human AYOC siRNA decreased human AMYOC mRNA expression relative to
the LV-SAM-gRNA group as measured by ¢PCR in 2 sample from the limbal ring.
RNASCOPE® analysis confirmed that the siRNAs mediated knockdown of human MYOC
mRNA in the SAM-MYOC mice (Figure 2B).

Human MYOC siRNAs AD-1565804 or AD-1565837 were then tested at even lower
doses to determine if they could [ower the IOP observed in the SAM-MYOC mice following
treatment with lentiviral SAM-g4. Mice were bilaterally injected with SAM gRNA and siRNA.
The experimental setup is shown in Figure 3A. SAM-g4 was administered via intracameral (IC)
injection at day 0, and baseline IOP was measured. IOP was then measured over the following
five weeks. At week five, MYOC siRNAs AD-1565804 or AD-1565837 (1 ul, 3.75 pg dose or
1.87 ug dose) were administered via intravitreal (IVT) injection, and 10P was measured at
various timepoints over the subsequent weeks. mRBRNA knockdown in the limbal ring was tested
by ¢PCR, and RNASCOPE® analysis was done. The coutrol groups included vaive control
mice, PBS-treated mice, and LV-SAM-gRNA-treated mice. As shown in Figure 3B, each human
MYOC siRNA lowered IOP in the SAM-MYOC mice treated with SAM gRNA at each dose
tested, reversing and returning the IOP to baseline levels soon after siRNA injection. As shown
in Figure 3C, each human MYO({ siRNA decreased human AVOC mRNA expression relative to
the LV-SAM gRNA group as measured by gPCR in a sample from the limbal ring at each dose

tested.
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Example 4. Validation of Human MYOC siBNAs in 2 Non-Human Primate (NHP)

Glaucoma Medel

siRNAs targeting MYOC were tested to determine if they could lower the high intraocular
pressure (JOP) observed in a nov-human primate (NHP) glaucoma model. The study design is
shown in Table 4. The animals received a PBS control or varicus doses of the duplex AD-
1565837 or the duplex AD-1565804,

OF’s and intraocular pressure (10P) were measured pre-study, on days 3, &, 15, 29, and

-
57,

and once during week 12. Electroretinography (ERG) was pertormed pre-study, mid-study
{week 6), and at termination {week 12}, Aqueous humor {AH) was collected pre-dose, week 4,
week 8 and at termination. At termination, the following eye samples were collected from the
right eye: AH, vitreous humor (VH), comeas, itis, trabecalar meshwork {TM), ciliary body (CB},
sclera (fimbal ring without TM), retina, and all remaining tissue in posterior segment of the eve.
Blood was collected twice at pre-dose and terroination. Hematology, coagulation, and clinical
chemistry studies were perfomed on the blood samples.

Tissues were collected for histopathology at termination including the right eye, optic
nerve and extra-ccular and peri-ocular tissues: Brain, right {cerebral hemisphere); Hsophagus,
proximal; Stomach, esophageal-gastric junction; Evelid, upper with palpebral conjunctivae,
right; Evelid, lower with palpebral conjunctivae, right; Heart, apex; Jejunum; Kidney, right
cortex; Liver, right median lobe; Lacrimal Gi, right; Deep Cervical, lvmph node, right;
Mandibular, lymph node, right; Sciatic nerve, right; Muscle, rectus femorts; Muscle, diaphragm;
Muscle, extraocular (1ateral and medial rectus, right); Ovary, right; Mandibular salivary gland,
right; Spinal cord, cervical; Spinal cord, thoracie; Spinal cord, lumbar; Thyroid, right; Tongue;
Tonsil, right; Trachea; and Uterus.

Table 4: NHP DC Selection Study Design

Group Test Article D;j; /iﬁ:ﬁ)ﬁi Neo. Monkeys Total
1 PBS 0 3
2 AD- 10 3 31
3 1565837 30 3
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4 100 3
5 300 3
6 1000% 2
7 10 3
R 30 3
0 15??504 100 ’
10 300 3
1 1000 2

* Animals treated with highest dose: both eyes will be examined with histopathology read outs.

MYOC protein knock down in the T™ was analyzed at day 5. The knock down results
are shown in Figare 4. About a 50% reduction in MYQOC protein in the TM was seen with the
AD-1565837 duplex, while minimal knockdown was cbserved with the AD-1565804 duplex.
MYOC protein in the agueous humor was analvzed at days -35, 22, 50, and day 85 {terminal
collection}. As depicted in Figure 5, MYOC protein knockdown of about 50% was observed at
day 50, but not at day 85. MYOC protein knock down in the vitreous humor, iris, ciliary body,
and sclera was analyzed at day 85 (terminal collection). The results are shown in Figure 6A for

vitrecus humor and ciliary body, and in Figere 68 for iris and sclera. At day 85, no knock down

was observed i the MY OC mBNA for either duplex evaluated (Figure 7).
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WE CLAIM:

1. A double stranded rbonucleic acid (dsRINA) agent for inhibiting expression of
myocilin (MYOC), 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, with 0, 1, 2, or 3 mismatches, from one of the
antisense sequences listed in any one of Tables 2A and 2B, and wherein the sense strand
comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3
mismatches, from a sense sequence listed in any one of Tables 2A and 2B that corresponds to the

antisense sequence.

2. The dsRNA agent of claim 1, wherein the antisense strand comprises a nuclectide
sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from the
antisense strand nucleotide sequence of duplex AD-1565804 and the sense strand comprises a
nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches,

from the sense strand nucleoctide sequence of duplex AD-1565804.

3. The dsRNA agent of claim 1, wherein the antisense strand comprises a nucleotide
sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from the
antisense strand nucleotide sequence of duplex AD-1565837 and the sense strand comprises a
nucleotide sequence comprising at least 15 contiguous nuclectides, with 0, 1, 2, or 3 mismatches,

from the sense strand nucleotide sequence of duplex AD-1565837.

4. The dsRNA agent of any one of claims 1-3, wherein at least one of the sense strand

and the antisense strand is conjugated to one or more lipophilic moteties.

5. The dsRNA agent of claim 4, wherein the lipophilic moiety is conjugated via a linker

OF Carrier.

6. The dsRNA agent of claim 4 or 5, wherein one or more lipophilic moieties are

conjugated to one or more internal positions on at least one strand.
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7. The dsRNA agent of any one of claims 1-3, wherein at least ove of the sense strand
and the antisense strand is conjugated to one or more of an arginine-glycine-aspartic acid (RGD)-

peptide or RGD peptide mimetic.

8. The dsRNA agent of any one of claims 4-6, wherein the lipophilic moiety is an

aliphatic, alicyclic, or polyalicyclic compound.

8. The dsRNA agent of claim 8, wherein the lipophilic moiety contaius a saturated or

unsaturated C16 hydrocarbon chain.

10. The dsBRNA agent of any one of claims 4-6, 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.

11. The dsRINA agent of any one of claims 4-6, wherein the lipophilic motety is
conjugated to the double-stranded iIRNA 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.

12. The double-stranded iRNA agent of any one of claims 4-6, wherein the lipophilic

moiety is conjugated to a nucleobase, sugar moiety, or internucleosidic linkage.

13. The dsRNA agent of any one of claims 1-12, wherein the dsRNA agent comprises at

least one modified nuclectide.
14. The dsRNA agent of claim 13, wherein no more than five of the sense strand

nucleotides and not more than five of the nucleotides of the antisense strand are unmodified

nucleotides.
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15. The dsRINA agent of claim 13, wherein all of the nuclectides of the sense strand and

all of the nucleotides of the antisense strand comprise a modification.

16, The dsRNA agent of any one of clairus 13-15, wherein at least one of the modified
nucleotides is selected from the group consisting of a deoxy-nuclestide, a 3’ -terminal deoxy-
thymine (dT) nucleotide, a 2°-O-methyl modified nucleotide, a 2”-fluore modified nucleotide, a
2’-deoxy-modified nucleotide, a locked nucleotide, an unlocked nucleotide, a conformationally
restricted nucleotide, a constrained ethyl nucleotide, an abasic nucleotide, a 2”-amino-modified
nucleotide, a 27-0-allyl-modified nucleotide, 27-C-alkyl-modified nucleotide, a 27 -methoxyethyl
modified nucleotide, a 27-C-alkyl-modified nucleotide, a morpholino nuclectide, a
phosphoramidate, a non-unatural base comprising nucleoctide, a tetrabydropyran modified
nuclectide, a 1,5-anhvdrohexitol modified nucleotide, a cyclohexeny! modified nucleotide, a
nuclectide comprising a phosphorothioate group, a nuclectide comprising a methylphosphonate
group, a nucleotide comprising a 5'-phosphate, a nuclectide comprising 8 5’ -phosphate mimic, a
glycol modified nuclectide, and a 2-G-(N-methylacetamide) modified nucleotide; and

combinations thereof,

17. The dsRNA agent of any of any one of claims 1-16, wherein at least one strand

comprises a 37 overhang of at ieast 2 nucleotides.

18. The dsRNA agent of any one of claims1-17, wherein the double stranded region is

15-30 nucleotide pairs in length.

19 The dsBRNA agent of claim 18, wherein the double stranded region is 17-23

nucleotide pairs in length.

20. The dsRNA agent of any one of claims 1-19, wherein each strand has 19-30

nucieotides.

21. The dsRNA agent of any one of claims 1-20, wherein the agent comprises at least one

phosphorothioate or methylphosphonate internuciectide linkage.
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22. The dsRNA agent of any one of claims 4-21, further comprising a targeting ligand,

e.g., a ligand that targets an ocular tissue.

23. The dsRNA agent of claim 22, wherein the ocular tissue is a trabecular meshwork
tissue, a ciliary body, a retinal tissue, a retinal pigment epithelium (RPE) or choroid tissue, g, a

choroid vessel.

24, The dsRNA agent of any one of claims 1-23, further comprising a phosphate or

phosphate mimic at the 5" -end of the antisense strand.

25. The dsRNA agent of claim 24, wherein the phosphate mimic is a 5"-vinyl

phosphonate (VP).

26. The dsRNA of any one of claims 1-25, wherein the dsRNA agent targets a hotspot

region of an mRNA encoding MYOC.

27. A dsRNA agent thai targets a hotspot region of a rayocilin (MYOC) mRNA.

28. A cell containing the dsRNA agent of any ove of claims 1-27.

29. A pharmaceutical composition for inhibiting expression of a MYOC, comprising the

dsRNA agent of any one of claims 1-27.

30. A method of inhibiting expression of MYQOU in a cell, the method comprising:

{(a) contacting the cell with the dsRNA agent of any one of claims 1-27, or a
pharmaceutical composition of claim 29; and

(b}  maintaining the cell produced in step (a} for a time sufficient o reduce levels of
MYOC mRNA, MYOC protein, or both of MYOC mRNA and protein, thereby inhibiting
expression of MYOC in the cell.
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31. The method of claim 30, wherein the cell is within a subject.

32. The method of claim 31, wherein the subject is a human.

33. The method of claim 32, wherein the subject has been diagnosed with a MYOC-
associated disorder, e.g., glaucoma {e.g., primary open angle glaucoma (POAG), angle closure

glaucoma, congenital glaucoma, and secondary glaucoma}.

34, A method of treating a subject diagnosed with a MYOC-associated disorder
comprising administering to the subject a therapeutically effective amount of the dsRNA agent
of any one of claims 1-27 or a pharmaceutical composttion of claim 29, thereby treating the

disorder.

35. The method of claim 34, wherein the MYOC-associated disorder is glaucoma.

36, The method of claim 35, wherein glaucoma is primary open angle glaucoma
5 é‘ o %’

(POAG).

37. The method of any one of claims 34-36, wherein treating comprises amelioration of

at least one sign or symptom of the disorder.

38. The method of any one of claims 34-37, wherein the treating comprises (a) inhibiting
or reducing the expression or activity of MY QC, (b) reducing the fevel of misfolded MYOC
protein; (¢) reducing trabecular meshwork cell death; (d) decreasing intraocular pressure; or (&)

increasing visual acuity.

39. The method of any one of claims 31-38, wherein the dsRNA agent is administered to

the subject intraocularly, intravenously, or topicaily.

40. The method of claim 39, wherein the intraccular administration comprises

intravitreal administration {e g, intravitreal injection), transscleral administration (e.g.,
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transscleral injection), subconjunctival administration {e.g., subconjunctival injection},
retrobulbar administration (e.g., retrobulbar injection), intracameral administration (e.g.,

intracameral injection}, or subretinal administration {e.g., subretinal injection}.

41. The method of any one of claims 31-40, further comprising administering to the
subject an additional agent or therapy suttable for treatment or prevention of an MYOC-
associated disorder {e.g., laser trabeculoplasty surgery, trabeculectomy surgery, a minimally
invasive glaucoma surgery, placement of a drainage tube in the eve, oral medication, or eye

drops).
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