MUSCLE TARGETING COMPLEXES AND USES THEREOF FOR TREATING
DYSTROPHINOPATHIES

RELATED APPLICATIONS
[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Application Serial No. 63/219999, entitled “MUSCLE TARGETING COMPLEXES AND
USES THEREOF FOR TREATING DYSTROPHINOPATHIES?”, filed on July 9, 2021, the

contents of which are incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

[0002] The present application relates to targeting complexes for delivering molecular payloads
(e.g., oligonucleotides) to cells and uses thereof, particularly uses relating to treatment of

disease.

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING
[0003] The contents of the electronic sequence listing (D082470065WO00-SEQ-
COB.xml; Size: 2,801,833 bytes; and Date of Creation: July 7, 2022) is herein incorporated by

reference in its entirety.

BACKGROUND OF INVENTION
[0004] Dystrophinopathies are a group of distinct neuromuscular diseases that result from
mutations in the gene encoding dystrophin. Dystrophinopathies include Duchenne muscular
dystrophy, Becker muscular dystrophy, and X-linked dilated cardiomyopathy. The DMD gene
(“DMD”), which encodes dystrophin, is a large gene, containing 79 exons and about 2.6 million
total base pairs. Numerous mutations in DMD, including exonic frameshift, deletion,
substitution, and duplicative mutations, are able to diminish the expression of functional
dystrophin, leading to dystrophinopathies. Several agents that target exons of human DMD have
been approved by the U.S. Food and Drug Administration (FDA), including casimersen,

viltolarsen, golodirsen, and eteplirsen.

SUMMARY OF INVENTION
[0005] According to some aspects, the disclosure provides complexes that target muscle cells
for purposes of delivering molecular payloads to those cells, as well as molecular payloads that
can be used therein. In some embodiments, complexes provided herein are particularly useful

for delivering molecular payloads that increase or restore expression or activity of functional



dystrophin protein. In some embodiments, complexes comprise oligonucleotide based
molecular payloads that promote expression of functional dystrophin protein through an in-
frame exon skipping mechanism or suppression of stop codons, such as by facilitating skipping
of DMD exon 55. In some embodiments, molecular payloads provided herein are useful for
facilitating exon skipping in a DMD sequence, such as skipping of DMD exon 55. Accordingly,
in some embodiments, complexes provided herein comprise muscle-targeting agents (e.g.,
muscle targeting antibodies) that specifically bind to receptors on the surface of muscle cells for
purposes of delivering molecular payloads to the muscle cells. In some embodiments, the
complexes are taken up into the cells via a receptor mediated internalization, following which
the molecular payload may be released to perform a function inside the cells. For example,
complexes engineered to deliver oligonucleotides may release the oligonucleotides such that the
oligonucleotides can promote expression of functional dystrophin protein (e.g., through an exon
skipping mechanism, such as by facilitating skipping of DMD exon 55) in the muscle cells. In
some embodiments, the oligonucleotides are released by endosomal cleavage of covalent linkers
connecting oligonucleotides and muscle-targeting agents of the complexes. Complexes and
molecular payloads provided herein can be used for treating subjects having a mutated DMD
gene, such as a mutated DMD gene that is amenable to exon 55 skipping.

[0006] According to some aspects, complexes comprising an anti-transferrin receptor 1 (TfR1)
antibody covalently linked to an oligonucleotide configured for inducing skipping of exon 55 in
a DMD pre-mRNA are provided herein, wherein the oligonucleotide comprises a region of
complementarity that is complementary with at least 8 consecutive nucleotides of any one of
SEQ ID NOs: 160-779.

[0007] In some embodiments, the anti-TfR1 antibody comprises:

(i) a heavy chain complementarity determining region 1 (CDR-H1) of SEQ ID NO: 33, a
heavy chain complementarity determining region 2 (CDR-H2) of SEQ ID NO: 34, a heavy chain
complementarity determining region 3 (CDR-H3) of SEQ ID NO: 35, a light chain
complementarity determining region 1 (CDR-L1) of SEQ ID NO: 36, a light chain
complementarity determining region 2 (CDR-L2) of SEQ ID NO: 37, and a light chain
complementarity determining region 3 (CDR-L3) of SEQ ID NO: 32;

(i1) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 8, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(iii) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 20, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;



(iv) a CDR-HI of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 24, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(v) a CDR-HI of SEQ ID NO: 51, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ ID
NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of SEQ ID
NO: 50;

(vi) a CDR-H1 of SEQ ID NO: 64, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ ID
NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of SEQ ID
NO: 50; or

(vii) a CDR-H1 of SEQ ID NO: 67, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ ID
NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of SEQ ID
NO: 50.

[0008] In some embodiments, the anti-TfR1 antibody comprises:

(1) a heavy chain variable region (VH) comprising an amino acid sequence at least 85%
identical to SEQ ID NO: 76; and/or a light chain variable region (VL) comprising an amino acid
sequence at least 85% identical to SEQ ID NO: 75;

(i1) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 69;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(i11) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 71;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(iv) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 72;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(v) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 73;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 74;

(vi) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 73;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 75;

(vii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 76;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 74;

(viii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 77,
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 78;

(ix) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 79;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 80; or

(x) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 77;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 80.



[0009] In some embodiments, the anti-TfR1 antibody comprises:

(i) a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL comprising
the amino acid sequence of SEQ ID NO: 75;

(i1) a VH comprising the amino acid sequence of SEQ ID NO: 69 and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(iii) a VH comprising the amino acid sequence of SEQ ID NO: 71and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(iv) a VH comprising the amino acid sequence of SEQ ID NO: 72 and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(v) a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 74;

(vi) a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 75;

(vii) a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL comprising
the amino acid sequence of SEQ ID NO: 74;

(viii) a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising
the amino acid sequence of SEQ ID NO: 78;

(ix) a VH comprising the amino acid sequence of SEQ ID NO: 79 and a VL comprising
the amino acid sequence of SEQ ID NO: 80; or

(x) a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising
the amino acid sequence of SEQ ID NO: 80.

[00010] In some embodiments, the anti-TfR1 antibody is a Fab fragment, a Fab' fragment,
a F(ab')2 fragment, an scFv, an Fv, or a full-length IgG.

[00011] In some embodiments, the anti-TfR1 antibody is a Fab fragment.

[00012] In some embodiments, the anti-TfR1 antibody comprises:

(1) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 101; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 90;

(ii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 97; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(iii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 98; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(iv) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
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NO: 99; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(v) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 100; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 89;

(vi) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 100; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 90;

(vii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 101; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 89;

(viii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 102; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 93;

(ix) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 103; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 95; or

(x) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 102; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 95.
[00013] In some embodiments, the anti-TfR1 antibody comprises:

(i) a heavy chain comprising the amino acid sequence of SEQ ID NO: 101; and a light
chain comprising the amino acid sequence of SEQ ID NO: 90;

(i1) a heavy chain comprising the amino acid sequence of SEQ ID NO: 97; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(1i1) a heavy chain comprising the amino acid sequence of SEQ ID NO: 98; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(iv) a heavy chain comprising the amino acid sequence of SEQ ID NO: 99; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(v) a heavy chain comprising the amino acid sequence of SEQ ID NO: 100; and a light
chain comprising the amino acid sequence of SEQ ID NO: 89;

(vi) a heavy chain comprising the amino acid sequence of SEQ ID NO: 100; and a light
chain comprising the amino acid sequence of SEQ ID NO: 90;

(vii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 101; and a light
chain comprising the amino acid sequence of SEQ ID NO: 89;
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(viii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 102; and a light
chain comprising the amino acid sequence of SEQ ID NO: 93;

(ix) a heavy chain comprising the amino acid sequence of SEQ ID NO: 103; and a light
chain comprising the amino acid sequence of SEQ ID NO: 95; or

(x) a heavy chain comprising the amino acid sequence of SEQ ID NO: 102; and a light
chain comprising the amino acid sequence of SEQ ID NO: 95.
[00014] In some embodiments, the anti-TfR1 antibody does not specifically bind to the
transferrin binding site of the transferrin receptor 1 and/or the anti-TfR1 antibody does not
inhibit binding of transferrin to the transferrin receptor 1.
[00015] In some embodiments, the oligonucleotide comprises a region of
complementarity to at least 4 consecutive nucleotides of a splicing feature of the DMD pre-
mRNA.
[00016] In some embodiments, the splicing feature is an exonic splicing enhancer (ESE)
in exon 55 of the DMD pre-mRNA, optionally wherein the ESE comprises a sequence of any
one of SEQ ID NOs: 2031-2061.
[00017] In some embodiments, the splicing feature is a branch point, a splice donor site,
or a splice acceptor site, optionally wherein the splicing feature is across the junction of exon 54
and intron 54, in intron 54, across the junction of intron 54 and exon 55, across the junction of
exon 55 and intron 55, in intron 55, or across the junction of intron 55 and exon 56 of the DMD
pre-mRNA, and further optionally wherein the splicing feature comprises a sequence of any one
of SEQ ID NOs: 2028-2030, 2062, and 2063.
[00018] In some embodiments, the oligonucleotide comprises a sequence complementary
to any one of SEQ ID NOs: 160-779 or comprises a sequence of any one of SEQ ID NOs: 780-
2019, wherein each thymine base (T) may independently and optionally be replaced with a
uracil base (U), and each U may independently and optionally be replaced with a T.
[00019] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 1400, 1402-1406, 1408, 1409, 1413, 1418-1420, 1483-1491, 1493, 1495, 1496,
1502-1506, 1508, 1510-1512, 1514, 1522-1524, 1529-1531, 1534, 1535, 1559, 1583, 1587,
1591, 1596, 1597, 1598, 1604, 1606, 1607, 1638, 1641, 1693-1695, 1702, 1703, 1766, 1813,
1988, and 1995, wherein each thymine base (T) may independently and optionally be replaced
with a uracil base (U), and each U may independently and optionally be replaced with a T.
[00020] In some embodiments, the oligonucleotide comprises one or more
phosphorodiamidate morpholinos, optionally wherein the oligonucleotide is a

phosphorodiamidate morpholino oligomer (PMO).



[00021] In some embodiments, the anti-TfR1 antibody is covalently linked to the
oligonucleotide via a cleavable linker, optionally wherein the cleavable linker comprises a
valine-citrulline sequence.

[00022] In some embodiments, the anti-TfR1 antibody is covalently linked to the
oligonucleotide via conjugation to a lysine residue or a cysteine residue of the antibody.
[00023] According to some aspects, oligonucleotides that target DMD are provided
herein, wherein the oligonucleotide comprises a region of complementarity to any one of SEQ
ID NOs: 160-779, optionally wherein the region of complementarity comprises at least 15
consecutive nucleosides complementary to any one of SEQ ID NOs: 160-779.

[00024] In some embodiments, the oligonucleotide comprises at least 15 consecutive
nucleosides of any one of SEQ ID NOs: 780-2019, optionally wherein the oligonucleotide
comprises a sequence of any one of SEQ ID NOs: 780-2019, wherein each thymine base (T)
may independently and optionally be replaced with a uracil base (U), and each U may
independently and optionally be replaced with a T.

[00025] According to some aspects, methods of delivering an oligonucleotide to a cell are
provided herein, the method comprising contacting the cell with a complex disclosed herein or
with an oligonucleotide disclosed herein.

[00026] According to some aspects, methods of promoting the expression or activity of a
dystrophin protein in a cell are provided herein, the method comprising contacting the cell with
a complex disclosed herein or with an oligonucleotide disclosed herein in an amount effective
for promoting internalization of the oligonucleotide to the cell, optionally wherein the cell is a

muscle cell.

[00027] In some embodiments, the cell comprises a DMD gene that is amenable to
skipping of exon 55.
[00028] In some embodiments, the dystrophin protein is a truncated dystrophin protein.

BRIEF DESCRIPTION OF THE DRAWINGS
[00029] FIG. 1 shows data illustrating that conjugates containing anti-TfR1 Fab (3M12
VH4/Vx3) conjugated to a DMD exon-skipping oligonucleotide resulted in enhanced exon
skipping compared to the naked DMD exon skipping oligo in Duchenne muscular dystrophy

patient myotubes.

DETAILED DESCRIPTION OF INVENTION
[00030] Aspects of the disclosure relate to a recognition that while certain molecular

payloads (e.g., oligonucleotides, peptides, small molecules) can have beneficial effects in muscle
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cells, it has proven challenging to effectively target such cells. Accordingly, as described herein,
the present disclosure provides complexes comprising muscle-targeting agents covalently linked
to molecular payloads in order to overcome such challenges. In some embodiments, the
complexes are particularly useful for delivering molecular payloads that modulate (e.g.,
promote) the expression or activity of dystrophin protein (e.g., a truncated dystrophin protein) or
DMD (e.g., a mutated DMD allele). In some embodiments, complexes provided herein may
comprise oligonucleotides that promote expression and activity of dystrophin protein or DMD,
such as by facilitating in-frame exon skipping and/or suppression of premature stop codons. For
example, complexes may comprise oligonucleotides that induce skipping of exon(s) of DMD
RNA (e.g., pre-mRNA), such as oligonucleotides that induce skipping of exon 55. In some
embodiments, synthetic nucleic acid payloads (e.g., DNA or RNA payloads) may be used that
express one or more proteins that promote normal expression and activity of dystrophin protein
or DMD.

[00031] Duchenne muscular dystrophy is an X-linked muscular disorder caused by one or
more mutations in the DMD gene located on Xp21. Dystrophin protein typically forms the
dystrophin-associated glycoprotein complex (DGC) at the sarcolemma, which links the muscle
sarcomeric structure to the extracellular matrix and protects the sarcolemma from contraction-
induced injury. In patients with Duchenne muscular dystrophy, the dystrophin protein is
generally absent and muscle fibers typically become damaged due to mechanical overextension.
Mutations in the DMD gene are associated with two types of muscular dystrophy, Duchenne
muscular dystrophy and Becker muscular dystrophy, depending on whether the translational
reading frame is lost or maintained. Becker muscular dystrophy is a clinically milder form of
Duchenne muscular dystrophy, and is characterized by features similar to Duchenne muscular
dystrophy. In some embodiments, exon skipping induced by oligonucleotides (e.g., delivered
using complexes provided herein) can be used to restore the reading frame of a mutated DMD
allele resulting in production of a truncated dystrophin protein that is sufficiently functional to
improve muscle function. In some embodiments, such exon skipping converts a Duchenne
muscular dystrophy phenotype into a milder Becker muscular dystrophy phenotype.

[00032] Further aspects of the disclosure, including a description of defined terms, are

provided below.

L Definitions

[00033] Administering: As used herein, the terms “administering” or “administration”
means to provide a complex to a subject in a manner that is physiologically and/or (e.g., and)
pharmacologically useful (e.g., to treat a condition in the subject).
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[00034] Approximately: As used herein, the term “approximately” or “about,” as applied
to one or more values of interest, refers to a value that is similar to a stated reference value. In
certain embodiments, the term “approximately” or “about” refers to a range of values that fall
within 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less in
either direction (greater than or less than) of the stated reference value unless otherwise stated or
otherwise evident from the context (except where such number would exceed 100% of a
possible value).

[00035] Antibody: As used herein, the term “antibody” refers to a polypeptide that
includes at least one immunoglobulin variable domain or at least one antigenic determinant, e.g.,
paratope that specifically binds to an antigen. In some embodiments, an antibody is a full-length
antibody. In some embodiments, an antibody is a chimeric antibody. In some embodiments, an
antibody is a humanized antibody. However, in some embodiments, an antibody is a Fab
fragment, a Fab' fragment, a F(ab")2 fragment, a Fv fragment or a scFv fragment. In some
embodiments, an antibody is a nanobody derived from a camelid antibody or a nanobody
derived from shark antibody. In some embodiments, an antibody is a diabody. In some
embodiments, an antibody comprises a framework having a human germline sequence. In
another embodiment, an antibody comprises a heavy chain constant domain selected from the
group consisting of IgG, IgG1, IgG2, IgG2A, IgG2B, IgG2C, 1gG3, 1gG4, IgAl, IgA2, IgD,
IgM, and IgE constant domains. In some embodiments, an antibody comprises a heavy (H)
chain variable region (abbreviated herein as VH), and/or (e.g., and) a light (L) chain variable
region (abbreviated herein as VL). In some embodiments, an antibody comprises a constant
domain, e.g., an Fc region. An immunoglobulin constant domain refers to a heavy or light chain
constant domain. Human IgG heavy chain and light chain constant domain amino acid
sequences and their functional variations are known. With respect to the heavy chain, in some
embodiments, the heavy chain of an antibody described herein can be an alpha (a), delta (A),
epsilon (€), gamma (y) or mu (u) heavy chain. In some embodiments, the heavy chain of an
antibody described herein can comprise a human alpha (a), delta (A), epsilon (€), gamma (y) or
mu (u) heavy chain. In a particular embodiment, an antibody described herein comprises a
human gamma 1 CH1, CH2, and/or (e.g., and) CH3 domain. In some embodiments, the amino
acid sequence of the VH domain comprises the amino acid sequence of a human gamma ()
heavy chain constant region, such as any known in the art. Non-limiting examples of human
constant region sequences have been described in the art, e.g., see U.S. Pat. No. 5,693,780 and
Kabat E A et al., (1991) supra. In some embodiments, the VH domain comprises an amino acid
sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, or at least 99% identical to any

of the variable chain constant regions provided herein. In some embodiments, an antibody is
9



modified, e.g., modified via glycosylation, phosphorylation, sumoylation, and/or (e.g., and)
methylation. In some embodiments, an antibody is a glycosylated antibody, which is conjugated
to one or more sugar or carbohydrate molecules. In some embodiments, the one or more sugar
or carbohydrate molecule are conjugated to the antibody via N-glycosylation, O-glycosylation,
C-glycosylation, glypiation (GPI anchor attachment), and/or (e.g., and) phosphoglycosylation.
In some embodiments, the one or more sugar or carbohydrate molecule are monosaccharides,
disaccharides, oligosaccharides, or glycans. In some embodiments, the one or more sugar or
carbohydrate molecule is a branched oligosaccharide or a branched glycan. In some
embodiments, the one or more sugar or carbohydrate molecule includes a mannose unit, a
glucose unit, an N-acetylglucosamine unit, an N-acetylgalactosamine unit, a galactose unit, a
fucose unit, or a phospholipid unit. In some embodiments, an antibody is a construct that
comprises a polypeptide comprising one or more antigen binding fragments of the disclosure
linked to a linker polypeptide or an immunoglobulin constant domain. Linker polypeptides
comprise two or more amino acid residues joined by peptide bonds and are used to link one or
more antigen binding portions. Examples of linker polypeptides have been reported (see e.g.,
Holliger, P., et al. (1993) Proc. Natl. Acad. Sci. USA 90:6444-6448; Poljak, R. J, et al. (1994)
Structure 2:1121-1123). Still further, an antibody may be part of a larger immunoadhesion
molecule, formed by covalent or noncovalent association of the antibody or antibody portion
with one or more other proteins or peptides. Examples of such immunoadhesion molecules
include use of the streptavidin core region to make a tetrameric scFv molecule (Kipriyanov, S.
M., et al. (1995) Human Antibodies and Hybridomas 6:93-101) and use of a cysteine residue, a
marker peptide and a C-terminal polyhistidine tag to make bivalent and biotinylated scFv
molecules (Kipriyanov, S. M., et al. (1994) Mol. Immunol. 31:1047-1058).

[00036] Branch point: As used herein, the term “branch point” or “branch site” refers to
a nucleic acid sequence motif within an intron of a gene or pre-mRNA that is involved in
splicing of pre-mRNA into mRNA (i.e., removing introns from the pre-mRNA), and can be
referred to as a splicing feature. A branch point is typically located 18 to 40 nucleotides from the
3’ end of an intron, and contains an adenine but is otherwise relatively unrestricted in sequence.
Common sequence motifs for branch points are YNYYRAY, YTRAC, and YNYTRAY, where
Y is a pyrimidine, N is any nucleotide, R is any purine, and A is adenine. During splicing, the
pre-mRNA is cleaved at the 5° end of the intron, which then attaches to the branch point region
downstream through transesterification bonding between guanines and adenines from the 5’ end
and the branch point, respectively, to form a looped lariat structure.

[00037] CDR: As used herein, the term "CDR" refers to the complementarity determining
region within antibody variable sequences. A typical antibody molecule comprises a heavy
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chain variable region (VH) and a light chain variable region (VL), which are usually involved in
antigen binding. The VH and VL regions can be further subdivided into regions of
hypervariability, also known as “complementarity determining regions” (“CDR”), interspersed
with regions that are more conserved, which are known as “framework regions” (“FR”). Each
VH and VL is typically composed of three CDRs and four FRs, arranged from amino-terminus
to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The
extent of the framework region and CDRs can be precisely identified using methodology known
in the art, for example, by the Kabat definition, the IMGT definition, the Chothia definition, the
AbM definition, and/or (e.g., and) the contact definition, all of which are well known in the art.
See, e.g., Kabat, E.A., et al. (1991) Sequences of Proteins of Immunological Interest, Fifth
Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242;
IMGT®, the international ImMunoGeneTics information system® www.imgt.org, Lefranc, M.-
P. et al., Nucleic Acids Res., 27:209-212 (1999); Ruiz, M. et al., Nucleic Acids Res., 28:219-221
(2000); Lefranc, M.-P., Nucleic Acids Res., 29:207-209 (2001); Lefranc, M.-P., Nucleic Acids
Res., 31:307-310 (2003); Lefranc, M.-P. et al., In Silico Biol., 5, 0006 (2004) [Epub], 5:45-60
(2005); Lefranc, M.-P. et al., Nucleic Acids Res., 33:D593-597 (2005); Lefranc, M.-P. et al.,
Nucleic Acids Res., 37:D1006-1012 (2009); Lefranc, M.-P. et al., Nucleic Acids Res., 43:D413-
422 (2015); Chothia et al., (1989) Nature 342:877; Chothia, C. et al. (1987) J. Mol. Biol.
196:901-917, Al-lazikani et al (1997) J. Molec. Biol. 273:927-948; and Almagro, J. Mol.
Recognit. 17:132-143 (2004). See also bioinf.org.uk/abs. As used herein, a CDR may refer to the
CDR defined by any method known in the art. Two antibodies having the same CDR means that
the two antibodies have the same amino acid sequence of that CDR as determined by the same
method, for example, the IMGT definition.
[00038] There are three CDRs in each of the variable regions of the heavy chain and the
light chain, which are designated CDR1, CDR2 and CDR3, for each of the variable regions. The
term "CDR set" as used herein refers to a group of three CDRs that occur in a single variable
region capable of binding the antigen. The exact boundaries of these CDRs have been defined
differently according to different systems. The system described by Kabat (Kabat et al.,
Sequences of Proteins of Immunological Interest (National Institutes of Health, Bethesda, Md.
(1987) and (1991)) not only provides an unambiguous residue numbering system applicable to
any variable region of an antibody, but also provides precise residue boundaries defining the
three CDRs. These CDRs may be referred to as Kabat CDRs. Sub-portions of CDRs may be
designated as L1, L2 and L3 or H1, H2 and H3 where the "L" and the "H" designates the light
chain and the heavy chains regions, respectively. These regions may be referred to as Chothia
CDRs, which have boundaries that overlap with Kabat CDRs. Other boundaries defining CDRs
11



overlapping with the Kabat CDRs have been described by Padlan (FASEB J. 9:133-139 (1995))
and MacCallum (J Mol Biol 262(5):732-45 (1996)). Still other CDR boundary definitions may
not strictly follow one of the above systems, but will nonetheless overlap with the Kabat CDRs,
although they may be shortened or lengthened in light of prediction or experimental findings
that particular residues or groups of residues or even entire CDRs do not significantly impact
antigen binding. The methods used herein may utilize CDRs defined according to any of these
systems. Examples of CDR definition systems are provided in Table 1.

Table 1. CDR Definitions

IMGT! Kabat? Chothia®
CDR-H1 27-38 31-35 26-32
CDR-H2 56-65 50-65 53-35
CDR-H3 105-116/117 95-102 96-101
CDR-L1 27-38 24-34 26-32
CDR-L2 56-65 50-56 50-52
CDR-L3 105-116/117 89-97 91-96

! IMGT®, the international ImMunoGeneTics information system®, imgt.org, Lefranc, M.-P. et al., Nucleic Acids

Res., 27:209-212 (1999)
2Kabat et al. (1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and

Human Services, NIH Publication No. 91-3242
3 Chothia et al., J. Mol. Biol. 196:901-917 (1987))

[00039] CDR-grafted antibody: The term "CDR-grafted antibody" refers to antibodies
which comprise heavy and light chain variable region sequences from one species but in which
the sequences of one or more of the CDR regions of VH and/or (e.g., and) VL are replaced with
CDR sequences of another species, such as antibodies having murine heavy and light chain
variable regions in which one or more of the murine CDRs (e.g., CDR3) has been replaced with
human CDR sequences.

[00040] Chimeric antibody: The term "chimeric antibody" refers to antibodies which
comprise heavy and light chain variable region sequences from one species and constant region
sequences from another species, such as antibodies having murine heavy and light chain variable
regions linked to human constant regions.

[00041] Complementary: As used herein, the term “complementary” refers to the
capacity for precise pairing between two nucleosides or two sets of nucleosides. In particular,
complementary is a term that characterizes an extent of hydrogen bond pairing that brings about
binding between two nucleosides or two sets of nucleosides. For example, if a base at one
position of an oligonucleotide is capable of hydrogen bonding with a base at the corresponding
position of a target nucleic acid (e.g., an mRNA), then the bases are considered to be
complementary to each other at that position. Base pairings may include both canonical
Watson-Crick base pairing and non-Watson-Crick base pairing (e.g., Wobble base pairing and

Hoogsteen base pairing). For example, in some embodiments, for complementary base pairings,
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adenosine-type bases (A) are complementary to thymidine-type bases (T) or uracil-type bases
(U), that cytosine-type bases (C) are complementary to guanosine-type bases (G), and that
universal bases such as 3-nitropyrrole or 5-nitroindole can hybridize to and are considered
complementary to any A, C, U, or T. Inosine (I) has also been considered in the art to be a
universal base and is considered complementary to any A, C, Uor T.

[00042] Conservative amino acid substitution: As used herein, a “conservative amino
acid substitution” refers to an amino acid substitution that does not alter the relative charge or
size characteristics of the protein in which the amino acid substitution is made. Variants can be
prepared according to methods for altering polypeptide sequence known to one of ordinary skill
in the art such as are found in references which compile such methods, e.g. Molecular Cloning:
A Laboratory Manual, J. Sambrook, et al., eds., Fourth Edition, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York, 2012, or Current Protocols in Molecular Biology, F.M.
Ausubel, et al., eds., John Wiley & Sons, Inc., New York. Conservative substitutions of amino
acids include substitutions made amongst amino acids within the following groups: (a) M, I, L,
ViOEY, W;(c)K,R,H; d) A, G;(e)S, T; () Q,N; and (g) E, D.

[00043] Covalently linked: As used herein, the term “covalently linked” refers to a
characteristic of two or more molecules being linked together via at least one covalent bond. In
some embodiments, two molecules can be covalently linked together by a single bond, e.g., a
disulfide bond or disulfide bridge, that serves as a linker between the molecules. However, in
some embodiments, two or more molecules can be covalently linked together via a molecule that
serves as a linker that joins the two or more molecules together through multiple covalent bonds.
In some embodiments, a linker may be a cleavable linker. However, in some embodiments, a
linker may be a non-cleavable linker.

[00044] Cross-reactive: As used herein and in the context of a targeting agent (e.g.,
antibody), the term “cross-reactive,” refers to a property of the agent being capable of
specifically binding to more than one antigen of a similar type or class (e.g., antigens of multiple
homologs, paralogs, or orthologs) with similar affinity or avidity. For example, in some
embodiments, an antibody that is cross-reactive against human and non-human primate antigens
of a similar type or class (e.g., a human transferrin receptor and non-human primate transferrin
receptor) is capable of binding to the human antigen and non-human primate antigens with a
similar affinity or avidity. In some embodiments, an antibody is cross-reactive against a human
antigen and a rodent antigen of a similar type or class. In some embodiments, an antibody is
cross-reactive against a rodent antigen and a non-human primate antigen of a similar type or
class. In some embodiments, an antibody is cross-reactive against a human antigen, a non-
human primate antigen, and a rodent antigen of a similar type or class.
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[00045] DMD: As used herein, the term “DMD” refers to a gene that encodes dystrophin
protein, a key component of the dystrophin-glycoprotein complex, which bridges the inner
cytoskeleton and the extracellular matrix in muscle cells, particularly muscle fibers. Deletions,
duplications, and point mutations in DMD may cause dystrophinopathies, such as Duchenne
muscular dystrophy, Becker muscular dystrophy, or cardiomyopathy. Alternative promoter
usage and alternative splicing result in numerous distinct transcript variants and protein isoforms
for this gene. In some embodiments, a dystrophin gene (DMD or DMD gene) may be a human
(Gene ID: 1756), non-human primate (e.g., Gene ID: 465559), or rodent gene (e.g., Gene ID:
13405; Gene ID: 24907). In addition, multiple human transcript variants (e.g., as annotated
under GenBank RefSeq Accession Numbers: NM_000109.3, NM_004006.2, NM_004009.3,
NM_004010.3 and NM_004011.3) have been characterized that encode different protein
isoforms.

[00046] DMD allele: As used herein, the term “DMD allele” refers to any one of
alternative forms (e.g., wild-type or mutant forms) of a DMD gene. In some embodiments, a
DMD allele may encode for dystrophin that retains its normal and typical functions. In some
embodiments, a DMD allele may comprise one or more mutations that results in muscular
dystrophy. Common mutations that lead to Duchenne muscular dystrophy involve frameshift,
deletion, substitution, and duplicative mutations of one or more of 79 exons present in a
dystrophin allele, e.g., exon 8, exon 23, exon 41, exon 44, exon 45, exon 50, exon 51, exon 52,
exon 53, or exon 55. Further examples of DMD mutations are disclosed, for example, in
Flanigan KM, et al., Mutational spectrum of DMD mutations in dystrophinopathy patients:
application of modern diagnostic techniques to a large cohort. Hum Mutat. 2009 Dec; 30
(12):1657-66, the contents of which are incorporated herein by reference in its entirety.
[00047] Dystrophinopathy: As used herein, the term “dystrophinopathy” refers to a
muscle disease results from one or more mutated DMD alleles. Dystrophinopathies include a
spectrum of conditions (ranging from mild to severe) that includes Duchenne muscular
dystrophy, Becker muscular dystrophy, and DMD-associated dilated cardiomyopathy (DCM).
In some embodiments, at one end of the spectrum, dystrophinopathy is phenotypically
associated with an asymptomatic increase in serum concentration of creatine phosphokinase
(CK) and/or (e.g., and) muscle cramps with myoglobinuria. In some embodiments, at the other
end of the spectrum, dystrophinopathy is phenotypically associated with progressive muscle
diseases that are generally classified as Duchenne or Becker muscular dystrophy when skeletal
muscle is primarily affected and as DMD-associated dilated cardiomyopathy (DCM) when the
heart is primarily affected. Symptoms of Duchenne muscular dystrophy include muscle loss or
degeneration, diminished muscle function, pseudohypertrophy of the tongue and calf muscles,
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higher risk of neurological abnormalities, and a shortened lifespan. Duchenne muscular
dystrophy is associated with Online Mendelian Inheritance in Man (OMIM) Entry # 310200.
Becker muscular dystrophy is associated with OMIM Entry # 300376. Dilated cardiomyopathy
is associated with OMIM Entry X# 302045.

[00048] Exonic splicing enhancer (ESE): As used herein, the term “exonic splicing
enhancer” or “ESE” refers to a nucleic acid sequence motif within an exon of a gene, pre-
mRNA, or mRNA that directs or enhances splicing of pre-mRNA into mRNA, e.g., as described
in Blencowe et al., Trends Biochem Sci 25, 106-10. (2000), incorporated herein by reference.
ESEs can be referred to as splicing features. ESEs may direct or enhance splicing, for example,
to remove one or more introns and/or one or more exons from a gene transcript. ESE motifs are
typically 6-8 nucleobases in length. SR proteins (e.g., proteins encoded by the gene SRSF1,
SRSF2, SRSF3, SRSF4, SRSF5, SRSF6, SRSF7, SRSF8, SRSF9, SRSF10, SRSF11, SRSF12,
TRA2A or TRA2B) bind to ESEs through their RNA recognition motif region to facilitate
splicing. ESE motifs can be identified through a number of methods, including those described
in Cartegni et al., Nucleic Acids Research, 2003, Vol. 31, No. 13, 3568-3571, incorporated
herein by reference.

[00049] Framework: As used herein, the term "framework" or "framework sequence”
refers to the remaining sequences of a variable region minus the CDRs. Because the exact
definition of a CDR sequence can be determined by different systems, the meaning of a
framework sequence is subject to correspondingly different interpretations. The six CDRs
(CDR-L1, CDR-1.2, and CDR-L3 of light chain and CDR-H1, CDR-H2, and CDR-H3 of heavy
chain) also divide the framework regions on the light chain and the heavy chain into four sub-
regions (FR1, FR2, FR3 and FR4) on each chain, in which CDR1 is positioned between FR1 and
FR2, CDR2 between FR2 and FR3, and CDR3 between FR3 and FR4. Without specifying the
particular sub-regions as FR1, FR2, FR3 or FR4, a framework region, as referred by others,
represents the combined FRs within the variable region of a single, naturally occurring
immunoglobulin chain. As used herein, a FR represents one of the four sub-regions, and FRs
represents two or more of the four sub-regions constituting a framework region. Human heavy
chain and light chain acceptor sequences are known in the art. In one embodiment, the acceptor
sequences known in the art may be used in the antibodies disclosed herein.

[00050] Human antibody: The term "human antibody", as used herein, is intended to
include antibodies having variable and constant regions derived from human germline
immunoglobulin sequences. The human antibodies of the disclosure may include amino acid
residues not encoded by human germline immunoglobulin sequences (e.g., mutations introduced
by random or site-specific mutagenesis in vitro or by somatic mutation in vivo), for example in
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the CDRs and in particular CDR3. However, the term "human antibody", as used herein, is not
intended to include antibodies in which CDR sequences derived from the germline of another
mammalian species, such as a mouse, have been grafted onto human framework sequences.
[00051] Humanized antibody: The term "humanized antibody" refers to antibodies
which comprise heavy and light chain variable region sequences from a non-human species
(e.g., amouse) but in which at least a portion of the VH and/or (e.g., and) VL sequence has been
altered to be more "human-like", i.e., more similar to human germline variable sequences. One
type of humanized antibody is a CDR-grafted antibody, in which human CDR sequences are
introduced into non-human VH and VL sequences to replace the corresponding non-human CDR
sequences. In one embodiment, humanized anti-TfR1 antibodies and antigen binding portions
are provided. Such antibodies may be generated by obtaining murine anti-TfR1 monoclonal
antibodies using traditional hybridoma technology followed by humanization using in vitro
genetic engineering, such as those disclosed in Kasaian et al PCT publication No. WO
2005/123126 A2.

[00052] Internalizing cell surface receptor: As used herein, the term, “internalizing cell
surface receptor” refers to a cell surface receptor that is internalized by cells, e.g., upon external
stimulation, e.g., ligand binding to the receptor. In some embodiments, an internalizing cell
surface receptor is internalized by endocytosis. In some embodiments, an internalizing cell
surface receptor is internalized by clathrin-mediated endocytosis. However, in some
embodiments, an internalizing cell surface receptor is internalized by a clathrin-independent
pathway, such as, for example, phagocytosis, macropinocytosis, caveolae- and raft-mediated
uptake or constitutive clathrin-independent endocytosis. In some embodiments, the internalizing
cell surface receptor comprises an intracellular domain, a transmembrane domain, and/or (e.g.,
and) an extracellular domain, which may optionally further comprise a ligand-binding domain.
In some embodiments, a cell surface receptor becomes internalized by a cell after ligand
binding. In some embodiments, a ligand may be a muscle-targeting agent or a muscle-targeting
antibody. In some embodiments, an internalizing cell surface receptor is a transferrin receptor.
[00053] Isolated antibody: An "isolated antibody", as used herein, is intended to refer to
an antibody that is substantially free of other antibodies having different antigenic specificities
(e.g., an isolated antibody that specifically binds transferrin receptor is substantially free of
antibodies that specifically bind antigens other than transferrin receptor). An isolated antibody
that specifically binds transferrin receptor complex may, however, have cross-reactivity to other
antigens, such as transferrin receptor molecules from other species. Moreover, an isolated

antibody may be substantially free of other cellular material and/or (e.g., and) chemicals.
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[00054] Kabat numbering: The terms "Kabat numbering", "Kabat definitions and
"Kabat labeling" are used interchangeably herein. These terms, which are recognized in the art,
refer to a system of numbering amino acid residues which are more variable (i.e. hypervariable)
than other amino acid residues in the heavy and light chain variable regions of an antibody, or an
antigen binding portion thereof (Kabat et al. (1971) Ann. NY Acad. Sci. 190:382-391 and,
Kabat, E. A., et al. (1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S.
Department of Health and Human Services, NIH Publication No. 91-3242). For the heavy chain
variable region, the hypervariable region ranges from amino acid positions 31 to 35 for CDR1,
amino acid positions 50 to 65 for CDR2, and amino acid positions 95 to 102 for CDR3. For the
light chain variable region, the hypervariable region ranges from amino acid positions 24 to 34
for CDR1, amino acid positions 50 to 56 for CDR2, and amino acid positions 89 to 97 for
CDR3.

[00055] Molecular payload: As used herein, the term “molecular payload” refers to a
molecule or species that functions to modulate a biological outcome. In some embodiments, a
molecular payload is linked to, or otherwise associated with a muscle-targeting agent. In some
embodiments, the molecular payload is a small molecule, a protein, a peptide, a nucleic acid, or
an oligonucleotide. In some embodiments, the molecular payload functions to modulate the
transcription of a DNA sequence, to modulate the expression of a protein, or to modulate the
activity of a protein. In some embodiments, the molecular payload is an oligonucleotide that
comprises a strand having a region of complementarity to a target gene.

[00056] Muscle-targeting agent: As used herein, the term, “muscle-targeting agent,”
refers to a molecule that specifically binds to an antigen expressed on muscle cells. The antigen
in or on muscle cells may be a membrane protein, for example an integral membrane protein or a
peripheral membrane protein. Typically, a muscle-targeting agent specifically binds to an
antigen on muscle cells that facilitates internalization of the muscle-targeting agent (and any
associated molecular payload) into the muscle cells. In some embodiments, a muscle-targeting
agent specifically binds to an internalizing, cell surface receptor on muscles and is capable of
being internalized into muscle cells through receptor mediated internalization. In some
embodiments, the muscle-targeting agent is a small molecule, a protein, a peptide, a nucleic acid
(e.g., an aptamer), or an antibody. In some embodiments, the muscle-targeting agent is linked to
a molecular payload.

[00057] Muscle-targeting antibody: As used herein, the term, “muscle-targeting
antibody,” refers to a muscle-targeting agent that is an antibody that specifically binds to an
antigen found in or on muscle cells. In some embodiments, a muscle-targeting antibody
specifically binds to an antigen on muscle cells that facilitates internalization of the muscle-
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targeting antibody (and any associated molecular payment) into the muscle cells. In some
embodiments, the muscle-targeting antibody specifically binds to an internalizing, cell surface
receptor present on muscle cells. In some embodiments, the muscle-targeting antibody is an
antibody that specifically binds to a transferrin receptor.

[00058] Oligonucleotide: As used herein, the term “oligonucleotide” refers to an
oligomeric nucleic acid compound of up to 200 nucleotides in length. Examples of
oligonucleotides include, but are not limited to, RNAi oligonucleotides (e.g., siRNAs, shRNAs),
microRNAs, gapmers, mixmers, phosphorodiamidate morpholinos, peptide nucleic acids,
aptamers, guide nucleic acids (e.g., Cas9 guide RNAs), etc. Oligonucleotides may be single-
stranded or double-stranded. In some embodiments, an oligonucleotide may comprise one or
more modified nucleosides (e.g., 2'-O-methyl sugar modifications, purine or pyrimidine
modifications). In some embodiments, an oligonucleotide may comprise one or more modified
internucleoside linkages. In some embodiments, an oligonucleotide may comprise one or more
phosphorothioate linkages, which may be in the Rp or Sp stereochemical conformation.

[00059] Recombinant antibody: The term "recombinant human antibody", as used
herein, is intended to include all human antibodies that are prepared, expressed, created or
isolated by recombinant means, such as antibodies expressed using a recombinant expression
vector transfected into a host cell (described in more details in this disclosure), antibodies
isolated from a recombinant, combinatorial human antibody library (Hoogenboom H. R., (1997)
TIB Tech. 15:62-70; Azzazy H., and Highsmith W. E., (2002) Clin. Biochem. 35:425-445;
Gavilondo J. V., and Larrick J. W. (2002) BioTechniques 29:128-145; Hoogenboom H., and
Chames P. (2000) Immunology Today 21:371-378), antibodies isolated from an animal (e.g., a
mouse) that is transgenic for human immunoglobulin genes (see e.g., Taylor, L. D., et al. (1992)
Nucl. Acids Res. 20:6287-6295; Kellermann S-A., and Green L. L. (2002) Current Opinion in
Biotechnology 13:593-597; Little M. et al (2000) Immunology Today 21:364-370) or antibodies
prepared, expressed, created or isolated by any other means that involves splicing of human
immunoglobulin gene sequences to other DNA sequences. Such recombinant human antibodies
have variable and constant regions derived from human germline immunoglobulin sequences. In
certain embodiments, however, such recombinant human antibodies are subjected to in vitro
mutagenesis (or, when an animal transgenic for human Ig sequences is used, in vivo somatic
mutagenesis) and thus the amino acid sequences of the VH and VL regions of the recombinant
antibodies are sequences that, while derived from and related to human germline VH and VL.
sequences, may not naturally exist within the human antibody germline repertoire in vivo. One
embodiment of the disclosure provides fully human antibodies capable of binding human
transferrin receptor which can be generated using techniques well known in the art, such as, but
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not limited to, using human Ig phage libraries such as those disclosed in Jermutus et al., PCT
publication No. WO 2005/007699 A2.

[00060] Region of complementarity: As used herein, the term “region of
complementarity” refers to a nucleotide sequence, e.g., of an oligonucleotide, that is sufficiently
complementary to a cognate nucleotide sequence, e.g., of a target nucleic acid, such that the two
nucleotide sequences are capable of annealing to one another under physiological conditions
(e.g., in a cell). In some embodiments, a region of complementarity is fully complementary to a
cognate nucleotide sequence of target nucleic acid. However, in some embodiments, a region of
complementarity is partially complementary to a cognate nucleotide sequence of target nucleic
acid (e.g., at least 80%, 90%, 95% or 99% complementarity). In some embodiments, a region of
complementarity contains 1, 2, 3, or 4 mismatches compared with a cognate nucleotide sequence
of a target nucleic acid.

[00061] Specifically binds: As used herein, the term “specifically binds” refers to the
ability of a molecule to bind to a binding partner with a degree of affinity or avidity that enables
the molecule to be used to distinguish the binding partner from an appropriate control in a
binding assay or other binding context. With respect to an antibody, the term, “specifically
binds”, refers to the ability of the antibody to bind to a specific antigen with a degree of affinity
or avidity, compared with an appropriate reference antigen or antigens, that enables the antibody
to be used to distinguish the specific antigen from others, e.g., to an extent that permits
preferential targeting to certain cells, e.g., muscle cells, through binding to the antigen, as
described herein. In some embodiments, an antibody specifically binds to a target if the
antibody has a Kp for binding the target of at least about 10 M, 10° M, 10°M, 107 M, 103 M,
10°M, 10°M, 101 M, 1072 M, 10* M, or less. In some embodiments, an antibody
specifically binds to the transferrin receptor, e.g., an epitope of the apical domain of transferrin
receptor.

[00062] Splice acceptor site: As used herein, the term “splice acceptor site” or “splice
acceptor” refers to a nucleic acid sequence motif at the 3* end of an intron or across an
intron/exon junction of a gene or pre-mRNA that is involved in splicing of pre-mRNA into
mRNA (i.e., removing introns from the pre-mRNA), and can be referred to as a splicing feature.
A splice acceptor site includes a terminal AG sequence at the 3’ end of an intron, which is
typically preceded (5°-ward) by a region high in pyrimidines (C/U). Upstream from the splice
acceptor site is the branch point. Formation of a lariat loop intermediate structure by a
transesterification reaction between the branch point and the splice donor site releases a 3’-OH
of the 5° exon, which subsequently reacts with the first nucleotide of the 3’ exon, thereby joining
the exons and releasing the intron lariat. The AG sequence at the 3 end of the intron in the
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splice acceptor site 1s known to be critical for proper splicing, as changing one of these
nucleotides results in inhibition of splicing. Rarely, alternative splice acceptor sites have an AC
at the 3’ end of the intron, instead of the more common AG. A common splice acceptor site
motif has a sequence of or similar to [Y-rich region]-NCAGG or YA\NYAGG, in which Y
represents a pyrimidine, N represents any nucleotide, and x is a number from 4 to 20. The cut
site follows the AG, which represent the 3’-terminal nucleotides of the excised intron.

[00063] Splice donor site: As used herein, the term “splice donor site” or “splice donor”
refers to a nucleic acid sequence motif at the 5’ end of an intron or across an exon/intron
junction of a gene or pre-mRNA that is involved in splicing of pre-mRNA into mRNA (i.e.,
removing introns from the pre-mRNA), and can be referred to as a splicing feature. A splice
donor site includes a terminal GU sequence at the 5’ end of the intron, within a larger and fairly
unconstrained sequence. During splicing, the 2’-OH of a nucleotide within the branch point
initiates a transesterification reaction via a nucleophilic attack on the 5° G of the intron within
the splice donor site. The G is thereby cleaved from the pre-mRNA and bonds instead to the
branch point nucleotide, forming a loop lariat structure. The 3’ nucleotide of the upstream exon
subsequently binds the splice acceptor site, joining the exons and excising the intron. A typical
splice donor site has a sequence of or similar to GGGURAGU or AGGURNG, in which R
represents a purine and N represents any nucleotide. The cut site precedes the first GU (i.e.,
GG/GURAGU or AG/GURNG), which represent the 5’-terminal nucleotides of the excised
intron.

[00064] Subject: As used herein, the term “subject” refers to a mammal. In some
embodiments, a subject is non-human primate, or rodent. In some embodiments, a subject is a
human. In some embodiments, a subject is a patient, e.g., a human patient that has or is
suspected of having a disease. In some embodiments, the subject is a human patient who has or
is suspected of having a disease resulting from a mutated DMD gene sequence, e.g., a mutation
in an exon of a DMD gene sequence. In some embodiments, a subject has a dystrophinopathy,
e.g., Duchenne muscular dystrophy. In some embodiments, a subject is a patient that has a
mutation of the DMD gene that is amenable to exon 55 skipping.

[00065] Transferrin receptor: As used herein, the term, “transferrin receptor” (also
known as TFRC, CD71, p90, or TFR1) refers to an internalizing cell surface receptor that binds
transferrin to facilitate iron uptake by endocytosis. In some embodiments, a transferrin receptor
may be of human (NCBI Gene ID 7037), non-human primate (e.g., NCBI Gene ID 711568 or
NCBI Gene ID 102136007), or rodent (e.g., NCBI Gene ID 22042) origin. In addition, multiple

human transcript variants have been characterized that encoded different isoforms of the
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receptor (e.g., as annotated under GenBank RefSeq Accession Numbers: NP_001121620.1,
NP_003225.2, NP_001300894.1, and NP_001300895.1).

[00066] 2’-modified nucleoside: As used herein, the terms “2’-modified nucleoside’” and
“2’-modified ribonucleoside” are used interchangeably and refer to a nucleoside having a sugar
moiety modified at the 2’ position. In some embodiments, the 2’-modified nucleoside is a 2°-4’
bicyclic nucleoside, where the 2’ and 4’ positions of the sugar are bridged (e.g., via a methylene,
an ethylene, or a (S)-constrained ethyl bridge). In some embodiments, the 2’-modified
nucleoside is a non-bicyclic 2’-modified nucleoside, e.g., where the 2’ position of the sugar
moiety is substituted. Non-limiting examples of 2’-modified nucleosides include: 2’-deoxy, 2’-
fluoro (2°-F), 2°-O-methyl (2’-O-Me), 2’-O-methoxyethyl (2’-MOE), 2’-O-aminopropyl (2’-O-
AP), 2’-O-dimethylaminoethyl (2°-O-DMAOQOE), 2’-O-dimethylaminopropyl (2’-O-DMAP), 2’-
O-dimethylaminoethyloxyethyl (2’-O-DMAEOE), 2’-O-N-methylacetamido (2’-O-NMA),
locked nucleic acid (LNA, methylene-bridged nucleic acid), ethylene-bridged nucleic acid
(ENA), and (S)-constrained ethyl-bridged nucleic acid (cEt). In some embodiments, the 2’-
modified nucleosides described herein are high-affinity modified nucleosides and
oligonucleotides comprising the 2’-modified nucleosides have increased affinity to a target
sequences, relative to an unmodified oligonucleotide. Examples of structures of 2’-modified
nucleosides are provided below:
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These examples are shown with phosphate groups, but any internucleoside linkages are

contemplated between 2’-modified nucleosides.

1L Complexes
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[00067] Provided herein are complexes that comprise a targeting agent, e.g. an antibody,
covalently linked to a molecular payload. In some embodiments, a complex comprises a muscle-
targeting antibody covalently linked to an oligonucleotide. A complex may comprise an
antibody that specifically binds a single antigenic site or that binds to at least two antigenic sites
that may exist on the same or different antigens.
[00068] A complex may be used to modulate the activity or function of at least one gene,
protein, and/or (e.g., and) nucleic acid. In some embodiments, the molecular payload present
within a complex is responsible for the modulation of a gene, protein, and/or (e.g., and) nucleic
acids. A molecular payload may be a small molecule, protein, nucleic acid, oligonucleotide, or
any molecular entity capable of modulating the activity or function of a gene, protein, and/or
(e.g., and) nucleic acid in a cell.
[00069] In some embodiments, a complex comprises a muscle-targeting agent, e.g., an
anti-transferrin receptor antibody, covalently linked to a molecular payload, e.g., an antisense
oligonucleotide that targets DMD to promote exon skipping, e.g., in a transcript encoded from a
mutated DMD allele. In some embodiments, the complex targets a DMD pre-mRNA to promote
skipping of exon 55 in the DMD pre-mRNA.

A. Muscle-Targeting Agents
[00070] Some aspects of the disclosure provide muscle-targeting agents, e.g., for
delivering a molecular payload to a muscle cell. In some embodiments, such muscle-targeting
agents are capable of binding to a muscle cell, e.g., via specifically binding to an antigen on the
muscle cell, and delivering an associated molecular payload to the muscle cell. In some
embodiments, the molecular payload is bound (e.g., covalently bound) to the muscle targeting
agent and is internalized into the muscle cell upon binding of the muscle targeting agent to an
antigen on the muscle cell, e.g., via endocytosis. It should be appreciated that various types of
muscle-targeting agents may be used in accordance with the disclosure, and that any muscle
targets (e.g., muscle surface proteins) can be targeted by any type of muscle-targeting agent
described herein. For example, the muscle-targeting agent may comprise, or consist of, a small
molecule, a nucleic acid (e.g., DNA or RNA), a peptide (e.g., an antibody), a lipid (e.g., a
microvesicle), or a sugar moiety (e.g., a polysaccharide). Exemplary muscle-targeting agents are
described in further detail herein, however, it should be appreciated that the exemplary muscle-
targeting agents provided herein are not meant to be limiting.
[00071] Some aspects of the disclosure provide muscle-targeting agents that specifically
bind to an antigen on muscle, such as skeletal muscle, smooth muscle, or cardiac muscle. In

some embodiments, any of the muscle-targeting agents provided herein bind to (e.g., specifically
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bind to) an antigen on a skeletal muscle cell, a smooth muscle cell, and/or (e.g., and) a cardiac
muscle cell.
[00072] By interacting with muscle-specific cell surface recognition elements (e.g., cell
membrane proteins), both tissue localization and selective uptake into muscle cells can be
achieved. In some embodiments, molecules that are substrates for muscle uptake transporters
are useful for delivering a molecular payload into muscle tissue. Binding to muscle surface
recognition elements followed by endocytosis can allow even large molecules such as antibodies
to enter muscle cells. As another example molecular payloads conjugated to transferrin or anti-
TfR1 antibodies can be taken up by muscle cells via binding to transferrin receptor, which may
then be endocytosed, e.g., via clathrin-mediated endocytosis.
[00073] The use of muscle-targeting agents may be useful for concentrating a molecular
payload (e.g., oligonucleotide) in muscle while reducing toxicity associated with effects in other
tissues. In some embodiments, the muscle-targeting agent concentrates a bound molecular
payload in muscle cells as compared to another cell type within a subject. In some
embodiments, the muscle-targeting agent concentrates a bound molecular payload in muscle
cells (e.g., skeletal, smooth, or cardiac muscle cells) in an amount that is at least 1, 2, 3,4, 5, 6,
7, 8,9, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, or 100 times greater than an amount in non-muscle
cells (e.g., liver, neuronal, blood, or fat cells). In some embodiments, a toxicity of the molecular
payload in a subject is reduced by at least 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 10%, 75%, 80%, 90%, or 95% when it is delivered to
the subject when bound to the muscle—tafgeting agent.
[00074] In some embodiments, to achieve muscle selectivity, a muscle recognition
element (e.g., a muscle cell antigen) may be required. As one example, a muscle-targeting agent
may be a small molecule that is a substrate for a muscle-specific uptake transporter. As another
example, a muscle-targeting agent may be an antibody that enters a muscle cell via transporter-
mediated endocytosis. As another example, a muscle targeting agent may be a ligand that binds
to cell surface receptor on a muscle cell. It should be appreciated that while transporter-based
approaches provide a direct path for cellular entry, receptor-based targeting may involve
stimulated endocytosis to reach the desired site of action.

i. Muscle-Targeting Antibodies
[00075] In some embodiments, the muscle-targeting agent is an antibody. Generally, the
high specificity of antibodies for their target antigen provides the potential for selectively
targeting muscle cells (e.g., skeletal, smooth, and/or (e.g., and) cardiac muscle cells). This
specificity may also limit off-target toxicity. Examples of antibodies that are capable of
targeting a surface antigen of muscle cells have been reported and are within the scope of the
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disclosure. For example, antibodies that target the surface of muscle cells are described in
Arahata K., et al. “Immunostaining of skeletal and cardiac muscle surface membrane with
antibody against Duchenne muscular dystrophy peptide” Nature 1988; 333: 861-3; Song K.S., et
al. “Expression of caveolin-3 in skeletal, cardiac, and smooth muscle cells. Caveolin-3 is a
component of the sarcolemma and co-fractionates with dystrophin and dystrophin-associated
glycoproteins” J Biol Chem 1996; 271: 15160-5; and Weisbart R.H. et al., “Cell type specific
targeted intracellular delivery into muscle of a monoclonal antibody that binds myosin IIb” Mol
Immunol. 2003 Mar, 39(13):78309; the entire contents of each of which are incorporated herein
by reference.

a. Anti-Transferrin Receptor (TfR) Antibodies
[00076] Some aspects of the disclosure are based on the recognition that agents binding to
transferrin receptor, e.g., anti-transferrin-receptor antibodies, are capable of targeting muscle
cell. Transferrin receptors are internalizing cell surface receptors that transport transferrin
across the cellular membrane and participate in the regulation and homeostasis of intracellular
iron levels. Some aspects of the disclosure provide transferrin receptor binding proteins, which
are capable of binding to transferrin receptor. Accordingly, aspects of the disclosure provide
binding proteins (e.g., antibodies) that bind to transferrin receptor. In some embodiments,
binding proteins that bind to transferrin receptor are internalized, along with any bound
molecular payload, into a muscle cell. As used herein, an antibody that binds to a transferrin
receptor may be referred to interchangeably as an, transferrin receptor antibody, an anti-
transferrin receptor antibody, or an anti-TfR1 antibody. Antibodies that bind, e.g. specifically
bind, to a transferrin receptor may be internalized into the cell, e.g. through receptor-mediated
endocytosis, upon binding to a transferrin receptor.
[00077] It should be appreciated that anti-TfR 1 antibodies may be produced, synthesized,
and/or (e.g., and) derivatized using several known methodologies, e.g. library design using
phage display. Exemplary methodologies have been characterized in the art and are
incorporated by reference (Diez, P. et al. “High-throughput phage-display screening in array
format”, Enzyme and microbial technology, 2015, 79, 34-41.; Christoph M. H. and Stanley, J.R.
“Antibody Phage Display: Technique and Applications” J Invest Dermatol. 2014, 134:2.;
Engleman, Edgar (Ed.) “Human Hybridomas and Monoclonal Antibodies.” 1985, Springer.). In
other embodiments, an anti-TfR1 antibody has been previously characterized or disclosed.
Antibodies that specifically bind to transferrin receptor are known in the art (see, e.g. US Patent.
No. 4,364,934, filed 12/4/1979, “Monoclonal antibody to a human early thymocyte antigen and
methods for preparing same”; US Patent No. 8,409,573, filed 6/14/2006, “Anti-CD71
monoclonal antibodies and uses thereof for treating malignant tumor cells”; US Patent No.
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9,708,406, filed 5/20/2014, “Anti-transferrin receptor antibodies and methods of use”’; US
9,611,323, filed 12/19/2014, “Low affinity blood brain barrier receptor antibodies and uses
therefor”; WO 2015/0989809, filed 12/24/2014, “Novel anti-Transferrin receptor antibody that
passes through blood-brain barrier”; Schneider C. et al. “Structural features of the cell surface
receptor for transferrin that is recognized by the monoclonal antibody OKT9.” J Biol Chem.
1982, 257:14, 8516-8522.; Lee et al. “Targeting Rat Anti-Mouse Transferrin Receptor
Monoclonal Antibodies through Blood-Brain Barrier in Mouse” 2000, J Pharmacol. Exp. Ther.,
292:1048-1052.).
[00078] In some embodiments, the anti-TfR1 antibody described herein binds to
transferrin receptor with high specificity and affinity. In some embodiments, the anti-TfR1
antibody described herein specifically binds to any extracellular epitope of a transferrin receptor
or an epitope that becomes exposed to an antibody. In some embodiments, anti-TfR1 antibodies
provided herein bind specifically to transferrin receptor from human, non-human primates,
mouse, rat, etc. In some embodiments, anti-TfR1 antibodies provided herein bind to human
transferrin receptor. In some embodiments, the anti-TfR1 antibody described herein binds to an
amino acid segment of a human or non-human primate transferrin receptor, as provided in SEQ
ID NOs: 105-108. In some embodiments, the anti-TfR1 antibody described herein binds to an
amino acid segment corresponding to amino acids 90-96 of a human transferrin receptor as set
forth in SEQ ID NO: 105, which is not in the apical domain of the transferrin receptor.
[00079] In some embodiments, the anti-TfR1 antibodies described herein (e.g., Anti-TfR
clone 8 in Table 2 below) bind an epitope in TfR1, wherein the epitope comprises residues in
amino acids 214-241 and/or amino acids 354-381 of SEQ ID NO: 105. In some embodiments,
the anti-TfR1 antibodies described herein bind an epitope comprising residues in amino acids
214-241 and amino acids 354-381 of SEQ ID NO: 105. In some embodiments, the anti-TfR1
antibodies described herein bind an epitope comprising one or more of residues Y222, T227,
K231, H234, T367, S368, S370, T376, and S378 of human TfR1 as set forth in SEQ ID NO:
105. In some embodiments, the anti-TfR1 antibodies described herein bind an epitope
comprising residues Y222, T227, K231, H234, T367, S368, S370, T376, and S378 of human
TfR1 as set forth in SEQ ID NO: 105.
[00080] In some embodiments, the anti-TfR 1 antibody described herein (e.g., 3M12 in
Table 2 below and its variants) bind an epitope in TfR1, wherein the epitope comprises residues
in amino acids 258-291 and/or amino acids 358-381 of SEQ ID NO: 105. In some
embodiments, the anti-TfR1 antibodies (e.g., 3M12 in Table 2 below and its variants) described
herein bind an epitope comprising residues in amino acids amino acids 258-291 and amino acids
358-381 of SEQ ID NO: 105. In some embodiments, the anti-TfR1 antibodies described herein
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(e.g., 3M12 in Table 2 below and its variants) bind an epitope comprising one or more of
residues K261, §273, Y282, T362, S368, S370, and K371 of human TfR1 as set forth in SEQ ID
NO: 105. In some embodiments, the anti-TfR 1 antibodies described herein (e.g., 3M 12 in Table
2 below and its variants) bind an epitope comprising residues K261, S273, Y282, T362, S368,
5370, and K371 of human TfR1 as set forth in SEQ ID NO: 105.
[00081] An example human transferrin receptor amino acid sequence, corresponding to
NCBI sequence NP_003225.2 (transferrin receptor protein 1 isoform 1, homo sapiens) is as
follows:
MMDQARSAFSNLFGGEPLSYTRFSLARQVDGDNSHVEMKLAVDEEENADNNTKANVT
KPKRCSGSICYGTIAVIVFFLIGFMIGYLGYCKGVEPKTECERLAGTESPVREEPGEDFPA
ARRLYWDDLKRKLSEKLDSTDFTGTIKLLNENSY VPREAGSQKDENLALYVENQFREF
KLSKVWRDQHFVKIQVKDSAQNSVIIVDKNGRLVYLVENPGGYVAYSKAATVTGKLV
HANFGTKKDFEDLYTPVNGSIVIVRAGKITFAEKVANAESLNAIGVLIYMDQTKFPIVNA
ELSFFGHAHLGTGDPYTPGFPSFNHTQFPPSRSSGLPNIPVQTISRAAAEKLFGNMEGDCP
SDWKTDSTCRMVTSESKNVKLTVSNVLKEIKILNIFGVIKGFVEPDHYVVVGAQRDAW
GPGAAKSGVGTALLLKLAQMFSDMVLKDGFQPSRSIIFASWSAGDFGSVGATEWLEGY
LSSLHLKAFTYINLDKAVLGTSNFKVSASPLLYTLIEKTMQNVKHPVTGQFLYQDSNWA
SKVEKLTLDNAAFPFLAYSGIPAVSFCFCEDTDYPYLGTTMDTYKELIERIPELNKVARA
AAEVAGQFVIKLTHDVELNLDYERYNSQLLSFVRDLNQYRADIKEMGLSLQWLYSARG
DFFRATSRLTTDFGNAEKTDRFVMKKLNDRVMRVEYHFLSPYVSPKESPFRHVFWGSG
SHTLPALLENLKLRKQNNGAFNETLFRNQLALATWTIQGAANALSGDVWDIDNEF
(SEQ ID NO: 105).
[00082] An example non-human primate transferrin receptor amino acid sequence,
corresponding to NCBI sequence NP_001244232.1(transferrin receptor protein 1, Macaca
mulatta) is as follows:
MMDQARSAFSNLFGGEPLSYTRFSLARQVDGDNSHVEMKLGVDEEENTDNNTKPNGT
KPKRCGGNICYGTIAVIIFFLIGFMIGYLGYCKGVEPKTECERLAGTESPAREEPEEDFPA
APRLYWDDLKRKLSEKLDTTDFTSTIKLLNENLY VPREAGSQKDENLALYIENQFREFK
LSKVWRDQHFVKIQVKDSAQNSVIIVDKNGGLVYLVENPGGYVAYSKAATVTGKLVH
ANFGTKKDFEDLDSPVNGSIVIVRAGKITFAEKVANAESLNAIGVLIYMDQTKFPIVKAD
LSFFGHAHLGTGDPY TPGFPSFNHTQFPPSQSSGLPNIPVQTISRAAAEKLFGNMEGDCPS
DWKTDSTCKMVTSENKSVKLTVSNVLKETKILNIFGVIKGFVEPDHY VVVGAQRDAW
GPGAAKSSVGTALLLKLAQMESDMVLKDGFQPSRSHFASWSAGDFGSVGATEWLEGY
LSSLHLKAFTYINLDKAVLGTSNFKVSASPLLYTLIEKTMQDVKHPVTGRSLYQDSNWA
SKVEKLTLDNAAFPFLAYSGIPAVSFCFCEDTDYPYLGTTMDTYKELVERIPELNKVAR
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AAAEVAGQFVIKLTHDTELNLDYERYNSQLLLFLRDLNQYRADVKEMGLSLQWLYSA
RGDFFRATSRLTTDFRNAEKRDKFVMKKINDRVMRVEY YFLSPYVSPKESPFRHVFWG
SGSHTLSALLESLKLRRQNNSAFNETLFRNQLALATWTIQGAANALSGDVWDIDNEF
(SEQ ID NO: 106)

[00083] An example non-human primate transferrin receptor amino acid sequence,
corresponding to NCBI sequence XP_005545315.1 (transferrin receptor protein 1, Macaca
fascicularis) is as follows:
MMDQARSAFSNLFGGEPLSYTRFSLARQVDGDNSHVEMKLGVDEEENTDNNTKANGT
KPKRCGGNICYGTIAVIFFLIGFMIGYLGYCKGVEPKTECERLAGTESPAREEPEEDFPA
APRLYWDDLKRKILSEKLDTTDFTSTIKLLNENLY VPREAGSQKDENLALYIENQFREFK
LSKVWRDQHFVKIQVKDSAQNSVIIVDKNGGLVYLVENPGGYVAYSKAATVTGKLVH
ANFGTKKDFEDLDSPVNGSIVIVRAGKITFAEKVANAESLNAIGVLIYMDQTKFPIVKAD
LSFFGHAHLGTGDPYTPGFPSFNHTQFPPSQSSGLPNIPVQTISRAAAEKLFGNMEGDCPS
DWKTDSTCKMVTSENKSVKLTVSNVLKETKILNIFGVIKGFVEPDHYVVVGAQRDAW
GPGAAKSSVGTALLLKLAQMFSDMVLKDGFQPSRSIIFASWSAGDFGSVGATEWLEGY
LSSLHLKAFTYINLDKAVLGTSNFKVSASPLLYTLIEKTMQDVKHPVTGRSLYQDSNWA
SKVEKLTLDNAAFPFLAYSGIPAVSFCFCEDTDYPYLGTTMDTYKELVERIPELNKVAR
AAAEVAGQFVIKLTHDTELNLDYERYNSQLLLFLRDLNQYRADVKEMGLSLQWLYSA
RGDFFRATSRLTTDFRNAEKRDKFVMKKILNDRVMRVEY YFLSPYVSPKESPFRHVFWG
SGSHTLSALLESLKLRRQNNSAFNETLFRNQLALATWTIQGAANALSGDVWDIDNEF
(SEQ ID NO: 107).

[00084] An example mouse transferrin receptor amino acid sequence, corresponding to
NCBI sequence NP_001344227.1 (transferrin receptor protein 1, mus musculus) is as follows:
MMDQARSAFSNLFGGEPLSYTRFSLARQVDGDNSHVEMKLAADEEENADNNMKASV
RKPKRFNGRLCFAAIALVIFFLIGFMSGYLGYCKRVEQKEECVKLAETEETDKSETMETE
DVPTSSRLYWADLKTLLSEKLNSIEFADTIKQLSQNTYTPREAGSQKDESLAYYIENQFH
EFKFSKVWRDEHY VKIQVKSSIGQNMVTIVQSNGNLDPVESPEGY VAFSKPTEVSGKLYV
HANFGTKKDFEELSYSVNGSLVIVRAGEITFAEKVANAQSENAIGVLIYMDKNKFPVVE
ADLALFGHAHLGTGDPYTPGFPSFNHTQFPPSQSSGLPNIPVQTISRAAAEKLFGKMEGS
CPARWNIDSSCKLELSQNQNVKLIVKNVLKERRILNIFGVIKGYEEPDRYVVVGAQRDA
LGAGVAAKSSVGTGLLLKLAQVFESDMISKDGFRPSRSTIFASWTAGDFGAVGATEWLEG
YLSSLHLKAFTYINLDKVVLGTSNFKVSASPLLYTLMGKIMQDVKHPVDGKSLYRDSN
WISKVEKLSFDNAAYPFLAYSGIPAVSFCFCEDADYPYLGTRLDTYEALTQKVPQLNQM
VRTAAEVAGQLIKLTHDVELNLDYEMYNSKLLSFMKDLNQFKTDIRDMGLSLQWLYS
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ARGDYFRATSRLTTDFHNAEKTNRFVMREINDRIMKVEYHFLSPY VSPRESPFRHIFWG
SGSHTLSALVENLKLRQKNITAFNETLFRNQLALATWTIQGVANALSGDIWNIDNEF
(SEQ ID NO: 108)

[00085] In some embodiments, an anti-TfR1 antibody binds to an amino acid segment of
the receptor as follows:
FVKIQVKDSAQNSVIIVDKNGRLVYLVENPGGYVAYSKAATVTGKLVHANFGTKKDFE
DLYTPVNGSIVIVRAGKITFAEKVANAESLNAIGVLIYMDQTKFPIVNAELSFFGHAHLG
TGDPYTPGFPSFNHTQFPPSRSSGLPNIPVQTISRAAAEKLFGNMEGDCPSDWKTDSTCR
MVTSESKNVKLTVSNVLKE (SEQ ID NO: 109) and does not inhibit the binding interactions
between transferrin receptors and transferrin and/or (e.g., and) human hemochromatosis protein
(also known as HFE). In some embodiments, the anti-TfR1 antibody described herein does not
bind an epitope in SEQ ID NO: 109.

[00086] Appropriate methodologies may be used to obtain and/or (e.g., and) produce
antibodies, antibody fragments, or antigen-binding agents, e.g., through the use of recombinant
DNA protocols. In some embodiments, an antibody may also be produced through the
generation of hybridomas (see, e.g., Kohler, G and Milstein, C. “Continuous cultures of fused
cells secreting antibody of predefined specificity” Nature, 1975, 256: 495-497). The antigen-of-
interest may be used as the immunogen in any form or entity, e.g., recombinant or a naturally
occurring form or entity. Hybridomas are screened using standard methods, e.g. ELISA
screening, to find at least one hybridoma that produces an antibody that targets a particular
antigen. Antibodies may also be produced through screening of protein expression libraries that
express antibodies, e.g., phage display libraries. Phage display library design may also be used,
in some embodiments, (see, e.g. U.S. Patent No 5,223,409, filed 3/1/1991, “Directed evolution
of novel binding proteins™; WO 1992/18619, filed 4/10/1992, “Heterodimeric receptor libraries
using phagemids”; WO 1991/17271, filed 5/1/1991, “Recombinant library screening methods”;
WO 1992/20791, filed 5/15/1992, “Methods for producing members of specific binding pairs”;
WO 1992/15679, filed 2/28/1992, and “Improved epitope displaying phage”). In some
embodiments, an antigen-of-interest may be used to immunize a non-human animal, e.g., a
rodent or a goat. In some embodiments, an antibody is then obtained from the non-human
animal, and may be optionally modified using a number of methodologies, e.g., using
recombinant DNA techniques. Additional examples of antibody production and methodologies
are known in the art (see, e.g. Harlow et al. “Antibodies: A Laboratory Manual”, Cold Spring
Harbor Laboratory, 1988.).

[00087] In some embodiments, an antibody is modified, e.g., modified via glycosylation,
phosphorylation, sumoylation, and/or (e.g., and) methylation. In some embodiments, an
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antibody is a glycosylated antibody, which is conjugated to one or more sugar or carbohydrate
molecules. In some embodiments, the one or more sugar or carbohydrate molecule are
conjugated to the antibody via N-glycosylation, O-glycosylation, C-glycosylation, glypiation
(GPI anchor attachment), and/or (e.g., and) phosphoglycosylation. In some embodiments, the
one or more sugar or carbohydrate molecules are monosaccharides, disaccharides,
oligosaccharides, or glycans. In some embodiments, the one or more sugar or carbohydrate
molecule is a branched oligosaccharide or a branched glycan. In some embodiments, the one or
more sugar or carbohydrate molecule includes a mannose unit, a glucose unit, an N-
acetylglucosamine unit, an N-acetylgalactosamine unit, a galactose unit, a fucose unit, or a
phospholipid unit. In some embodiments, there are about 1-10, about 1-5, about 5-10, about 1-4,
about 1-3, or about 2 sugar molecules. In some embodiments, a glycosylated antibody is fully or
partially glycosylated. In some embodiments, an antibody is glycosylated by chemical reactions
or by enzymatic means. In some embodiments, an antibody is glycosylated in vitro or inside a
cell, which may optionally be deficient in an enzyme in the N- or O- glycosylation pathway, e.g.
a glycosyltransferase. In some embodiments, an antibody is functionalized with sugar or
carbohydrate molecules as described in International Patent Application Publication
W02014065661, published on May 1, 2014, entitled, “Modified antibody, antibody-conjugate
and process for the preparation thereof”.

[00088] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VL domain and/or (e.g., and) a VH domain of any one of the anti-TfR1 antibodies selected
from any one of Tables 2-7, and comprises a constant region comprising the amino acid
sequences of the constant regions of an IgG, IgE, IgM, IgD, IgA or IgY immunoglobulin
molecule, any class (e.g., IgG1, IgG2, IgG3, IgG4, IgAl and IgA2), or any subclass (e.g., IgG2a
and IgG2b) of immunoglobulin molecule. Non-limiting examples of human constant regions are
described in the art, e.g., see Kabat E A et al., (1991) supra.

[00089] In some embodiments, agents binding to transferrin receptor, e.g., anti-TfR 1
antibodies, are capable of targeting muscle cell and/or (e.g., and) mediate the transportation of
an agent across the blood brain barrier. Transferrin receptors are internalizing cell surface
receptors that transport transferrin across the cellular membrane and participate in the regulation
and homeostasis of intracellular iron levels. Some aspects of the disclosure provide transferrin
receptor binding proteins, which are capable of binding to transferrin receptor. Antibodies that
bind, e.g. specifically bind, to a transferrin receptor may be internalized into the cell, e.g.
through receptor-mediated endocytosis, upon binding to a transferrin receptor.

[00090] Provided herein, in some aspects, are humanized antibodies that bind to
transferrin receptor with high specificity and affinity. In some embodiments, the humanized
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anti-TfR1 antibody described herein specifically binds to any extracellular epitope of a
transferrin receptor or an epitope that becomes exposed to an antibody. In some embodiments,
the humanized anti-TfR1 antibodies provided herein bind specifically to transferrin receptor
from human, non-human primates, mouse, rat, efc. In some embodiments, the humanized anti-
TfR1 antibodies provided herein bind to human transferrin receptor. In some embodiments, the
humanized anti-TfR1 antibody described herein binds to an amino acid segment of a human or
non-human primate transferrin receptor, as provided in SEQ ID NOs: 105-108. In some
embodiments, the humanized anti-TfR1 antibody described herein binds to an amino acid
segment corresponding to amino acids 90-96 of a human transferrin receptor as set forth in SEQ
ID NO: 105, which is not in the apical domain of the transferrin receptor. In some
embodiments, the humanized anti-TfR1 antibodies described herein binds to TfR1 but does not
bind to TfR2.

[00091] In some embodiments, an anti-TFR1 antibody specifically binds a TfR1 (e.g., a
human or non-human primate TfR1) with binding affinity (e.g., as indicated by Kd) of at least
about 10 M, 10° M, 10°M, 10" M, 10¥ M, 10° M, 10"°M, 10 M, 1072 M, 103 M, or less.
In some embodiments, the anti-TfR1 antibodies described herein bind to TfR1 with a KD of
sub-nanomolar range. In some embodiments, the anti-TfR1 antibodies described herein
selectively bind to transferrin receptor 1 (TfR1) but do not bind to transferrin receptor 2 (TfR2).
In some embodiments, the anti-TfR1 antibodies described herein bind to human TfR1 and cyno
TfR1 (e.g., with a Kd of 107 M, 108 M, 10° M, 107°M, 10! M, 102 M, 103 M, or less), but
do not bind to a mouse TfR1. The affinity and binding kinetics of the anti-TfR1 antibody can be
tested using any suitable method including but not limited to biosensor technology (e.g., OCTET
or BIACORE). In some embodiments, binding of any one of the anti-TfR1 antibodies
described herein does not complete with or inhibit transferrin binding to the TfR1. In some
embodiments, binding of any one of the anti-TfR1 antibodies described herein does not

complete with or inhibit HFE-beta-2-microglobulin binding to the TfR1.

[00092] Non-limiting examples of anti-TfR1 antibodies are provided in Table 2.
Table 2. Examples of Anti-TfR1 Antibodies
No. .
‘ Ab IMGT Kabat Chothia
system
‘ C}]ﬂ{_ GFNIKDDYl()bEQ ID NO: DDYMY (SEQ ID NO: 7) GENIKDD (SEQ ID NO: 12)
[ CDR- IDPENGDT (SEQ ID NO: WIDPENGDTEYASKFQD .
H2 D) (SEQ ID NO: 8) ENG (SEQ ID NO: 13)
3-A4 Cg,? ) TL\VLRRI\GKI;_D;)I (SEQID WLRRGLDY (SEQ ID NO: 9) LRRGLD (SEQ ID NO: 14)
CDR- | KSLLHSNGYTY (SEQID | RSSKSLLHSNGYTYLF (SEQ | SKSLLHSNGYTY (SEQ ID
L1 NO: 4) ID NO: 10) NO: 15)
CE; ) RMS (SEQ ID NQO: 5) RMSNLAS (SEQ ID NO: 11) RMS (SEQ ID NO: 5)
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No.

Ab IMGT Kabat Chothia
system
Cf,f' MQHLEEBI%(SEQ D | MQHLEYPFT (SEQ ID NO: 6) | HLEYPF (SEQ ID NO: 16)
EVQLQQSGAELVRPGASVKLSCTASGFNIKDDYMY W VKQRPEQGLEWIGWIDPENGDT
VH | EYASKFQDKATVTADTSSNTAYLQLSSLTSEDTAVYYCTLWLRRGLDYWGQGTSVTVS
S (SEQ ID NO: 17)
DIVMTQAAPSVPVTPGESVSISCRSSKSLLHSNG Y TY LEWFLORPGQSPQLLIYRMSNLA
VL | SGVPDRFSGSGSGTAFTLRISRVEAEDVGVYYCMQHLEYPFTFGGGTKLEIK (SEQ ID
NO: 18)
Cgf‘ GFNIKDDYI()SEQ IDNO: | ppyMY (SEQIDNO:7) | GENIKDD (SEQ ID NO: 12)
CDR- | IDPETGDT (SEQID NO- | WIDPETGDTEYASKFQD ,
2 19) (SEQ ID NO: 20) ETG (SEQID NO: 21)
cg;z- TLWLRRS(%%‘)’ (SEQID | w1 RRGLDY (SEQ IDNO:9) | LRRGLD (SEQ ID NO: 14)
CDR- | KSLLHSNGYTY (SEQ ID | RSSKSLLHSNGYTYLF (SEQ | SKSLLHSNGYTY (SEQ ID
L1 NO: 4) D NO: 10) NO: 15)
3A4 | CDR-
o | RMS (SEQ ID NO: 5) RMSNLAS (SEQ ID NO: 11) RMS(SEQ ID NO: 5)
CLDf MQHLEES%(SEQ ID | \IQHLEYPFT (SEQ ID NO: 6) | HLEYPF (SEQ ID NO: 16)
EVOLQQSGAELVRPGASVKLSCTASGFNIKDDYMY WVKQRPEQGLEWIGWIDPETGDT
VH | EYASKFQDKATVTADTSSNTAYLQLSSLTSEDTAVYYCTLWLRRGLDYWGQGTSVTVS
S (SEQ ID NO: 22)
DIVMTQAAPSVPVTPGESVSISCRSSKSLLHSNGYTY LFWFLORPGQSPQLLIYRMSNLA
VL | SGVPDRESGSGSGTAFTLRISRVEAEDVGVYYCMQHLEYPFTFGGGTKLEIK (SEQ ID
NO: 18)
Cgi*' GFNIKDDYI()SEQ IDNO: | phyMY (SEQIDNO:7) | GENIKDD (SEQ ID NO: 12)
CDR- | IDPESGDT (SEQ IDNO: | WIDPESGDTEYASKFQD ,
H2 23) (SEQ ID NO: 24) ESG (SEQ ID NO: 25)
Cg?' TLWLRRI%D%( (SEQID | w1 RRGLDY (SEQ IDNO:9) | LRRGLD (SEQ ID NO: 14)
CDR- | KSLLHSNGYTY (SEQ ID | RSSKSLLHSNGYTYLF (SEQ | SKSLLHSNGYTY (SEQ ID
L] NO: 4) ID NO: 10) NO: 15)
3.A4 | CDR
A B RMS (SEQ ID NO: 5) RMSNLAS (SEQ ID NO: 11) RMS (SEQ ID NO: 5)
LE?‘ MQHLE;’S’_?;(SEQ D MQHLEYPFT (SEQ IDNO: 6) | HLEYPF (SEQ ID NO: 16)
EVQLQQSGAELVRPGASVKLSCTASGENIKDDYMY WVKQRPEQGLEWIGWIDPESGDT
VH | EYASKFQDKATVTADTSSNTAYLQLSSLTSEDTAVYYCTLWLRRGLDYWGQGTSVTVS
S (SEQ ID NO: 26)
DIVMTQAAPSVPVTPGESVSISCRSSKSLLHSNGYTY LEWFLQRPGQSPQLLIYRMSNLA
VL | SGVPDRESGSGSGTAFTLRISRVEAEDVGVYYCMQHLEYPFTFGGGTKLEIK (SEQ ID
NO: 18)
CDR- | GYSITSGYY (SEQID , GYSITSGY (SEQ ID NO:
o o, SGYYWN (SEQ ID NO: 33) )
CDR- | ITFDGAN (SEQID NO: | YITFDGANNYNPSLKN (SEQ ,
H2 28) ID NO: 34) FDG (SEQ ID NO: 39)
CDR- | TRSSYDYDVLDY (SEQ | SSYDYDVLDY (SEQID NO: | SYDYDVLD (SEQ ID NO:
H3 ID NO: 29) 35) 40)
CDR- | ODISNF (SEQ ID NO: 30) | RASQDISNFLN (SEQIDNO: | ¢pyianp (sEQ ID NO: 41)
aMi2 | LI 36)
CE;" YTS (SEQ ID NO: 31) YTSRLHS (SEQ ID NO: 37 YTS (SEQ ID NO: 31)
Cff‘ QQGHTI\%S?';;SEQ D | )QGHTLPYT (SEQID NO:32) | GHTLPY (SEQ ID NO: 42)
DVQLQESGPGLVKPSQSLSLTCSVTGYSITSGYY WNWIRQFPGNKLEWMGYITFDGAN
VH | NYNPSLKNRISITRDTSKNQFFLKLTSVTTEDTATYYCTRSSYDYDVLDYWGQGTTLTY

SS (SEQ ID NO: 43)
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Ab No. IMGT | Kabat Chothia
system
L | DIQMTQTTSSLSASLGDRV TISCRASQDISNFLNWYQQRPDGTVKLLIY Y TSRLHSGVPS
RESGSGSGTDESLTVSNLEQEDIATYFCOQGHTLPY TEGGGTKLEIK (SEQ ID NO: 44)
CSF‘ GYSFT DYES()SEQ DNO: | [vCIN(SEQIDNO:SI) | GYSFIDY (SEQ ID NO: 56)
1
CDR- | IYPGSGNT (SEQID NO: | WIYPGSGNTRYSERFKG ,
H2 46) (SEQ ID NO: 52) 656 (SEQID NO: 5%
CDR- | AREDYYPYHGMDY EDYYPYHGMDY (SEQ ID DYYPYHGMD (SEQ ID
H3 (SEQ ID NO: 47) NO: 53) NO: 58)
CDR- | BSVDGYDNSF (SEQID | RASESVDGYDNSFMH (SEQ | SESVDGYDNSF (SEQ ID
L1 NO: 48) ID NO: 54) NO: 59)
S-H12 Cfg' RAS (SEQ ID NO: 49) RASNLES (SEQ ID NO: 55) RAS (SEQ ID NO: 49)
Cf?' QQSSE];%W;))(SEQ D | )QSSEDPWT (SEQ ID NO: 50) | SSEDPW (SEQ ID NO: 60)
QIQLOQSGPEL VRPGASVKISCKASGYSFTDYCINWVNQRPGQGLEWIGWIYPGSGNTR
VH | YSERFKGKATLTVDTSSNTAYMQLSSLTSEDSAVYECAREDYYPYHGMDYWGQGTSV
TVSS (SEQ ID NO: 61)
DIVLTQSPTSLAVSLGQRATISCRASESVDGYDNSEMHWYQQKPGQPPKLLIFRASNLES
VL. | GIPARFSGSGSRTDFTLTINPVEAADVATYYCQQSSEDPWTFGGGTKLEIK (SEQ ID NO:
62)
Cﬁ?' GYSFTI\% ‘;é)SEQ D DYYIN (SEQIDNO: 64) | GYSFIDY (SEQ ID NO: 56)
CDR- | IYPGSGNT (SEQID NO: | WIYPGSGNTRYSERFKG ,
H2 46) (SEQ ID NO: 52) GSG (SEQ ID NO: 57)
CDR- | AREDYYPYHGMDY EDYYPYHGMDY (SEQ ID DYYPYHGMD (SEQ ID
H3 (SEQ ID NO: 47) NO: 53) NO: 58)
CDR- | ESVDGYDNSF (SEQID | RASESVDGYDNSFMH (SEQ | SESVDGYDNSF (SEQ ID
Ll NO: 48) ID NO: 54) NO: 59)
5HI2 | CDR- ,
it B RAS (SEQIDNO:49) | RASNLES (SEQ ID NO: 55) RAS (SEQ ID NO: 49)
CLD;" QQSSEE%W%SEQ D | GQSSEDPWT (SEQ ID NO: 50) | SSEDPW (SEQ ID NO: 60)
QIQLQQSGPEL VRPGASVKISCKASGYSFTDY YINWVNQRPGQGLEWIGWIYPGSGNTR
VH | YSERFKGKATLTVDTSSNTAYMOQLSSLTSEDSAVYFCAREDYYPYHGMDYWGQGTSY
TVSS (SEQ ID NO: 65)
DIVLTQSPTSLAVSLGQRATISCRASESYDGYDNSFMHWYQQKPGQPPKLLIFRASNLES
VL | GIPARFSGSGSRTDFTLTINPVEAADVATY YCQQSSEDPWTEGGGTKLEIK (SEQ ID NO:
62)
Cgf' GYSFTl\?g 'g é)SEQ D | LyDIN(SEQIDNO:67) | GYSFIDY (SEQ ID NO: 56)
CDR- | TYPGSGNT (SEQID NO: | WIYPGSGNTRYSERFKG ,
H2 46) (SEQ ID NO: 52) G56 (GER IDING: 57)
CDR- | AREDYYPYHGMDY EDYYPYHGMDY (SEQ ID DYYPYHGMD (SEQ ID
H3 (SEQ ID NO: 47) NO: 53) NO: 58)
CDR- | ESVDGYDNSF (SEQID | RASESVDGYDNSFMH (SEQ | SESVDGYDNSF (SEQ ID
L1 NO: 48) | ID NO: 54) NO: 59)
S-HI2Z | CDR-
x| D RAS (SEQIDNO:49) | RASNLES (SEQ ID NO: 55) RAS (SEQ ID NO: 49)
CE?' QQSSEE%W;ESEQ ID | )QSSEDPWT (SEQ ID NO: 50) | SSEDPW (SEQ ID NO: 60)
QIQLQQSGPELVRPGASVKISCKASGY SFTDYDINWVNQRPGQGLEWIGWIYPGSGNTRY
VH | SERFKGKATLTVDTSSNTAYMQLSSLTSEDSAVYFCAREDY YPYHGMDYWGQGTSVTV
SS (SEQ ID NO: 68)
DIVLTQSPTSLAVSLGQRATISCRASESVDGYDNSFMHWYQOKPGOPPKLLIFRASNLES
VL | GIPARFSGSGSRTDFTLTINPVEAADVATYYCQQSSEDPWTFGGGTKLEIK (SEQ ID NO:
62)
CDR- | GYSFTSYW (SEQ ID , GYSFTSY (SEQ ID NO:
- NO. 138 SYWIG (SEQ ID NO: 144) o)
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No.

Ab | e IMGT Kabat Chothia

Anti- | CDR- | IYPGDSDT (SEQID NO: | II'YPGDSDTRYSPSFQGQ ,

TR | H2 139) (SEQ ID NO: 145) GDS (SEQ ID NO: 150)

clone8 [ CDR- [ ARFPYDSSGYYSFDY | FPYDSSGYYSFDY (SEQID | PYDSSGYYSFD (SEQ ID

H3 (SEQ ID NO: 140) NO: 146) NO: 151)
CDR- | QSISSY (SEQ ID NO: RASQSISSYLN (SEQ ID NO: oy o ’
L 1) 147 SQSISSY (SEQ ID NO: 152)
(L:? R- | AAS(SEQIDNO: 142) | AASSLQS (SEQIDNO: 148) | AAS (SEQ ID NO: 142)
CDR- | QQSYSTPLT (SEQ ID QQSYSTPLT (SEQ ID NO: .
3 NO: 143) 143) SYSTPL (SEQ ID NO: 153)

* mutation positions are according to Kabat numbering of the respective VH sequences containing the mutations

[00093] In some embodiments, the anti-TfR1 antibody of the present disclosure is a
humanized variant of any one of the anti-TfR1 antibodies provided in Table 2. In some
embodiments, the anti-TfR1 antibody of the present disclosure comprises a CDR-H1, a CDR-
H2, a CDR-H3, a CDR-L1, a CDR-L2, and a CDR-L3 that are the same as the CDR-H1, CDR-
H2, and CDR-H3 in any one of the anti-TfR1 antibodies provided in Table 2, and comprises a

humanized heavy chain variable region and/or {e.g., and) a humanized light chain variable

region.
[00094] Examples of amino acid sequences of anti-TfR1 antibodies described herein are
provided in Table 3.

Table 3. Variable Regions of Anti-TfR1 Antibodies

Antibody Variable Region Amino Acid Sequence**
VH:
EVQLVQSGSELKKPGASVKVSCTASGFNIKDDYMY WVRQPPGKGLEWIGWIDP
3A4 ETGDTEYASKFQDRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGLD

YWGQGTLVTVSS (SEQ ID NO: 69)

VH3 (N54T*)/Vk4
VLI

DIVMTQSPLSLPVTPGEPASISCRSSKSLLHSNG YTYLFWFQQRPGQSPRLLIYR
MSNLASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQHLEYPFTFGGGTK
VEIK (SEQ ID NO: 70)

A% H:
EVQLVQSGSELKKPGASVKVSCTASGENIKDDYMY WVRQPPGKGLEWIGWIDP
ESGDTEYASKFQDRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGLD

A4 YWGQGTLVTVSS (SEQ ID NO: 71)

VH3 (N54S8*)/Vi4
Vi

DIVMTQSPLSLPVTPGEPASISCRSSKSLLHSNG YTYLFWFQQRPGQSPRLLIYR
MSNLASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQHLEYPFTFGGGTK
VEIK (SEQ ID NO: 70)

VH:
EVQLVQSGSELKKPGASVKVSCTASGFNIKDDYMY WVRQPPGKGLEWIGWIDP
ENGDTEYASKFQDRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGLD

3A4 YWGQGTLVTVSS (SEQ ID NO: 72)

VH3 /Vk4 VL:
DIVMTQSPLSLPVTPGEPASISCRSSKSLLHSNGYTYLFWFQQRPGQSPRLLIYR
MSNLASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQHLEYPFTFGGGTK
VEIK (SEQ ID NO: 70)

VH:
3M12 QVQLQESGPGLVKPSQTLSLTCSVTGYSITSGYYWNWIRQPPGKGLEWMGYITF
VH3/Vk2 DGANNYNPSLKNRVSISRDTSKNQFSLKLSSVTAEDTATYYCTRSSYDYDVLDY

WGQGTTVTVSS (SEQ ID NO: 73)
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Antibody

Variable Region Amino Acid Sequence**

VL:
DIQMTQSPSSLSASVGDRVTITCRASQDISNFLNWYQQKPGQPVKLLIYYTSRLH
SGVPSRFSGSGSGTDFILTISSLQPEDFATYFCQQGHTLPYTFGQGTKLEIK (SEQ
ID NO: 74)

3M12
VH3/V«3

| VH:

QVQLQESGPGLVKPSQTLSLTCSVTGYSITSGY YWNWIRQPPGKGLEWMGYITF
DGANNYNPSLKNRVSISRDTSKNQFSLKLSSVTAEDTATYYCTRSSYDYDVLDY
WGQGTTVTVSS (SEQ ID NO: 73)

VL:
DIQMTQSPSSLSASVGDRVTITCRASQDISNFLNWYQQKPGQPVKLLIYYTSRLH
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGHTLPYTFGQGTKLEIK (SEQ
ID NO: 75)

3M12
VH4/V«2

VH:
QVQLQESGPGLVKPSQTLSLTCTVTGYSITSGYYWNWIRQPPGKGLEWIGYITFD
GANNYNPSLKNRVSISRDTSKNQFSLKLSSVTAEDTATYYCTRSSYDYDVLDYW
GQGTTVTVSS (SEQ ID NO: 76)

VL:
DIQMTQSPSSLSASVGDRVTITCRASQDISNFLNWYQQKPGQPVKLLIYYTSRLH
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYFCQQGHTLPYTFGQGTKLEIK (SEQ
ID NO: 74)

3M12
VH4/Vk3

VH:
QVQLQESGPGLVKPSQTLSLTCTVTGYSITSGYYWNWIRQPPGKGLEWIGYITFD
GANNYNPSLKNRVSISRDTSKNQFSLKLSSVTAEDTATYYCTRSSYDYDVLDYW
GQGTTVTVSS (SEQ ID NO: 76)

VL:
DIQMTQSPSSLSASVGDRVTITCRASQDISNFLNWYQQKPGQPVKLLIYYTSRLH
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGHTLPYTFGQGTKLEIK (SEQ
ID NO: 75)

SH12
VHS (C33Y#)/Vk3

VH:
QVQLVQSGAEVKKPGASVKVSCKASGYSFTDYYINWVRQAPGQGLEWMGWIY
PGSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPYH
GMDYWGQGTLVTVSS (SEQ ID NO: 77)

VL:
DIVLTQSPDSLAVSLGERATINCRASESVDGYDNSFMHWYQQKPGQPPKLLIFR
ASNLESGVPDRFSGSGSRTDFTLTISSLQAEDVAVYYCQQSSEDPWTFGQGTKL

EIK (SEQ ID NO: 78)

5H12
VHS5 (C33D*)/Vi4

VH:
QVQLVQSGAEVKKPGASVKVSCKASGYSFTDYDINWVRQAPGQGLEWMGWIY
PGSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPYH
GMDYWGQGTLVTVSS (SEQ ID NO: 79)

VL:
DIVMTQSPDSLAVSLGERATINCRASESVDGYDNSFMHWY QQKPGQPPKLLIFR
ASNLESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQSSEDPWTFGQGTKL
EIK (SEQ ID NO: 80)

SH12
VHS (C33Y#*)/Vk4

VH:
QVQLVQSGAEVKKPGASVKVSCKASGYSFTDYYINWVRQAPGQGLEWMGWIY
PGSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPYH
GMDYWGOQGTLVTVSS (SEQ ID NO: 77)

VL:
DIVMTQSPDSLAVSLGERATINCRASESVDGYDNSFMHWYQQKPGQPPKLLIFR
ASNLESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQSSEDPWTFGQGTKL

EIK (SEQ ID NO: 80)

Anti-TfR clone 8

VH:
QVQLVQSGAEVKKPGESLKISCKGSGYSFISYWIGWVRQMPGKGLEWMGIIYP
GDSDTRYSPSFQGQVTISADKSISTAYLQWSSLKASDTAMYYCARFPYDSSGYY
SEDYWGQGTLVTYVSS (SEQ ID NO: 154)

VL:
DIQMTOQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQ
SGVPSRFSGSGSGTDFTLTISSLQPEDFATY YCQQSYSTPLTFGGGTKVEIK (SEQ
ID NO: 155)

* mutation positions are according to Kabat numbering of the respective VH sequences containing the mutations
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** CDRs according to the Kabat numbering system are bolded

[00095] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the CDR-H1, CDR-H2, and CDR-H3 of any one of the anti-TfR1 antibodies
provided in Table 3 and comprises one or more {(e.g., 1, 2, 3,4, 5,6, 7, 8,9, 10 or more) amino
acid variations in the framework regions as compared with the respective VH provided in Table
3. Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody of the present
disclosure comprises a VL comprising the CDR-L1, CDR-L2, and CDR-L3 of any one of the
anti-TfR1 antibodies provided in Table 3 and comprises one or more (e.g., 1,2, 3,4, 5,6,7, 8, 9,
10 or more) amino acid variations in the framework regions as compared with the respective VL
provided in Table 3. In some embodiments, the VH of the anti-TfR1 antibody is a humanized
VH, and/or the VL of the anti-TfR1 antibody is a humanized VL.

[00096] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the CDR-H1, CDR-H2, and CDR-H3 of any one of the anti-TfR1 antibodies
provided in Table 3 and comprising an amino acid sequence that is at least 70% (e.g., at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 99%) identical
in the framework regions as compared with the respective VH provided in Table 3.

Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody of the present disclosure
comprises a VL comprising the CDR-L1, CDR-L2, and CDR-L3 of any one of the anti-TfR1
antibodies provided in Table 3 and comprising an amino acid sequence that is at least 70% (e.g.,
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 99%)
identical in the framework regions as compared with the respective VL provided in Table 3. In
some embodiments, the VH of the anti-TfR1 antibody is a humanized VH, and/or the VL of the
anti-TfR1 antibody is a humanized VL.

[00097] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 69 and a VL comprising the amino
acid sequence of SEQ ID NO: 70.

[00098] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 71 and a VL comprising the amino
acid sequence of SEQ ID NO: 70.

[00099] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 72 and a VL comprising the amino
acid sequence of SEQ ID NO: 70.
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[000100] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising the amino
acid sequence of SEQ ID NO: 74.

[000101] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising the amino
acid sequence of SEQ ID NO: 75.

[000102] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL comprising the amino
acid sequence of SEQ ID NO: 74.

[000103] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL comprising the amino
acid sequence of SEQ ID NO: 75.

[000104] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising the amino
acid sequence of SEQ ID NO: 78.

[000105] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 79 and a VL comprising the amino
acid sequence of SEQ ID NO: 80.

[000106] In some embodiments, the anti-T{fR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising the amino
acid sequence of SEQ ID NO: 80.

[000107] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 154 and a VL comprising the amino
acid sequence of SEQ ID NO: 155.

[000108] In some embodiments, the anti-TfR1 antibody described herein is a full-length
IgG, which can include a heavy constant region and a light constant region from a human
antibody. In some embodiments, the heavy chain of any of the anti-TfR1 antibodies as
described herein may comprise a heavy chain constant region (CH) or a portion thereof (e.g.,
CH1, CH2, CH3, or a combination thereof). The heavy chain constant region can be of any
suitable origin, e.g., human, mouse, rat, or rabbit. In one specific example, the heavy chain
constant region is from a human IgG (a gamma heavy chain), e.g., IgG1, IgG2, or IgG4. An
example of a human IgG1 constant region is given below:
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLG
GPSVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
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QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLP
PSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVEFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 81)

[000109] In some embodiments, the heavy chain of any of the anti-TfR1 antibodies
described herein comprises a mutant human IgG1 constant region. For example, the
introduction of LAL A mutations (a mutant derived from mAb b12 that has been mutated to
replace the lower hinge residues Leu234 Leu235 with Ala234 and Ala235) in the CH2 domain
of human IgG1 is known to reduce Fcy receptor binding (Bruhns, P., et al . (2009) and Xu, D. et
al. (2000)). The mutant human IgG1 constant region is provided below (mutations bonded and
underlined):
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAA
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTL
PPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 82)

[000110] In some embodiments, the light chain of any of the anti-TfR1 antibodies
described herein may further comprise a light chain constant region (CL), which can be any CL
known in the art. In some examples, the CL is a kappa light chain. In other examples, the CL is a
lambda light chain. In some embodiments, the CL is a kappa light chain, the sequence of which
is provided below:
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 83)
[000111] Other antibody heavy and light chain constant regions are well known in the art,
e.g., those provided in the IMGT database (www.imgt.org) or at www.vbase2.org/vbstat.php,
both of which are incorporated by reference herein.

[000112] In some embodiments, the anti-TfR1 antibody described herein comprises a
heavy chain comprising any one of the VH as listed in Table 3 or any variants thereof and a
heavy chain constant region that is at least 80%, at least 85%, at least 90%, at least 95%, or at
least 99% identical to SEQ ID NO: 81 or SEQ ID NO: 82. In some embodiments, the anti-TfR1
antibody described herein comprises a heavy chain comprising any one of the VH as listed in
Table 3 or any variants thereof and a heavy chain constant region that contains no more than 25
amino acid variations (e.g., no more than 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12,
11,10,9,8,7,6, 5, 4, 3, 2, or 1 amino acid variation) as compared with SEQ ID NO: 81 or SEQ
ID NO: 82. In some embodiments, the anti-TfR1 antibody described herein comprises a heavy
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chain comprising any one of the VH as listed in Table 3 or any variants thereof and a heavy
chain constant region as set forth in SEQ ID NO: 81. In some embodiments, the anti-TfR1
antibody described herein comprises heavy chain comprising any one of the VH as listed in
Table 3 or any variants thereof and a heavy chain constant region as set forth in SEQ ID NO: 82.
[000113] In some embodiments, the anti-TfR1 antibody described herein comprises a light
chain comprising any one of the VL as listed in Table 3 or any variants thereof and a light chain
constant region that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%
identical to SEQ ID NO: 83. In some embodiments, the anti-TfR1 antibody described herein
comprises a light chain comprising any one of the VL as listed in Table 3 or any variants thereof
and a light chain constant region contains no more than 25 amino acid variations (e.g., no more
than 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13,12, 11, 10,9, 8,7, 6, 5,4, 3, 2, or 1 amino
acid variation) as compared with SEQ ID NO: 83. In some embodiments, the anti-TfR 1
antibody described herein comprises a light chain comprising any one of the VL as listed in
Table 3 or any variants thereof and a light chain constant region set forth in SEQ ID NO: 83.
[000114] Examples of IgG heavy chain and light chain amino acid sequences of the anti-
TfR1 antibodies described are provided in Table 4 below.

Table 4. Heavy chain and light chain sequences of examples of anti-TfR1 IgGs

| Antibody IzG. Heavy Chain/Light Chain Sequences**
|

Heavy Chain (with wild type human IgG1 constant region)
EVOLVOSGSELKKPGASVKVSCTASGENIKDDYMYWVROPPGKGLEWIGWIDPE
TGDTEYASKFODRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGLDYW
GOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKK VEPKS
CDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL
SLSPGK (SEQ) ID NO: 84)

3A4
VH3 (N54T*)/V4

Light Chain (with kappa light chain constant region)

DIVMTQSPLSLPVTPGEPASISCRSSKSLLHSNGYTYLFWFQQORPGQSPRLLIYRMS
NLASGVPDRFESGSGSGTDFTLKISRVEAEDVGVYYCMOQHLEYPFTFGGGTKVEIK
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ
ID NO: 85)

Heavy Chain (with wild type human IgG1 constant region)
EVOLVOSGSELKKPGASVKVSCTASGFNIKDDYMYWVROPPGKGIL EWIGWIDPE

SGDTEYASKFODRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGLDYW
GOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL

TSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS
CDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFESCSVMHEALHNHYTQKSL
SLSPGK (SEQ ID NO: 86)

3A4
VH3 (N545%)/Vk4
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Antibody

IgG Heavy Chain/Light Chain Sequences**

Light Chain (with kappa light chain constant region)
DIVMTOSPLSLPVTPGEPASISCRSSKSLLHSNGYTYLFWFQQORPGOSPRLLIYRMS
NLASGVPDRESGSGSGTDFTLKISRVEAEDVGVYYCMOHLEYPETEGGGTK VEIK
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ
ID NO: 85)

3A4
VH3 /Vk4

Heavy Chain (with wild type human IgG1 constant region)
EVOLVQSGSEL KKPGASVKVSCTASGENIKDDYMYWVROPPGKGLEWIGWIDPE
NGDTEYASKFODRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGLDYW

GOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS
CDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL
SLSPGK (SEQ ID NO: §7)

Light Chain (with kappa light chain constant region)
DIVMTQSPLSIPVTPGEPASISCRSSKSLLHSNGYTYLEWFQORPGQSPRLLIYRMS
NLASGVPDRFESGSGSGTDFTLKISRVEAEDVGVYYCMOQHLEYPFTFGGGTKVEIK
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNEFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ
ID NO: 85)

3M12
VH3/Vk2

Heavy Chain (with wild type human IgG1 constant region)
QVOLQESGPGILVKPSOTLSLTCSVTGYSITSGYYWNWIRQPPGKGI EWMGYITED
GANNYNPSLKNRVSISRDTSKNOFSLKILSSVTAEDTATYYCTRSSYDYDVLDYWG
QGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALT
SGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL
SLSPGK (SEQ ID NO: 88)

Light Chain (with kappa light chain constant region)
DIOMTQSPSSLSASVGDRVTITCRASODISNFLNWYQOKPGOPVKILLIYYTSRLHS
GVPSRESGSGSGTDFTLTISSLOPEDFATYFCQOGHTLPYTFGQGTKLEIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSK
DSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 89)

3M12
VH3/V«3

Heavy Chain (with wild type human IgG1 constant region)
QVOLOESGPGLVKPSOTLSLTCSVTGYSITSGYYWNWIRQPPGKGLEWMGYITFD
GANNYNPSLKNRVSISRDTSKNOFSLKLSSVTAEDTATYYCTRSSYDYDVEDYWG
QGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALT
SGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
DKTHTCPPCPAPELLGGPS VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ

| PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL

SLSPGK. (SEQ ID NO: 88)

Light Chain (with kappa light chain constant region)
DIOMTQSPSSL.SASVGDRVTITCRASODISNFLNWYQOKPGOPVKLLIYYTSRILHS
GVPSRFSGSGSGTDFTLTISSLOPEDFATYYCOOGHTLPYTFGQGTKLEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFENRGEC (SEQ ID NO:
90)
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Antibody

IgG Heavy Chain/Light Chain Sequences™**

3M12
VH4/Vi2

Heavy Chain (with wild type human IgG1 constant region)
QVOLOQESGPGLVKPSQTLSLTCTVTGYSITSGYYWNWIRQPPGKGLEWIGYITFDG

ANNYNPSLKNRVSISRDTSKNOQFSLKLSSVTAEDTATYYCTRSSYDYDVLDYWGOQ
GTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS

GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCD
KTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFENW

YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPA
PIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLS
LSPGK (SEQ ID NO: 91)

Light Chain (with kappa light chain constant region)

DIOMTQSPSSLSASVGDRVTITCRASODISNFLNWYQOKPGOPVKI LIYYTSRLHS

GVPSRFSGSGSGTDFTLTISSLOPEDFATYFCQOGHTLPYTFGOGTKLEIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSK

DSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 89)

3M12
VH4/Vi3

Heavy Chain (with wild type human IgG1 constant region)

QVOLOESGPGLVKPSOTLSLTCTVTIGYSITSGYYWNWIRQOPPGKGLEWIGYITFDG
ANNYNPSLKNRVSISRDTSKNOQFSLKLSSVTAEDTATYYCTRSSYDYDVLDYWGQ

GTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCD
KTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPA
PIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLS
LSPGK (SEQ ID NO: 91)

Light Chain (with kappa light chain constant region)
DIOMTOQSPSSLSASVGDRVTITCRASODISNFLNWYQQOKPGOPVKLLIYYTSRLHS
GVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQOGHTLPYTFGQOGTKLEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:
90)

SH12
VHS (C33Y*)/Vx3

Heavy Chain (with wild type human IgG1 constant region)
QVOLVOSGAEVKKPGASYKVSCKASGYSFTDYYINWVROAPGOGLEWMGWIYP
GSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPYHGM
DYWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK (SEQ ID NO: 92)

Light Chain (with kappa light chain constant region)

DIVLTQSPDSLAVST GERATINCRASESVDGYDNSFMHWYQOKPGOPPKLLIFRAS
NLESGVPDRESGSGSRTDFTLTISSLOAEDVAVYYCOQQSSEDPWTFGOGTKLEIKR

TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVT
EQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO: 93)

5H12
VHS (C33D*)/Vk4

Heavy Chain (with wild type human IgG1 constant region)
QVOLVOSGAEVKKPGASVKVSCKASGYSFTDYDINWVROAPGOGLEWMGWIYP
GSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPYHGM
DYWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHYT
QKSLSLSPGK (SEQ ID NO: 94)




Antibody I2G Heavy Chain/Light Chain Sequences**

Light Chain (with kappa light chain constant region)

DIVMTOQSPDSLAVSLGERATINCRASESVDGYDNSFMHWYQOKPGQPPKI L IFRA
SNLESGVPDRFSGSGSGTDFILTISSLOAEDVAVYYCQOSSEDPWTFGOGTKI EIK

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC (SEQ
ID NO: 95)

Heavy Chain (with wild type human IgG1 constant region)
OQVOLVOSGAEVKKPGASVKVSCKASGYSFTDYYINWVROAPGOGLEWMGWIYP
GSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPYHGM
DYWGOQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VEKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN

SH12 KALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE
VHS (C33Y*)/Vk4 | SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHYT
QKSLSLSPGK (SEQ ID NO: 92)

Light Chain (with kappa light chain constant region)

DIVMTQSPDSLAVSLGERATINCRASESVDGYDNSFMHWYQOQKPGOPPKLLIFRA

SNLESGVPDRESGSGSGTDFTLTISSLOAEDVAVYYCQQSSEDPWTFGOGTKLEIK

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES

| VIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ
ID NO: 95)

VH:
QVOLVOSGAEVKKPGESI KISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPG
DSDTRYSPSFOGQVTISADKSISTAYLQWSSLKASDTAMYYCARFPYDSSGYYSF
DYWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKYV
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
Anti-TfR clone 8 KALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK (SEQ ID NO: 156)

VL:
DIOMTOSPSSLSASVGDRVTITCRASQSISSYLNWYOQOKPGKAPKLLIYAASSLOS
GVPSRFESGSGSGTDFTLTISSLOPEDFATYYCQOQSYSTPLTFGGGTKVEIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSK
DSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:
157)

* mutation positions are according to Kabat numbering of the respective VH sequences containing the mutations
** CDRs according to the Kabat numbering system are bolded; VH/VL sequences underlined

[000115] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain containing no more than 25 amino acid variations (e.g., no more than 25, 24, 23,
22,21,20,19,18,17, 16, 15, 14, 13, 12,11, 10,9, 8,7, 6, 5, 4, 3, 2, or 1 amino acid variation)
as compared with the heavy chain as set forth in any one of SEQ ID NOs: 84, 86, 87, 88, 91, 92,
94, and 156. Alternatively or in addition (e.g., in addition), the anti-TfR 1 antibody of the
present disclosure comprises a light chain containing no more than 25 amino acid variations
(e.g., no more than 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10,9, 8,7, 6, 5, 4, 3,
2, or 1 amino acid variation) as compared with the light chain as set forth in any one of SEQ ID
NOs: 85, §9, 90, 93, 95, and 157.

[000116] In some embodiments, the anti-TfR1 antibody described herein comprises a

heavy chain comprising an amino acid sequence that is at least 75% (e.g., 75%, 80%, 85%, 90%,
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95%, 98%, or 99%) identical to any one of SEQ ID NOs: 84, 86, 87, 88, 91, 92, 94, and 156.
Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody described herein
comprises a light chain comprising an amino acid sequence that is at least 75% (e.g., 75%, 80%,
85%, 90%, 95%, 98%, or 99%) identical to any one of SEQ ID NOs: 85, 89, 90, 93, 95, and 157.
In some embodiments, the anti-TfR1 antibody described herein comprises a heavy chain
comprising the amino acid sequence of any one of SEQ ID NOs: 84, 86, 87, 88, 91, 92, 94, and
156. Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody described herein
comprises a light chain comprising the amino acid sequence of any one of SEQ ID NOs: 85, 89,
90, 93, 95 and 157.

[000117] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 84 and a light chain
comprising the amino acid sequence of SEQ ID NO: 85.

[000118] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 86 and a light chain
comprising the amino acid sequence of SEQ ID NO: 85.

[000119] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 87 and a light chain
comprising the amino acid sequence of SEQ ID NO: 85.

[000120] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 88 and a light chain
comprising the amino acid sequence of SEQ ID NO: 89.

[000121] In some embodiments, the anti-T{R1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 88 and a light chain
comprising the amino acid sequence of SEQ ID NO: 90.

[000122] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 91 and a light chain
comprising the amino acid sequence of SEQ ID NO: 89.

[000123] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 91 and a light chain
comprising the amino acid sequence of SEQ ID NO: 90.

[000124] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 92 and a light chain

comprising the amino acid sequence of SEQ ID NO: 93.
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[000125] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 94 and a light chain
comprising the amino acid sequence of SEQ ID NO: 95.

[000126] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 92 and a light chain
comprising the amino acid sequence of SEQ ID NO: 95.

[000127] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 156 and a light chain
comprising the amino acid sequence of SEQ ID NO: 157.

[000128] In some embodiments, the anti-TfR1 antibody is a Fab fragment, Fab' fragment,
or F(ab'), fragment of an intact antibody (full-length antibody). Antigen binding fragment of an
intact antibody (full-length antibody) can be prepared via routine methods (e.g., recombinantly
or by digesting the heavy chain constant region of a full-length IgG using an enzyme such as
papain). For example, F(ab'), fragments can be produced by pepsin or papain digestion of an
antibody molecule, and Fab fragments that can be generated by reducing the disulfide bridges of
F(ab')> fragments. In some embodiments, a heavy chain constant region in a Fab fragment of the
anti-TfR1 antibody described herein comprises the amino acid sequence of:
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT (SEQ ID NO:
96)

[000129] In some embodiments, the anti-TfR1 antibody described herein comprises a
heavy chain comprising any one of the VH as listed in Table 3 or any variants thereof and a
heavy chain constant region that is at least 80%, at least 85%, at least 90%, at least 95%, or at
least 99% identical to SEQ ID NO: 96. In some embodiments, the anti-TfR1 antibody described
herein comprises a heavy chain comprising any one of the VH as listed in Table 3 or any
variants thereof and a heavy chain constant region that contains no more than 25 amino acid
variations (e.g., no more than 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13,12, 11, 10, 9, 8, 7,
6, 5,4, 3,2, or 1 amino acid variation) as compared with SEQ ID NO: 96. In some
embodiments, the anti-TfR1 antibody described herein comprises a heavy chain comprising any
one of the VH as listed in Table 3 or any variants thereof and a heavy chain constant region as
set forth in SEQ ID NO: 96.

[000130] In some embodiments, the anti-TfR 1 antibody described herein comprises a light
chain comprising any one of the VL as listed in Table 3 or any variants thereof and a light chain
constant region that is at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%
identical to SEQ ID NO: 83. In some embodiments, the anti-TfR 1 antibody described herein
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comprises a light chain comprising any one of the VL as listed in Table 3 or any variants thereof

and a light chain constant region contains no more than 25 amino acid variations (e.g., no more
than 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10,9, 8,7, 6, 5, 4, 3, 2, or 1 amino
acid variation) as compared with SEQ ID NO: 83. In some embodiments, the anti-TfR 1

antibody described herein comprises a light chain comprising any one of the VL as listed in

Table 3 or any variants thereof and a light chain constant region set forth in SEQ ID NO: 83.

[000131] Examples of Fab heavy chain and light chain amino acid sequences of the anti-

TfR1 antibodies described are provided in Table 5 below.

Table 5. Heavy chain and light chain sequences of examples of anti-TfR1 Fabs

Antibody

Fab Heavy Chain/Light Chain Sequences**

3A4
VH3 (N54T*)/Vk4

Heavy Chain (with partial human IgG1 constant region)

EVOLVOSGSELKKPGASVKVSCTASGFNIKDDYMYWVROPPGKGLEWIGWIDPE
TGDTEYASKFODRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGLDYW

GOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKK VEPKS
CDKTHT (SEQ ID NO: 97)

Light Chain (with kappa light chain constant region)

DIVMTOSPLSLPVTPGEPASISCRSSKSLLHSNGYTYLFWFQORPGOSPRLLIYRMS
NLASGVPDRFSGSGSGTDEFTLKISRVEAEDVGVYYCMOHLEYPFTFGGGTKVEIK

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ
ID NO: 85)

3A4
VH3 (N545%)/Vk4

Heavy Chain (with partial human IgG1 constant region)

| EVOLVQSGSELKKPGASVKVSCTASGENIKDDYMY WVRQPPGKGLEWIGWIDPE

SGDTEYASKFODRVTVTADTSTNTAYMELSSLRSEDTAVYYCTL WLRRGLDYW

GOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS
CDKTHT (SEQ ID NO: 98)

Light Chain (with kappa light chain constant region)
DIVMTOQSPLSLPVTPGEPASISCRSSKSLLHSNGYTYLFWFQQRPGQSPRLLIYRMS
NLASGVPDRESGSGSGTDFTLKISRVEAEDVGVYYCMOQHLEYPFTFGGGTKVEIK
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ
ID NO: 85)

3A4
VH3 /V4

Heavy Chain (with partial human IgG1 constant region)
EVOLVOSGSELKKPGASVKVSCTASGENIKDDYMYWVRQPPGKGIL EWIGWIDPE
NGDTEYASKFODRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGLDYW
GOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKK VEPKS
CDKTHT (SEQ ID NO: 99)

Light Chain (with kappa light chain constant region)

DIVMTOSPLSLPVTPGEPASISCRSSKSLIHSNGYTYLFWFOQRPGOSPRLLIYRMS

| NLASGVPDRESGSGSGTDFTLKISRVEAEDVGVYYCMOHLEYPFTFGGGTKVEIK

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK VDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ
ID NO: 85)

3M12
VH3/Vk2

Heavy Chain (with partial human IgG1 constant region)

QVOLOESGPGLVKPSQTLSLTCSVTGYSITSGYYWNWIRQOPPGKGLEWMGYITED
GANNYNPSLKNRVSISRDTSKNQFSLKILSSVTAEDTATYYCTRSSYDYDVLDYWG

QGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALT
SGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
DKTHT (SEQ ID NO: 100)
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Antibody l

Fab Heavy Chain/Light Chain Sequences**

Light Chain (with kappa light chain constant region)

DIOMTOQSPSSLSASVGDRVTITCRASODISNFLNWY QOOKPGOPVKLLIYYTSRLHS
GVPSRFSGSGSGTDFTLTISSLOPEDFATYFCQOGHTLPYTFGOGTKLEIKRTVAAP

SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSK
DSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 89)

3MI12

Heavy Chain (with partial human IgG1 constant region)
OVOLOESGPGLVKPSQTLSLTCSVTGYSITSGYYWNWIROPPGKGI EWMGYITFD
GANNYNPSLKNRVSISRDTSKNOFSLKILSSVTAEDTATYYCTRSSYDYDVLDYWG
OGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALT
SGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
DKTHT (SEQ ID NO: 100)

VH3/V«3

Light Chain (with kappa light chain constant region)
DIOMTQSPSST.SASVGDRVTITCRASODISNFINWY QOKPGOPVKILIYYTSRLHS

GVPSRFSGSGSGTDFTL TISSLOPEDFATYYCOQOGHTLPYTFGOGTKI EIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS

KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:
90)

3M12

Heavy Chain (with partial human IgG1 constant region)
QVOLOESGPGLVKPSOTLSLTCTVTGYSITSGYYWNWIRQPPGKGLEWIGYITEDG
ANNYNPSLKNRVSISRDTSKNOFSLKI SSVTAEDTATYYCTRSSYDYDVLDYWGQ
GTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCD
KTHT (SEQ ID NO: 101)

VH4/Vi2

Light Chain (with kappa light chain constant region)

DIOMTOQSPSSLSASVGDRVTITCRASODISNFLNWY QOKPGOPVKLLIY YTSRLHS

GVPSRESGSGSGTDFTLTISSLOPEDFATYFCOOGHTLPYTFGOGTKIL EIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSK

DSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 89)

3M12

Heavy Chain (with partial human IgG1 constant region)
QVOLOESGPGLVKPSQTLSLTCTVTGYSITSGYYWNWIROQPPGKGLEWIGYITFDG
ANNYNPSLKNRVSISRDTSKNQFSLKILSSVTAEDTATYYCTRSSYDYDVLDYWGOQ
GTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCD
KTHT (SEQ ID NO: 101)

VH4/Vi3

Light Chain (with kappa light chain constant region)

DIOMTQSPSSLSASVGDRVTITCRASODISNFLNWYQOKPGOPVKILIYYTSRLHS
GVPSRFSGSGSGTDFTLTISSLOPEDFATYYCOQOGHTLPYTFGOGTKILEIKRTVAA

PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:
90)

SH12

Heavy Chain (with partial human IgG1 constant region)
QVOLVOSGAEVKKPGASVKVSCKASGYSFTDYYINWVROAPGOGLEWMGWIYP
GSGNTRYSERFKGRVTITRDTSASTAYMEISSI RSEDTAVYYCAREDYYPYHGM
DYWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
EPKSCDKTHT (SEQ ID NO: 102)

VH5 (C33Y*)/Vi3

Light Chain (with kappa light chain constant region)
DIVLTQOSPDSTAVSLGERATINCRASESVDGYDNSFMHWYQOKPGOPPKILIFRAS
NLESGVPDRFSGSGSRTDFTLTISSL. OQAEDVAVYYCQOSSEDPWTEGQOGTKIL EIKR
TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVT
EQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO: 93)

SH12
VHS5 (C33D*)/V«4

Heavy Chain (with partial human IgG1 constant region)
QVOLVOSGAEVKKPGASVKVSCKASGYSFTDYDINWVROAPGOGLEWMGWIYP
GSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPYHGM
DYWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
EPKSCDKTHT (SEQ ID NO: 103)
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Antibody

Fab Heavy Chain/Light Chain Sequences**

Light Chain (with kappa light chain constant region)

DIVMTOQSPDSLAVSLGERATINCRASESVDGYDNSFMHWYQOQKPGQPPKILLIFRA
SNLESGVPDRESGSGSGTDFTLTISSLQAEDVAVYYCOOQSSEDPWTFGQGTKLEIK

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ
ID NO: 95)

5H12
VHS5 (C33Y*)/Vk4

Heavy Chain (with partial human IgG1 constant region)
QVOLVOSGAEVKKPGASVKVSCKASGYSFTDYYINW VROAPGOGLEWMGWIYP
GSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPYHGM
DYWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK VDKKYV
EPKSCDKTHT (SEQ ID NO: 102)

Light Chain (with kappa light chain constant region)
DIVMTOQSPDSLAVSLGERATINCRASESVDGYDNSFMHWYQQKPGOPPKLLIFRA
SNLESGVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCQQOSSEDPWTFGOGTKLEIK
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ
ID NO: 95)

Anti-TfR clone 8
Version 1

VH:
QVOLVOSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPG
DSDTRYSPSFQGOQVTISADKSISTAYLOWSSLKASDTAMYYCARFPYDSSGYYSF
DYWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK VDKKV
EPKSCDKTHTCP (SEQ ID NO: 158)

VL:
DIOMTOSPSSLSASVGDRVTITCRASOSISSYLNWYQOKPGKAPKLLIYAASSLOS
GVPSRESGSGSGTDFTLTISSLOPEDFATYYCOQQSYSTPLTFGGGTKVEIKRTVAAP

SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSK
DSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:
157)

Anti-TfR clone 8
Version 2

VH:

QVOLVOSGAEVKKPGESLKISCKGSGYSFISYWIGWVROMPGKGLEWMGIIYPG

DSDTRYSPSFQGQVTISADKSISTAYLOQWSSLKASDTAMYYCARFPYDSSGYYSF
DYWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKYV
EPKSCDKTHT (SEQ ID NO: 159)

VL:

DIOMTOQSPSSLSASVGDRVTITCRASQSISSYLNWYOQOQKPGKAPKIILIYAASSLQS

GVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGGGTKVEIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSK
DSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:
157)

* mutation positions are according to Kabat numbering of the respective VH sequences containing the mutations
** CDRs according to the Kabat numbering system are bolded; VH/VL sequences underlined

[000132] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises

a heavy chain containing no more than 25 amino acid variations (e.g., no more than 25, 24, 23,
22,21,20,19, 18,17, 16,15, 14,13, 12,11, 10,9, 8,7, 6, 5,4, 3, 2, or 1 amino acid variation)
as compared with the heavy chain as set forth in any one of SEQ ID NOs: 97-103, 158 and 159.

Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody of the present disclosure

comprises a light chain containing no more than 25 amino acid variations (e.g., no more than 25,

24,23,22,21, 20,19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9,8, 7, 6, 5, 4, 3, 2, or 1 amino acid

variation) as compared with the light chain as set forth in any one of SEQ ID NOs: 85, 89, 90,

93, 95, and 157.
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[000133] In some embodiments, the anti-TfR1 antibody described herein comprises a
heavy chain comprising an amino acid sequence that is at least 75% (e.g., 75%, 80%, 85%, 90%,
95%, 98%, or 99%) identical to any one of SEQ ID NOs: 97-103, 158 and 159. Alternatively or
in addition {e.g., in addition), the anti-TfR1 antibody described herein comprises a light chain
comprising an amino acid sequence that is at least 75% (e.g., 75%, 80%, 85%, 90%, 95%, 98%,
or 99%) identical to any one of SEQ ID NOs: 85, 89, 90, 93, 95, and 157. In some
embodiments, the anti-TfR1 antibody described herein comprises a heavy chain comprising the
amino acid sequence of any one of SEQ ID NOs: 97-103, 158 and 159. Alternatively or in
addition (e.g., in addition), the anti-TfR1 antibody described herein comprises a light chain
comprising the amino acid sequence of any one of SEQ ID NOs: 85, 89, 90, 93, 95, and 157.
[000134] In some embodiments, the anti-TfR 1 antibody of the present disclosure comprises
a heavy chain-comprising the amino acid sequence of SEQ ID NO: 97 and a light chain
comprising the amino acid sequence of SEQ ID NO: 85.

[000135] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 98 and a light chain
comprising the amino acid sequence of SEQ ID NO: 85.

[000136] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 99 and a light chain
comprising the amino acid sequence of SEQ ID NO: 85.

[000137] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 100 and a light chain
comprising the amino acid sequence of SEQ ID NO: §9.

[000138] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 100 and a light chain
comprising the amino acid sequence of SEQ ID NO: 90.

[000139] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 101 and a light chain
comprising the amino acid sequence of SEQ ID NO: 89.

[000140] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 101 and a light chain
comprising the amino acid sequence of SEQ ID NO: 90.

[000141] In some embodiments, the anti-TfR 1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 102 and a light chain

comprising the amino acid sequence of SEQ ID NO: 93.
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[000142] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 103 and a light chain
comprising the amino acid sequence of SEQ ID NO: 95.

[000143] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 102 and a light chain
comprising the amino acid sequence of SEQ ID NO: 95.

[000144] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 158 and a light chain
comprising the amino acid sequence of SEQ ID NO: 157.

[000145] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a heavy chain comprising the amino acid sequence of SEQ ID NO: 159 and a light chain
comprising the amino acid sequence of SEQ ID NO: 157.

Other known anti-TfR1 antibodies

[000146] Any other appropriate anti-TfR 1 antibodies known in the art may be used as the
muscle-targeting agent in the complexes disclosed herein. Examples of known anti-TfR1
antibodies, including associated references and binding epitopes, are listed in Table 6. In some
embodiments, the anti-TfR1 antibody comprises the complementarity determining regions
(CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3) of any of the anti-TfR1
antibodies provided herein, e.g., anti-TfR 1 antibodies listed in Table 6.

Table 6 — List of anti-TfR1 antibody clones, including associated references and binding

epitope information.

Antibody Clone | Reference(s) Epitope / Notes

Name

OKT9 US Patent. No. 4,364,934, filed 12/4/1979, Apical domain of TfR1
entitled “MONOCLONAL ANTIBODY TO | (residues 305-366 of
A HUMAN EARLY THYMOCYTE human TfR1 sequence
ANTIGEN AND METHODS FOR XM_052730.3, available
PREPARING SAME” in GenBank)

Schneider C. et al. “Structural features of the
cell surface receptor for transferrin that is

recognized by the monoclonal antibody
OKT9.” J Biol Chem. 1982, 257:14, 8516-

8522.
(From JCR) ° WO 2015/098989, filed 12/24/2014, | Apical domain (residues
“Novel anti-Transferrin receptor antibody 230-244 and 326-347 of
Clone M11 that passes through blood-brain barrier” TfR1) and protease-like
Clone M23 e US Patent No. 9,994,641, filed domain (residues 461-
Clone M27 12/24/2014, “Novel anti-Transferrin 473)
Clone B84 receptor antibody that passes through

blood-brain barrier”
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Antibody Clone Reference(s) Epitope / Notes
Name
(From . WO 2016/081643, filed 5/26/2016, | Apical domain and non-
Genentech) entitled “ANTI-TRANSFERRIN apical regions
RECEPTOR ANTIBODIES AND
7A4,8A2,15D2, | METHODS OF USE”
10D11, 7B10, o US Patent No. 9,708,406, filed
15G11, 1665, 5/20/2014, “Anti-transferrin receptor
13C3, 16G4,  antibodies and methods of use”
16F6, 7G7, 4C2,
1B12, and 13D4
(From Armagen) e Lee et al. “Targeting Rat Anti-Mouse
Transferrin Receptor Monoclonal Antibodies
8D3 through Blood-Brain Barrier in Mouse”
2000, J Pharmacol. Exp. Ther., 292: 1048-
- 1052.
. US Patent App. 2010/077498, filed
9/11/2008, entitled “COMPOSITIONS AND
METHODS FOR BLOOD-BRAIN
BARRIER DELIVERY IN THE MOUSE”
0X26 J Haobam, B. et al. 2014. Rab17-
mediated recycling endosomes contribute to
autophagosome formation in response to
Group A Streptococcus invasion. Cellular
_microbiology. 16: 1806-21.
DF1513 . Ortiz-Zapater E et al. Trafficking of
the human transferrin receptor in plant cells:
effects of tyrphostin A23 and brefeldin A.
Plant J 48:757-70 (2006).
1A1B2, 66IG10, e Commercially available anti- Novus Biologicals

MEM-189,
JF0956, 29806,
1A1B2,
TFRC/1818,
1E6, 661g10,
TFRC/1059,
Q1/71, 23D10,
13E4,
TFRC/1149, ER-

transferrin receptor antibodies.

8100 Southpark Way, A-
8 Littleton CO 80120

MP21,
YTA74.4, BUS4,
2B6,RI7 217 |
(From INSERM) | e US Patent App. 2011/0311544A1, Does not compete with
filed 6/15/2005, entitled “ANTI-CD71 OKT9
BA120g MONOCLONAL ANTIBODIES AND
USES THEREOF FOR TREATING
' MALIGNANT TUMOR CELLS”
LUCA31 . US Patent No. 7,572,895, filed “LUCA31 epitope”

6/7/2004, entitled “TRANSFERRIN
RECEPTOR ANTIBODIES”
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Antibody Clone | Reference(s) Epitope / Notes
Name
(Salk Institute) * Trowbridge, LS. et al. “Anti-transferrin

receptor monoclonal antibody and toxin—

B3/25 antibody conjugates affect growth of
T58/30 human tumour cells.” Nature, 1981,
volume 294, pages 171-173
R17217.1.3, J Commercially available anti- BioXcell
SE9C11, transferrin receptor antibodies. 10 Technology Dr., Suite
OKT9 (BE0023 2B
clone) | West Lebanon, NH

03784-1671 USA

BK19.9, B3/25, | e Qatter, K.C. et al. “Transferrin receptors

T56/14 and in human tissues: their distribution and
T58/1 possible clinical relevance.” J Clin
Pathol. 1983 May;36(5):539-45.
Anti-TfR1 antibody Additional Anti-TfR1 antibody SEQ ID NOs
CDRHI1 (SEQ ID NO: 2179) VH/VL | CDR1 | CDR2 | CDR3
CDRH2 (SEQ ID NO: 2180) VHI | 2194 2187 2188 2181
CDRH3 (SEQ ID NO: 2181) VH2 | 2195 | 2187 | 2189 | 2181
CDRL1 (SEQ ID NO: 2182)
VH3 | 2196 2187 2190 2181
CDRL2 (SEQ ID NO: 2183)
VH4 | 2197 2187 2189 2181
CDRL3 (SEQ ID NO: 2184)
) VL1 | 2198 2182 2183 115
VH (SEQ ID NO: 2185)
VL (SEQ ID NO: 2186) VL2 | 2199 2182 2183 115
VL3 | 2200 2182 2191 2184
VL4 | 2201 2192 2193 2184

[000147] In some embodiments, anti-TfR1 antibodies of the present disclosure include one
or more of the CDR-H (e.g., CDR-H1, CDR-H2, and CDR-H3) amino acid sequences from any
one of the anti-TfR1 antibodies selected from Table 6. In some embodiments, anti-TfR 1
antibodies include the CDR-L1, CDR-L2, and CDR-L3 as provided for any one of the anti-TfR1
antibodies selected from Table 6. In some embodiments, anti-TfR1 antibodies include the CDR-
HI1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 as provided for any one of the anti-
TfR1 antibodies selected from Table 6.

[000148] In some embodiments, anti-TfR1 antibodies of the disclosure include any
antibody that includes a heavy chain variable domain and/or (e.g., and) a light chain variable
domain of any anti-TfR1 antibody, such as any one of the anti-TfR1 antibodies selected from
Table 6. In some embodiments, anti-TfR1 antibodies of the disclosure include any antibody that
includes the heavy chain variable and light chain variable pairs of any anti-TfR1 antibody, such
as any one of the anti-TfR1 antibodies selected from Table 6.

[000149] Aspects of the disclosure provide anti-TfR1 antibodies having a heavy chain
variable (VH) and/or (e.g., and) a light chain variable (VL) domain amino acid sequence
homologous to any of those described herein. In some embodiments, the anti-TfR1 antibody
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comprises a heavy chain variable sequence or a light chain variable sequence that is at least 75%
(e.g., 80%, 85%, 90%, 95%, 98%, or 99%) identical to the heavy chain variable sequence and/
or any light chain variable sequence of any anti-TfR1 antibody, such as any one of the anti-TfR1
antibodies selected from Table 6. In some embodiments, the homologous heavy chain variable
and/or (e.g., and) a light chain variable amino acid sequences do not vary within any of the CDR
sequences provided herein. For example, in some embodiments, the degree of sequence
variation (e.g., 75%, 80%, 85%, 90%, 95%, 98%, or 99%) may occur within a heavy chain
variable and/or (e.g., and) a light chain variable sequence excluding any of the CDR sequences
provided herein. In some embodiments, any of the anti-TfR1 antibodies provided herein
comprise a heavy chain variable sequence and a light chain variable sequence that comprises a
framework sequence that is at least 75%, 80%, 85%, 90%, 95%, 98%, or 99% identical to the
framework sequence of any anti-TfR1 antibody, such as any one of the anti-TfR1 antibodies
selected from Table 6.

[000150] An example of a transferrin receptor antibody that may be used in accordance
with the present disclosure is described in International Application Publication WO

2016/081643, incorporated herein by reference. The amino acid sequences of this antibody are

provided in Table 7.
Table 7. Heavy chain and light chain CDRs of an example of a known anti-TfR1 antibody
Sequence Type Kabat Chothia Contact
CDR-H1 SYWMH (SEQ ID GYTFTSY (SEQID NO: 116) | TSYWMH (SEQ ID NQO: 118)
NO: 110)
CDR-H2 EINPTNGRTNYIE | NPTINGR (SEQID NO: 117) | WIGEINPTNGRTN (SEQ ID
KFKS (SEQ ID NO: 119)
NO:111)
CDR-H3 GTRAYHY (SEQ GTRAYHY (SEQ ID NO: ARGTRA (SEQ ID NO: 120)
ID NO: 112) 112)
CDR-L1 RASDNLYSNLA RASDNLYSNLA (SEQ ID YSNLAWY (SEQID NO: 121)
: (SEQID NO:113) | NO:113)
CDR-L2 DATNLAD (SEQ DATNLAD (SEQ ID NO: LLVYDATNLA (SEQ ID NO:
ID NO: 114) 114) 122)
CDR-L3 QHFWGTPLT QHFWGTPLT (SEQ ID NO: QHFWGTPL (SEQ ID NO:
(SEQ ID NO: 115) | 115) 123)
Murine VH QVQLQQPGAELVKPGASVKLSCKASGYTFTSYWMHWVKQRPGQGLEWIGEINP

TNGRTNYIEKFKSKATLTVDKSSSTAYMQLSSLTSEDSAVYYCARGTRAYHYW
GQGTSVTVSS (SEQ ID NO: 124)

Murine VL DIQMTQSPASLSVSVGETVTITCRASDNLYSNLAWYQQKQGKSPQLLVYDATNL
ADGVPSRFSGSGSGTQYSLKINSLQSEDFGTYYCQHFWGTPLTFGAGTKLELK
(SEQ ID NO: 125)

Humanized VH EVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQRLEWIGEIN
PTNGRTNYIEKFKSRATLTVDKSASTAYMELSSLRSEDTAVYYCARGTRAYHY
WGQGTMVTVSS (SEQ ID NO: 128)

Humanized VL DIQMTQSPSSLSASVGDRVTITCRASDNLYSNLAWYQQKPGKSPKLLVYDATNL
ADGVPSREFSGSGSGTDYTLTISSLQPEDFATYYCQHFWGTPLTFGQGTKVEIK
(SEQ ID NO: 129)
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Sequence Type

Kabat | Chothia | Contact

HC of chimeric
full-length IgG1

QVQLQQPGAELVKPGASVKLSCKASGYTFTSY WMHW VKQRPGQGLEWIGEINP
TNGRTNYIEKFKSKATLTVDKSSSTAYMQLSSLTSEDSAVYYCARGTRAYHYW
GQGTSVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVE
PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVEFSCSVMHEAL
HNHYTQKSLSLSPGK (SEQ ID NO: 132)

LC of chimeric
full-length IgG1

DIQMTQSPASLSVSVGETVTITCRASDNLYSNLAWYQQKQGKSPQLLVYDATNL
ADGVPSRFSGSGSGTQYSLKINSLQSEDFGTYYCQHFWGTPLTFGAGTKLELKR
TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK VDNALQSGNSQES
VIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 133)

HC of fully human
full-length 1gG1

EVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQRLEWIGEIN
PTNGRTNYIEKFKSRATLTVDKSASTAYMELSSLRSEDTAVYYCARGTRAYHY
WGQGTMVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKYV
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCK
VSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEA
LHNHYTQKSLSLSPGK (SEQ ID NO: 134)

LC of fully human
full-length IgG1

DIQMTQSPSSLSASVGDRVTITCRASDNLYSNLAWYQQKPGKSPKLLVYDATNL
ADGVPSRFSGSGSGTDYTLTISSLQPEDFATYYCQHFWGTPLTFGQGTKVEIKRT
VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 135)

HC of chimeric
Fab

QVQLQQPGAELVKPGASVKLSCKASGYTFTSY WMHW VKQRPGQGLEWIGEINP
TNGRTNYIEKFKSKATLTVDKSSSTAYMQLSSLTSEDSAVYYCARGTRAYHYW
GQGTSVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVE
PKSCDKTHTCP (SEQ ID NO: 136)

HC of fully human
Fab

EVQLVQSGAEVKKPGASVKVSCKASGYTFTSY WMHWVRQAPGQRLEWIGEIN
PTNGRTNYIEKFKSRATLTVDKSASTAYMELSSLRSEDTAVYYCARGTRAYHY
WGQGTMVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
EPKSCDKTHTCP (SEQ ID NO: 137)

[000151]

In some embodiments, the anti-TfR1 antibody of the present disclosure comprises

a CDR-H1, a CDR-H2, and a CDR-H3 that are the same as the CDR-H1, CDR-H2, and CDR-

H3 shown in Table 7. Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody of

the present disclosure comprises a CDR-L1, a CDR-L2, and a CDR-L3 that are the same as the
CDR-L1, CDR-L2, and CDR-L3 shown in Table 7.

[000152]

a CDR-L3, which contains no more than 3 amino acid variations (e.g., no more than 3, 2, or 1

In some embodiments, the anti-TfR1 antibody of the present disclosure comprises

amino acid variation) as compared with the CDR-L3 as shown in Table 7. In some
embodiments, the anti-TfR1 antibody of the present disclosure comprises a CDR-L3 containing
one amino acid variation as compared with the CDR-L3 as shown in Table 7. In some
embodiments, the anti-TfR1 antibody of the present disclosure comprises a CDR-L3 of
QHFAGTPLT (SEQ ID NO: 126) (according to the Kabat and Chothia definition system) or

QHFAGTPL (SEQ ID NO: 127) (according to the Contact definition system). In some
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embodiments, the anti-TfR1 antibody of the present disclosure comprises a CDR-H1, a CDR-
H2, a CDR-H3, a CDR-L1 and a CDR-L2 that are the same as the CDR-H1, CDR-H2, and
CDR-H3 shown in Table 7, and comprises a CDR-L3 of QHFAGTPLT (SEQ ID NO: 126)
(according to the Kabat and Chothia definition system) or QHFAGTPL (SEQ ID NO: 127)
(according to the Contact definition system).

[000153] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
heavy chain CDRs that collectively are at least 80% (e.g., 80%, 85%, 90%, 95%, or 98%)
identical to the heavy chain CDRs as shown in Table 7. Alternatively or in addition (e.g., in
addition), the anti-TfR1 antibody of the present disclosure comprises light chain CDRs that
collectively are at least 80% (e.g., 80%, 85%, 90%, 95%, or 98%) identical to the light chain
CDRs as shown in Table 7.

[000154] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 124. Alternatively or in addition
(e.g., in addition), the anti-TfR1 antibody of the present disclosure comprises a VL comprising
the amino acid sequence of SEQ ID NO: 125.

[000155] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH comprising the amino acid sequence of SEQ ID NO: 128. Alternatively or in addition
(e.g., in addition), the anti-TfR1 antibody of the present disclosure comprises a VL comprising
the amino acid sequence of SEQ ID NO: 129.

[000156] In some embodiments, the anti-TfR1 antibody of the present disclosure comprises
a VH containing no more than 25 amino acid variations (e.g., no more than 25, 24, 23, 22, 21,
20,19, 18, 17, 16, 15, 14, 13, 12,11, 10,9, 8,7, 6, 5, 4, 3, 2, or 1 amino acid variation) as
compared with the VH as set forth in SEQ ID NO: 128. Alternatively or in addition (e.g., in
addition), the anti-TfR1 antibody of the present disclosure comprises a VL containing no more
than 15 amino acid variations (e.g., no more than 20, 19, 18, 17, 16, 15, 14, 13,12, 11,9, 8,7, 6,
5,4, 3,2, or 1 amino acid variation) as compared with the VL as set forth in SEQ ID NO: 129.
[000157] In some embodiments, the anti-TfR1 antibody of the present disclosure is a full-
length IgG1 antibody, which can include a heavy constant region and a light constant region
from a human antibody. In some embodiments, the heavy chain of any of the anti-TfR 1
antibodies as described herein may comprises a heavy chain constant region (CH) or a portion
thereof (e.g., CH1, CH2, CH3, or a combination thereof). The heavy chain constant region can
of any suitable origin, e.g., human, mouse, rat, or rabbit. In one specific example, the heavy
chain constant region is from a human IgG (a gamma heavy chain), e.g., IgG1, IgG2, or IgG4.

An example of human IgG1 constant region is given below:
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ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLP
PSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVFESCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 81)

[000158] In some embodiments, the light chain of any of the anti-TfR1 antibodies
described herein may further comprise a light chain constant region (CL), which can be any CL
known in the art. In some examples, the CL is a kappa light chain. In other examples, the CL is a
lambda light chain. In some embodiments, the CL is a kappa light chain, the sequence of which
is provided below:
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 83)
[000159] In some embodiments, the anti-TfR1 antibody described herein is a chimeric
antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 132.
Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody described herein
comprises a light chain comprising the amino acid sequence of SEQ ID NO: 133,

[000160] In some embodiments, the anti-TfR1 antibody described herein is a fully human
antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 134.
Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody described herein
comprises a light chain comprising the amino acid sequence of SEQ ID NO: 135.

[000161] In some embodiments, the anti-TfR1 antibody is an antigen binding fragment
(Fab) of an intact antibody (full-length antibody). In some embodiments, the anti-TfR1 Fab
described herein comprises a heavy chain comprising the amino acid sequence of SEQ ID NO:
136. Alternatively or in addition (e.g., in addition), the anti-TfR1 Fab described herein
comprises a light chain comprising the amino acid sequence of SEQ ID NO: 133. In some
embodiments, the anti-TfR1 Fab described herein comprises a heavy chain comprising the
amino acid sequence of SEQ ID NO: 137. Alternatively or in addition (e.g., in addition), the
anti-TfR1 Fab described herein comprises a light chain comprising the amino acid sequence of
SEQ ID NO: 135.

[000162] The anti-TfR1 antibodies described herein can be in any antibody form,
including, but not limited to, intact (i.e., full-length) antibodies, antigen-binding fragments
thereof (such as Fab, Fab', F(ab")2, Fv), single chain antibodies, bi-specific antibodies, or
nanobodies. In some embodiments, the anti-TfR1 antibody described herein is an scFy. In
some embodiments, the anti-TfR1 antibody described herein is an scFv-Fab (e.g., scFv fused to
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a portion of a constant region). In some embodiments, the anti-TfR1 antibody described herein
is an scFv fused to a constant region (e.g., human IgG1 constant region as set forth in SEQ ID
NO: 81).

[000163] In some embodiments, conservative mutations can be introduced into antibody
sequences (e.g., CDRs or framework sequences) at positions where the residues are not likely to
be involved in interacting with a target antigen (e.g., transferrin receptor), for example, as
determined based on a crystal structure. In some embodiments, one, two or more mutations
(e.g., amino acid substitutions) are introduced into the Fc region of an anti-TfR1 antibody
described herein (e.g., in a CH2 domain (residues 231-340 of human IgG1) and/or (e.g., and)
CH3 domain (residues 341-447 of human IgG1) and/or (e.g., and) the hinge region, with
numbering according to the Kabat numbering system (e.g., the EU index in Kabat)) to alter one
or more functional properties of the antibody, such as serum half-life, complement fixation, Fc
receptor binding and/or (e.g., and) antigen-dependent cellular cytotoxicity.

[000164] In some embodiments, one, two or more mutations (e.g., amino acid
substitutions) are introduced into the hinge region of the Fc region (CH1 domain) such that the
number of cysteine residues in the hinge region are altered (e.g., increased or decreased) as
described in, e.g., U.S. Pat. No. 5,677,425. The number of cysteine residues in the hinge region
of the CH1 domain can be altered to, e.g., facilitate assembly of the light and heavy chains, or to
alter (e.g., increase or decrease) the stability of the antibody or to facilitate linker conjugation.
[000165] In some embodiments, one, two or more mutations (e.g., amino acid
substitutions) are introduced into the Fc region of a muscle-targeting antibody described herein
(e.g., in a CH2 domain (residues 231-340 of human IgG1) and/or (e.g., and) CH3 domain
(residues 341-447 of human IgG1) and/or (e.g., and) the hinge region, with numbering according
to the Kabat numbering system (e.g., the EU index in Kabat)) to increase or decrease the affinity
of the antibody for an Fc receptor (e.g., an activated Fc receptor) on the surface of an effector
cell. Mutations in the Fc region of an antibody that decrease or increase the affinity of an
antibody for an Fc receptor and techniques for introducing such mutations into the Fc receptor or
fragment thereof are known to one of skill in the art. Examples of mutations in the Fc receptor of
an antibody that can be made to alter the affinity of the antibody for an Fc receptor are described
in, e.g., Smith P et al., (2012) PNAS 109: 6181-6186, U.S. Pat. No. 6,737,056, and International
Publication Nos. WO 02/060919; WO 98/23289; and WO 97/34631, which are incorporated
herein by reference.

[000166] In some embodiments, one, two or more amino acid mutations (i.e., substitutions,
insertions or deletions) are introduced into an IgG constant domain, or FcRn-binding fragment
thereof (preferably an Fc or hinge-Fc domain fragment) to alter (e.g., decrease or increase) half-
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life of the antibody in vive. See, e.g., International Publication Nos. WO 02/060919; WO
98/23289; and WO 97/34631; and U.S. Pat. Nos. 5,869,046, 6,121,022, 6,277,375 and 6,165,745
for examples of mutations that will alter (e.g., decrease or increase) the half-life of an antibody
in vivo.

[000167] In some embodiments, one, two or more amino acid mutations (i.e., substitutions,
insertions or deletions) are introduced into an IgG constant domain, or FcRn-binding fragment
thereof (preferably an Fc or hinge-Fc domain fragment) to decrease the half-life of the anti-TfR1
antibody in vivo. In some embodiments, one, two or more amino acid mutations (i.e.,
substitutions, insertions or deletions) are introduced into an IgG constant domain, or FcRn-
binding fragment thereof (preferably an Fc or hinge-Fc domain fragment) to increase the half-
life of the antibody ir vivo. In some embodiments, the antibodies can have one or more amino
acid mutations (e.g., substitutions) in the second constant (CH2) domain (residues 231-340 of
human IgG1) and/or (e.g., and) the third constant (CH3) domain (residues 341-447 of human
IgG1), with numbering according to the EU index in Kabat (Kabat E A et al., (1991) supra). In
some embodiments, the constant region of the IgG1 of an antibody described herein comprises a
methionine (M) to tyrosine (Y) substitution in position 252, a serine (S) to threonine (T)
substitution in position 254, and a threonine (T) to glutamic acid (E) substitution in position 256,
numbered according to the EU index as in Kabat. See U.S. Pat. No. 7,658,921, which is
incorporated herein by reference. This type of mutant IgG, referred to as "Y' TE mutant” has been
shown to display fourfold increased half-life as compared to wild-type versions of the same
antibody (see Dall’Acqua W F et al., (2006) J Biol Chem 281: 23514-24). In some embodiments,
an antibody comprises an IgG constant domain comprising one, two, three or more amino acid
substitutions of amino acid residues at positions 251-257, 285-290, 308-314, 385-389, and 428-
436, numbered according to the EU index as in Kabat.

[000168] In some embodiments, one, two or more amino acid substitutions are introduced
into an IgG constant domain Fc region to alter the effector function(s) of the anti-TfR1 antibody.
The effector ligand to which affinity is altered can be, for example, an Fc receptor or the C1
component of complement. This approach is described in further detail in U.S. Pat. Nos.
5,624,821 and 5,648,260. In some embodiments, the deletion or inactivation (through point
mutations or other means) of a constant region domain can reduce Fc receptor binding of the
circulating antibody thereby increasing tumor localization. See, e.g., U.S. Pat. Nos. 5,585,097
and 8,591,886 for a description of mutations that delete or inactivate the constant domain and
thereby increase tumor localization. In some embodiments, one or more amino acid substitutions

may be introduced into the Fc region of an antibody described herein to remove potential
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glycosylation sites on Fc region, which may reduce Fc receptor binding (see, e.g., Shields R L et
al., (2001) J Biol Chem 276: 6591-604).

[000169] In some embodiments, one or more amino in the constant region of an anti-TfR1
antibody described herein can be replaced with a different amino acid residue such that the
antibody has altered C1q binding and/or (e.g., and) reduced or abolished complement dependent
cytotoxicity (CDC). This approach is described in further detail in U.S. Pat. No. 6,194,551
(Idusogie et al). In some embodiments, one or more amino acid residues in the N-terminal
region of the CH2 domain of an antibody described herein are altered to thereby alter the ability
of the antibody to fix complement. This approach is described further in International
Publication No. WO 94/29351. In some embodiments, the Fc region of an antibody described
herein is modified to increase the ability of the antibody to mediate antibody dependent cellular
cytotoxicity (ADCC) and/or (e.g., and) to increase the affinity of the antibody for an Fcy
receptor. This approach is described further in International Publication No. WO 00/42072.
[000170] In some embodiments, the heavy and/or (e.g., and) light chain variable domain(s)
sequence(s) of the antibodies provided herein can be used to generate, for example, CDR-
grafted, chimeric, humanized, or composite human antibodies or antigen-binding fragments, as
described elsewhere herein. As understood by one of ordinary skill in the art, any variant, CDR-
grafted, chimeric, humanized, or composite antibodies derived from any of the antibodies
provided herein may be useful in the compositions and methods described herein and will
maintain the ability to specifically bind transferrin receptor, such that the variant, CDR-grafted,
chimeric, humanized, or composite antibody has at least 50%, at least 60%, at least 70%, at least
80%, at least 90%, at least 95% or more binding to transferrin receptor relative to the original
antibody from which it is derived.

[000171] In some embodiments, the antibodies provided herein comprise mutations that
confer desirable properties to the antibodies. For example, to avoid potential complications due
to Fab-arm exchange, which is known to occur with native IgG4 mAbs, the antibodies provided
herein may comprise a stabilizing ‘Adair’ mutation (Angal S., et al., “A single amino acid
substitution abolishes the heterogeneity of chimeric mouse/human (IgG4) antibody,” Mol
Immunol 30, 105-108; 1993), where serine 228 (EU numbering; residue 241 Kabat numbering)
is converted to proline resulting in an IgG1-like hinge sequence. Accordingly, any of the
antibodies may include a stabilizing ‘Adair’ mutation.

[000172] In some embodiments, an antibody is modified, e.g., modified via glycosylation,
phosphorylation, sumoylation, and/or (e.g., and) methylation. In some embodiments, an
antibody is a glycosylated antibody, which is conjugated to one or more sugar or carbohydrate
molecules. In some embodiments, the one or more sugar or carbohydrate molecule are
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conjugated to the antibody via N-glycosylation, O-glycosylation, C-glycosylation, glypiation
(GPI anchor attachment), and/or (e.g., and) phosphoglycosylation. In some embodiments, the
one or more sugar or carbohydrate molecules are monosaccharides, disaccharides,
oligosaccharides, or glycans. In some embodiments, the one or more sugar or carbohydrate
molecule is a branched oligosaccharide or a branched glycan. In some embodiments, the one or
more sugar or carbohydrate molecule includes a mannose unit, a glucose unit, an N-
acetylglucosamine unit, an N-acetylgalactosamine unit, a galactose unit, a fucose unit, or a
phospholipid unit. In some embodiments, there are about 1-10, about 1-5, about 5-10, about 1-4,
about 1-3, or about 2 sugar molecules. In some embodiments, a glycosylated antibody is fully or
partially glycosylated. In some embodiments, an antibody is glycosylated by chemical reactions
or by enzymatic means. In some embodiments, an antibody is glycosylated in vitro or inside a
cell, which may optionally be deficient in an enzyme in the N- or O- glycosylation pathway, e.g.
a glycosyltransferase. In some embodiments, an antibody is functionalized with sugar or
carbohydrate molecules as described in International Patent Application Publication
W02014065661, published on May 1, 2014, entitled, “Modified antibody, antibody-conjugate
and process for the preparation thereof”.
[000173] In some embodiments, any one of the anti-TfR1 antibodies described herein may
comprise a signal peptide in the heavy and/or (e.g., and) light chain sequence (e.g., a N-terminal
signal peptide). In some embodiments, the anti-TfR1 antibody described herein comprises any
one of the VH and VL sequences, any one of the IgG heavy chain and light chain sequences, or
any one of the F(ab'") heavy chain and light chain sequences described herein, and further
comprises a signal peptide (e.g., a N-terminal signal peptide). In some embodiments, the signal
peptide comprises the amino acid sequence of MGWSCIILFLVATATGVHS (SEQ ID NO:
104).
[000174] In some embodiments, an antibody provided herein may have one or more post-
translational modifications. In some embodiments, N-terminal cyclization, also called
pyroglutamate formation (pyro-Glu), may occur in the antibody at N-terminal Glutamate (Glu)
and/or Glutamine (Gln) residues during production. As such, it should be appreciated that an
antibody specified as having a sequence comprising an N-terminal glutamate or glutamine
residue encompasses antibodies that have undergone pyroglutamate formation resulting from a
post-translational modification. In some embodiments, pyroglutamate formation occurs in a
heavy chain sequence. In some embodiments, pyroglutamate formation occurs in a light chain
sequence.

b. Other Muscle-Targeting Antibodies
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[000175] In some embodiments, the muscle-targeting antibody is an antibody that
specifically binds hemojuvelin, caveolin-3, Duchenne muscular dystrophy peptide, myosin IIb
or CD63. In some embodiments, the muscle-targeting antibody is an antibody that specifically
binds a myogenic precursor protein. Exemplary myogenic precursor proteins include, without
limitation, ABCG2, M-Cadherin/Cadherin-15, Caveolin-1, CD34, FoxK1, Integrin alpha 7,
Integrin alpha 7 beta 1, MYF-5, MyoD, Myogenin, NCAM-1/CD56, Pax3, Pax7, and Pax9. In
some embodiments, the muscle-targeting antibody is an antibody that specifically binds a
skeletal muscle protein. Exemplary skeletal muscle proteins include, without limitation, alpha-
Sarcoglycan, beta-Sarcoglycan, Calpain Inhibitors, Creatine Kinase MM/CKMM, elF5A,
Enolase 2/Neuron-specific Enolase, epsilon-Sarcoglycan, FABP3/H-FABP, GDF-8/Myostatin,
GDF-11/GDF-8, Integrin alpha 7, Integrin alpha 7 beta 1, Integrin beta 1/CD29,
MCAM/CD146, MyoD, Myogenin, Myosin Light Chain Kinase Inhibitors, NCAM-1/CD56, and
Troponin I. In some embodiments, the muscle-targeting antibody is an antibody that specifically
binds a smooth muscle protein. Exemplary smooth muscle proteins include, without limitation,
alpha-Smooth Muscle Actin, VE-Cadherin, Caldesmon/CALD]1, Calponin 1, Desmin, Histamine
H2 R, Motilin R/GPR38, Transgelin/TAGLN, and Vimentin. However, it should be appreciated
that antibodies to additional targets are within the scope of this disclosure and the exemplary
lists of targets provided herein are not meant to be limiting.

c. Antibody Features/Alterations
[000176] In some embodiments, conservative mutations can be introduced into antibody
sequences (e.g., CDRs or framework sequences) at positions where the residues are not likely to
be involved in interacting with a target antigen (e.g., transferrin receptor), for example, as
determined based on a crystal structure. In some embodiments, one, two or more mutations
(e.g., amino acid substitutions) are introduced into the Fc region of a muscle-targeting antibody
described herein (e.g., in a CH2 domain (residues 231-340 of human Ig(G1) and/or (e.g., and)
CH3 domain (residues 341-447 of human IgG1) and/or (e.g., and) the hinge region, with
numbering according to the Kabat numbering system (e.g., the EU index in Kabat)) to alter one
or more functional properties of the antibody, such as serum half-life, complement fixation, Fc
receptor binding and/or (e.g., and) antigen-dependent cellular cytotoxicity.
[000177] In some embodiments, one, two or more mutations (e.g., amino acid
substitutions) are introduced into the hinge region of the Fc region (CH1 domain) such that the
number of cysteine residues in the hinge region are altered (e.g., increased or decreased) as
described in, e.g., U.S. Pat. No. 5,677,425. The number of cysteine residues in the hinge region
of the CH1 domain can be altered to, e.g., facilitate assembly of the light and heavy chains, or to
alter (e.g., increase or decrease) the stability of the antibody or to facilitate linker conjugation.
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[000178] In some embodiments, one, two or more mutations (e.g., amino acid
substitutions) are introduced into the Fc region of a muscle-targeting antibody described herein
(e.g., in a CH2 domain (residues 231-340 of human IgG1) and/or (e.g., and) CH3 domain
(residues 341-447 of human IgG1) and/or (e.g., and) the hinge region, with numbering according
to the Kabat numbering system (e.g., the EU index in Kabat)) to increase or decrease the affinity
of the antibody for an Fc receptor (e.g., an activated Fc receptor) on the surface of an effector
cell. Mutations in the Fc region of an antibody that decrease or increase the affinity of an
antibody for an Fc receptor and techniques for introducing such mutations into the Fc receptor or
fragment thereof are known to one of skill in the art. Examples of mutations in the Fc receptor of
an antibody that can be made to alter the affinity of the antibody for an Fc receptor are described
in, e.g., Smith P et al., (2012) PNAS 109: 6181-6186, U.S. Pat. No. 6,737,056, and International
Publication Nos. WO 02/060919; WO 98/23289; and WO 97/34631, which are incorporated
herein by reference.

[000179] In some embodiments, one, two or more amino acid mutations (i.e., substitutions,
insertions or deletions) are introduced into an IgG constant domain, or FcRn-binding fragment
thereof (preferably an Fc or hinge-Fc domain fragment) to alter (e.g., decrease or increase) half-
life of the antibody in vivo. See, e.g., International Publication Nos. WO 02/060919; WO
98/23289; and WO 97/34631; and U.S. Pat. Nos. 5,869,046, 6,121,022, 6,277,375 and 6,165,745
for examples of mutations that will alter (e.g., decrease or increase) the half-life of an antibody
in vivo.

[000180] In some embodiments, one, two or more amino acid mutations (i.e., substitutions,
insertions or deletions) are introduced into an IgG constant domain, or FcRn-binding fragment
thereof (preferably an Fc or hinge-Fc domain fragment) to decrease the half-life of the anti-
transferrin receptor antibody in vivo. In some embodiments, one, two or more amino acid
mutations (i.e., substitutions, insertions or deletions) are introduced into an IgG constant
domain, or FcRn-binding fragment thereof (preferably an Fc or hinge-Fc domain fragment) to
increase the half-life of the antibody in vivo. In some embodiments, the antibodies can have one
or more amino acid mutations (e.g., substitutions) in the second constant (CH2) domain
(residues 231-340 of human IgG1) and/or (e.g., and) the third constant (CH3) domain (residues
341-447 of human IgG1), with numbering according to the EU index in Kabat (Kabat E A et al.,
(1991) supra). In some embodiments, the constant region of the IgG1 of an antibody described
herein comprises a methionine (M) to tyrosine (Y) substitution in position 252, a serine (S) to
threonine (T) substitution in position 254, and a threonine (T) to glutamic acid (E) substitution
in position 256, numbered according to the EU index as in Kabat. See U.S. Pat. No. 7,658,921,
which 1s incorporated herein by reference. This type of mutant IgG, referred to as "YTE mutant"
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has been shown to display fourfold increased half-life as compared to wild-type versions of the
same antibody (see Dall'Acqua W F et al., (2006) J Biol Chem 281: 23514-24). In some
embodiments, an antibody comprises an IgG constant domain comprising one, two, three or
more amino acid substitutions of amino acid residues at positions 251-257, 285-290, 308-314,
385-389, and 428-436, numbered according to the EU index as in Kabat.

[000181] In some embodiments, one, two or more amino acid substitutions are introduced
into an IgG constant domain Fc region to alter the effector function(s) of the anti-transferrin
receptor antibody. The effector ligand to which affinity is altered can be, for example, an Fc
receptor or the C1 component of complement. This approach is described in further detail in
U.S. Pat. Nos. 5,624,821 and 5,648,260. In some embodiments, the deletion or inactivation
(through point mutations or other means) of a constant region domain can reduce Fc receptor
binding of the circulating antibody thereby increasing tumor localization. See, e.g., U.S. Pat.
Nos. 5,585,097 and 8,591,886 for a description of mutations that delete or inactivate the constant
domain and thereby increase tumor localization. In some embodiments, one or more amino acid
substitutions may be introduced into the Fc region of an antibody described herein to remove
potential glycosylation sites on Fc region, which may reduce Fc receptor binding (see, e.g.,
Shields R L et al., (2001) J Biol Chem 276: 6591-604).

[000182] In some embodiments, one or more amino in the constant region of a muscle-
targeting antibody described herein can be replaced with a different amino acid residue such that
the antibody has altered C1q binding and/or (e.g., and) reduced or abolished complement
dependent cytotoxicity (CDC). This approach is described in further detail in U.S. Pat. No.
6,194,551 (Idusogie et al). In some embodiments, one or more amino acid residues in the N-
terminal region of the CH2 domain of an antibody described herein are altered to thereby alter
the ability of the antibody to fix complement. This approach is described further in International
Publication No. WO 94/29351. In some embodiments, the Fc region of an antibody described
herein is modified to increase the ability of the antibody to mediate antibody dependent cellular
cytotoxicity (ADCC) and/or (e.g., and) to increase the affinity of the antibody for an Fcy
receptor. This approach is described further in International Publication No. WO 00/42072.
[000183] In some embodiments, the heavy and/or (e.g., and) light chain variable domain(s)
sequence(s) of the antibodies provided herein can be used to generate, for example, CDR-
grafted, chimeric, humanized, or composite human antibodies or antigen-binding fragments, as
described elsewhere herein. As understood by one of ordinary skill in the art, any variant, CDR-
grafted, chimeric, humanized, or composite antibodies derived from any of the antibodies
provided herein may be useful in the compositions and methods described herein and will
maintain the ability to specifically bind transferrin receptor, such that the variant, CDR-grafted,
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chimeric, humanized, or composite antibody has at least 50%, at least 60%, at least 70%, at least
80%, at least 90%, at least 95% or more binding to transferrin receptor relative to the original
antibody from which it is derived.
[000184] In some embodiments, the antibodies provided herein comprise mutations that
confer desirable properties to the antibodies. For example, to avoid potential complications due
to Fab-arm exchange, which is known to occur with native IgG4 mAbs, the antibodies provided
herein may comprise a stabilizing ‘Adair’ mutation (Angal S., et al., “A single amino acid
substitution abolishes the heterogeneity of chimeric mouse/human (IgG4) antibody,” Mol
Immunol 30, 105-108; 1993), where serine 228 (EU numbering; residue 241 Kabat numbering)
is converted to proline resulting in an IgG1-like hinge sequence. Accordingly, any of the
antibodies may include a stabilizing ‘Adair’ mutation.
[000185] As provided herein, antibodies of this disclosure may optionally comprise
constant regions or parts thereof. For example, a VL domain may be attached at its C-terminal
end to a light chain constant domain like Cx or CA. Similarly, a VH domain or portion thereof
may be attached to all or part of a heavy chain like IgA, IgD, IgE, IgG, and IgM, and any isotype
subclass. Antibodies may include suitable constant regions (see, for example, Kabat et al.,
Sequences of Proteins of Immunological Interest, No. 91-3242, National Institutes of Health
Publications, Bethesda, Md. (1991)). Therefore, antibodies within the scope of this may
disclosure include VH and VL domains, or an antigen binding portion thereof, combined with
any suitable constant regions.

ii. Muscle-Targeting Peptides
[000186] Some aspects of the disclosure provide muscle-targeting peptides as muscle-
targeting agents. Short peptide sequences (e.g., peptide sequences of 5-20 amino acids in
length) that bind to specific cell types have been described. For example, cell-targeting peptides
have been described in Vines e., et al., A. “Cell-penetrating and cell-targeting peptides in drug
delivery” Biochim Biophys Acta 2008, 1786: 126-38; Jarver P., et al., “In vivo biodistribution
and efficacy of peptide mediated delivery” Trends Pharmacol Sci 2010; 31: 528-35; Samoylova
T.1, et al., “Elucidation of muscle-binding peptides by phage display screening” Muscle Nerve
1999; 22: 460-6; U.S. Patent No. 6,329,501, issued on December 11, 2001, entitled “METHODS
AND COMPOSITIONS FOR TARGETING COMPOUNDS TO MUSCLE”; and Samoylov
AM,, et al., “Recognition of cell-specific binding of phage display derived peptides using an
acoustic wave sensor.” Biomol Eng 2002; 18: 269-72; the entire contents of each of which are
incorporated herein by reference. By designing peptides to interact with specific cell surface
antigens (e.g., receptors), selectivity for a desired tissue, e.g., muscle, can be achieved. Skeletal
muscle-targeting has been investigated and a range of molecular payloads are able to be

62



delivered. These approaches may have high selectivity for muscle tissue without many of the
practical disadvantages of a large antibody or viral particle. Accordingly, in some embodiments,
the muscle-targeting agent is a muscle-targeting peptide that is from 4 to 50 amino acids in
length. In some embodiments, the muscle-targeting peptide is 4, 5, 6,7, 8,9, 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, 36, 37, 38, 39, 40,
41,42, 43, 44, 45, 46, 47, 48, 49, or 50 amino acids in length. Muscle-targeting peptides can be
generated using any of several methods, such as phage display.

[000187] In some embodiments, a muscle-targeting peptide may bind to an internalizing
cell surface receptor that is overexpressed or relatively highly expressed in muscle cells, e.g. a
transferrin receptor, compared with certain other cells. In some embodiments, a muscle-
targeting peptide may target, e.g., bind to, a transferrin receptor. In some embodiments, a
peptide that targets a transferrin receptor may comprise a segment of a naturally occurring
ligand, e.g., transferrin. In some embodiments, a peptide that targets a transferrin receptor is as
described in US Patent No. 6,743,893, filed 11/30/2000, “RECEPTOR-MEDIATED UPTAKE
OF PEPTIDES THAT BIND THE HUMAN TRANSFERRIN RECEPTOR”. In some
embodiments, a peptide that targets a transferrin receptor is as described in Kawamoto, M. et al,
“A novel transferrin receptor-targeted hybrid peptide disintegrates cancer cell membrane to
induce rapid killing of cancer cells.” BMC Cancer. 2011 Aug 18;11:359. In some embodiments,
a peptide that targets a transferrin receptor is as described in US Patent No. 8,399,653, filed
5/20/2011, “TRANSFERRIN/TRANSFERRIN RECEPTOR-MEDIATED SIRNA
DELIVERY”.

[000188] As discussed above, examples of muscle targeting peptides have been reported.
For example, muscle-specific peptides were identified using phage display library presenting
surface heptapeptides. As one example a peptide having the amino acid sequence ASSLNIA
(SEQ ID NO: 2170) bound to C2C12 murine myotubes in vitro, and bound to mouse muscle
tissue in vivo. Accordingly, in some embodiments, the muscle-targeting agent comprises the
amino acid sequence ASSLNIA (SEQ ID NO: 2170). This peptide displayed improved
specificity for binding to heart and skeletal muscle tissue after intravenous injection in mice with
reduced binding to liver, kidney, and brain. Additional muscle-specific peptides have been
identified using phage display. For example, a 12 amino acid peptide was identified by phage
display library for muscle targeting in the context of treatment for Duchenne muscular
dystrophy. See, Yoshida D., et al., “Targeting of salicylate to skin and muscle following topical
injections in rats.” Int J Pharm 2002; 231; 177-84; the entire contents of which are hereby

incorporated by reference. Here, a 12 amino acid peptide having the sequence

63



SKTENTHPQSTP (SEQ ID NO: 2171) was identified and this muscle-targeting peptide showed
improved binding to C2C12 cells relative to the ASSLNIA (SEQ ID NO: 2170) peptide.
[000189] An additional method for identifying peptides selective for muscle (e.g., skeletal
muscle) over other cell types includes in vitro selection, which has been described in Ghosh D.,
et al., “Selection of muscle-binding peptides from context-specific peptide-presenting phage
libraries for adenoviral vector targeting” J Virol 2005; 79: 13667-72; the entire contents of
which are incorporated herein by reference. By pre-incubating a random 12-mer peptide phage
display library with a mixture of non-muscle cell types, non-specific cell binders were selected
out. Following rounds of selection the 12 amino acid peptide TARGEHKEEELI (SEQ ID NO:
2172) appeared most frequently. Accordingly, in some embodiments, the muscle-targeting
agent comprises the amino acid sequence TARGEHKEEELI (SEQ ID NO: 2172).
[000190] A muscle-targeting agent may an amino acid-containing molecule or peptide. A
muscle-targeting peptide may correspond to a sequence of a protein that preferentially binds to a
protein receptor found in muscle cells. In some embodiments, a muscle-targeting peptide
contains a high propensity of hydrophobic amino acids, e.g. valine, such that the peptide
preferentially targets muscle cells. In some embodiments, a muscle-targeting peptide has not
been previously characterized or disclosed. These peptides may be conceived of, produced,
synthesized, and/or (e.g., and) derivatized using any of several methodologies, e.g. phage
displayed peptide libraries, one-bead one-compound peptide libraries, or positional scanning
synthetic peptide combinatorial libraries. Exemplary methodologies have been characterized in
the art and are incorporated by reference (Gray, B.P. and Brown, K.C. “Combinatorial Peptide
Libraries: Mining for Cell-Binding Peptides” Chem Rev. 2014, 114:2, 1020-1081.; Samoylova,
T.I. and Smith, B.F. “Elucidation of muscle-binding peptides by phage display screening.”
Muscle Nerve, 1999, 22:4. 460-6.). In some embodiments, a muscle-targeting peptide has been
previously disclosed (see, e.g. Writer M.J. et al. “Targeted gene delivery to human airway
epithelial cells with synthetic vectors incorporating novel targeting peptides selected by phage
display.” J. Drug Targeting. 2004;12:185; Cai, D. “BDNF-mediated enhancement of
inflammation and injury in the aging heart.” Physiol Genomics. 2006, 24:3, 191-7.; Zhang, L.
“Molecular profiling of heart endothelial cells.” Circulation, 2005, 112:11, 1601-11.; McGuire,
M.J. et al. “In vitro selection of a peptide with high selectivity for cardiomyocytes in vivo.” J
Mol Biol. 2004, 342:1, 171-82.). Exemplary muscle-targeting peptides comprise an amino acid
sequence of the following group: CQAQGQLVC (SEQ ID NO: 2173), CSERSMNEFEC (SEQ ID
NO: 2174), CPKTRRVPC (SEQ ID NO: 2175), WLSEAGPVVTVRALRGTGSW (SEQ ID
NO: 2176), ASSLNIA (SEQ ID NO: 2170), CMQHSMRVC (SEQ ID NO: 2177), and
DDTRHWG (SEQ ID NO: 2178). In some embodiments, a muscle-targeting peptide may
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comprise about 2-25 amino acids, about 2-20 amino acids, about 2-15 amino acids, about 2-10
amino acids, or about 2-5 amino acids. Muscle-targeting peptides may comprise naturally-
occurring amino acids, e.g. cysteine, alanine, or non-naturally-occurring or modified amino
acids. Non-naturally occurring amino acids include B-amino acids, homo-amino acids, proline
derivatives, 3-substituted alanine derivatives, linear core amino acids, N-methyl amino acids,
and others known in the art. In some embodiments, a muscle-targeting peptide may be linear; in
other embodiments, a muscle-targeting peptide may be cyclic, e.g. bicyclic (see, e.g. Silvana,
M.G. et al. Mol. Therapy, 2018, 26:1, 132-147.).

iii. Muscle-Targeting Receptor Ligands
[000191] A muscle-targeting agent may be a ligand, e.g. a ligand that binds to a receptor
protein. A muscle-targeting ligand may be a protein, e.g. transferrin, which binds to an
internalizing cell surface receptor expressed by a muscle cell. Accordingly, in some
embodiments, the muscle-targeting agent is transferrin, or a derivative thereof that binds to a
transferrin receptor. A muscle-targeting ligand may alternatively be a small molecule, e.g. a
lipophilic small molecule that preferentially targets muscle cells relative to other cell types.
Exemplary lipophilic small molecules that may target muscle cells include compounds
comprising cholesterol, cholesteryl, stearic acid, palmitic acid, oleic acid, oleyl, linolene, linoleic
acid, myristic acid, sterols, dihydrotestosterone, testosterone derivatives, glycerine, alkyl chains,
trityl groups, and alkoxy acids.

iv. Muscle-Targeting Aptamers
[000192] A muscle-targeting agent may be an aptamer, e.g. an RNA aptamer, which
preferentially targets muscle cells relative to other cell types. In some embodiments, a muscle-
targeting aptamer has not been previously characterized or disclosed. These aptamers may be
conceived of, produced, synthesized, and/or (e.g., and) derivatized using any of several
methodologies, e.g. Systematic Evolution of Ligands by Exponential Enrichment. Exemplary
methodologies have been characterized in the art and are incorporated by reference (Yan, A.C.
and Levy, M. “Aptamers and aptamer targeted delivery” RNA biology, 2009, 6:3, 316-20.;
Germer, K. et al. “RNA aptamers and their therapeutic and diagnostic applications.” Int. J.
Biochem. Mol. Biol. 2013; 4: 27-40.). In some embodiments, a muscle-targeting aptamer has
been previously disclosed (see, e.g. Phillippou, S. et al. “Selection and Identification of Skeletal-
Muscle-Targeted RNA Aptamers.” Mol Ther Nucleic Acids. 2018, 10:199-214.; Thiel, W.H. et
al. “Smooth Muscle Cell-targeted RNA Aptamer Inhibits Neointimal Formation.” Mol Ther.
2016, 24:4, 779-87.). Exemplary muscle-targeting aptamers include the AO1B RNA aptamer

and RNA Apt 14. In some embodiments, an aptamer is a nucleic acid-based aptamer, an
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oligonucleotide aptamer or a peptide aptamer. In some embodiments, an aptamer may be about
5-15 kDa, about 5-10 kDa, about 10-15 kDa, about 1-5 Da, about 1-3 kDa, or smaller.

V. Other Muscle-Targeting Agents
[000193] One strategy for targeting a muscle cell (e.g., a skeletal muscle cell) is to use a
substrate of a muscle transporter protein, such as a transporter protein expressed on the
sarcolemma. In some embodiments, the muscle-targeting agent is a substrate of an influx
transporter that is specific to muscle tissue. In some embodiments, the influx transporter is
specific to skeletal muscle tissue. Two main classes of transporters are expressed on the skeletal
muscle sarcolemma, (1) the adenosine triphosphate (ATP) binding cassette (ABC) superfamily,
which facilitate efflux from skeletal muscle tissue and (2) the solute carrier (SLC) superfamily,
which can facilitate the influx of substrates into skeletal muscle. In some embodiments, the
muscle-targeting agent is a substrate that binds to an ABC superfamily or an SLC superfamily of
transporters. In some embodiments, the substrate that binds to the ABC or SLC superfamily of
transporters is a naturally-occurring substrate. In some embodiments, the substrate that binds to
the ABC or SLC superfamily of transporters is a non-naturally occurring substrate, for example,
a synthetic derivative thereof that binds to the ABC or SLC superfamily of transporters.
[000194] In some embodiments, the muscle-targeting agent is any muscle targeting agent
described herein (e.g., antibodies, nucleic acids, small molecules, peptides, aptamers, lipids,
sugar moieties) that target SLC superfamily of transporters. In some embodiments, the muscle-
targeting agent is a substrate of an SLC superfamily of transporters. SLC transporters are either
equilibrative or use proton or sodium ion gradients created across the membrane to drive
transport of substrates. Exemplary SLC transporters that have high skeletal muscle expression
include, without limitation, the SATT transporter (ASCT1; SLC1A4), GLUT4 transporter
(SLC2A4), GLUT?7 transporter (GLUT7; SLC2A7), ATRC2 transporter (CAT-2; SLC7A2),
LAT3 transporter (KIAA0245; SLC7A6), PHT1 transporter (PTR4; SLC15A4), OATP-]
transporter (OATP5A1; SLC21A1S5), OCT3 transporter (EMT; SLC22A3), OCTN2 transporter
(FLJ46769; SLC22A5), ENT transporters (ENT1; SLC29A1 and ENT2; SLC29A2), PAT2
transporter (SLC36A2), and SAT?2 transporter (KIAA1382; SLC38A2). These transporters can
facilitate the influx of substrates into skeletal muscle, providing opportunities for muscle
targeting.
[000195] In some embodiments, the muscle-targeting agent is a substrate of an
equilibrative nucleoside transporter 2 (ENT2) transporter. Relative to other transporters, ENT2
has one of the highest mRNA expressions in skeletal muscle. While human ENT2 (hENT?2) is
expressed in most body organs such as brain, heart, placenta, thymus, pancreas, prostate, and
kidney, it is especially abundant in skeletal muscle. Human ENT?2 facilitates the uptake of its
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substrates depending on their concentration gradient. ENT2 plays a role in maintaining
nucleoside homeostasis by transporting a wide range of purine and pyrimidine nucleobases. The
hENT? transporter has a low affinity for all nucleosides (adenosine, guanosine, uridine,
thymidine, and cytidine) except for inosine. Accordingly, in some embodiments, the muscle-
targeting agent is an ENT2 substrate. Exemplary ENT2 substrates include, without limitation,
inosine, 2',3'-dideoxyinosine, and calofarabine. In some embodiments, any of the muscle-
targeting agents provided herein are associated with a molecular payload (e.g., oligonucleotide
payload). In some embodiments, the muscle-targeting agent is covalently linked to the molecular
payload. In some embodiments, the muscle-targeting agent is non-covalently linked to the
molecular payload.
[000196] In some embodiments, the muscle-targeting agent is a substrate of an organic
cation/carnitine transporter (OCTN2), which is a sodium ion-dependent, high affinity carnitine
transporter. In some embodiments, the muscle-targeting agent is carnitine, mildronate,
acetylcarnitine, or any derivative thereof that binds to OCTNZ2. In some embodiments, the
carnitine, mildronate, acetylcarnitine, or derivative thereof is covalently linked to the molecular
payload {e.g., oligonucleotide payload).
[000197] A muscle-targeting agent may be a protein that is protein that exists in at least
one soluble form that targets muscle cells. In some embodiments, a muscle-targeting protein
may be hemojuvelin (also known as repulsive guidance molecule C or hemochromatosis type 2
protein), a protein involved in iron overload and homeostasis. In some embodiments,
hemojuvelin may be full length or a fragment, or a mutant with at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 98% or at least 99% sequence identity to a
functional hemojuvelin protein. In some embodiments, a hemojuvelin mutant may be a soluble
fragment, may lack a N-terminal signaling, and/or (e.g., and) lack a C-terminal anchoring
domain. In some embodiments, hemojuvelin may be annotated under GenBank RefSeq
Accession Numbers NM_001316767.1, NM_145277.4, NM_202004.3, NM_213652.3, or
NM_213653.3. It should be appreciated that a hemojuvelin may be of human, non-human
primate, or rodent origin.

B. Molecular Payloads
[000198] Some aspects of the disclosure provide molecular payloads, e.g., for modulating a
biological outcome, e.g., the transcription of a DNA sequence, the splicing and processing of an
RNA sequence, the expression of a protein, or the activity of a protein. In some embodiments, a
molecular payload is linked to, or otherwise associated with a muscle-targeting agent. In some
embodiments, such molecular payloads are capable of targeting to a muscle cell, e.g., via
specifically binding to a nucleic acid or protein in the muscle cell following delivery to the
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muscle cell by an associated muscle-targeting agent. It should be appreciated that various types
of molecular payloads may be used in accordance with the disclosure. For example, the
molecular payload may comprise, or consist of, an oligonucleotide (e.g., antisense
oligonucleotide), a peptide (e.g., a peptide that binds a nucleic acid or protein associated with
disease in a muscle cell), a protein (e.g., a protein that binds a nucleic acid or protein associated
with disease in a muscle cell), or a small molecule (e.g., a small molecule that modulates the
function of a nucleic acid or protein associated with disease in a muscle cell). In some
embodiments, the molecular payload is an oligonucleotide that comprises a strand having a
region of complementarity to a mutated DMD allele. Exemplary molecular payloads are
described in further detail herein, however, it should be appreciated that the exemplary
molecular payloads provided herein are not meant to be limiting.

i. Oligonucleotides
[000199] Aspects of the disclosure relate to oligonucleotides configured to modulate (e.g.,
increase) expression of dystrophin, e.g., from a DMD allele. In some embodiments,
oligonucleotides provided herein are configured to alter splicing of DMD pre-mRNA to promote
expression of dystrophin protein (e.g., a functional truncated dystrophin protein). In some
embodiments, oligonucleotides provided herein are configured to promote skipping of one or
more exons in DMD, e.g., in a mutated DMD allele, in order to restore the reading frame. In
some embodiments, the oligonucleotides allow for functional dystrophin protein expression
(e.g., as described in Watanabe N, Nagata T, Satou Y, et al. NS-065/NCNP-01: an antisense
oligonucleotide for potential treatment of exon 53 skipping in Duchenne muscular dystrophy.
Mol Ther Nucleic Acids. 2018;13:442-449). In some embodiments, oligonucleotides provided
are configured to promote skipping of exon 55 to produce a shorter but functional version of
dystrophin (e.g., containing an in-frame deletion). In some embodiments, oligonucleotides are
provided that promote exon 55 skipping (e.g., which may be relevant in a substantial number of
patients, including, for example, patients amenable to exon 55 skipping, such as those having
deletions in DMD exons 3-54, 4-54, 5-54, 6-54, 9-54, 10-54, 11-54, 13-54, 14-54, 15-54, 16-54,
17-54, 19-54, 21-54, 23-54, 24-54, 25-54,26-54, 27-54, 28-54, 29-54, 30-54, 31-54, 32-34, 33-
54,34-54,35-54, 36-54, 37-54, 38-54, 39-54, 40-54, 41-54, 42-54, 43-54, 45-54, 47-54, 48-54,
49-54, 50-54, 52-54, 54, 56, 56-62, 56-65, 56-68, 56-70, 56-71, 56-72, 56-73, or 56-74).
[000200] Table 8 provides non-limiting examples of sequences of oligonucleotides that are
useful for targeting DMD, e.g., for exon skipping, and for target sequences within DMD. In
some embodiments, an oligonucleotide may comprise any antisense sequence provided in Table

8 or a sequence complementary to a target sequence provided in Table 8.
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Table 8. Oligonucleotide sequences for targeting DMD.

SI%Q Target sequence’ SfDQ Antisens‘; SEQ AIltiSt‘fnSeJr '
Sequence ID Sequence Target Site

NO (&t NO (5 to3) NO (5’ to 3)

160 | aGaguncocen | ™8 |eacooucouce | 490 | agrrrerree | Bronss
161 |abuccone | 781 |acovauuve | 1401 |aerrarrne | Eronss
162 | ueocconca | 7% |cacoeoone | 1402 |cacrrcrrne | BxonSs
163 | sucoccuncac | ™ |aeasuvoune | 1403 |eacrrarrre | B0 S3
164 | aosucconcace | 8 |aceacuucove. | 4% |Gacacrrerrae | BxonSS
165 | bavcconcnce | 755 |aacacoueooo | 1405 |cocasrrorrr | BonSS
166 |ococcuncacen | 78 |uaceacuucovo | 1406 | reacarrarrr | BronSS
167 |Goccuncac | ™87 |aoacoeun - | 1407 |Geacrrers | BronSS
168 |Gocconence | 78 |aacacuucun - | 1408 |Gacagrrcrr | BxonSs
169 | Gocconcacen | 7% |uecacuocoy | 1499 |reecacrrerr | oSS
10 occonca | ™ |cacooen - | 410 cagrrar | Bronss
7 Jocconcae | ™! |eeacovey - | 11 ceacrrer | Bionss
72 [ycconence | 792 |aocacuvey - | 412 |cacasrrar | BronSS
173 [ycconcacen | 793 |ucacacouco | 413 |1cceacrror | BxenSS
74 | cooncace | 7% |asceuue - | 414 |Gacasrre | Bxonss
15 | cooacacen | 795 |vccencune | 15 |rcacactre | Bxonss
176 |Coacacen | 7% |uceeacun - | 1416 |recacer . | BxonSS
77 [oncacen | 77 |vcceasu | 17 |1acasr | Bxonss
178 | uncoacanca | 798 |oaveacuouco | 1418 | tatcacrrrer | BXonSS
179 | ooacoseancac | 7% |convencovuco | 1419 |craraacrrzer | BronsS
190 | ncocenncac | 890 |convencuuue | 1420 |crarenctize | BxonSS
181 |aacoceacao | 80! |veconvenve | 42 |reerarcarc | Eonst
182 |3acoceacaven | 82 |ucosaunveave | 1422 |rereerareare | B4
183 |rcoceacavea | %% |vcoccovean | 1473 |rcreararcar | Bon St
184 |aguceacaveno | % [oucoseunvean | 1424 |Trcreetarcar | Bon 54
185 | Cocencaven | 85 |Dcooeunoen | 1425 rctgraren | Exonsd
186 | qocoacavens | 8% |oucoscunnen | 1426 |Trcreataron | Bon st
187 |ycoacaven | 897 |ucoseunve | 427 |zcreraze | Bronsé
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168 | ocacavos | 898 |cocosconne | 1428 | mrcreerare | Bxon st
189 | yecacaveaona | 8% |ouuvcoscunoe | 429 |rrracrectare | BXon st
190 |ccacavea | 810 |ococcons | 430 | rergorar | Brons4
1 |ceacaveno | 81 |oucvscony | 43 mrcncorar | Exon st
192 |ccncancammac | 12 |couocnseun | 452 |crrrrercorar | BXon St
193 |cacnoen | 813 |ucoscon | 43 |rerecra | Bxonst
194 |cacaveny | 814 |ovcoseon | 43 rrcrcera . Exonst
195 | cacaveavan | 815 |oovucoecun | 133 |rrracrecta | POt
196 |cacavenuaac | 816 |covoocuseon | 1438 |orrrncrecta | Bxon st
197 |cacaveaumaca | 817 |acusoucoocon | 437 |acrrrncrecta | Bon A
198 |acaveny | 918 |oucosen | 438 |preacer . Bxonsd
199 | cavenonn | 819 [ouoncnees | 439 rrrrcrecr  Exonst
20 |pcavoavmac | 89 |covoucosen | 1440 |crrrrcreer | Bronst
201 [achvcavanca | 21 |acoouucoeey | 441 |acrrrrcrer | BRon 3t
22 |acvcaoancas | 822 |cacououcusey | 442 | Gacrrracreer | Bron 34
23 |caveaoma | ¥ |ovoucuae | 1443 |rrrrcrae | Bron st
24 |chvcavaac | 84 |coooucose - | 444 [Crrrrerce o Bron 4
05 | Croamonnc | B3 |ncomoucuue | 145 acrrrzcage | Exon s
26 |crvcavancac | 820 |cacououcues | 1446 | cacrrrrcres | Bron 4
27 |crvcavaacaca | %7 |acacououcuse | 47 |saacrrracres | Bon 4
28 | somonnc. | 828 |Cououcon | 148 |Crrrrcra o | Exon 54
29 |noononaca | 82 |acouovcos | 1449 |acrrrrere | Bxons4
210 |atenvaacae | 8 |cacowwucoe - | 450 |cacrrrrcrs | Bron St
21 pucavaacac | 931 |ceacouovcve | 1490 |soncrrrrere | Bon st
22 |aoenoancacas | 2 |veeacovoucue | 452 | rasactrrrens | Bxon st
23 |senonacaca | 93 |ceacoomuc | 1453 |coacrrrrer | Bron st
24 |onomacacac | $3 |uosacuoooco | 145% | recacrrarer | Bron s
25 |venvaacacaca | ¥93 |aoeacovoocy | 495 |crcoacrrrrer. | Bon 4
216 | Ghomacac - | 835 |Gacounve o | 1456 |Gaerrare o | Exonss
27 | caomacacn | #7 |acacououe | 1457 |ceacrrrne | Bronsd
28 |caumacacne | 98 |vocacovooe | 458 |recacrrrre | Bronsd
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219 | Cavancacaca | 89 |cusoncovove | 49 |rocactrrre | Bon 4
20 | caoancacacan | 340 |ucoseacooonc | 460 | rerseacrrrrc | Bionsd
21 pomacacac | %1 |vacacowon | 461 |rocacrrrr | Brond
22 yoacacaca | 2 |cocoacovon | 462 |crosacrrrr | Bron s
23 soancacacnn | ¥ |ucosencooon | M6 | rerseacrrrr | Bonsd
24 |poancacacany | 4 |avscecacoouy | 1464 |atcrecacrrrr | Bron
25 |uaacacac | 5 |usencouo | 465 recacrrr | Bxonss
26 uaacacaca | 4 |cocencovo | 1468 |orecacrrr | BRon St
27 [oancacacn | 7 |ucoseacoon | 467 |rerseacrrr | Bonst
28 ypncacacany | 54 |avcoccacooy | 1468 nrerccacrrr | Bion 34
29 |unacacacaron | %9 |caveuacacouy | 1499 carcreeactrr | BionS4
20 |aacacne | 890 |ooencun | 1470 reeacar . Bronss
21 |nacacaca | %51 |coceacuo | M7 |racacer | Brons4
232 | pacacacan | 592 |usvecacoo | 172 |rereaacrr | Bron 3t
293 | aacacaoaao | 893 |aveuseacos | 1473 |arerecacrr | Bron 4
24 |sacacncanon | 5% |cavevacacoy | 147 |carersencrr | Bron 34
235 |ancacacanno | 353 |veaevecacoy | 475 | reareroaacrr | Bon 4
26 |acacncan | 996 |vovcenco | 476 rerccacr o Exonst
27 | ncacacanc | 897 |aveveeaco | 477 |areraeacr  Bronss
28 |acacacanon | 9% |cavooeeaco | M8 |catcreencs | BXon st
29 | acacacanvay | 899 |oeavsuecaco | 1479 |reatcrseact | Bron s
20 |pcacacanvave | 90 |socavcuscacy | 1480 |arcatcrecacr | Bron 4
21 |cacacaavave | 96! |aucaveuecac | 1481 |arcarcrocac | BRonS¢
22 | crcncanonoen | 59 |uucavsuconc | 482 |azcatcraeac | FXon 54
23 | acavoncosean | 8% |veacooucosee | 183 reacrrrcrree | Bonss
24 | coanueoccun | 3% |covsooucace | 48 gracrrrcace | Bonss
25 | ccanvevccunc | %65 |acoocovocace | 489 |asrrorrrcace | Bonss
%6 |pasocooac | 996 |acovsuouca | 1499 |Rerrcrrrea | BXonS3
%7 | saosoccuaca | 897 |cacovouooca | 1487 |carrarrrea | BOnSS
28 |aaveocconcac | 599 |ceacovcuvoca | 1499 | Geacrrerrrea | BRonS3
29 | oceoncacoay | 89 |ouscencovson | 1499 |rrceeacrrers | Bronss
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20 |soconcacen | $7° |oocecncooeo | 1490 |Troocacrrer - Bron3s
251 |ceomcaseno | 87 |ooceeacone | 1491 |Trceeasrre | BronSS
252 |concaceno | 872 |uucceacos | 192 |rrcacasrr | Bron3S
253 |concasnveco | 873 |acrovcacncus | 1499 Acarrascacrr | BXOnSS
254 |oacacoan | 84 |ooceeaco | 1494 Trceeact . Brons
255 |oacaceavecy | 75 |acanvcacacy | 1495 |acarreocacr | BRonSS
256 |pcnocavecy | 76 |acavvcocas | 1496 acarreccas | Bron )
257 |caceavcy | 877 |acaovenca - | 1497 Acarracca | BronSS
259 |pceavscy | 878 |acavveee - | 1498 acarrcee . Exonss
259 [aancoce | 89 |aoenuco o | 1499 arearcr o Brons4
20 | saacoccaca | 890 |ccunucaven | 190 |cravearcr | BxonS4
261 | amncoccacay | 881 |ecunvcavcy | 1901 | ragrarcarcr | Bion 34
22 | canveoccunc | ®2 |acoveuooens | 1902 |acrrerrrcas | BronSS
263 | canveucconca | 953 |cncuvcooueac. | 1903 | cagrrorracas | BXOn 3
264 |sccuncaceavs | 8¢ |aovcecacocs | 19% arrcecacrrer | BronSS
265 |ceoncasenve | 99 |aoocecacoe | 1905 arrcecacrre | BronSS
266 |coacaceave | %56 |aouccoacon | 1996 |arncencrr | BxonSS
267 oacnceave | 87 |noveacacy | 1907 |armceeagr | BXonS3
268 |oacnceavscun | 859 |encavuasenco | 1508 | cacarracear | BXoR 53
29 |pcaceave | 89 |aovcecac | 15 arrcocas | BronS
210 |pcaceavecon | 890 |cacauvcacac | 1910 |cacatrcocas | BonS3
271 | cageavscon | 81 |cacavuacen - | 1911 | cacarrosen | BAOn3S
772 |caceavecuace | 82 |acencaouceea | 1912 |aceacarrcoca | Bxon3S
2 |acenvocon | 893 |oacavusce - | 1913 |aacarncce | Bron3S
274 |ncenvscunce | 89 |acencaoucee | 1914 |aconcarrce | Bron3S
75 |sencoon | 895 |vcccuuae | 1915 |accernas | BronSS
25 |naccucao - | 8 |cucccouge | 1916 |crcecrros | BronsS
277 |snccvenve | %7 |acococovee | 1917 acrecerre | BAOnSS
278 |ncaceucaven | 898 |oacucccovee | 1918 | ractccernos | BXon3S
79 | cagcoonuca | 9 |uacucconue . | 19 | tacrocorte | BXonSS
280 |caccucavemn | %0 |ooncucccous | 1920 | racrccerns | Bron3S
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AGGGAGUAAAAGA

UUUCAUCAGCUCU

TTTCATCAGCTCT

281 | ccuGauGana 0L | yuuacuccco 1521 | pracTCceT Exon 55

282 CUGAUGAAACAAU 002 GACUUACUUGCCA 1522 GACTTACTTGCCA | Exon 55/intron 55
GGCAAGUAAGUC UUGUUUCAUCAG TTGTTTCATCAG | junction

283 UGAUGAAACAAUG 903 GACUUACUUGCCA 1523 GACTTACTTGCCA | Exon 55/intron 55
GCAAGUAAGUC UUGUUUCAUCA TTGTTTCATCA junction

084 GAUGAAACAAUGG 904 GACUUACUUGCCA 1524 GACTTACTTGCCA | Exon 55/intron 55
CAAGUAAGUC UUGUUUCAUC TTGTTTCATC junction
CCUGGAAGGUUCC GCAUCAUCGGAAC GCATCATCGGAAC

285 | GauGauGe 905 | cyuccace 1525 | cr7ccace Exon 56
CCUGGAAGGUUCC UGCAUCAUCGGAA TGCATCATCGGAA

286 | Gaucaucca 906 | ccuuceace 1526 | correcace Exon 56
CAGAUGAUACCAG UGUGGACUUUUCU TGTGGACTTTTCT

287 | aaanGUCCACA 907 | GeuaucaucUG 1527 | cgrarcarcTe Exon 54
CAGAUGAUACCAG AUGUGGACUUUUC ATGTGGACTTTTIC

288 | paanguccacau | 9% |useuaucaucug | 1928 |reerarcarcre | EXon 4
CUGCCAAUGUCCU GUAGCAUCCUGUA GTAGCATCCTGTA

289 | acaceavccuac | ?% |ceacavusecac | 9% |geacarreceac | EXOR S5
UGCCAAUGUCCUA GUAGCAUCCUGUA GTAGCATCCTGTA

290 | caceavGCUAC 910 | geacavucaca 1530 |GeacarTaeea Exon 55
GCCAAUGUCCUAC GUAGCAUCCUGUA GTAGCATCCTGTA

291 | AGGaUGCUAC 911 | Geacavucae 1531 | seacaTTasC Exon 55
CCAAUGUCCUACA GUAGCAUCCUGUA GTAGCATCCTGTA

292 | GGauGcuac 912 | ceacavuce 1532 | ggacaTTGE Exon 55
AGGGAGUAAAAGA GUUUCAUCAGCUC GTTTCATCAGCTC

293 | GcuGaUGAAAC 913 | yuvuacucceu 1533 | prrracrccer Exon 55

204 UGAUGAAACAAUG 914 UGACUUACUUGCC 1534 TGACTTACTTGCC | Exon 55/intron 55
GCAAGUAAGUCA AUUGUUUCAUCA ATTGTTTCATCA | junction

295 | GAUGARACAAUGG | o - [UGACUUACUUGCC | | .o [TGACTTACTTGCC | Exon 55/intron 55
CAAGUAAGUCA AUUGUUUCAUC ATTGTTTCATC junction
CCUGGAAGGUUCC CUGCAUCAUCGGA CTGCATCATCGGA

296 | GAUGAUGCAG 916 | accuuccace 1536 | acerTecacs Exon 56
GGAAGGUUCCGAU CUGCAUCAUCGGA CTGCATCATCGGA

297 | GauGeac 917 | accuuce 1537 | acerTec Exon 56
GAUCCAAUUGAAC UGCUGAGAAUUGU TGCTGAGAATTGT

298 | aauucUCAGCA 918 | ycaauuceauc 1538 | rcanTTGGATC Intron 55
AGGUUCCGAUGAU ACAGGACUGCAUC ACAGGACTGCATC

299 | seaguccucy 919 | succeaaccu 1539 | aTceeaaceT Exon 56
GGUUCCGAUGAUG ACAGGACUGCAUC ACAGGACTGCATC

300 | caguccusy 920 | auceeaacc 1540 | arcgeaace Exon 56
CCUGGAAGGUUCC ACUGCAUCAUCGG ACTGCATCATCGG

301 | Gaucauscacu 921 | aaccuuceace 1541 |aaccrrecage | Exon56
CUGGAAGGUUCCG ACUGCAUCAUCGG ACTGCATCATCGG

302 | suGavGcaGy 922 | saccuuccac 1542 | saccTTCCAG Exon 56
GGAAGGUUCCGAU ACUGCAUCAUCGG ACTGCATCATCGG

303 | Gauccacu 923 | aaccuuce 1543 | sacerrec Exon 56
GAAGGUUCCGAUG ACAGGACUGCAUC ACAGGACTGCATC

304 | auccacuccucu | 924 |auceeaaccuuc | 19** |arceeaaccrre | BXonS6
GGUUCCGAUGAUG GUAACAGGACUGC GTAACAGGACTGC

305 | caguccuguuac | 7% |aucavcceaace | 9% |aTcaTceeaacc | Exon 56
GUUCCGAUGAUGC GUAACAGGACUGC GTAACAGGACTGC |

306 | AGuccuguuac 926 | AUCAUCGGAAC 1546 | arcaTcGeaac Exon 56
GUGGAUCCAAUUG GAGAAUUGUUCAA GAGAATTGTTCAA

307 | aacaauucuc 927 | yuceauccac 1547 | rreearccac Intron 55
GGAUCCAAUUGAA UGCUGAGAAUUGU TGCTGAGAATTGT

308 | caauucucacea | 9% |ucaavuceauce | 19*8 |1caaTTeeartcc | ItonSS
GAUCCAAUUGAAC AUGCUGAGAAUUG ATGCTGAGAATTIG

309 | anvucucaceau | 929 |vucaavuceauc | 1949 |1TcaaTTGearc | lntonSS
AAGGUUCCGAUGA ACAGGACUGCAUC ACAGGACTGCATC

310 | yecaguccucy 930 | auceeanccuu 1550 | arceeaacerT Exon 56
AGGUUCCGAUGAU GGACUGCAUCAUC GGACTGCATCATC

311 | geacuce 931 | geaaccu 1551 | Geaacer | Exon 56
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312 |iacanoucucn | 9 |aoseavcenc | 1552 |arroaarcene | 1nwonss
33 |cencuccoeuun | 993 |oeavcosancen | 1959 | acarcocancer | X006
M |cacuccucuon | 3% [ucavcocaace | 199 |rcarcoeance | B1onSS
315 | pueavecacuee | 935 |coancovnceas | 1959 |conncorrecas | BA0n 56
36 |ysavecacoce | 96 |coanccuocen | 19%6 |cancerroca | BXon56
37 |ervcencoce | %7 |ceanceooce | 1957 |danncerrec | EonSS
318 |cancanoucue | 998 |ouseavecaca | 1998 | rrcsarceaca | Inoons3
319 |poancanoucoe | 999 |ouceavceacan | 159 | rrooarceacan | on 33
20 | gancasvucoca. | %40 |aonceaoccaca | 1990 |arrccarceaca | Inonss
2 |agoccoco | 9 |avceease | 1560 [arccoanc | Exon 6
2 |uccocuon | %2 |ocavecoa | 1962 |ncarcoea | BXonS6
2 |vccocuone - | %3 |aocaocoen | 1963 |arcarcoen | BXons6
24 |pcuccocoun | 9% |ucavcecanc | 194 |scacocanc | Bxon 36
25 |goecocounc | %5 |aveavcoenn | 1963 |azcarcecan | BXOR 36
26 |sucavcecuve | 94 |ooanuonsene | 1999 |soanrrrcenc | Inionss
27 | mosencoce | 97 |Gaancooue - | 1567 |Geancorne | Bxon36
2 |oscncuce | 99 |connccuo | 198 |ccancerr | Bxon 36
39 |aooeancacen | 99 |occennccoce | 199 | rcceanceree | Inwons4
30 | ovenncaceny | 90 |eocceanseuee | 1570 crcceansence | 1mon st
51 | cecavuane - | 5 |oncaseen | 1571 | Teacacecn | Ieon 5
™ |cocevacoen | 9% |avoncaccen | 1972 |armacaceea | Ion 4
3 |cecvocosa | 9 |agoacacee | 1573 |armacacee | lnwon 4
3 |usnves | 9% |ceaccee | 157 |ceaccce | Imon 54
5 |veoecoseuca | 5% |avoncaccenn | 1973 |armacacecan | 10054
3 |voenvaca | 99 |accaccce | 1576 |accaccee | Iwonst
¥ | coveaven | 957 |voncace | 1577 armacace . Mnonsd
5 | Cooenvee | 9% |conccoca | 1578 |coacoocn | | Tmwons4
39 |ccocuseucann | 959 |uoaoacaceca | 1579 |rrarracaccen | ion 54
0 | cosoceucans | 90 |ponvuacasce | 1990 |rrarracacee | Inwon st
1 |coceave | 961 |cacceea | 1981 |cacceea | Inaon 4
#2 |cvcenveoa | 92 |accaccoca | 1992 |accacccea | Iwon 4
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343 |RUGGCARGUAAGU [ o [GGARAUGCCUGAC [ | oo [GGARATGCCIGAC | Exon SS/intron 55
CAGGCAUUUCC UUACUUGCCAU TTACTTGCCAT junction
GCUGUAAUAAUGG AGUUUCACCACCC AGITTCACCACCC

344 | sucsucaaacu 94 | cavuavuacace | 138 |caTraTTacage | IntronS4
AUGGGGUGGUGAA CAUCCAGUUUCAC CATCCAGTTTCAC

345 | acuceaus 965 | caccecau 1585 | cacccear Intron 54
AUGGGGUGGUGAA CCAUCCAGUUUCA CCATCCAGTTICA

346 | acuceaucs 966 | ceaccccau 1586 | coaccccat Intron 54

347 |GCAAGUAAGUCAG [ o [GCGGARAUGCCUG | oo [GCGGAAATGCCIG | Exon SS/intron 55
GCAUUUCCGC ACUUACUUGC ACTTACTTGC junction
GGCUGUAAUAAUG GUUUCACCACCCC GTTTCACCACCCC

348 | GeGuGGUGARAC 968 | auuavvacacee | 1388 |arTAarTAacagec | Inton54
AAUGGGGUGGUGA CAUCCAGUUUCAC CATCCAGTTTCAC

349 | aacuceauc 969 | caccccauu 1589 | caccceart Intron 54
AUGGGGUGGUGAA UCCAUCCAGUUUC TCCATCCAGTTTC

350 | acuceaucea 970 | accaccccau 1590 | accaccccar Intron 54

351 | UGGCRRGUAAGUC [ " [GCGGARAUGCCUG | | o [GCGGARATGCCTG | Exon S3/intron 55
AGGCAUUUCCGC ACUUACUUGCCA ACTTACTTGCCA | junction
GCUGUAAUAAUGG UUUCACCACCCCA TTTCACCACCCCA

352 | Geuccucana 972 | yuavuacaGe 1592 | prarTAcace Intron 54
UAAUGGGGUGGUG CAUCCAGUUUCAC CATCCAGTTTCAC

353 | aaacuceauc 973 | caccecavua 1593 | cacccearTa Intron 54
UAAUGGGGUGGUG CCAUCCAGUUUCA CCATCCAGTTTCA

354 | aaacuceauce 974 | ceaccecauua 1594 | ccaccecarTa Intron 54
AAUGGGGUGGUGA CCAUCCAGUUUCA CCATCCAGTTTCA

355 | ancuceausa 975 | ccaccecauy 1595 | ccacceeart Intron 54

356 |RUGGCARGUAAGU [ -~ |GARAUGCCUGACU | o |GAAATGCCTGACT | Exon SS/intron 55
CAGGCAUUUC UACUUGCCAU TACTTGCCAT junction

357 |GGCARGUAAGUCA [ o |GCGGAAAUGCCUG | | o |GCGGARATGCCTG | Exon Sfintron 55
GGCAUUUCCGC - ACUUACUUGCC ACTTACTTGCC | junction

355 | GGCAAGUAAGUCA | o~ |AGCGGARAUGCCU | | o [AGCGGARATGCCT | Exon SS/intron 55
GGCAUUUCCGCU GACUUACUUGCC GACTTACTTGCC | junction
AAUGGGGUGGUGA UCCAUCCAGUUUC TCCATCCAGTTIC

359 | aacuceauGaa 979 | accaccccavuy 1599 | accaccecart Intron 54
GGGUGGUGAAACU UCCAUCCAGUUUC TCCATCCAGTTTC

360 | Geaucaa 980 | aceacec 1600 | Accacce Intron 54
AUAAUGGGGUGGU CAUCCAGUUUCAC CATCCAGTTTCAC |

361 | GaaACUGGAUG 8L | caccceavuan 1601 | acccoarTatT Intron 54
AUAAUGGGGUGGU CCAUCCAGUUUCA CCATCCAGTTTCA

362 | GanacuGGAUGG 982 |ccaccecavuau | 1002 | ceaccecarTar | ItronS4
UAAUGGGGUGGUG UCCAUCCAGUUUC TCCATCCAGTTIC |

363 | AAACUGGAUGGA 983 |accaccecavua | 1093 |accaccccarra | ItronS4

364 AAUGGCAAGUAAG 084 GAAAUGCCUGACU 1604 GAAATGCCTGACT | Exon 55/intron 55
UCAGGCAUUUC UACUUGCCAUU TACTTGCCATT junction
AAUAAUGGGGUGG CAUCCAGUUUCAC | . __ |CATCCAGTTTCAC

365 |yganacuccaug | 9% |caccceavvauvu | 1005 |caccccarrarr | Intron 54

366 | PRUGGCAAGUAAG [ o [GGAAAUGCCUGAC | [GGAAATGCCTGAC | Exon SSfinton 55
UCAGGCAUUUCC UUACUUGCCAUU TTACTTGCCATT | junction

367 UGGCAAGUAAGUC 987 GGAAAUGCCUGAC 1607 GGAAATGCCTGAC | Exon 35/intron 55
AGGCAUUUCC UUACUUGCCA TTACTTGCCA junction
CCGAUGAUGCAGU GUAACAGGACUGC GTAACAGGACTGC

368 | ccucuuac 988 | aucauccs 1608 | 2 rcaTces Exon 56
UCCAAAUUCACAU ACAAGCGAUGAAU ACAAGCGATGAAT

369 | ycavceeuuGy 989 | GuGaauuUGGA 1609 | creaaTTTGEA Intron 55
GUAAUAAUGGGGU GUUUCACCACCCC GTTTCACCACCCC

370 | Geucaaac 990 | auuaguac 1610 | xrraTTAC Intron 54
GCUGUAAUAAUGG GUUUCACCACCCC GTTTCACCACCCC

371 | GeusguGaaac M1 | syuavuacace 1611 | 3 rraTTACAGE Intron 54
GCUUUGGAAGAAA GUAAUCUAUGAGU GTAATCTATGAGT

372 | cucauacauuac 992 |yucuuccaaace | 1012 |rrorrecanace | ExonSS
UUGGAAGAAACUC GCAGUAAUCUAUG | ._._ | GCAGTAATCTATG

373 | auacavuacucc 993 | aguuucuuccaa | 1013 |agrTTeTTCCAn | EXOBSS
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574 |nanomncoac. | %% |sconoenucen. | 1614 |acarserroen | Exonss
95 |oacavuacosea | %5 |encuovcovcen | 1615 |acrrreracea | BXOR 53
76 |acnvoacuee | %6 |acovocuuce - | 1016 | acrrrerrce | BxonsS
7 |cavoncocen | %7 |encuovcuve | 1617 |cacrrrerae | BXons3
8 |vevcovca | %8 |cacoveoon | 1018 |cagrrarrr | Bionss
39 |vevcconcne | 9% |ceacuvcuon | 1619 |coasrrerry | BRonSS
80 |soccune | 1090 |peuveon | 1620 |eracrr | Bxonsd
81 Gocconca | 0 |cacuncon - | 1621 |cagrrorr | BXons3
3 |cconcne | 1002 |gencuoe | 1622 |cengra | BxonS
3 Conence | 1903 |cocacon | 163 |Goearr | BronS
4 |aannnaoce | 1004 |Goooueave | 162 |Grrrrcare | Bonss
35 | anaannvcco | 1005 |ocooneae | 1625 rerrraeatc | BxonS6
35 |nannnnoccue | 1996 |cosoouucave | 1626 |crcrrrreare | BonSS
557 | sasmanvccvo | 1007 | ccocunoueave | 1927 |cerarrrrcare | Bronss
8 | aasanvecocac | 1908 |sacucuooens | 1978 |cecrarrrroar | Bron 36
39 |anaavccocac | 1099 |cocucoooen | 1629 |cocncrrrren | BAOn 56
390 |pmanvccosaca | 1 |scecucoouen | 1630 | roecaorrraca | BxonS6
1 |panvccoaca | 1911 |uoscosuoooe | 1691 | reacrorrrre | BonsS
2 |sasvccocacay | 012 |soeecoconove. | 1632 rreacrerrrre | BXonS6
33 avccoeacave | 1913 |ovsecuovo | 1633 | rrrcecrerrr | BonsS
39 |avecueacavce | 014 |vousecosouy. | 163 |rrrrcscrerrr | B0 36
95 |yecueacavee | 015 |pouucecooy | 1639 | rrrrcscrers | Bxon 36
96 |secocacaveee | 1016 |povoveecoaon | 16%6 | rrerrecererr | Bron 6
97 |cancovoe - | 1917 |Rucocnse - | 1697 |nacreacs . Bxonse
98 | cavumcocennc | 1018 |sucacouocone | 163 | reacrrrerre | Bonss
39 |aooncoccanc | 1919 | sucacouucon | 1999 reacrrrerr | Bionss
40 |sooncoceanca | 1920 |uavcacuoucou | 190 | rarcarracrr | Bonss
0 |ooncoscanc | 192! |pveacoouco | 1641 |arcacrezer | Bon 53
2 |Gacoscane | 1922 | Rucacoove | 1042 |reacrrre | BXons3
3 |oacuacanca | 1928 |oucaouve | 1643 | razcacrere | Bxonsd
404 acoocancas | 1% |convencooy | 1% |crarcagrrr - Fronss
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5 |cocanc | 1925 |poeacoy | 1695 areacrr | Bxonss
6 |coccancn | 1026 |oaucacun | 164 ravencrr | Bxonss
W7 |ctceancac | %7 |convcacos - | 1047 |crazeagrr | BronS)
08 nconnca o | 1028 | | 1688 | argagr | Exonss
9 |oceancac | 1029 |covonco | 10%9 crarcacr | Bxonss
40 |pncocen | 1030 |gaucae | 160 parcare . Bxonst
41 |pacucenc | 1031 |conucave | 1630 |Crarcarc | Bron st
42 |ancoceacn | 1992 |ceunvcave | 1652 |aorarcare | Bon 4
43 |ancuceacaoe | 0% |cuasonncae | 163 | crocrazcarc | Bonsd
44 |ncucencas | 109 |occunocay | 16% Tectarcar | Bxonst
45 |acuecacave | 1933 |cooconvoas | 1655 crocrarcar | Bxonst
46 |coccaca | 10% |Ccungen | 1696 aorarca | Fronss
47 |guecacao | 1097 [occonoca | 167 |recrarca | Baons4
48 |aoccacae | 1% |cucconvca | 1658 |crocrarca | Bxonst
419 |coceacaucaoa | 1999 |covcoccunoen | 169 | rracrecraren | Bon St
20 |pccncan | 1090 |Seconue o | 1000 |ocrape | Bxonsd
21 |vecncave | 104 |coceonoe | 1961 |crorane | Bxonst
92 |Gecacaoanon | ' |Guococsonac | 1992 |rrrcraarare | Exon s
3 |ccacave | 109 |cuecuny | 1663 |crgarar | Bronst
4 |ceacavenn | 1% |covcoceuno | 198 |rrrcrecrar | Bon st
25 |cencavenonn | 145 |ououcueeony | 1965 rrrrcrerar | Bonsd
26 |cacaveaon | 1% |coucoecon | 199 rrrcrecta | Bxonst
97 |acavcan | 1947 |ooucocen | 166 rrrcraer | Brons4
28 |cnvcan | 1048 |upocuce | 1008 |prrcree | Bron 34
29 |pocavan | 199 |Councne o | 1699 |rrarcrg | Bronst
430 zsgmguccmza — gggﬁggﬁmue}s}x 1676 giiixig?TGTGGA —_
1 Genoaaca | 1050 |acouocy o | 1671 acrrracr | Bronsd
2 |oenomcac | 1952 |cacovouco | 1672 cacrrarer | Brons4
3 |gaumaca | 1053 |Rcupooe | 1673 |acrrrre | Bron st
4 numcaca | 0% |ccacovoy | 1674 |acacrrrr | Bxonss
5 |uancacn | 1955 |agacovo - | 1675 |aoacrrr | Brons4
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AGUCCACAUGAUA UCUCUGUUAUCAU TCTCTGTTATCAT

436 | acacaca 1056 | suGeacu 1676 | Grgeact Exon 54
GUCCACAUGAUAA UUCUCUGUUAUCA TTCTCTGTTATCA

437 | cacacaa 1057 | yeugeac 1677 | 1grGeac Exon 54
GUCCACAUGAUAA AUUCUCUGUUAUC ATTCTCTGTTATC

438 | cacacaau 1058 | 2 yGuceac 1678 | arGTeac Exon 54
GUCCACAUGAUAA UAUUCUCUGUUAU TATTCTCTGTTAT

439 | cacacaaua 1059 | - auGuGeac 1679 | catereeac Exon 54
GUCCACAUGAUAA AUAUUCUCUGUUA ATATTCTCTGTTA

440 | caGaGaaUAD 1060 | yeauGuceac 1680 | tearGTaGAC Exon 54
CCACAUGAUAACA UAUUCUCUGUUAU TATTCTCTGTTAT

41 | caganua 1061 | caucuae 1681 | carGrae Exon 54
GAAGAAACUCAUA UUGCAGUAAUCUA TTGCAGTAATCTA

42 | GavuacuGean 1062 | yeacuuucuuc 1682 | rGagTTTCTTC Exon 55
GAAGCUGAAACAA GGACAUUGGCAGU GGACATTGGCAGT

43 | cugecaauguce | 1993 |yeuoucaccuue | 1983 |terTTCAgerTe | EXOnSS
AAGCUGAAACAAC GGACAUUGGCAGU GGACATTGGCAGT

444 | yecoaauGuce 1064 | yGuuucaceuy 1684 | rorrrCAGeTT Exon 55
AAGCUGAAACAAC AGGACAUUGGCAG AGGACATTGGCAG

45 ygeeaaucuccu | 1995 |yusuuucaccuu | 168 |rrerTTomcerr | EXonSS
AGCUGAAACAACU GACAUUGGCAGUU GACATTGGCAGTT

46 | cecanucuc 1066 | cuyucaceu 1686 | crrreaceT Exon 35
AGCUGAAACAACU GGACAUUGGCAGU GGACATTGGCAGT

47 | seeaavauec 1067 | yguuucacey 1687 | rorrroacer Exon 55
AGCUGABACAACU AGGACAUUGGCAG AGGACATTGGCAG |

48 | scenavcuccuy 1068 | yuGuuucacey 1688 | 1 rGrrTCAGET Exon 55
AGCUGAAACAACU UAGGACAUUGGCA TAGGACATTGGCA

449 Geeaavguccua | 1999 |cuusuuucaccu | 1689 |grrerTTeAacer | EXonSS
GCUGAAACAACUG GACAUUGGCAGUU GACATTGGCAGTT

450 | ccanucuc 1070 | Guuucace 1690 | Grrrcace Exon 55
GCUGAAACAACUG GGACAUUGGCAGU GGACATTGGCAGT

451 | ccanvguce 1071 | yguuucace 1691 | rorrTCace Exon 55
GCUGAAACAACUG AGGACAUUGGCAG AGGACATTGGCAG

452 | ceanvcuccy 1072 | yuguuucace 1692 | rrgrTTCAGE Exon 55
CAACUGCCAAUGU GCAUCCUGUAGGA GCATCCTGTAGGA

3 | ccuacaceavce | 1973 |cavucecacuue | 1693 |carteeeacrTe | EX0nSS
AACUGCCAAUGUC GCAUCCUGUAGGA GCATCCTGTAGGA

454 | cyacaceauGe 1074 | cauueaeacuy 1694 | carraGeaGTT Exon 55
ACUGCCAAUGUCC GCAUCCUGUAGGA GCATCCTGTAGGA

455 | yacaceauce 1075 | cavuceeacuy 1695 | catTGGCAGT Exon 55
CUGCCAAUGUCCU AUCCUGUAGGACA ATCCTGTAGGACA

456 | acaceau 1076 | yugaeac 1696 | r1G6eac Exon 55
CUGCCAAUGUCCU GCAUCCUGUAGGA GCATCCTGTAGGA

47 | acaceavee 1077 | cavucecac 1697 | carreeeac Exon 55
UGCCAAUGUCCUA GCAUCCUGUAGGA GCATCCTGTAGGA

458 | cageauGe 1078 | cavuceea 1698 | carraaca Exon 55
GCCAAUGUCCUAC GCAUCCUGUAGGA GCATCCTGTAGGA

459 | aceavae 1079 | cavucae 1699 | catTGaC Exon 55
CCAAUGUCCUACA AGCAUCCUGUAGG AGCATCCTGTAGG

460 | seauceu 1080 | acavuce 1700 | rcatTGe Exon 55

461 |RGAGCUGAUGAAA [ o [CUUGCCAUUGUUU | | [CTTGCCATTIGTTIT | Exon SSfintron 55
CAAUGGCAAG CAUCAGCUCU CATCAGCTCT junction

s |PGAGCUGAUGRAA [ o |ACUUGCCAUUGUU | o [ACTIGCCATTGIT | Exon SS/intron 55
CAAUGGCAAGU UCAUCAGCUCU TCATCAGCTCT junction

463 AGAGCUGAUGAAA 1083 UACUUGCCAUUGU 1703 TACTTGCCATTGT | Exon 55/intron 55
CAAUGGCAAGUA UUCAUCAGCUCU TTCATCAGCTCT | junction

464 | GAGCUGAUGAAAC | | o |ACUUGCCAUUGUU | | [ACTIGCCATTGIT | Exon SShntron 55
AAUGGCAAGU UCAUCAGCUC TCATCAGCTC junction

465 GAGCUGAUGAAAC 1085 UACUUGCCAUUGU 1705 TACTTGCCATTGT | Exon 55/intron 55
AAUGGCAAGUA UUCAUCAGCUC TTCATCAGCTC junction

466 GAGCUGAUGAAAC 1086 UUACUUGCCAUUG 1706 TTACTTGCCATTG @ Exon 55/intron 55
AAUGGCAAGUAA UUUCAUCAGCUC TTTCATCAGCTC | junction
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467 | PGCUGRUGAAACA 1087 CUUACUUGCCAUU 1707 CTTACTTGCCATT Exon'SS/intronSS
AUGGCAAGUAAG GUUUCAUCAGCU GITTICATICAGCT | junction

468 GCUGAUGAAACAA 108g | CUVACUUGCCAUY 1708 |CTTACTIGCCATT | Exon S5/intron 55
UGGCARGUAAG GUUUCAUCAGC GTTTCATCAGC junction

469 GCUGAUGAAACAA 1089 ACUUACUUGCCAU 1709 ACTTACITGCCAT Exon_ 55/intron 55
UGGCAAGUAAGU UGUUUCAUCAGC TGTTTCATCAGC | junction

470 CUGAUGAAACAAU 1090 ACUUACUUGCCAU 1710 ACTTACTTGCCAT Exon.SS/intron 55
GGCAAGUAAGU UGUUUCAUCAG TGTTTCATCAG junction

471 | aveannacacce. | 199 |Cacoovovenvn | 1711 |Cacerretaaa | Bronse

72 | Gennnncacec | 1992 |Cacoovavent | 1712 |Cagorterent | Exonse

473 | poanmncaceen | 1993 |cencauuouean | 1713 |coacerratear | ExenS6

74 | canancacoe | 199 |caceuocven | 7 |caerzezea | Exon 56

475 | canancacecn | 1995 | Concavveuen | 1715 |concorreren. | Exonse

476 | aanancacocan | 19% |uccacevveuen | 1716 | recacerreten | Eron 6

477 | aasacacecana | 1997 |avccaceuveve | 1717 |arconcorrers | Exon36

418 | iancacconana | 9% |cavcoacouuey | 1718 |catcoacerzer | Exonse

419 | Cannanaoe | 9% |oouocavee | 1719 |rrneatee . | Exonse

80 | Cannanavce | 199 |conuucavee | 1720 |Grrrnatee. | Exonse

1 | Canananveco | 01 [oovovvavee | 172! | rezrrrearce | Bronse

42 | Connnnnucooe | 1192 | cocvovocavee. | 1722 | crantrrcatce | Bronse

43 |ccveaeavee | 1193 |oouvsacoan | 1723 |Trrrascrer | Exonse

484 | ccvencavece | 119 |ooovcacuen | 17 | Trrrcecter | Bronsé

45 | canceovccen | 1195 |docaveucace | 1725 |cooatercace | Bronse

46 | cancavucceay | 1196 |acoonvencace | 1726 |accoarercass | Bronse

7 |aacevuccen | 197 |aoenvcucae | 1727 |socatercag | Exonse

48 | aaceuuccean | 1198 |acceaocucae | 1728 |acaentercas | Exon s6

49 | nacavuccenve | 119 |cacoeavcvcae | 1729 |caccontercas | BXon SO

490 |pceovccen | 110 |cocavcuea | 1730 |ceenrcrca . | Bxense

91 | Reeovcceno | U1 |acooaveuea | 7% |aceearcrca | Bronse

492 |acovvcceave | 112 |caoooaveuca | 1732 |Caceaarerca | Esonse

493 | seuucceanea | 113 |ccaceoavcuca | 173 |ccaceenterca | Exon 56

49 |Geoccen | 114 |eacaveoe | 17 |ceenrezc | Exonse

495 |Gavoccean | W15 |acaeaveue | 1735 |acceaterc | Bronse

49 | Gavuccenve | 116 |cacaeaveue | 1736 |cacsearerc | Bxonse

497 |davvecenvea | 117 |cenceaavoue - | 1737 |concasaterc. | Exon s6
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98 | Gonoceave | 18 |cacooaucy | %% |caeonrer | Brons6
9 |Goncocaven | 1119 |ccnseenven | 79 |coacearer | Bxon S
s00 | GAUCCCUBGRAGS | [AUCGGRACCUUCE | RICEGRACCTICE | o 'cc
01 | pucceave | U2 |cacaeave | 41 |caeenre | Bronse
02 |pocceavea | 122 |ccaceeave | 42 |coacaarc | Exon36
0 |yoceaven | U2 |coacaeay | 43 |coaeear | Bronse
04 |coeaven | U2 |ccacen | 7% |ccaceen | FBronse
05 | ancveca | 125 |onocavew | 45 | arcarcr | Bronst
06 | aancoconc | 128 |Goavcavcy - | 1746 |Grarcarcr | Bxonsé
07 | anacuccacave | 127 |cocevavcavey | 1747 |crecrarearcr | Bron St
08 | cacanomoe | 128 |socnvoeen | 178 |sncarsreca | Exonss
0 | canvevee | 129 [seoncag | 1749 |rarrreas . | Exonss
510 | Canococer | 1% [oocovvcas | 150 |Trerrrcag | Exonss
SIL | Camiancenn oo | 1131 |ghoon ih ISR | 1751 | A | Exonss
512 | Cacanoe | 132 |atveeea o | V152 |artaaca | ExonSS
513 |cemvocon | 133 |aacavuee | 1153 |cacatras | BxonSS
514 | cenvecuace | 1% |acoacavvee | 175¢ |aceacattcs | BoRSS
515 | anacaccocay | 1139 |cuccouveens | 1753 |Crocertaca | BonS3
516 | aneaccuen | 1136 |ucccuveen | 1756 |rccorreea | EBxonss
517 | ancacevcar | 137 |eoccuveen | 7757 |erccerrasa | BAonS3
518 |aenecve | 18 |cccoose | 1758 |ceertas | BRonsd
519 | nenccocavean | 1129 |voacvcceuvee | 1759 |rractecortes | PR S3
20 |Gneeueave | 1140 |acuccoooe | 1760 |actocerre | BronsS
21 | encoocavenna | 14! |yuoacucccne | 6! |rrracrocerre | BRoRSS
22 |ceocavea | 142 luacoccey | 62 |zacrceer | Bronss
2 |ocvanvenn | 143 |ouacoccor | 1793 |rraczocor | BRonSS
2 |acanvcecan - | 1% |avcacevcon | 764 |azeacererr | BRonsS
sp5 |BAGAGCUGAUGAA | || "[CUUGCCAUUGUUU | | [CTIGCCATIGITT | Exon SSfintron 55
ACAAUGGCARG CAUCAGCUCUU CATCAGCTCTT | junction
506 AAGAGCUGAUGAA 1146 ACUUGCCAUUGUU 1766 ACTTGCCATTIGTT EXOD.SS/thI'OD 35
ACAAUGGCAAGU UCAUCAGCUCUU TCATCAGCTCTT | junction
<p7 |AUGRAACAAUGGC | . [GACUUACUUGCCA | . |GACTTACTTGCCA | Exon SSfintron 55
AAGUAAGUC UUGUUUCAU TTGTTTCAT junction
8 | yeanceucacac | 1148 |ouveaccuveea | 1768 | rrrcacerreen | BRon SO
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29 |sanccoeacac | 1149 |upoencovves | 1799 |Frrcacernas | BonSS
0 |canccucacaca | 1% |rooucaccovse | 1779 [arrrcaccrass | BXon %6
1 |raccocacacas | 15! |savoucaccoue | 177} |aarracacerre | BronSS
2 |sccucacacaca | 192 |canpuocaceun | 1772 |canrrrcacerr | BOnSS
3 |ccveacacaca | 193 |canvoucacen | 1773 |canrrrcacer | BonSS
4 |ccueacacncao | U3¢ [oennvuoeacey | 174 |reanrrncacer. | BonSS
5 |cavearsacace | 193 |acooucocaunn | 1779 | acorrercaran | Bon S
3 |coannannoce | U3 |Goovucaveen | 1776 |Grrrreatcca | B1on 36
97 |coannnanvecy | 157 |ocouoveavcen | 1777 | rerrrreatcon. | Bion 56
8 |cancevocce | 1% |adavencace | 1778 |acarcroacs | BonSS
9 |aaeovece | 19 |cenveocas - | 179 |searcreas | Bxons6
30 |gaoveceaveny | 190 |secacacacne. | 1780 | rocaccearcre | BXon 56
1 |covcocavens | 161 [occnsecavcy | 1781 |Tecnscoarer | BonSS
32 |ovccenncan | U2 |occncooave | 1782 | recaccearc | Bron 36
5 |ouccenveavse | 113 |conccacseane | 1759 |craccacooare | BXon 56
3 |ucconvean | 164 |occacaca0 | 178 |recacoenr | BronSS
5 |voconveaose | 165 | Covceacoony | 1789 |crrecaseonr | Bron S
6 |occenveaveen | 16 |coonccacseny | 1796 | cernccasaear | Bron 38
7 |ccenvoan | 167 [oecacaca | 1787 |ccsee | BonsS
8 |ccnucavee | 168 |Cuoccacaon | 1758 |craccacaca - | BonSS
9 |ccoaveavaen | 199 |cconecacsen | 1789 |ccraccncoen - | BronSS
30 |coveavse | 170 |covecncas | 1790 |crnccacae | BXons6
551 |ceavenvaen | M7 |ccovccace | 191 |cernccases | BionSS
3 |pveavse | 172 |cupeene | 1792 |Crreca | Bxon e
5% |avsaveca | U7 |ccovecas | 1193 |cernccas - | Bron36
55 |venvcen | U™ Jecuocen | 179 cerroca o | Bxonso
555 |pennacancoce | 175 |Coocusonaece | 1795 |cracreransee | BonSS
5% |coonueann - | 176 |yooncucce | 1796 |rrmercee | Bonss
357 |coenveannc | 177 [ooponcocee | 1797 |pramacecee | Bonss
5% |aancarvsecan | 178 |avcaccucoon | 1798 |arcacererrrr | BionS3
3 |acacucou | U7 |coenncen | 1799 |cecancer | Bron3S
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30 |ocacuccos - | 1180 |sooeancey | 1890 |Coomncer | Exon 6
1 cacoecy | 181 [coaance - | 1801 |cacance | Eons
2 |caguccos | 182 |occonnce | 1892 |ncgennce - Bron3s
563 |aamncoce - | 1183 |sueavcoe - | 1893 | srcarcre . | Exonst
3¢ |anaacucea | 18 [uaocavcus | 1894 | marcarcre | Exonst
565 |aanncocenc | 1185 |cunocaveue | 1893 |crarearcre | B0t
6 | cavscunc | 1% |Gencavus | 189 |ceacarra . Exons3
7 |accvenven | 187 [uncocccon | 1807 |macrocorr | Exons3
38 |accucavenn | 1158 |poncocccuy - | 898 | rracrcoerr | BxonsS
39 |accuoavennn | 182 |puuncoceeuo | 1899 |rracrocorr | FRoRSS
50 | accueavearac | 190 |puuoacocecuy | 1810 | rrrracrceerr | Exonss
71 |nacanucaca | 191 [eaccvconn | 1811 | reacercrrr | BxonS3
72 |ancanosecan | 1192 |nvcaccocouo | 812 |arcacererrr | BxonSS
573 |ABAGAGCUGAUGA | | oo [CUUGCCAUUGUUU | o . [CTTGCCATTGIIT | Exon 55/intron 55
AACAAUGGCAAG CAUCAGCUCUUU CATCAGCTCTTT | junction
574 |AUGABACAAUGGC | o [UGACUUACUUGCC | o, |TGACTTACTTGCC | Exon SS/intron 55
ARGUAAGUCA AUUGUUUCAU ATTGTTTCAT junction
5 |aanaoncuvee | 195 |ooveucecuse | 1815 |rrrorceras | Ieonss
576 |oueacaoue | 19 |cacanouee - | 1816 | Gacanrree | Tawon s
51 |oeacavoen | 1197 |cencanoue | 1817 | coacanrrc | ImoonsS
8 |acavvcane | 198 |Goaancany - | 1818 |Trceacaat | onss
9 |coencacacave. | 1199 |pucanvoueace | 819 |rrcaarracace | Bxon 6
90 |ponucacances | 1200 |enucucueueae. | 820 |Carcrarereas | BXoR 56
W1 |amacacee | 1200 |croeuueo | 1821 |cacerrer | Bxon6
#2 |naacaceen | 1202 |coacaoven - | 1922 |ccagerrer | Bon e
33 |aancaccean | 1298 |vccacevoen | 1823 |nccacerrer | Bron3
4 | ceoanananoce | 1204 | Guooucavecac. | 1924 |Grrrrcarcene | Bon %0
5 | conccoaveane | 1205 |ouecacsenuco | 1875 | rrccasecarer | BXon 56
%6 |gocceaveavs | 1206 |puccacaenve | 1826 | rrocacaaare | BRonSe
W7 yeconvenve | 1207 |ooccaceny | 1927 |zrccaceear | Eon 6
9 |cconveave | 1208 |uecacsen | 1928 rrecacaon | BXoR 36
#9 | cconvenvecac | 1209 |accuvccacaea | 1829 |acorrecacaca | Bon 56
90 |convenoe | 1210 [yoccacee | 1830 | rrocacaa | Bon e
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1 |cenvcavecae | 1211 |ncconecacee | 1931 |acernccases | BronSS
92 |nocnvecne - | 1212 |nccovecas - | 1832 |accrrocas . Bron 3
3 |genvscac | 1213 [sccuocen | 1893 [cerreen | Bronse
4 |ooooacanacac | 124 |cacuccaveane | 18 |cacrocarcare | Bion36
5 |canncancuece | 1215 | coovcuconnae. | 1835 |correraraaee | BronSS
96 |cocnucanaca | 1216 |covooacocee | 1996 |crrractcee | BonSS
97 | caveamacanos | 217 |ceocovooncue | 1997 |ercrrrmacae | BronSS
% |canncanvoee | 1218 |caceocoooon | 1998 | Cacererrrma | BN
99 |aaoococnce | 1219 |cangveeave | 1839 Caarrecare | Mons3
60 |vgencuccue | 1220 |voconcoon | 180 rocaancerr | BonsS
0 |gageven | 221 |occcous | 1841 |recerrg o Bronss
02 |cccenvoanca | 1222 |cuvouncoceey | 142 |crrrmacrocer. | BonSS
3 |cannnvacouce | 1223 |puosucccveee | 183 rrmrecerse | oS3
4 |agucacavue | 122 | Gacanvosen | 19 Gaganrroca | mon 3
5 |oucacaouca | 1229 |aoanavose | 1945 |encanrroe | Inwons3
6 |cncavuenue . | 1226 | oaeacnavo - | 184 |trooncants | Iwonss
7 acavucavce | 227 |ovoceacann | 197 | rrrocacaar - Inron 3
6% |capucavce | 1226 |ovocoacan | 198 |rrracacan - Inons3
09 |noocaoce | 1229 [ooosenca | 199 rrrcanea | Iorons3
610 |aoavucoucuue | 1239 |uacacnavonce. | 180 | pocaaarzace | mon 53
611 |puavcacaace | 1231 |ococucosace | 1891 | arcrercrcace | BronsS
612 |crancac | 232 |covucoen | 182 |ornoren | Bxon%6
613 |aasacacee | 1233 |caceovove | 189 |cacerrere | Bxons6
614 |aanncaccen | 123 |conceouooe | 189 |ccagerrers | BonsS
615 |aaancaceenn | 1239 |uecacovoeue | 1855 | recaerrers | Bxonss
616 |aancacconnn | 1236 |vcencaooey | 186 arccacernor | BxonsS
617 |acecanannnoc | 1237 |ooenvcence | 187 |rrrrearcoace . | BronsS
618 | conveaveeaco | 1238 |anccovecacee | 188 |aacorrocases . BonSS
619 |ucaveeaco | 1239 |asccovcen | 189 |anccrreen | Bxonss
20 |gonoccacucco | 1240 |cocanccoocea | 1890 |Conncorroca | BXonSS
@1 |caoseacuccn | 241 |coaanceoee | 1861 cocancorroe | BronS6
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GGAAGGUUCCGAU

CAGGACUGCAUCA

CAGGACTGCATCA

622 | cavecacuccue | 1%* |uceeaaccuuce | 1892 |rceeaaccrrec | BOn 36
23 | CAACBUUCCGAVG |7y [ ACUGCRUCAUCGS | oo TACTGCATCATCGE | oo
2 |eucoucuuaca | 2% |cavcaveeoanc | 1964 |carcarcoonnc | X006
5 | Cuenucanacan | 1245 |ucovuuacucee | 1865 | rerrrracroce | BonsS
26 | Canvucucace | 1246 |caavvecauce | 1366 |canrrogarce | Iwonss
7 | xuscacuccve | 1247 |ucaeaaccune | 1967 | roceancorre | Brons6
8 |cencuccucuy | 1248 | cavceenaccy | 1868 |carcogancer | om0
29 | Caguccoeun | 1249 |cavceennce | 189 |carcaaance | BAons6
30 |aagcveny | 1250 |coccoue | 1870 |erccorra | Bronss
1 | auccanvueanc | 125! |cacancacuccy | 871 |cacancaczeer | 1non S
% | Cannavnc | 252 [veccueee. - | 1872 |recereee. | lnwonss
% |aavucacavue | 1253 |cacaucenn | 1873 |cagaarrecan | IEon 53
63 |avueacavuca | 125 |coacanvucen | 1874 |concantzgea | Mawon5S
635 | pueacaouca | 1255 |oacacanvuce | 875 |reencantrge | Mmmonss
636 | pencavucane | 1256 |vooeacanuue | 1876 |trcoacaarze | Iiron 53
637 | cacavucavce | 1257 |vuveeacaauu - | 1877 |r1ceacants | IonSS
38 | peawvcavose | 1258 | auovocacany | 1878 |nrrrconcans | o 53
% | Cavucavcee | 1259 |avovceacan | 1870 |arrrcacan | onSS
640 |aoucavcee | 1200 |apoeeaca | 1850 |arrrceaca | Ion s
61 | sencacacaucy | 126 |covenauuucac | 1881 |erreantrrcac | om0
642 | a0 | 1262 | cornanomi | 1882 | Canraranaa | Bxon 56
643 |Ganmacas | 1203 |aoovavean | 18 |cerrerear | BXOnS6
64 | caveaveeacue | 12 |cancouvceace | 8% |cancorrceace | BXon 0
&5 | nveavccacue | 1255 |cancouucene | 1885 |cancerncoae | BXOn 56
646 | venvecacue | 1266 |cancouvcca | 1886 |cancorrcen | Xm0
647 | anoseacue - | 1257 |cancovoee | 1887 |eancorree | Exon 6
648 | seavennacany | 1268 |cocovuuacuce | 1838 |ererrrracree | BRon s
9 | cancanvoe - | 129 |coavccaca | 1889 |cearccaca | ImonSS
650 | pecacuccoeoy | 1270 |cavcaanaccun | 1890 |carcaaancorr | BX0n %0
651 |aanacoe | 27! |coavony | 1891 |cenrrar . Tatronsé
652 |peenntueanca | 1272 |coacancacuee | 1892 |concangagree | MironSS
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653 |caavucocac | 1273 |maouceavce | 1893 narrocazce | Inonss
654 |cananonco | 274 |cocecusee | 189 |Grecereee | Inwons3
655 |anavucacaoue | 1273 | cacanvoacana | 1895 |cacanrrocaan | TMIOR 53
656 |anuucacavocn | 1776 |ceacanvusenn | 1896 |concanrocan | 1090 53
657 | aoveacaoucay | 27 [ooeacanoosea | 1897 | rocacanrroca | 1n0onsS
658 |gocacavocaue | 1278 |oceacaaovce. | 1898 rrscncanrroe | Inons3
659 |oeacavucaocs | 779 |vouecacanuoe | 1999 | rracoacaarrs | Ioonss
660 |cacavucavcac | 1280 |soouscacanon | 1990 |arrrccacaars | Inronss
%1 acavucacecy | 1281 |avouccacnan | 1901 | aarrrecacant | TN 53
62 |aovenvcaco | 282 [aavovcoacn | 1902 |anrrrccnca | lwonss
63 |ucaocee | 293 |avoveca | 1903 arrace | Imons3
664 | cavoanancas | 2% |cooncucaonn | 1904 |ernorentan | BXon56
%5 |nooannacace | 1255 |nococugaon | 1905 |correreara | BRonSS
66 | cancanuuco | 1286 [ocsnvccaca | 1998 |reeazcoaca . 1mon 3
7 |ancanvoc - | 1287 |Gonvccac - | 1997 |Glazconc | Iwonss
65 |oococaceny | 1268 [oucanvocen | 1908 trcaarroca | ons3
9 |amaaonco | 1299 |oocccuse | 1909 |Grocenee | Inons3
670 [ooanncoe | 1290 |conpunoo | 1910 |cearmapy | Inwon 4
671 | acanoucucas | 291 |aaoneeavcen | 1911 |aarmoearcea  Inmons3
672 |acannavaco | 1292 |Gucccuacco | 1912 |Grcceraser | on 53
73 |canaavacoo | 1299 [ococecosse | 1913 rorccereee | 1nons3
674 |cavocavccco | 129 |anoovcaacan | 1914 anrrrcoacas | 1aon s3
%5 |novcavcecos | 1299 |Ganouccaca | 1915 |Gasrrrccaca | Inon 3
%5 |ovonvece | 1296 |xuvosene | 1916 |arracens | oSS
77 |ucavcecy | 297 [aaooveea | 1917 Anrracn - Iwons3
8 |oavucuvconce | 1298 | Guacagaaouac | 1918 |Gracacaarrac | IonSS
9 |coaveanaacac | 1299 |eovcocaonnn | 1919 |cerroreataan | BonSS
0 |ancanvoco | 1390 |pecavceac | 1920 | recarcenc | WonSS
1 |upcocaceavs | 1391 |Govcanvosen | 1921 |Grrcanrreca | | 1nons3
2 |ananoncoo | 1392 |peocceuce | 1922 | rorcceree | IonSS
3 |ucavcecon | 1998 |Ganvoucon | 1923 |Ganrracen | Tons3
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64 | aocecuve | 130 [eanoovee | 192¢ | tearrree | lniwonss
685 | camoocuve | 1395 |aamnvoncen | 1925 |aaantracen | lnoonSs
86 | sacanvococae | 1396 |savvooavceac | 1926 |aarrasrccac | Ionss
687 | scanucueace | 137 |canovoeaveen | 1927 |cantrogarcen | lon 53
688 | Canucoe | 1308 |Gocenvce | 1928 |Treearce | lntwonSS
689 | yncananoac | 1% |vcecusecuve | 19%° |reecracerre | Iwon 53
90 |incannaungo | 1319 |Gocecusscuu | 1930 |Grcecreserr | lmmon s
091 |ncannnoncuo | 11 |sevcecusecy - | 193! |Terceereeer | lwon S
gop |CCCRGGGACARAR ||, ) |CRACURUUUUGUD | o, [CAACTAITITGIT | |\ s
693 | Cavvcavcecuy | 1313 |aanvovconcea. | 1993 |aanttreoacaa | omon 53
694 | apucavcocous | 1314 |ueanvcenca | 193 | Toantizecaca | 1wonSs
095 |ucavcacy | 15 |aaooveeas | 1935 |Aatirceas | Iwonss
696 |acuccoe | 1316 [socamnc | 1936 | teaoane | Exens6
897 |goccuen | 317 [avceonn - | 1997 |Atceena | Exonse
698 |ecoaus | B18 |Caveaen | 1938 |Gazeaen | Exonse
9 |ccsuuacan | 19 |acavcavcaon | 193° acatcatceca | Exons6
700 | yecuouuncana | 1329 |vecaveauceen | 190 |zecatcarcoea | Exense
701 |yocvenecauuo | 132 |seoucanueeh | 1941 |Terrcantrocn | 1on SS
702 |sannvnguve | 132 |oevcecuon | 1942 |Trercectes | Iuonss
705 |gucancecuo | 1323 |Gaavovceat | 19%3 | Gantrrcoas | lwon s
104 | Genveecooe | 32 |ooaavoneen | 1944 | rennaazoga | MntwonSs
705 | cammucoue | 1325 | aennvuncora | 1945 | aeanttaccaa | otron 53
706 | caoaocuucy | 1326 |Cacanouacea - | 196 | Cacanrtaces, | latmon 53
7 |oonnne | 1327 [soomovn | 197 srara | IntonS4
708 | eanvucue | 1328 |Goceaveen | 1948 |Treeatcea . Imonss
79 |iancanantnco | 132 |Gocecucecuve. | 19% |Greceraserrg | Inmon 53
70 |3 annaoncons | 1330 |posucecusecy | 1950 | Trercecraser | lnmonSS
T |guccoeon | 1330 | caucaaan - | 195 |Gazcocan . | Bxonss
712 | Gucammuucuue. | 1332 | ennvuaccana, | 1952 | ennrtaceans | 1on 53
713 |y caoanoconey | 1333 |caanouaccan. | 1953 | cacantraceas | Iimon 53
714 | Cauavocuvcuy | 133 |ccacanvuacea | 195% | Geacanrracca | latonss
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75 | canvucoca | 1335 |avogeavcen | 1955 |azrocatcen | Ionss
716 |acuccvens | 13 |cavceemnc | 199 |Carcooaac | Bxons6
M | Goccucumn | 337 |ucavcaenn | 1957 |reazcocan | Bronse
718 | poavvcuue | 1338 | aganounce | 1958 |aganrrace | lonss
iy |SCSSHUERUEERG |55y |USUMMERCOREDS | 1 [ ICHACRGERTTS | 5,
70 | poavocuucy | 1340 | cacanuonce | 199 |Caganrrace | eSS
721 | ucovevonca | 1341 |caveavcaenn | 1961 |cazcaroaaan | BRon0
722 |gavucovcone | 1342 |cecacanouac | 1962 |zocacantzac | Iron 53
723 | Caccavuocuac | 133 | canvveuucany | 1963 |canrzerTCART . | Miron 53
74 |ooanancace | 134 |ncovvouenu | 196% |acerreTear | Bxonse
725 | canaacace | 1345 |aceuveven | 1965 |acerrerea | Exonse
76 |anancace - | 1346 |aceuveve | 1966 |ncerrere | Bxomse
™7 | Zoecacue | 47 |Gascovoe | 1967 |aancorre | Bxonse
78 | Soeoacuoce | 134 |coenncoute | 1958 |coenaccrre | Exon 6
79 |Gacague | 1349 |Gancows | 199 |cancorr | Bxons6
70 | Gacaeuccy | 1350 |Goenccun | 1970 |Cocaacorr | Bxons6
71 |Goocancace | 1351 |cooancuee | 197! |cocancoree | ItwonS4
72 | Gancouoce | 1352 | Gaveucass - | 1972 |aatcrcace | BEonss
73 | daccueen | 1353 |oacacee - | 1973 |Tacaceca | lamonsé
74 | Ceen o | 35 [oacacee | 1974 |tacagee | latons4
75 |eoveeus - | 1355 |goacagee | 1975 |T1acacee | lwonS4
736 |uocecuese - | 1356 |oacaccean - | 1976 |tacaccoan | Imons4
77 |yececuccoe | 1357 |voacacecan | 1977 | rracacccan | lawonsé
35 |BUGGCRAGURAGU | . o |AUGCCUGACUUAC | oo [ATGCCTGACTTAC | Exon SS/intron 55
CAGGCAU UUGCCAU TTGCCAT junction
79 | coccvecvean | 139 |vavoacaceea | 197 |arzacaceen | 1oonSt
"0 | Gacvevenn | 1390 |vavoacacee | 1980 |tartacacee | Taonst
"1 |Geveeve - | ! [ouacace | 1981 |rracage | latonsé
"2 | Goocancac - | 1362 |coanacuce | 1982 |ceansoree | Tiron 4
™3 |Govecne | 1363 |acoceay - | 1983 |acrcear . | latronsé
744 |PRUGGCAAGUAAG | ., [AUGCCUGACUUAC | o, [ATGCCTGACTTAC | Exon 5S/inwon 55
UCAGGCAU UUGCCAUU TTGCCATT | junction
245 |RUGGCARGUAAGU | | |AAUGCCUGACUUA | oo [AATGCCTGACTTA | Exon 55/intron 55
CAGGCAUU CUUGCCAU CTTGCCAT junction
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UUGGCUGUAAUAA UUCACCACCCCAU TTCACCACCCCAT

746 |yceeeucaucaa | 1390 |vavuacacecan | 1980 |tarTacacccan | Intron 54
UAAUGGGGUGGUG CCAGUUUCACCAC CCAGTTTCACCAC

747 | anacuce 1367 | cccavua 1987 | cocaTTa Intron 54

7ag | UGGCAAGUAAGUC | o [CGGARAUGCCUGA | oo [CGGARATGCCTGA | Exon S5/ntron 55
AGGCAUUUCCG CUUACUUGCCA CTTACTTGCCA junction
GCUGUAAUAAUGG UUCACCACCCCAU TTCACCACCCCAT

749 | GeucGUGAA 1369 | yavuacace 1989 | rarTacace Intron 54

150 |RAUGGCAAGUAAG | | "[AAUGCCUGACUUA | oo |AATGCCTGACTTA | Exon SS/intron 55
UCAGGCAUU CUUGCCAUU CTTGCCATT junction

45 |RUGGCRAGURAGU | | .. [AAAUGCCUGACUU | oo [ARATGCCTGACTT | Exon 53fintron 55
CAGGCAUUU ACUUGCCAU ACTTGCCAT junction

75y | GCAAGUAAGUCAG | | [AGCGGARAUGCCU | oo [AGCGGARATGCCT | Exon Sfintron 55
GCAUUUCCGCU GACUUACUUGC GACTTACTTGC junction
AUAAUGGGGUGGU CCAGUUUCACCAC CCAGTTTCACCAC

733 | Ganacuae 1373 | cccavvau 1993 | cocaTTaT Intron 54

154 |ARUGGCAAGUAAG | . |UGCCUGACUUACU | oo, [TGCCTGACTIACT | Exon SSfintron 55
UCAGGCA UGCCAUU TGCCATT junction

755 |AUGGCAAGUAAGU | . |CGGARRUGCCUGA | o |CGGAAATGCCTGA | Exon 3Sfintron 55
CAGGCAUUUCCG CUUACUUGCCAU CTTACTTGCCAT | junction
CGAUGAUGCAGUC UCUUUGUAACAGG TCTTTGTAACAGG

756 | cucuuacaaaca | 1370 |acuscaucavce | 199 |acreeaTcarce | ExonS6

757 AAUGGCAAGUAAG 1377 AAAUGCCUGACUU 1997 AAATGCCTGACTT | Exon 55/intron 535
UCAGGCAUUU ACUUGCCAUU ACTTGCCATT junction

75g | GCARGUAAGUCAG | .o |GGARAUGCCUGAC | oo | GGARATGCCIGAC | Exon 5Sfintron 55
GCAUUUCC UUACUUGC TTACTTGC junction

759 | GCARGUBAGUCAG [ o [AAGCGGARAUGCC | oo [AAGCGGARATGCC | Exon SSfintron 55
GCAUUUCCGCUU UGACUUACUUGC TGACTTACTTGC | junction

760 CAAGUAAGUCAGG 1380 AGCGGAAAUGCCU 2000 AGCGGAAATGCCT | Exon 55/intron 55
CAUUUCCGCU GACUUACUUG GACTTACTTG junction
AAUAAUGGGGUGG CCAGUUUCACCAC CCAGTTTCACCAC

761 | yeanacuce 1381 | cccavuavy 2001 |cecaTTATT Intron 54

26 | GGCAAGUAAGUCA | . [GAAAUGCCUGACU |, [GAAATGCCTGACT | Exon SSfintron 55
GGCAUUUC UACUUGCC TACTTGCC | junction
CCGAUGAUGCAGU CUUUGUAACAGGA CTTTGTAACAGGA

763 | ccucuuacarag | 1383 |cuccaucauces | 2993 |creearcatces | EXonS6

764 |GCRAGUAAGUCAG | .., [CGGARAUGCCUGA | o |CGGARATGCCTGA | Exon SS/intron 55
GCAUUUCCG CUUACUUGC CTTACTTGC junction

265 | CARGUAAGUCAGG | | . |GCGGARAUGCCUG |, |GCGGARATGCCTG | Exon 55/intron 55
CAUUUCCGC ACUUACUUG ACTTACTTG junction
GUUUGGUAAUUCU GAAUAUGUGCAGA GAATATGTGCAGA

766 | Geacauauuc 1386 | syuaccannc 2006 | arraccanac Intron 55
UAAUAAUGGGGUG CCAGUUUCACCAC CCAGTTTCACCAC

767 | GucanacuGe 1387 | cccavuavua 2007 | cconTTATTA Intron 54

768 UGGCAAGUAAGUC 1388 GAAAUGCCUGACU 2008 GAAATGCCTGACT | Exon 55/intron 55
AGGCAUUUC UACUUGCCA TACTTGCCA junction

26 | GGCARGUAAGUCA [ oo GGARAUGCCUGAC |, o [GGAAATGCCTGAC | Exon SS/intron 55
GGCAUUUCC UUACUUGCC ? |TTACTTGCC junction
CCGAUGAUGCAGU UAACAGGACUGCA TAACAGGACTGCA

710 | ccucuua 1390 | yeaucas 2010 | roatega | Exon 56
CGAUGAUGCAGUC GUAACAGGACUGC GTAACAGGACTGC

771 | cuGuuac 1391 | sucauce 2011 | apcates Exon 56
CCAAAUUCACAUU ACAAGCGAUGAAU ACAAGCGATGAAT

772 | caucecuucy 1392 | cucaauuuce 2012 | GrGAATTTGG Intron 55
GUUUGGUAAUUCU AGAAUAUGUGCAG AGAATATGTIGCAG

773 | Geacavavucy 1393 | aavuaccanac 2013 | A prTACCAAAC Intron 55
GUAAUAAUGGGGU UUUCACCACCCCA TTTCACCACCCCA

714 | Geucaaa 1394 | yuavuac 2014 | 1 raTTAC Intron 54
GUAAUAAUGGGGU CAGUUUCACCACC CAGTTTCACCACC

715 | GeuGaaacuG 1395 | ccavuavuac 2015 | ceaTTATTAC Intron 54

776 GGCAAGUAAGUCA 1396 CGGAAAUGCCUGA 2016 CGGAAATGCCTGA | Exon 55/intron 55
GGCAUUUCCG CUUACUUGCC CTTACTTGCC junction
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CCGAUGAUGCAGU UGUAACAGGACUG TGTAACAGGACTG

717 | ccucuuaca 1397 | cavcaucee 2017 | catcatcee Exon 56
GUAAUAAUGGGGU AGUUUCACCACCC AGTTTCACCACCC

718 | Geueaaacy 1398 | cavuavuac 2018 | carTATTAC Intron 54
CUCCAAAUUCACA ACAAGCGAUGAAU ACAAGCGATGAAT

71 |yucavcecuuey | 1399 |cueanrvuuceac | 2019 |greaarTToGag | IntromSS

T Each thymine base (T) in any one of the oligonucleotides and/or target sequences provided in Table 8 may
independently and optionally be replaced with a uracil base (U), and/or each U may independently and optionally
be replaced with a T. Target sequences listed in Table 8 contain U’s, but binding of a DMD-targeting
oligonucleotide to RNA and/or DNA is contemplated.

[000201] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) targets a region of a DMD sequence. In some embodiments, an oligonucleotide
useful for targeting DMD (e. g., for exon skipping) targets a region of a DMD RNA (e.g., the
Dp427m transcript of SEQ ID NO: 130). In some embodiments, an oligonucleotide useful for
targeting DMD (e.g., for exon skipping) comprises a region of complementarity to a DMD RNA
(e.g., the Dp427m transcript of SEQ ID NO: 130). In some embodiments, an oligonucleotide
useful for targeting DMD (e.g., for exon skipping) comprises a region of complementarity to an
exon of a DMD RNA (e.g., SEQ ID NO: 2142, 2152, or 2165). In some embodiments, an
oligonucleotide useful for targeting DMD (e.g., for exon skipping) comprises a region of
complementarity to an intron of a DMD RNA (e.g., SEQ ID NO: 2145 or 2157). In some
embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping) comprises a
region of complementarity to a portion of a DMD sequence (e.g., a sequence provided by any
one of SEQ ID NOs: 2143, 2144, 2146-2151, 2153-2156, 2158-2164, and 2166-2169).
Examples of DMD sequences are provided below. Each of the DMD sequences provided below
include thymine nucleotides (T’s), but it should be understood that each sequence can represent
a DNA sequence or an RNA sequence in which any or all of the T’s would be replaced with

uracil nucleotides (U’s).

[000202] Homo sapiens dystrophin (DMD), transcript variant Dp427m, mRNA (NCBI

Reference Sequence: NM_004006.2)

TCCTGGCATCAGTTACTGTIGTITGACTCACTCAGTGTTGGGATCACTCACTTTCCCCCTACAGGACTCAGATCTGGGA
GGCAATTACCTTCGGAGAARAACGAATAGGAAAARACTGAAGTGTTACTITITITARAGCTGCTGAAGTTTGTTGGTT
TCTCATTGTTTTTAAGCCTACTGGAGCAATAAAGTTTGAAGAACTTITTACCAGGTTITITTITTATCGCTGCCTTGATA
TACACTTTTCAAAATGCTTTGGTGGGAAGAAGTAGAGGACTGTITATGAAAGAGAAGATGTTCAAAAGAAAACATTCA
CAAAATGGGTAAATGCACAATTITTCTAAGTTITGGGAAGCAGCATATTGAGAACCTCTTCAGTGACCTACAGGATGGG
AGGCGCCTCCTAGACCTCCTCGAAGGCCTGACAGGGCAAAAACTGCCAAAAGAARAAGGATCCACAAGAGTTCATGC
CCTGAACAATGTCAACAAGGCACTGCGGGTTTTGCAGAACAATAATGTTGATTITAGTGAATATTGGAAGTACTGACA
TCGTAGATGGAAATCATARACTGACTCTITGGTTTGATTTGGAATATAATCCTCCACTGGCAGGTCARRAATGTAATG
AARAATATCATGGCTGGATTGCAACAAACCAACAGTGAARAGATTCTCCTGAGCTGGGTCCGACAATCAACTCGTAA
TTATCCACAGGTTAATGTAATCAACTTCACCACCAGCTGGTCTGATGGCCTGGCTTTIGAATGCTCTCATCCATAGTC
ATAGGCCAGACCTATTTGACTGGAATAGTGTGGTITGCCAGCAGTCAGCCACACAACGACTGGAACATGCATTICAAC
ATCGCCAGATATCAATTAGGCATAGAGAAACTACTCGATCCTIGAAGATGTTGATACCACCTATCCAGATAAGAAGTC
CATCTTAATGTACATCACATCACTICTTCCAAGTTTTGCCTCAACAAGTGAGCATTGAAGCCATCCAGGAAGTGGARAR
TGTTGCCAAGGCCACCTAAAGTGACTAAAGAAGAACATTTTCAGTTACATCATCAAATGCACTATTCTCAACAGATC
ACGGTCAGTCTAGCACAGGGATATGAGAGAACTTICTITCCCCTAAGCCTICGATTCAAGAGCTATGCCTACACACAGGC
TGCTTATGTCACCACCTCTGACCCTACACGGAGCCCATTTICCTTCACAGCATTTGGAAGCTCCTGAAGACAAGTCAT
TTGGCAGTTCATTGATGGAGAGTGAAGTAAACCTGGACCGTTATCAAACAGCTTTAGAAGAAGTATTATCGTGGCTT
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CTTTCIGCTGAGGACACATTGCAAGCACAAGGAGAGATTITICTAATGATGTGGAAGTGGTGAAAGACCAGTTTICATAC
TCATGAGGGGTACATGATGGATTTGACAGCCCATCAGGGCCGGGTTGGTAATATTCTACAATTGGGAAGTAAGCTGA
TTGGAACAGGAAAATTATCAGAAGATGAAGAAACTGAAGTACAAGAGCAGATGAATCTCCTAAATTCAAGATGGGAA
TGCCTCAGGGTAGCTAGCATGGAAAAACAAAGCAATTTACATAGAGTITTTAATGGATCTCCAGAATCAGAARCTGAA
AGAGTTGAATGACTGGCTAACAAAAACAGAAGAAAGAACAAGGAAAATGGAGGAAGAGCCTCTTGGACCTGATCTTG
AAGACCTAARACGCCAAGTACAACAACATAAGGTGCTTCAAGAAGATCTAGAACAAGAACARAGTCAGGGTCAATTCT
CTCACTCACATGGTGGTGGTAGTTGATGAATCTAGTGGAGATCACGCAACTGCTGCTTTGGARGAACAACTTAAGGT
ATTGGGAGATCGATGGGCAAACATCTGTAGATGGACAGAAGACCGCTGGGTTCTTTTACAAGACATCCTTCTICAAAT
GGCAACGTICTTACTGAAGAACAGTGCCTTTTTAGTGCATGGCTTTCAGAAAAAGAAGATGCAGTGAACAAGATTCAC
ACAACTGGCTTTAAAGATCAAAATGAAATGTTATCAAGTCTTCAAAAACTGGCCGTTTTAAAAGCGGATCTAGAARR
GAAAAAGCAATCCATGGGCAAACTGTATTCACTCAAACAAGATCTTCTTTCAACACTGAAGAATAAGTCAGTGACCC
AGAAGACGGAAGCATGGCTGGATAACTTTGCCCGGTGTTGGGATAATTTAGTCCAAAARACTTGAAARGAGTACAGCA
CAGATTTCACAGGCTGTCACCACCACTCAGCCATCACTAACACAGACAACTGTAATGGAAACAGTAACTACGGTGAC
CACAAGGGAACAGATCCTGGTAAAGCATGCTCAAGAGGAACTTCCACCACCACCTCCCCARAAGAAGAGGCAGATTA
CTGTGGATTCTGAAATTAGGAAAAGGTTIGGATGTTGATATAACTGAACTTCACAGCTGGATTACTCGCTCAGAAGCT
GTGTTGCAGAGTCCTGAATTTGCAATCTTTCGGAAGGAAGGCAACTTCTCAGACTTAAAAGAAAAAGTCAATGCCAT
AGAGCGAGAAARAAGCTGAGAAGTTCAGAAAACTGCAAGATGCCAGCAGATCAGCTCAGGCCCTGGTGGAACAGATGGE
TGAATGAGGGTGTTAATGCAGATAGCATCAAACAAGCCTCAGAACAACTGAACAGCCGGTGGATCGAATTCTGCCAG
TTGCTAAGTGAGAGACTTAACTGGCTGGAGTATCAGAACAACATCATCGCTTTCTATAATCAGCTACAACAATTGGA
GCAGATGACAACTACTGCTGAAAACTGGTTGAAAATCCAACCCACCACCCCATCAGAGCCAACAGCAATTAARAAGTC
AGTTAAAAATTTGTAAGGATGAAGTCAACCGGCTATCAGGTCTTCAACCTCAAATTGAACGATTAAARATTCAAAGC
ATAGCCCTGAAAGAGAAAGGACAAGGACCCATGTTCCIGGATGCAGACTTITGTIGGCCTTTACAAATCATTTTAAGCA
AGTCTTTTCTGATGTGCAGGCCAGAGAGAAAGAGCTACAGACAATTTTITGACACTTTGCCACCAATGCGCTATCAGG
AGACCATGAGTGCCATCAGGACATGGGTCCAGCAGTCAGAAACCAAACTCTCCATACCTCAACTTAGTGTCACCGAC
TATGAAATCATGGAGCAGAGACTCGGGGAATTGCAGGCTTTACAAAGTTCTCTGCAAGAGCAACAAAGTGGCCTATA
CTATCTCAGCACCACTGTGAAAGAGATGTCGAAGAAAGCGCCCTICTGAAATTAGCCGGARATATCAATCAGAATTTG
ARGARATTGAGGGACGCTGGAAGAAGCTCTCCTCCCAGCTGGTTGAGCATTIGTCAAAAGCTAGAGGAGCARATGAAT
AAACTCCGAAARRATTCAGAATCACATACAAACCCTGAAGAAATGGATGGCTGAAGTTGATGTITTITTCTGAAGGAGGA
ATGGCCTGCCCTTGGGGATTCAGAAATTCTAAAAAAGCAGCTGAAACAGTGCAGACTTTTAGTCAGTGATATTCAGA
CAATTCAGCCCAGICTAARCAGTGTCAATGAAGGTGGGCAGAAGATAAAGAATGAAGCAGAGCCAGAGTTTIGCTTCG
AGACTTGAGACAGAACTCAAAGAACTTAACACTCAGTGGGATCACATGTIGCCAACAGGTCTATGCCAGAAAGGAGGC
CTTGAAGGGAGGTTTGGAGAAAACTGTAAGCCTCCAGAAAGATCTATCAGAGATGCACGAATGGATGACACAAGCTG
AAGAAGAGTATCTTGAGAGAGATTTTGAATATAAAACTCCAGATGAATTACAGARAAGCAGTTGARAGAGATGAAGAGA
GCTAAAGAAGAGGCCCAACAAAAAGAAGCGAAAGTGAAACTCCTTACTGAGTCTGTAAATAGTGTCATAGCTCAAGC
TCCACCTGTAGCACAAGAGGCCTTAAAAAAGGAACTTGAARCTCTAACCACCAACTACCAGTGGCTCTGCACTAGGC
TGAATGGGAAATGCAAGACTTTGGAAGAAGTTITGGGCATGTIGGCATGAGTTATTGTCATACTTGGAGAAAGCAAAC
AAGTGGCTAAATGAAGTAGAATTTAAACTTAAAACCACTGAARACATTCCTGGCGGAGCTGAGGAAATCTCTGAGGT
GCTAGATTCACTTGAAAATTTGATGCGACATTCAGAGGATAACCCAAATCAGATTCGCATATTGGCACAGACCCTAA
CAGATGGCGGAGTCATGGATGAGCTAATCAATGAGGAACTTGAGACATTTAATTCTCGTTGGAGGGAACTACATGAA
GAGGCTGTAAGGAGGCAARAGTTGCTTGAACAGAGCATCCAGTCTGCCCAGGAGACTGAAAAATCCTTACACTTAAT
CCAGGAGTCCCTCACATTCATTGACAAGCAGTTGGCAGCTTATATTGCAGACAAGGTGGACGCAGCTCAAATGCCTC
AGGAAGCCCAGAAAATCCAATCTGATTTGACAAGTCATGAGATCAGTTTAGAAGRAAATGAAGARACATAATCAGGGG
AAGGAGGCTGCCCAAAGAGTCCTIGTICTCAGATTGATGTTGCACAGAAAAAATTACAAGATGTCTCCATGAAGTTTICG
ATTATTCCAGAAACCAGCCAATTTTGAGCAGCGTCTACAAGAARAGTAAGATGATTTTAGATGAAGTGAAGATGCACT
TGCCTGCATTGGAAACAAAGAGTGTGGAACAGGAAGTAGTACAGTCACAGCTAAATCATTIGTIGTIGAACTTGTATARA
AGTCTGAGTGAAGTGAAGTCTGAAGTGGAAATGGTGATAAAGACTGGACGTCAGATTGTACAGAAAAAGCAGACGGA
AAATCCCAAAGAACTTGATGAAAGAGTAACAGCTTTGAAATTGCATTATAATGAGCTGGGAGCARAGGTAACAGARAA
GARAGCAACAGTTGGAGARATGCTTGAAATTGTCCCGTAAGATGCGAAAGGAAATGAATGTCTTGACAGAATGGCTG
GCAGCTACAGATATGGAATTGACARAGAGATCAGCAGTTGAAGGAATGCCTAGTAATTTGGATTCTGAAGTTGCCTG
GGGAAAGGCTACTCAAAARGAGATTGAGAAACAGAAGGTGCACCTGAAGAGTATCACAGAGGTAGGAGAGGCCTTGA
AAACAGTTTTGGGCAAGAAGGAGACGTTGGTGGAAGATAAACTCAGTCTTICTGAATAGTAACTGGATAGCTGTCACC
TCCCGAGCAGAAGAGTGGTTAAATCTTTTGTTGGAATACCAGAAACACATGGAAACTTTTGACCAGAATGTGGACCA
CATCACAAAGTGGATCATTCAGGCTGACACACTTITGGATGAATCAGAGAAAAARGARACCCCAGCAARAAGAAGACG
TGCTTAAGCGTTTAAAGGCAGAACTGAATGACATACGCCCARAGGTGGACTCTACACGTGACCAAGCAGCAAACTTG
ATGGCAAACCGCGGTGACCACTGCAGGAAATTAGTAGAGCCCCAAATCTCAGAGCTCAACCATCGATTITGCAGCCAT
TTCACACAGAATTAAGACTGGAAAGGCCTCCATTCCTTTGAAGGAATTGGAGCAGTTTAACTCAGATATACAAARAT
TGCTTGAACCACTGGAGGCTGAAATTCAGCAGGGGGTGAATCTGAAAGAGGAAGACTTCAATAARGATATGAATGAA
GACAATGAGGGTACTGTAAAAGAATTGTTGCAAAGAGGAGACAACTTACAACAAAGAATCACAGATGAGAGAAAGCG
AGAGGAAATAAAGATAAAACAGCAGCTGTTACAGACAAAACATAATGCTCTCAAGGATTTGAGGTCTCAAAGAAGAA
AARAAGGCTCTAGAAATTTICTCATCAGTGGTATCAGTACAAGAGGCAGGCTGATGATCTCCTGAAATGCTTGGATGAC
ATTGAAAAAARATTAGCCAGCCTACCTGAGCCCAGAGATGAAAGGAAAATAAAGGAAATTGATCGGGAATTGCAGAA
GAAGAAAGAGGAGCTGAATGCAGTGCGTAGGCAAGCTGAGGGCTTGTCTGAGGATGGGGCCGCAATGGCAGTGGAGC
CAACTCAGATCCAGCTCAGCAAGCGCTGGCGGGAAATTGAGAGCAAATTTGCTCAGTTTCGAAGACTCAACTTTGCA
CAAATTCACACTGTICCGTGAAGAAACGATGATGGTGATGACTGAAGACATGCCTTIGGARAATTITCTTATGTGCCTTC
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TACTTATTTGACTGAAATCACTCATGTCTCACAAGCCCTATTAGAAGTGGAACARACTTCTCAATGCTCCTGACCTCT
GTGCTAAGGACTTTGAAGATCICTTTAAGCAAGAGGAGTICTCTGAAGAATATAAAAGATAGTCTACAACAAAGCTCA
GGTCGGATTGACATTATTCATAGCAAGAAGACAGCAGCATTGCAAAGTGCAACGCCTGTGGAARGGGTGAAGCTACA
GGAAGCTCTCTCCCAGCTTGATTTCCAATGGGAAAAAGTTAACAAAATGTACAAGGACCGACAAGGGCGATTTGACA
GATCTGTTGAGAAATGGCGGCGTTTTCATTATGATATAAAGATATTTAATCAGTGGCTAACAGAAGCTGAACAGTTT
CTCAGAAAGACACAAATTCCTGAGAATTGGGAACATGCTAAATACAAATGGTATCTTAAGGAACTCCAGGATGGCAT
TGGGCAGCGGCAAACTGTTGTCAGAACATTGAATGCAACTGGGGAAGAAATAATTCAGCAATCCTCAARAACAGATG
CCAGTATTCTACAGGAAAAATTGGGAAGCCTGAATCTGCGGTGGCAGGAGGTCTGCAAACAGCTGTCAGACAGARARRA
AAGAGGCTAGAAGAACAAAAGAATATCTTGTCAGAATTTCAAAGAGATTTAAATGAATTTGTTITTATGGTTGGAGGA
AGCAGATAACATTGCTAGTATCCCACTTGAACCTGGAAAAGAGCAGCAACTAAAAGAAAAGCTTGAGCAAGTCAAGT
TACTGGTGGAAGAGTTGCCCCTGCGCCAGGGAATTCTCAAACAATTAAATGAAACTGGAGGACCCGTGCTTGTAAGT
GCTCCCATAAGCCCAGAAGAGCAAGATAAACTTGAAAATAAGCTCAAGCAGACAAATCTCCAGTGGATAAAGGTTTC
CAGAGCTTTACCTGAGAARACAAGGAGAAATTGAAGCTCAAATAAAAGACCTTGGGCAGCTTGAAAAAANGCTTGAAG
ACCTTGAAGAGCAGTTAAATCATCTGCTGCTGTGGTTATCTCCTATTAGGAATCAGTTGGAAATTTATAACCAACCA
AACCAAGAAGGACCATTTGACGTTCAGGAAACTGARATAGCAGTTCAAGCTAAACAACCGGATGTGGAAGAGATTTT
GTCTAAAGGGCAGCATTTGTACAAGGAAAAACCAGCCACTCAGCCAGTGAAGAGGAAGTTAGAAGATCTGAGCTCTG
AGTGGAAGGCGGTAAACCGTTTACTICAAGAGCTGAGGGCAAAGCAGCCTGACCTAGCTCCTGGACTGACCACTATT
GGAGCCTCTCCTACTCAGACTGTTACTCIGGTGACACAACCTGTGGTITACTAAGGAAACTGCCATCTCCARACTAGA
AATGCCATCTTCCTTGATGTTGGAGGTACCTGCTCTGGCAGATTTCAACCGGGCTTGGACAGAACTTACCGACTGGC
TTTCTCTGCTTGATCAAGTTATAAAATCACAGAGGGTGATGGTGGGTGACCTTGAGGATATCAACGAGATGATCATC
AAGCAGAAGGCAACAATGCAGGATTTGGAACAGAGGCGTICCCCAGTTGGAAGAACTCATTACCGCTGCCCARAATTT
GAAAAACAAGACCAGCAATCAAGAGGCTAGAACAATCATTACGGATCGAATTGAAAGAATTCAGAATCAGTGGGATG
AAGTACAAGAACACCTTCAGAACCGGAGGCAACAGTTGAATGAAATGTTAAAGGATTCAACACAATGGCTGGAAGCT
AAGGAAGAAGCTGAGCAGGTCTTAGGACAGGCCAGAGCCAAGCTTGAGTCATGGAAGGAGGGTCCCTATACAGTAGA
TGCAATCCAAAAGAAAATCACAGAAACCAAGCAGTTGGCCAAAGACCTCCGCCAGTGGCAGACAAATGTAGATGTGG
CAAATGACTTGGCCCTGAAACTTICTCCGGGATTATTCTGCAGATGATACCAGAAAAGTCCACATGATAACAGAGAAT
ATCAATGCCTCTTGGAGAAGCATTCATAAAAGGGTGAGTGAGCGAGAGGCTGCTTTGGAAGAARRACTCATAGATTACT
GCAACAGTTCCCCCTGGACCTGGAAAAGTTTCTTGCCTGGCTTACAGAAGCTGAAACAACTGCCAATGTCCTACAGG
ATGCTACCCGTAAGGAAAGGCTCCTAGAAGACTCCAAGGGAGTAAAAGAGCTGATGAAACAATGGCAAGACCTCCAA
GGTGAAATTGAAGCTCACACAGATGTTTATCACAACCTGGATGAAAACAGCCAAAAAATCCTGAGATCCCTGGAAGG
TTCCGATGATGCAGTCCTGTTACAAAGACGTTTGGATAACATGAACTTCAAGTGGAGTGAACTTCGGAAARAGTCTC
TCAACATTAGGTCCCATTTGGAAGCCAGTTCTGACCAGTGGAAGCGTCTGCACCTTTCTICTGCAGGAACTTICTGGTG
TGGCTACAGCTGAAAGATGATGAATTAAGCCGGCAGGCACCTATTGGAGGCGACTTTCCAGCAGTTCAGAAGCAGAR
CGATGTACATAGGGCCTITCAAGAGGGAATTGAAAACTAAAGAACCTGTAATCATGAGTACTCTTGAGACTGTACGARA
TATTTCTGACAGAGCAGCCTTTGGAAGGACTAGAGAAACTCTACCAGGAGCCCAGAGAGCTGCCTCCTGAGGAGAGA
GCCCAGAATGTCACTCGGCTTCTACGAAAGCAGGCTGAGGAGGTCAATACTGAGTGGGARAAAATTGAACCTGCACTC
CGCTGACTGGCAGAGAAAAATAGATGAGACCCTTGARAGACTCCAGGAACTTCAAGAGGCCACGGATGAGCTGGACC
TCAAGCTGCGCCAAGCTGAGGTGATCAAGGGATCCTGGCAGCCCGTGGGCGATCTCCTCATTGACTCTCTCCAAGAT
CACCTCGAGAAAGTCAAGGCACTTCGAGGAGAAATTGCGCCTCTGAAAGAGAACGTGAGCCACGTCAATGACCTTGC
TCGCCAGCTTACCACTTTGGGCATTCAGCTCTCACCGTATAACCTCAGCACTCTGGAAGACCTGAACACCAGATGGA
AGCTTCTGCAGGTGGCCGTCGAGGACCGAGTCAGGCAGCTGCATGAAGCCCACAGGGACTTTGGTCCAGCATCTCAG
CACTTTCTTTCCACGTCTGTCCAGGGTCCCTGGGAGAGAGCCATCTCGCCAAACAAAGTGCCCTACTATATCAACCA
CGAGACTCAAACAACTTGCTGGGACCATCCCAAAATGACAGAGCTCTACCAGTCTTTAGCTGACCTGAATAATGTCA
GATTCTCAGCTTATAGGACTGCCATGAARACTCCGAAGACTGCAGAAGGCCCTTTIGCTTGGATCTICTTGAGCCTGTCA
GCTGCATGTGATGCCTTGGACCAGCACAACCTCAAGCAARAATGACCAGCCCATGGATATCCTGCAGATTATTAATTG
TTTGACCACTATTTATGACCGCCTGGAGCAAGAGCACAACAATTTGGTCAACGTCCCTCTCTGCGTIGGATATGTGTC
TGAACTGGCTGCTGAATGTTTATGATACGGGACGAACAGGGAGGATCCGTGTICCTIGTCTTTTAAAACTGGCATCATT
TCCCTGTGTAAAGCACATTTGGAAGACAAGTACAGATACCTTTTCAAGCAAGTGGCAAGTTCAACAGGATTTITGTGA
CCAGCGCAGGCTGGGCCTICCTTCTGCATGATTCTATCCAAATTCCAAGACAGTTGGGTGAAGTTGCATCCTTTGGGG
GCAGTAACATTGAGCCAAGTGTCCGGAGCTGCTTCCAATTTGCTAATAATAAGCCAGAGATCGAAGCGGCCCTCTIC
CTAGACTGGATGAGACTGGAACCCCAGTCCATGGTGTGGCTGCCCGTCCTGCACAGAGTGGCTGCTGCAGARACTGC
CAAGCATCAGGCCAAATGTAACATCTGCAAAGAGTGTCCAATCATTGGATTCAGGTACAGGAGTCTAAAGCACTTTA
ATTATGACATCIGCCAARAGCTGCTTTTITITCTGGTCGAGTTGCARAAGGCCATAAAATGCACTATCCCATGGTGGAA
TATTGCACTCCGACTACATCAGGAGAAGATGTTCGAGACTTTGCCAAGGTACTARAAAACAAATTTCGAACCAAAAG
GTATTTTGCGAAGCATCCCCGAATGGGCTACCTGCCAGTGCAGACTGTCTTAGAGGGGGACAACATGGAAACTCCCG
TTACTCTGATCAACTTCTGGCCAGTAGATTCTGCGCCTGCCTCGTCCCCTCAGCTTTCACACGATGATACTCATTCA
CGCATTGAACATTATGCTAGCAGGCTAGCAGARATGGAAAACAGCAATGGATCTTATCTARATGATAGCATCTCTCC
TAATGAGAGCATAGATGATGAACATTTGITAATCCAGCATTACTGCCAAAGTTTGAACCAGGACTCCCCCCTIGAGCC
AGCCTCGTAGTCCTGCCCAGATCTTGATTTCCTTAGAGAGTGAGGAAAGAGGGGAGCTAGAGAGAATCCTAGCAGAT
CTTGAGGAAGAAAACAGGAATCTGCAAGCAGAATATGACCGTCTAAAGCAGCAGCACGAACATAAAGGCCTGTCCCC
ACTGCCGICCCCTCCTGAAATGATGCCCACCTCTCCCCAGAGTCCCCGGGATGCTGAGCTCATTGCTGAGGCCAAGT
TACTGCGTCAACACAAAGGCCGCCTGGAAGCCAGGATGCAAATCCTGGAAGACCACAATAAACAGCTGGAGTCACAG
TTACACAGGCTAAGGCAGCTGCTGGAGCAACCCCAGGCAGAGGCCAAAGTGAATGGCACAACGGTGTCCTICTCCTTC
TACCTCTCTACAGAGGTCCGACAGCAGTCAGCCTATGCTGCTCCGAGIGGTTGGCAGTCAAACTTCGGACTCCATGG
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GTGAGGAAGATCTTICTCAGTCCTCCCCAGGACACAAGCACAGGGTTAGAGGAGGTGATGGAGCAACTCAACAACTCC
TTCCCTAGTTCAAGAGGAAGAAATACCCCTGGAAAGCCAATGAGAGAGGACACAATGTAGGAAGTCTITTTCCACATG
GCAGATGATTTGGGCAGAGCGATGGAGTCCTITAGTATCAGTCATGACAGATGAAGAAGGAGCAGAATAAATGTTTTA
CAACTCCTGATTCCCGCATGGTTTITTATAATATTCATACAACAAAGAGGATTAGACAGTAAGAGTTTACAAGARAATA
AATCTATATTTTTGTGAAGGGTAGTGGTATTATACTGTAGATTTCAGTAGTTTCTAAGTCTGTTATTGTTITIGTTAA
CAATGGCAGGTTTTACACGTCTATGCAATTGTACAAAARAAGTTATAAGAAAACTACATGTAAAATCTTGATAGCTAA
ATAACTTGCCATTTCTTTATATGGAACGCATTTTGGGTTGTTTAAAAATTTATAACAGTTATARAGAAAGATTGTAA
ACTAAAGTGTGCTTITATAAAAAAAAGTTGTTTATAAAAACCCCTAAAAACARAACAAACACACACACACACACATAC
ACACACACACACAAAACTTTGAGGCAGCGCATTGTTTTGCATCCTITIGGCGTGATATCCATATGARATTCATGGCT
TITTCTTTTTTTGCATATTAAAGATAAGACTTCCTCTACCACCACACCARAATGACTACTACACACTGCTCATTTGAG
AACTGTCAGCTGAGTGGGGCAGGCTTGAGTTTTCATTTCATATATCTATATGTCTATAAGTATATAAATACTATAGT
TATATAGATAAAGAGATACGAATTTCTATAGACTGACTTTTTICCATTTITTARATGTTCATGTCACATCCTAATAGA
AAGARATTACTTCTAGTCAGTCATCCAGGCTTACCTGCTTGGTCTAGAATGGATTITTTCCCGGAGCCGGAAGCCAGS
AGGAAACTACACCACACTAAAACATTGTCTACAGCTCCAGATGTTTICTCATTTTAAACAACTTTCCACTGACAACGA
AAGTAAAGTAAAGTATTGGATTTTTTTAAAGGGAACATGTGAATGAATACACAGGACTTATTATATCAGAGTGAGTA
ATCGGTTGGTTGGTTGATTGATTGATTGATTGATACATTCAGCTTCCTGCTGCTAGCAATGCCACGATTTAGATTTA
ATGATGCTTCAGTGGAAATCAATCAGAAGGTATTICTGACCTTGTGAACATCAGAAGGTATTTITTTARCTCCCAAGCA
GTAGCAGGACGATGATAGGGCTGGAGGGCTATGGATTCCCAGCCCATCCCTGTGAAGGAGTAGGCCACTCTTTAAGT
GAAGGATTGGATGATTGTTCATAATACATAAAGTTCTCTGTAATTACAACTAAATTATTATGCCCTCTTCTCACAGT
CAARAAGGAACTGGGTGGTTTGGTTTTTGTTGCTTTTTTAGATTTATTGTCCCATGTGGGATGAGTTTTTAAATGCCA
CAAGACATAATTTAAAATAAATAAACTTTGGGAAAAGGTGTAAAACAGTAGCCCCATCACATTTGTGATACTGACAG
GTATCAACCCAGAAGCCCATGAACTGTIGTITTCCATCCTTTGCATTITCTCTGCGAGTAGTTCCACACAGGTTITGTAAG
TAAGTAAGAAAGAAGGCAAATTGATTCAAATGTTACAAAAAAACCCTTICTTIGGTGGATTAGACAGGTTAAATATATA
AACAAACAAACAAAAATTGCTCAAAAAAGAGGAGAAAAGCTCAAGAGGAAAAGCTAAGGACTGGTAGGAAAAAGCTT
TACTCTTTCATGCCATTTTATTTICTTITTTGATTTTTAAATCATTCATTCAATAGATACCACCGTGTGACCTATAATT
TIGCAAATCTGTTACCTCTGACATCAAGTGTAATTAGCTTTTGGAGAGTGGGCTGACATCAAGTGTAATTAGCTTTT
GGAGAGTGGGTTTTGTICCATTATTAATAATTAATTAATTAACATCAAACACGGCTTCTCATGCTATTTCTACCTCAC
TTTGGTTTTGGGGTGTTCCTGATAATTGTGCACACCTGAGTTCACAGCTTCACCACTTGTCCATTGCGTTATTTTICT
TTTTCCTTTATAATTCTTTCTTTTTCCTTCATAATTTTCAAAAGAAAACCCAAAGCTCTAAGGTAACAAATTACCAA
ATTACATGAAGATTTIGGTITTTTGTCTTGCATTTTTTTICCTTTATGTGACGCTGGACCTTTTCTTTACCCAAGGATTT
TTAAAACTCAGATTTAAAACAAGGGGTTACTTTACATCCTACTAAGAAGTTTAAGTAAGTAAGTTTCATTCTAAAAT
CAGAGGTAAATAGAGTGCATAAATAATTTIGTTTTAATCTTTITIGTTITICTTTTAGACACATTAGCTCTGGAGTGA
GTCTGTCATAATATTTGAACAAAAATTGAGAGCTTTATTGCTGCATTTTAAGCATAATTAATTTGGACATTATTTCG
TGTTGTGTTCTTTATAACCACCAAGTATTAAACTGTAAATCATAATGTAACTGAAGCATAAACATCACATGGCATGT
TTTGTCATTGTTTICAGGTACTGAGTTICTTACTTGAGTATCATAATATATTGTGTTTTAACACCAACACTGTAACAT
TTACGAATTATTTTTITTAAACTTCAGTTTTACTGCATTTTCACAACATATCAGACTTCACCAAATATATGCCTTACT

ATTGTATTATAGTACTGCTTITACTGTIGTATCTCAATAAAGCACGCAGTTATGTTAC (SEQ ID NO: 130)
[000203] Homo sapiens dystrophin (DMD), transcript variant Dp427m, exon 54

(nucleotide positions 8§117-8271 of NCBI Reference Sequence: NM_004006.2; nucleotide

positions 1686466-1686620 of NCBI Reference Sequence: NG_012232.1)

CAGTTGGCCAAAGACCTCCGCCAGTGGCAGACAAATGTAGATGTGGCAAATGACTTGGCCCTGARAACTTCTCCGGGA
TTATTCTGCAGATGATACCAGAAAAGTCCACATGATAACAGAGAATATCAATGCCTCTTGGAGAAGCATTCATAARA

G (SEQID NO: 2142)

[000204] Homo sapiens dystrophin (DMD), exon 54 target sequence 1 (nucleotide

positions 1686541-1686602 of NCBI Reference Sequence: NG_012232.1)
GATTATTCTGCAGATGATACCAGAAAAGTCCACATGATAACAGAGAATATCAATGCCTCTTG (SEQ ID NO: 2143)

[000205] Homo sapiens dystrophin (DMD) exon 54/intron 54 junction (nucleotide
positions 1686591 to 1686650 of NCBI Reference Sequence: NG_012232.1)
CAATGCCTCTTGGAGAAGCATTCATAAAAGGTATGAATTACATTATTTCTAARACTACTG (SEQ ID NO: 2144)
[000206] Homo sapiens dystrophin (DMD), intron 54 (nucleotide positions 1686621-
1716747 of NCBI Reference Sequence: NG_012232.1)
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GTATGAATTACATTATTITCTAAAACTACTGTTGGCTGTAATAATGGGGTGGTGAAACTGGATGGACCATGAGGATTT
GTTTTTCCAATCCAGCTAAACTGGAGCTTGGGAGGGTTCAAGACGATAARATACCAACTAAACTCACGGACTTGGCTC
AGACTTCTATTITTAAAAACGAGGAACATAAGATCTCATTTGCCCGCTGTCACAAAAGTAGTGACATAACCAAGAGAT
TAAACAAARAGCAAAATACTGATTTATAGCTAGAAGAGCCATTTATCAGTCTACTTTGATAACTCTATCCAAAGGAA
TATCTTTCTATCTCATCATGGCGCACACTGCCTTACCTGTTATCTGATAAATAAGTCACTTTGGGATTCATGATAGA
GTTATAGCTGTACATGGTCTCATCCTAGTATCTCACTCCACACACCCAATGGGAAAATTTGTGGAGGGCAATATGAC
TCGTCACTTCATTTCCCATTATATATGAATGGAAATTAACAGCGCTTATAGACAGTATCTCCTCAAACTAAGCCTTG
TATCCTTATTATACCTCTCTTGATCTCTAGTGCTTTTTTCACTAGCATTTATTCCAATCATAAATAAARATATAAAT
TATGTAACTAATTGTTAAATATTTGICCTTTAAATTAATCTARATGCCATGAGGGCAGAGATTITTGTICTTTCTCATT
TGATACATCCCCAGGTCCTGAACCACGTGATATAATAGGGAGCTAGTAAATGTTTITITGAATGATGACTCCCTTTGC
AGAATGTACAATTACCTTGTGCAAGCTGAAAAAATAGCACCTGTACAATATGAGGAAGACCACGGTGAAAAATAATT
GAGTTCCAAAATATGACATCAATTACTGAAAAAATAAGCTCGGTGATTTTTAACAAGARGTAARAGTCACCACTGGG
GCCAAAACAGATTTTGAACTAAGAGTAGGAAGTCTTAGGAGAAATGAGATAATGATATATGGAAATTAAGCGGCCAA
CTAAATTTTGAAACTGAGCTAGACATTAGAGAGTAAAAACTCCTGTGAAGCTGAATTTAAGCTGGTCACCCTGGGGA
ATAGAGCAACTCTAATCCTGAATTCCAGACAGTAGGTGTATAGATGGAAAAGACCATGGAAAAGAAGATTCAACCTA
AAGTTGGGAAGTTTTAATTGGAGCCCTATGAAAAAGACCCTGGTGGAGAAAGGGCARACTTGAATATGGAGCTGATA
TTTGGAAARATTCTICATAGTAACTACTTTTTCTCAATGGCAAGGCTTGGACTTITCTTICTCAAAATACAGATCTTATA
TGTGTTCAATTAAACAGGGACAGATTAGGTTCAGGAAGAATTATTCACATGGAATCAATTGGTATCAGAGAGTCAAC
CATTAGATCTTAGTGGGAAATATCTGCTTICTCAAAGAGAAGTCTTITTGGGGAARGCAAATTAAAGTCAGAGATTAAT
TTGATGAGTTTAGGTAATATAAACTAAGGGGCCAAGAAAAAAGCTTGCTCATGGTATGARACTAGAGCTTGAGGACA
CTGATCTAGTICTATCTATACTACTCTTTCTGACAGACCCCTCTCTITCATTCTCATGCTCCTTGATGGCCCAAGCCAC
TCTCTCAGTTTTTTAAAAAATTGTTTTATCAAGGTCTCTGGATTICTTCATGGGAATGACTTCCAGTTTATATTTTTT
GGCTTGGTTCCAAAAAGCTATCAGCTAAGGAATGCATATACTTACTTICCCCTATGGGTAAAGTAAATGAGAATTTTA
GAAGCCAACTCACATTTTTAGCCTGTACAGAATCTGCAATTCACCAAGCTACTTCTGACTCATGTCTATAAAGTTCT
TCCCTGTTICTTTTCTCACTTCACATGTACTCTTTGCAAGAATTCATCCACTTIGTGTAGTTTCAGTCTGTTGATGACT
ACCCATCTATARATTICCAGCTGAGAATGATCTTTTGAGTITTTAGACATGTAGATCCTGCTGCTTICTTTCGATGTTAA
TGTCCCACAGGARACTTCACATTGAAGAGGTCCAAAGCTAAACTCATCTTITGCCTTCTTICCAATCTCTTICTCCAAAT
GCAACCTACTTCTGITGTICCTTGICTTAGTCCTTTICGTGCTTCCGTAACAARATACCACAGACTGGGTAATTTATA
ATGAACAGGGATTTGTTGGCTCATAGTTCTGGAGGCTGCGAAGTCCAAGATCAAGGGGCTGGAATCTGGTAAGGGCC
TTCTTGTTGTGTCATGATTCCATGATGGAAGGTGGAAGACCARAAGAGAGAAAAAATGGGGCCAAACTTGTCCTTAT
ATGAAACTCACTCCCACAATAATGATGCTAATCCGTTCATGAAGGCAGAGCCTTCATGTCCTAATCACCTCTTCAAG
GTCACATTTACTACTGTTGCAATGGCAATTAAATTTTACCATAAGTTTGGGAAGGGAARAACATTAAACCATAGCAT
TCTGCCCCCTTTTCCCCAAAATTCTTGTTCTTCTCARAGACAAAATACATTCATTTCATCCCCAAAGCCCCAAARAT
CTTATTTCAGCATAAACTCAAAAGTGCAATCTAATATARATTAGATATGGGTGAGACTCAAGGCACAATTCATCGTG
AGGCRAATTCCCTTCCATCTCTGAGCCTGCARAATCGAATCAAGTTCATCCCCTICACCCCCTACCCTTCCCAGCATC
AGGTAACCACCAATCACAGAAAGTTTTACTGATAGTCCTIGCTCTAGATCATCTTITGTCTATGTTCACTTITAGCTATT
TATCCTAGTGTTCCATTATTGGAATACTAAGCATGTGGGAATTATTTATATTCTACTGTTCAAGGTCCTCACCAAGG
TCTGATTGCAAAAATTCAAAAARTTGCAACCTTAGGCATAAATGGGTTAAGCAGTTTAGGGTACATTTATAATAATT
ATTTACTGTGCTACTTCAAAAATCTTATTGCCTCTATTTATAAATAAAAAGTGTTGTCTCTACACAGTGGCTTGTTG
TAATGCATTTACTTGTTTCTGCCTGATTTTTTCTATTTATACATTTTCTITTITTATTTTTATTTITTATTTTTTCACT
TTTAAGTTCAGGGGTACATGTGCAGGTTTGTTACATAGGTAAACTTGTGTCATGGGGGTCTGTTGTACAGATTATTT
CATCACCTAGGTATTAATCCTGGTACCCGTTAGTTGACTTTCCTGATCCTCTCGCTCCTCCCACCCTCCACACTCTA
ATAGTCCCTAGCATGTIGTIGTTCCCCTCTACGTGTCCATGTGTTCTCATCATTTAGCTCCCACTTATARATGAGAAC
ATGGGGTATTIGGTTITTTTGTTCCTGTATTAGTTTGATAAGGACRAATGGCCTICCAGATCCATCTATGTCCCTGCAAA
GGACATGATCTICATTCTTTITTTTATGGCTACGTAGTATTCCATGGTATTTIGTIGTITGGTCTCAAAAACTACAACTATG
ACAGGATGGCATTTTCACTTTTGTTGTTATATTAAACTCATCTTAARAAGGAAAGATTAATAATGTCAATATTTGGG
TTATGGAGAAAAAGTATCTCATATCTTITGAAAAAGTTCTGTAACTATAGCTTITTTAGGTAGGAGGGATTICTGTGGAA
AGTTTTCTGATTACATCATTTCTCACAGTTCAGGTTAGACACCATTTITACTATGAAACACTAATGCATTGCCTGCAC
TGAGACTTTCAGTCACATGGAGAAACCTAGGCAAAATTTITTGTACACTTGGAAGAATATTTAAATTAGTAATAARAT
CTTTAGTTTTAAACTGTTGAATGTTAAATAAGATATAAAATGTACTTGAAARGAAATTTGCTTTGATATCAGACACTG
CCATGTTIGCAGTTTCAAGACATAATAAAAAAGTAAACTAATGTTTATATTTTGCTGTITTAAGTTTATTAATACATCA
GATGAGTCTTCAAATTCTACAGTGGCTTTTGATATGATCATTITTTACTTGCCATTTITATATAGAATAAATATARATA
GGCATTTATGCTTAAARAGGAACTAATCTATCTATGGAAAAAAGAGAAGGCTGCTTICTCAACTAAATTIGTACAGTITTA
GAAACCCAGATCTGAACATAGATTATTGTTGTGACCTATGTAGGAAAATATGTTGTTTTCCTTATCGTAGTCCTTAC
AGAGTCCATGATAACATATAARAGCCAGAAATGTGAGCCTCTGCAAGTTCATTTCTTITGTICTITCAATCTCTGTGAATA
GATATGAGTTTGTGAATAAGATAATATTAGATGTGATATTACAAATTATTGTGAGAAGCCTCTAAGGATTAGATTTC
ARGGACTGCCATCTGGCTGATGACTTTATGATGACACTGTCATGAGATTTCATTITCCTTATTITCTGTTCCAGGATCA
CTCTTTAAACAAGAAATAAGCATTAACTCTGAATTIGTICTIGCTTGTAGCTGTATGAGGGCTTCCACAACTGCCAACTA
GCCAGGTACAAACTCATCAAGCAGAGGAGATGGTCCTTGCATCAGAGGGTTARACATGCCTAGAAGTTCCTTAGCTA
AGCTCCCAGATACTAAARAATCCCICTAGGTTCTAAGAAAGATTCAGCATGTACATGTGTGTACATGTATGTGTGTA
CATATATACATATACGTGTATATGCATATGCATGCATATACATACAAACACATTTTCTTCCATAACATCTCAGTATT
CICTGTTCTTTATAATACTGTTTTIGTATTTTAATGATCAAAATTAATAGTTGATCATCTGARAAACATTITTGACCTGT
TTTCTCCGTCTTTGACAACCTTGAAGGCACTTGTAAGTCACTCTTTIGCTTCTCTATTCCTAGGTCCTTTCTCATCTT
CATTGCAACAAGAAAAGAGARAACAATTGAGCCCTATTTTGTGTGTAGCAAGGAGCTACTCTAGTTAAACACTAGAT
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CTCTTTTACATTCICCAACATGTIGTITTTAGTAATTATTCTACTTITCCTITTITTITGGGATATTICAATTTICITCTTITC
TTTTTGCTCCTCCCCTTTAGCAGGCCAACATACTCAAGTCTCCCTCATCCTAAGAGAACTTTTTTAGTATATCATTT
TTTTTCTATCCAGCTGTACTTGCTTCTGCTTACTATATCATTTTTAAGCAGTAGTTGGCATTACTGTTTCCTGTTCT
TTAGCTACTAGTTGTACTTTGACCCACTCCAGTCTCACTTCCCCAGCACCACCACTTTATGAAAACAAGGACTTACT
AAGATCATCAGTGACTTTGTAATAGCTAATTAGTGTATITTAATTCGTICCATCTICTTIGACTATATTTTAACATTGA
TCCTGTTGGTCAACTCTGCTAATCAAAACTTTATCCTCCTTGGTTCCCAGAACAATATTATCTTGAATATCTCATTT
CTCTAATCATATAATAATTGTGAGGTGCTTGGCACAATGCCTAGTGCGTAGTAAGRACTCAGTAAAATATCATCTGC
CATCGACACCATAAAAATTAATTTACTTACTCAACAAATACTTTITGTATGAAGTITGTGCTAGGTAGGCCCAGTAAT
TGGTACTTGGTATAGAGCAATGARAAGCCCTACCCTCATARAGCTTATATTICTTGGAAGCAGAAGTTGGARAGACAGA
CATTGACAAATAARAATTAAATACATGATGTGTCAGATGGTCATACACACAGTGTGGAAGAACAARGAGGAAAACAA
GTGGAGAGAGAGAGGGAGGTGGAAGAGGAGTGCTGCCATGAAAATGTGGTAATCAAAAAAGGTCTTACTGAAAAGGT
GGCATTTAAGCAAATTCTAAAAGACCTGAGGATGTGGGCCATATGTATAATTGGGGGGGARARAGTAGTCCAGGAGA
GTCCTAATAAGTTAAAATGCCCCAAAGCAGGAATATTICTTGGCATGTTIGARGGAACCTTAAAAGGGAGATCAGTTAG
GCAGAAAAGGATCAAGCGAGCAGGAAGGTAGTTGACAATAAATTTAGAGGGGTAACTGGCATCTGATTATATTGGCC
TTTTAGGCCTGTGGACTTTAGCTTTTAATCTGAATGAGATGGGAGTTATTGGAGGGTTTTGAATGGAGGAGTGACAT
GTTTTGTCTTATCTGGCTCCTCTGTTACAATAGACTAAACAGAAGTAGTGAGACCATTAGGARACTGTTGTCATAAT
TCAGTCAAGAGATGACTGTGGCTGGGATCAGAATGGGAGAGGTGAATGTGGTGAGGAGTGGTTGGATTCTACTATAT
TTTGGGTACAGAGCACAACAGATTTTATAATGGAATARATTTAGGTGTGAGAGAAAGAGTCAAGAAGACTCAAGAAT
TTTTAGCCTGAGCAACGGAAAGATGGGGTCATCATTTACTGAGATGGGGAAGGCTCCAGGAGTAACATATTITTGGGA
GGAAGATGTGGATATGTTACATTTGAAATGCCTATTATACATCTAGGAGATGTGTGGAGTAGATAGCTGGATATATG
AATCTTAAGTTATGGGGAGTAGCTCAAGATACAAAGTTGGGAGTTGTAACAATGATCAGTGCAAGTTCTCTGTCTTC
AATGCAATTTTAAATGTTGATGTTICCATICTITAATTGTICTICICTITCTTICTCTCTGCACATTTTGAGTAGCTTITGTC
TGTTGGCTTCAGTTAACATTAAGACTCCTCAGTGTCAACTTICCATCTTACACTCTTICTCCTGATCTCCAGAACTGTA
CTTTCTGCCACCTAACCTACATTACCACCTGGATATGCTACAGGCTGCAAAATGTGTCAAGTAGAATGCATTATCTT
GCCCCTAAAAGAAAGTTAAATTTTCTIGIGTITTITCAGTIGTAGTGTAATTGTCTAACTTAATTGTCTCTAAAACTGGAA
ACCTAAGAATTACCTTCTACCTITTCTCTTGATCTCTCTITCCCAATCTACTGACACATGTATTAAACTGGCTTCCAA
ATTCTGTGAATTICTACTTICAAAAATTGCTCTAGAAACAATTCCCTCTICTTTATCCCTATTGTCACCTCATCCTAAAG
CCTCTTCATCCTTTGTAGATTTCTGGGAGATTGTAACCAACTTTTCTCTATTICTGCCAGTTATCAAGTCTTITACGCT
CATTTGACATTCACAACAGCCTTGGATCTGTCTTCCTTGAAATGAATCTTICTTGCTTCCCTTTGATTCCAGTGCTTT
TTTTTTACCCTCCTGAGACTTGATGCATGATATTTACATGTATGACATGTTTCCAAAAGCATTCTCAAATTITTTCTG
AAAGTAAAAACAAATGAAAAAGTAAAACATTTTCCTGGGAAGAAAAGCAAATAGTGTTATACATTITTTGCTTGTTCA
TTTGTTTGTTTATTTAGGAGAGGGACAAGCATTAGAACTTCATAAGAGTCTTATATGCTGTATCTACAAATACCGTC
CCTTGGCAATATAATTTTAGAGTTCCTTTTCTGGAACTACTTAAGGACTGTTTTATGATCCTCAGCAGACTGTTATA
TTATTTTATAGCCATACCTTTTATTIGCTGAGTAATTIGTACTCAATAATTGTTTGTAATTGAATGAAACAATTCATC
AGATGTTGGGCACTGAATGGCTTTGGATTATTTCCAAAAATTTAAAGGATARAAGATTTIGCTGCCTTCARAGCTATGT
ACAAAAATATGATAGAATGCTAGCGGGATATTITGTTTAAAATACAACCTTTATTACATTGGGGCCTGCTCATAATAT
ATATGTGGCACATTTTATTTAAAATATTAAAGTTCCTGGTGGGACATGTCCCCATAATCCCAGCACTTTGGGAGGCC
GAGGTGGGGGTGGGAGGATCACTAGAGGCCAAGAGTTTGAGACCAGCCTGGGCAACATAGTGAGATACCATTTCTAC
AAAACATAAAANAAANAAAARAANAGCCAAGTTTGTAGTCCCAGCTACTTGGGAAGCTGAGGCAAGAGGATTTCTTG
AACCTAGGAGTTCAGTTCAAGGCTGCAGTGAGCTATGATCATGCCAGTGTACTCCAGCCTGGGTGACGTAGTGAGAC
TCCATCTCTTAAAATTAAATTAAATTTAAAGCTACAAATGACCCCAAAGCCACCAGTTCAACCCTCTCAATTTTGAA
TACCCTATTTTAAATTCCTICITATGCGAAATGTACCTTIGTAGTCCATTTTAAGGACTGAGAGGATTTGGTATGTTAA
AAAATTCAATCCATTATCAACTCCTTTAGGTACACTTAGCAGTATGAAAATGTGTICTTICGGCTCTTCAGGAGAGAG
TCATATGTATAGTTACAAGACAATCCCATTITTITATATTGCTGAGACCCAAATCTTICCCAACTGATTATGAAGCATAA
GARCTCTTCGGAGGTTTARGTGAGCTGAGATTGTGCCACTGCACTACAGCCTIGGGCGACAGAGCAAGACTTTGTCTC
AARARRAARAAAAAAAATTCTCTGCATTCTACAGTAGGGTAATATAACATCTATGATGTGAAATCTTGGGGCTCCGGGC
CAGAGAGTGTCATGATCCATATGGATCTAAAAGGTTCATAGTGGTAACAGCCTGCTTCATTTITATGTICATCTCCTTT
CAAGTAATTAGAATGTTTCTAGCTTGCAGGGATTGCACACAAAGGGAGACATTTGGAACCATGTCATTGGTGATTTA
CTGGTGTGGAAARATTACCTGGTGATGTAGCCAAGTAGCCATTTTCATTICTAACCCAGTCCTACAGTCCTGAACTGGG
CTGAACCAACGCACCAAAATATATGCTTAGAAATGCTCCTATGTATCAGTTTTCCCAGGAAARAACAATAGTATTATC
GAAAACTTACCATTGTTTCCTAATAAAAAATTATAGGATACCAACAGACTGTTTITTTGTTCATAAATTTAATATTAC
AGTATCARATATTAAAGCAAATGGGAGARAGTTTTTICTTATTITGGTTTAATTGARCCATTAATGTTAGCTACAATAC
CCATCATGTTACTTTTCAATTATATTTATATTTTCATTTTATTTCTATCTGTATCATTICTCAGAAAGACTTICTTTAA
AACATTCAATAAAARTAGAATTTAGGTAGATTTATTTTTAGARAGTTGAGTTTTTTTAATAAATGAATATAATCATC
ACTTGACTTAATTTITTTCTGCACAATTCTAGAAATCTTATAGTTTTGGGATCCTTTGGCTITATTCAGTATGTAAC
AGGGATCTGTTTCCTTICTCTAAATCATTAATTCAAATGATTTICTTATATTAAAAATGTTTGGACATATAGGTATTA
ATGAGTTTTATGAAATCTAATCTTITCCAATTTCCCCCTAAAAAGGGATGTCATTTAATCAGTTCTAGGTTIGTGATCA
ATAGCAGATTTTTTITTITIITTIITTITITIITTITITTITITITITITTIITTTITTITGCAGCTCCCTTTCACCCCGTAG
GGAAACCTGATATCATCCTTGACTAATTGCAGCAAAGAGCCTGGCTCAGGTCCTITGTCTTATACCGAGTGTTTATA
GATTCTTGAGCCCAGCAGAATCTGAACTCCTGGCTACTGCTACCTACTTCCCAGCCCAGGCCCCAAAAGCCCTATGT
CTGCAGCCCCGTGCACCACTGTGTGTTTTITGTIGGCATTTCTGARAACACAGAGCTACTTAACTTGTTTCTAAGCCCAG
ATTGTGCCTTTITGATTTICTATTTIGGTATTITTATCTACCATTITTTCTGTGTTTGGATGTTTCTTICTATATITTGA
AATAACTTCTTTCCTTTAGTACAAGTGATTCTTATTGTAGAAACTATCAAAAATTTACAAATAAAGAATCATTCTCA
ACATTCTTAGCAATTCCTTCTATCATATTTTTGCAAATATATTTTIGCCTATTTTITATTTITACTTACTICCCTGTTTA
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TTAACAGTTARAAGCATTTITCAGATAGTTTTATTTITTTCATTITAAAAARATCTTACCACATTITTTATTAGGAAGGRA
ATGGACAGGTGTTTATCTTTTICAATAAAAAACATGGGGGAAATAATTTCTTGAAGTACATAGTGACATTCTTCCAGC
CAATGTTTTATGCTGTGGTICATTICCGTICTGTCATCAGTATTCATAGAAAGAGATGAAAATTATTTAAATTAACTAGG
AAATCAATTCCCCATTCAAAGCAGTAGTTGTGTGTTTCARATATCTTICTAATAGTCAGTTTCACACTTAGCTTTATC
AAATTCCTAATTATGATACTCATTACATCACTCTGTGTCCAGTCAGTGTIGTITTATGCCACAGAGCAATTAAAGCAAA
TCAGGTGAACCAAATTCAATCACCTTTIGTAGATAATAACCTACGTTGCTTAAACTTATGGCCGCTCATACAATTACT
GATGGATTGCCTTTITTCTTTTATATTGCCAGTATTTITAAATGTCCTAGTGAAGTTGGGGTAGCTGTTGAACTTCAAC
TTTATCACAACCTICTTTITTAAAATGTGTAAACGAAAAAACCCTCCATGAAATGACCAAATACAGTTTTCATGCTGG
GACAAATTAGATGAATAATAATCATAAATTCATAATGATTATTTATGATTTTATGTTITTATAGTGAGATATGTTTT
GTTGARAATGTGTTATATAAGTGATACTTAAGTTTCCTATTAAAATAGAAATGCTAAAATGGCATTGTITCTCTTTAGC
TGTGAGTCTAGCTTTTGACCTCTGCTTAAACGGAACTGTTGTTCCATCCCARATCTGCAACTCTGAGGCCTATGCTC
CCTTCACTGCTGTCTAATGGATACCTATCAATTTGGAAGGAGGTTITCAGGCAGCTATTCCCGGTAATCTAATCTCAG
CICTIGTCCTTTTCAATATTTTICATCAGTGGCTTGGATGAAGACATAGATAACATTCTTATCAAATCAATGCCACAAA
GCAGGGAGAAATAGCAAATATAGCAGACAAGAGTATCAGGAGCCAAAAAGTTTTCAACAAGTITGGACTGGTAGGCTG
AATACTGAAAGATGTAATGTAAATGCAAGGTGCTACATGTGGGTTCAAAAGAAACATGAAACARRARACCCATCTAA
CTTAGACTGGGCTICCCTGGAARATAGACTAAGATAGAGAGTTGTGTGCATAAGGTTITGTIGAGGAGTGTTCCCATGAG
ATACATGTGTAAGGTTGTAAGATAGGCAAGATTGCACAGACGAAGAAGTGCAGTGAAGCCTGCAGTGCGTTIGCGGCC
TCATCAGATTTICAGGGGAGTTCTGGAAATTGCATGGCCCTTTAGAGACACGCTGAATTGAAGCAAGGGATCTGGAC
CTTTGAACCCAATACTAGAGAGTTAATGGTCCTGGGTCACCCCATGGGAAAGAGCAGACTGGAGTAAGATTGTTACC
TACAGCTGAAGGCAATTTCCAGGGAGGGAGGCAGCTGTGAGCTGTTAGTAGTCAATATTICCAACCAGCTAGGGCATG
AGGTCTTGGCAGAGCAACAGTGTACCCAAGACCGCAGTGTTACCCAAAGTATGGTCCTCTGACTGGCAGCATTGGTA
TCACCTATGAGCTCACTAGAAATTTAAATTTGTAGGTCCTACCCCATCCAACTAAATCAGAATCTCTGGGGATGGGA
CTTGGGGAACTTTTAACAAGCTTTCAGGCCTICCAAGTTATTTCTATGCATATTAAAATTTGAGAACCACTGCCTACA
CCAACCAAARAACATTCCAAATATGGAGATAACATAGAGTTTTTAGCAACAATAATCTCCTTCTGTTTCACTTICTCTC
TTTACACACACACACACACACACACACACACAACACACAACACACAATGTGATAGAACAGTGGGAAAGGAAAGCCAA
AGGGGATCTTAGGCCGAATAAATTTAAGCATATAACCTAGTCCTAAGARACGTATATTTCAGCTTAATAGAGAGAGGA
ATATTGTTATAAAGCTGTCCAAAGATGGAACAGGCTGCCTTGTAAAGTTGTAGAAGTATTCAGGAACAGGTTGGTGA
TACCTTGGTGGTTGTATGGTATAACATCCTGATCTTCACATACTCATCATCTAGAGTGGGAGTTTITCTTTTTCCARA
TGGGGTTTTGGCAGAACTAGTTCCACTGTATCTTAATAAGTAATAACTCAAGAAAGGGTTCTATGGATGAAAARAATG
ATTAGGTAATATCAAGTTAAATCAAAGCGAACAGACTTCTTTICCCATAGGAGTAATCAGACCCTTATTACAGTGCAT
GCTTGGTGAATCAACAAAGTATGTGTATTTATGAAAGTATGGGGGGAAGGGATAATCTATACAGTATGCATCCCTTC
TAAAAGTTTGACCATGARAACAATTTCTCAAGAATCTTATACAACACTACAGTATCTGGTCCAATACTATGCATAGA
ACATGCACTCAGTAAGTGTTTGTAAGATAGATAGCATAGCATATAGGCCAGGCCACTGAAGGGARATCATCTCACCG
TGAGTTACCTGAATAGTATTCTICTAGTGCCATTAGCTCAATTCTTCACGTAGGCATAAGCCTATACATTTGCCATGC
TAACCAAGGGAATTTGTGTTACGTGAATTTTGACTCTATTCAGACATTTITITICTATGACTCCTCCAAGGCTGTTAT
TCTTACCTICATATTICTGGTAGAAGTTTAAGGACTTTTTITCTGGGAATATTIGATTAATTAGCTAGCTAGCTAGAGACA
GAGAGAGGATAGAGATTGATTCTCTGGCAGAGCCTATTTGAATCATATTGAATCTTITTITTITTTCCTGAGACTTCCCA
CAAGGAGGATGGAGGAGAAATTTTTTAGAAATCCACCGAAGTAATCAGGGATATCTTCAGTAAAAGAAGCTATACTT
AATAAAGTCTCTATTTTAGCAGATGGCAATCAACAATAGAGGCAATAGACAATAGAGTCTATTAAAATTGCTGGGAT
CIGCTAATAACGTTTTTCTTTTCCCTGAAACAAATGCCATTAACCCTCCTTGACACTCTGTCTTCATCAACATTCTA
ATAGAATGGAAGTAACTCATAATTTTGAGGATTITTITTTCCCACACARRACCTATAAACCACACCACGCTAGTGATTA
CITTITAGCCTAGTTGCTAGGTTGCTGCTGGTAACAGTAAAACTTATCCTGACAGGTAGGCAATTCCAGAAGCCCAGC
CAAGCACTTGGTGIGTGTGAGTAAACCCCCATACACTTCTCATGTAGAGTAACCCTGGCCAACCCATAACTCTTAGC
AACTATTICCTIGGTGGACGGACCTGGTCTACTCTAAGAAGAGGCCAAGGTTICTTITAATAGTIGCAGTTGCAAGAACCAG
AATTGAAAGTCAAAGTTICTAGCAAGATTTTGCAGACTCCTTGGCAAACCAGTGGCTTGGGACTCATTICTTGACTTCA
AGCCCTTAATTGATAATGGTAGGACAGCTTGCTTGCGCTGGGTTCTGCTCCCTGGGATATGCACTGTTTGCCARATG
AGTAGCAGGTGGACAGACATCTTTACAATTTGCTGTCCCATATTCTARATGAACGTGACATTICTATAGGTCTGAGTT
AACCTATGAAGTICACCAATTTCAATATCAAAATATTTATGACAGAGAAAAGGATACTGAGGCACAGAGAGTCTGTGA
CTTTCCTAAGCTCAAAACACCAGITIGTIGTTAATTCTGACACAGAAATTCTTIGTATTTIGCTATCAGTICTCCTTTTTC
TGTGTGTGTGTGTGTITTTTACATTGCAGCATCACCTATATGATGTTAGGTTCTGTAACTTITTTGAGAATTTTCTCAC
ATACAGTGATGTGTTACTTTTTGATATTTCAAATAGTTCTAGTAAGTCTTITTCTACTTITTATTAGCGTATTAACATA
CTGGCTCTAAGAGGGCATCTCACCACATCTTITGCCATTCTTCCTGGARAGGCAAGTTICTCTICCATCTICTTITTITIG
TATTCCAAAGTTTTGCCAAAGTTTIGCTTTTGAARAATGGGTTACCTGGCAGAGCTTITATTATICTAACTTITGAAAGTA
CAAGTCAGAATCAGACAGTGGCAGTTATATATGCACTACTGTIGATTACTATATAATGAAAGTATCTATGGTGAAAAT
ACTGATACTGACATATATTTGCCATTTTCTAATTAAGTGCTTCAGTAAAAATTAAGCACTCACTCTTTGCCAGATAC
TGCAATAGATATTGAGCACATTGAACAAAATTCTCCATATACATATATATGAGTCCACATTCTATGAAAGTATAATG
TTTTTCTGAGAAAAGGCATAATATTCTATTAATATCAGCTTTTGCTTCTTCCACCATATATTGAAAGAATTCTGAAT
ACTGTTATAATTTAATGGGAGAATCTAGAGAATTICTIGTATTTGCTTTCACTGCATTGATGAACTAAGATTTTTAAAA
AATGTATTCTTCATAGAACTACTTTTCCATATTTACCTAATATTATTCTTATATCATTTGAGCACATATTTCACTAA
CAAAACAAATGTGCAATGTTATTAGTICTAACATCAAAATTACACTGATACTITAATTTITTATCCTATTATTITTTCA
TGCAGATTAAAATAATTATAGCTACATCACATGTTGCAAGTTTTAAGAGCTACTTTAAAAATATATGCTTCAGGARAA
GACATGATTAGATGGGGAAATGGATGATGTTCATATTTTCAAATGAAAAGTTTTARARAAGTGCCTATCACAAACAC
TAAATTTTTACATAAATTATCAACTACTAATATATCTACAAGAAATACCATTTTTCCCTACAAAAACTCTTAACAAT
AATTGTTAAACTTAGTCCTGGAACCTGCTAATATAATCGGACAAATGTTGTCAATAAGAAGGTGAAAAAGAAAGCAT
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ATATAGTTTATCAAACTATAAAATATAGTTITATCAAAACCAATTTITTICCTATTGACATTTATTICAGGAAGGAAAATG
GATGAGTGAAATGAACAATGGTCTCTAAGAGAGGTGGGAGATAGCAATAAATTCAGACCACGTTTCCTGTCATTACA
GCAGGGAAGTAAAAGAGCTACAGTCAACTCTCGAAAGTACTTGGGGGAACTAATGATTICCCTGTAGACCTGTGATGT
TTTTGAAATTTAATTCAACAATTTGATATACACCGCAAAGCGAACAGATAGTCAGATCAAAATCGGAAGAACGATTG
TCTGAATGGCATCCATTTTTCCTAGATGTGCTGTCCCATCCTIGTIGTCAATTAAACTTTCAGGTGATCTTCAAACATA
TTTCCAAGTAAAAGGTATTGCAGTTATCCTATAAACTGGCCTCTTCCCCAGCACTGCTTTTGCTGTGGTCAACTTTA
TTTCTTTGGGCTCACAAAACTGATAGAGCAAAATAAGGAAARACGGAACATTGGATTAAAATAAATTAATTCCCATTC
TGTGACTCACTAAAAAAAAAATGATAACTATGCTTCTGTGAGCATTAATAAGGAAATGAATAAGGAAATGACCAAAT
TGTTCAGTIGGACAACTTGTATGGGATTTTTAAGTATTGTGTCATCATCAATGTTIGTCAATTAGCATATACTTITGAAA
TCAACTARAGCAAATCAGTTGACTAATCATTAAGGGTCTTTTTAAATGACAACATCTAAACAGCAAATGTTTTATTT
TGGAAAATCATGACAGCACAAGAATGAGCCAGATGTTTTACAACATGATATCCATAATTTAAAGTATGTAGTAGTICA
CTCAAAGGATTTCTATTTCAGTTTCCTTATGATTTGGCTAAGCTAGAATTTGGAAAAACACTTTAAGGTAATGTGAG
AAACAGCAAAATTCAACATGTGGATTTTTTCACTAAAGCTTATTITICTIGATTATTTTTTACAAACTTTACTAGGTATA
TGTTAACTTCATGACACTTATAGCAGTGGACCGTAGTITTTAATAAAATGTGAATGTATACTICTTTITCTCAATAATAT
TAAAGAATGTITGACTTTCGTGAGGATATTTTTATTTTTCTCAACATTAAGAACTGTCAAAGATTTAATTCTACAACA
GAAGACGTGAATTTITGTTITTCTAAAGGAGAACAGAATCTATAGAAGAAGTGTITGCTCATAGTACTCAGATTGTTGAC
CAATCTTAAAGGAGAAACCGTCAATTAATTTACCGAGAAGTAATAACATTATCTTTITTICTTCAATTATGCACATCCA
CAAAGATTTGGGGCAAAATCCACTTAAATGATATTATACATAATAGATGAGTATTICATATGTTIGTAAGAGTCCTGGC
TTCTTTCCTGCAAAATGATTAAAACTTGGATCAGAAACCAATTAAAAATCCATTCTAATTCCCAAATGTATGTAACT
GTACTATAAGAAAAATAAATATTTCTITCTTIGAGGGATATCCATTAGTTAAGGATATTCATAACATGGTGTCTTGTAG
GAAATGTTAATCTTTIGGGTGAATAGGGATGTTTGGGAATAACAAGACTCAAAGAGATGTTGCACTTACTCACTTITIC
TCTGAGTTGTTATTTCTGTCATTTCCCCAGTGCGCCTIGTICCTCAACTTITIGCCTICTICTCCTTATTCCTTITTTITTITIT
TTTTTTTTTTGAGACGGAGTCTCGCTICTCTTGCCCAGGCTGTAGTGCAGTGGTGCGATCTTGGCTCACTGCAACCTC
TCCCTCCTGGGTTCAAGCAATTCTCTGTCTCAGCCTCCCGAGTGGCTGGGATTACAGGCACCCACCACCACGCCCTG
CTAATTTTTTTTGTATTTTTAGTAGAGACAGGGTTTCACCATCTTGGCCAGGCTGGTCTTGAACTCCTGACCTCGTG
ATCCACCCACCTTGGCCTCCCARAAGTGCTGGGATTACAGGCGTGAGCCACCATGGCCGATCCCTCCTTATTICTTTT
TATCTCTACCTCTGCCTCAATGGTATTTCTCTATTACTGTITAGCATTITGCTTTCTGTGAGCTCTTIGCACACTGTCAG
CTTATATACATGTTCCIGITCACATGTTITTICCTGTCCCCAGTGGTTACAACATGTCTITCTATCTCAGCCCACTCTAG
AATTGTCTTACTTTTCCAGGTICTCCTGCTCCTCAGTATTTTTICCCACTTITTCTAGATTCATGTTTTICCCATCTGCAT
ATTTCTCTTCCATGTICTGCACTGTCATCCGCTTAGAAGACAGCGCATAAGGACACTGTTATCTGAGCARATCTTICAG
CACAGCCACCATGAAGCATGGTTACCTTGTCACTTTCCATTITTTCCCATAGTIGTGTGCAAACTGCCCTGATCTGCAT
AGAAAGGTATCATAATTGAGGAAACAAAATGCACAAAAATGTCCTIGGTITATTCCACCCCTCAGAAATATAGGAGAG
AAGTAATTTACAGAATTACACAGAATAACGCTATGTCACATGGACATGGAGTTATCGGGTTAGCATATAATTGGAAA
ATATTTCCTAGGACCTTGACATTTACTCACTTTTTIGTTTTCAAATTACATGTCCCTATCTATTAGTTGCAAATTATT
TTAATGCACCGTTTACCAAAGAAAGGCTGTTTCTTCTGAAAGCTTTCATTTGACAAGTAACTTIGTAAAAATATTCAC
ATTGTGTATCIGTITTTCCCCTTCTAGTCCAAACTCTAGTTATCTTAAACTTTIGCGCAGTTATARAAARTCATAACAA
AARARAAGCTTCCTCGTTGTCATTCTTGTCAAAACAGGTTTACCAGACTTAGGTAAACTTAAAATAGTTAGTGTAAAAG
TTAAAAAGCTGATTTGCTCCTTCCAGCGTGTTTGTTGCCTTTTTGCCACAGCAARATTGTAARATGTAAACGTATTCC
CTAGGAGATGAGCTGGGCTGCAATTTTCAGCTAATTGGGAGAAGCAGCCCTGAGTTGAGCACTGTCAGGCTGATTTG
AGTICTTAAGATATGATGATGATTATTGTGTICAAATGTAATCAAGAACGTGGGCTCTGAACTGACTCAAGGGCTGGCT
GTITTTTAATTCAGGTTICGTATATGAAGTAGACCTCCGGTTCACCGATAGTCACAGCTGGTTGTAGAAGAGAGCAATT
TTTAAAATGCTATTTCATTCTCTATGGAGCTCTAGGGATCAGAGATTGGATGCACAGGGAGGGGACACATCCTCATT
CICICCTGAAAAATTICTATTAATTTTCAGTATAATAAACTTTICTCTTGAGATTCCCCAGTGGCTCTGTATCGGTGGT
TTTCAAACTTCTICAGACCCAATGCCACCCCICTITTITCITTITTTAAATAACAAATACTTITIGTAATACCTICTTITACGA
TTATAAGCCAAAATATGTAGACAACATACCCTACTTATACAGGCAATAGTTTAAATGATGCCGTAACTCTATTTTAA
AGAGAAATAAGAGTCATTTATAATAAAATAATATGTGTITGTAGTATGCAGTTATTCAGGCAGGATCACACTGGAACA
CAAGTGAAGTTTTTAGATCACGAGACTATCAATGCAGTATAAACAAATGCAGAATGACACCATTIGTGTTGTATGGAG
ACTCAAATACCATGAGGGGCATTGGTCATCCATAGCGTAATTTTCCAAAATGCTGAACAACTCTTGGCAAAATTCCT
AACACCATGAAATAAATTTTTTCTTGGATCGTTATGGCAGTTAGTITGCATGGCTGAAAAATTCAATGTCTTAAAATC
ATGAGGAAAATATCTTATGTTTACGTGTARAATTGAGITACGTTCCAGGTTTAGGTGTTTATAAACAGGGTTTCCAC
ATACATGCATGTCCAGTGGGATATTCCAAAGTGCTGTCAGACTTGGGAGAGTTCTTTGTTGTATAAGARAGTCTACCA
TCTTCATTCCCTCTICCACAGAATGCTATTATAGTAACACTCTTCAATCACTGTGATAGTCAAATGTCCTCCCTCAAT
TTCTAGGATGCCTCTITTTTITTGIGGICTGTATAATTTIGGTTAAATATCTTTCCAGACAAATACTGATTITGTGAATT
AATGAAATAGCAGTATTTTCGGAGCACCTAACCTATTTCTGAGTGATACAGTITGCCATTTTTACAAGACTAAATGAA
ATTACCATTTCAGACCTGCCAGATTGTCTAGCCCAGTICTTITTACAATICTGTGATTATCACTGCAATTATAATCTAT
TTTCACCACTTGAATGGCATGATCTCTATAAAAGGGTGGTGATAACACTCATCTATTCTCCTTCCCCTCACATAGCT
ATATCAATCGCCCCCTAACCAGTTGTTGATAAATGCAGTTGAATTTTATGTAAAAATTATAAGAGATATTATTGTAG
CTGTCCAAGACATITAAAATGCTAAATGCAACTTACGTGGAGGCTATAAGAGAAATATGAACCCATTTATTGAAGAG
ATTAGCTAATTTAGTAAAACAACACAGATATACCTGCATACAGGGATAAATCCCTATTGTCTAAATTATTGAGATAA
AATAATGTTTTACAATGAAARAACTTTTAGACAAGTAGGTAAGTAAAATGCAGCAGTCTATTTGCATTTCATCTGGGC
ATTTGACAAAGTCTTTCGTTATACTCTTGTGAATAAGTTGGAGAAATACTGGCTAGATGCAAGATAAATTGGATGGC
TTAGAAGCCACTTCATGATTTTACGCAAAGGATGTCGATTAATAGACCAGTGTCAGGTGGTGATGGAAGATCTICTGG
TGCTATGTCACAAGCTTCTGTTCTCAACCCTGACACACTGGATGTTTTTGACAGAACATGAGTAGAACTACAGAGAG
GAGGCCCATCAAACTTATGGGTGATAAAAAGCAGGGAGGGCAGGAGTATTTTGGGTGACAGAAGCCARATGGGTGTC
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IGGACAGGATGCGTTTTAAGGCACTTTTGGTACTTGATGTCTGAAGACCAGGATCAAACTTATAGGCAATCTGAACA
TTTGCCAAAATAACAGGTTAATTTTGACAGAAGTTATTATTTIGTATGCTGTCTATTTCTTTAATACACCTAGAAAGT
ATTGAAATAACATTTITTITGCAGACACTCATTTTGAAAATTCAGAAAAAAAATTGTTAACTTTCGTGGAAGAGTAACA
GAAACTCAGTCATTGACAGCTAAATACAATGTGTTGCCCAGTAAAATAGTCCACCCCTTCACTTTCATGGCTAATAT
AAAATTTGATGAAAGATACAAATTCCAAAGATTGAATATCTGTACATTITGCAAAGCAAAACACAATTTTGGGCACAG
AATTGCTCATTICTCATTTTTAAACATCTTGGTTATAACTGAACAATAGTTTTTTATAACAAAGATAATATTITTCAAA
TTATTATGAGGTTCAACTGAAATAATTTATGTGRAAAGCAATGTCTAAACTCTARAATTCTATATAAATATAAATTAT
TATTCAATAAATTCACATCAAGAAAATTTTAAGTTTTTTAAGAACAAGAGCCTATGGCCTTGTTTTTAGAAGCTGTA
TACCTTATCGGTAGTAGGITTIATIGACTTTAATTAAATTTATTGAGTATCTATTAAATTGCCAGGAACTGTIGGTGTG
AATCTTTGCCCTCAAATAATTTACAGTAAGTTGTGGTTGATGAATGGTGATGACGATGATGAATATCCAGACTATAG
TAAGTGGTATATTCATAAGTCAGAGGATTICTTAAAACCAGATGCACCCTCAGATTCATTCCTTTCATGTTGTACTTC
TAATTGAARAAAATAAATCCTAAATTATGACTGTTICTTTATAAATTTTAATTGATCTTATAAARAGGCCATCAATACA
TTTCAAAGTATCTAGGTCTTTTAAATGCAATTTTTCACCCTGGTAATTAAAAGTACGAAAGCAAGAAACTTTAAATC
TTTATTTTGATAAGTTTTAATTAGCTCAAGCTACTTGTAATCCCACATCTTIGTCTTGTAAATCATATCTGAGCCATT
AARAATAGGTTTACAATTAGAAGGGCAATTCTTTTAGAATCTACTTAAACTAAGTCACTTCGACAAATTAATTCATCG
TTCAGTTGGTTTTATTAAAATGTATTTATTTCACTGTAAAATGTCTAGTAAAGCAATGTATGAAGTATTTTATTITTC
ATGTTAGAAATTTTATGTAAAAGATATCCCAAAATACATAGACATTCAGATACTCTCTGTATCATTAACCAACATTT
ACTAACTTATCATTITAGAGAAGGCCAAAATTGTATGTACTATAACTTTIGTATAATTITCATAAGAATTAAAATATTICG
ATTAATGCCTIGTAATGCCTTCTITCTAAATCAAATCCTCAAGCTTACCTCGAGTTCAAAGTTCAGTATTTATTGTAA
CACATCTCATAGATGACGGATGAAGATGGTAAGCAAAGGAATAATAATTTCTTTTCTCTTTTCACACATATATACAC
ACATACCCCATAATCCTAATTCATATAATAATAACAGAAAACAAAGGGCTTTTGAGAATAGTGACATATTAATATCC
ATTATATTTACTTCACAGGGAGACTGGCAAGTCTACCTTGAGAGGTAATGTCTTATAGTACAGTGGACTAGATTGTT
TCAAGATTTGTCATTTATTTTGGCAACTCACCCAGCTTCCCTGAAAGTTAAGTTCCTCATCTATAAACTGTTCATGA
TAATTACAACCTGCCTCATTAGCCTCATCAAGCTATTTAAAATATGAAAGGAGGTGCTATCTGTGGATCCTGTCAAA
GGAGCTTGAAAACTGCAGAACATTATTITTAGTGTAAAATACTATAACAATACATGTTGAATATAAAATGGCTITTTC
TTAACTTTTATITTAAGTITCAGGAGCACGTGTGCAGGTTTGTTATATAGGTAAACTCATGTCATGGGGGTTTGTTGT
ACCGATTATTTTGTTACCCAGGTATTAAGCGTAGTACACATTAGATATTTTTCTTGATCCTCTCCCTCCTCCCACCC
TCCCCACTCCAGTAGGCTTCCACGTCTGTTGTTCCTCTCTGTGTCCATGTGTTCTCATCATTTAGCTCCCACTAATA
AGTGAGAACATGCAGTATTTIGGTITITICTGTTCCTGCATTAGTTTGCTAAGGACAATGGCCTGCAGCTCCATCCATGA
TCTCTGAAGAATCTCCACACTGGTTTTCACAATGACTGAAATAACATACACTATAACCAACAGTTTATAAGCAATGC
TTTTTCTCCAGAACCTGTTATITTITGACTATTTAGTGATAGCCATTCTGACTGGTATGTGATGGTATCTCCTTGTGG
TTTTGATTTGCATTTCTCCAATGATCAGTGATGTTIGAGCTTITTTTTCATATGCTTIGTTGGTCGCATGTATGTTTTICT
TTTAAAAAGTGTCTGTTCATGTGCTTTGCTAARAGGGCCCTTTCAARAATGTGTATTATTAACCACAAGAGAGTACTGA
GTAAGAGACTAGGTAATAAAAGTCACAAATATTICGATATCATAATTCAGAATTTAGATCAGCGGTTATGAAATTGT
TCGTATTTCCAAATTCCACTGACAGGACTCTACTATAAGTTTATTTCATCTGTTGATATGTTTTITAGCCACTICTTT
CTTTTAARAGTGAATCTGTTGTGTGTTTGCCATTTGATATTAGAAAACTGAACCTGCCTGCTITGCTIGTICTICTGAAT
ATTATGTATCAACAACTAACAAGCTACAGTTAGTITGTTTTGTTCTGTTTTTCTCTAAGTTATTGTGGATGAGGATAT
ATATAACTGCACAGTCTTATCAGGTTTGTAAGAGATGATCTTAGGCTCATCTTTTAAATTGGTTTTITATACTATTTT
AAACAAATCCTTTTAGGAGAGAAGAAAAGCTGCTTAGTCTATCAACATTAGGAAATATATCTTTAAAGAGTTTATCA
CTGCAAGTAACCAAAGCCAACTTAAAAATTCGCATTATACAAATCATTIGAGAATTTATTTAGAACAGAAATGTGTCC
AACTATAGGTCAACACCAATTTTAAGTGTGTAATTATCTGGGAAGTAGTGTTAACTGCATTTTTTITCTAAAGATCCC
TTACAGITGTATAAATGCCCAAAAGGATATTTTGAGICICTIGTATATTAACCAAACCAAATGTAATTCATTACTCCC
AACATTATATTTCAACCTICTCCAAATAGTACCTITICGTATIGTATCAGCAGAAAAATATAAAATGCAGATCTTAAA
GAGTATCAATCTCTTTAAAAATTCAAGAAAGAAARAAATATGTGTGTATAGAGACGTGTATTTCATCTGCTCATAAC
ACTGTIGTACATTTCTITTATCAACTAATTTTTITTCAGTGATTITATGAGTTGAAATACAAATCAAATGARAACGGGTAAT
GCAAAGTAAAGTAGAAAACACATTTTCTACTGCTGTICTCCTAATGCAGGTCTTITTCAGGAAAGTACTAATGGTTTTA
GGGAAAGTGTATAATTATGGTTGTTTCCCTAATGATAAATTCGCAAATCTCTATTTTAAAAACATTICATAAGGTTAA
AAAAATGAGAGATGAAATGTGTCTTTCAAAATTCCTTACGTGATTGATAATGCCTATACTICTCTTACTATCTAAAGT
CTAGGTGATATGTATATTTTTTTTAAAAAATAAAATGTCTGTATCAGTGAAGGAAGTTTACACAGATAGCTTCARAAG
CIGTGGTTTATCTTTGGAGGATTAATCTATTTCTCATGCCAGTGTGTTGCTACTGCACATGTTAAAAAGTCATCCTG
TGGTGTCTGGGGTGACAAAAGATGGGAATGAGTTTTCTGAGAACTAATCAGCAATACTTTGGGAACATTTAGGTCAT
GGTTTCCARATTAACTICTGGAGAGTTTGAGTAATTTAGTACCAGACCTICAAGAGAGAGGGGATGAAAACCTCGTTAAT
TCATATGTTGGTGAACGGCAAACCAGCAAATTTGCATTAAAAATGGATTTITATTITAAAGCAAAGAGCAGCCAGAT
CTTTTCTGCAATAGTTTGGGTAGGAGAATATCTTTGTATGTATGTGTTCCCTTATGTGTAGGTATTTGTATGTTTCA
ACGACCCTGCATATGGCAATAACAGAAAATTAAATTTGTGCTICTAAAATGAAGACCAGGATTCAGTGACATAATCTT
CCTTGTGCCTTTICTTTICTTTTAGTACAATGAATATATCAGAGAGGAGTGTATTCCAATATCTGTCTTCAGAGTTACA
AAAACTTCTTTTICTAGAATGCAAGACTTGGGCTATACCCCCAGCTCTGCCACTTAACTTGTATACAACCTTGGGAAC
ATCATTACAATTCTCTCAGAATCAATCTCTCCAGCCCTAAAATGAAACCAGCAAAAGCCTGTACTGTATATCTAAAA
GGTTTTTTATTTTTATGAAAATTAGTTAGGCAAACTTTTGTTAAGCATCCATCACTCTATTTTGAGATAAAGCCTTG
CTGGATGATCTCCACCTCTTTTGATGGAAAGAGTAAAACATGTTTAAGATACATTTATCACTTIGTTTGGCAAATTGA
GATAGAAGTTTATGAAAGCAGATTGATATATGTTACATTTGAGCTACTGGGAAGGACTCCAGATGGTTTATAGCCTT
AATTACATTGTAACTCTAGTTAARATGTTTACCTATCTGTACCCTCTGTTAAACTTGAATATGTTAAATACCAAAGTC
CATGTATTATTGGATTTTCTGTCACCATCATCAGGCACAGATCCTGGTACACAATAGGTACGGAATGGATGCATGGA
TGAATTATTGAATTAGATGTTGGTAGGCATGTGGAAATAAGAATGAGGTTCAGAATTAAAGATAATCTGTATCGAGT
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GTAAAGCCATTGGCAGAGAATGAAATATCCAGCTGAGTATACATAGAAARAGAAGGTAGGTAGAAARATGGAAAATA
TCTTATGAAGTGATGATAGAATAACTCTGAATATGTTTGAAAACATATAAAGAGTTATGTGGATGTTAGCTTTAARA
ATTATCTTCCATGCTGTACATTAGATCTGCCATTICTTCATGCTGTIGGATGAAAAGCAAGCATCAGAAGTTAAATTAA
AATGATGTCATATATTCCTCGCCTTACAGTTTCATAACAGAGGAGAAAAGAGAAACATTCTCTCATTGCCACCACCC
TTCTCCAGTCATATTITCTAGGTAGATGTTGCCCAAAAACAGATAAAACCACAGAGTTGGTTTITGCTAGGAATGGACT
ACTAATCCAGGCAATGTTGACAGCTTTTGCTTCTCATTAGTGCACGTTACTAATAGAATTGCTAGAGATTARAAGGA
ATCCTTTCTACAAAGTGCTGTATATCCATAGGTGACAAAATTCTAGCTTCCCCTCACAAGTACAATATAAAGTTATG
TTTTAAAATCAAAATGCAATTTACTAGCAAACTAGTAGGAACTGTTATGGTTACAGGAAATTTGAATTTCAGATTAA
CTCTGGTTCTATGAGTAGCGGTTGATATGGCAAGAATCATTTTGATCTTACATCCAGGTGCTACTAAGGTICTICICTIG
ACCTATATCTCACCAAAAARAAGGAACAAAATAATGATCCTTTAATCTTTCTCCTAAAATATCATAGGAAATGATAGT
GGCTAAATTGCAAATAARACTAGGAAGGAAAGATTCAGAGTATTTTATGTGATTACTCTATAACAATGCCAGGCCATA
GTGAAAGTGTTATTTAGCAGAAGACTGAGTICTTTGAATGTTCCTAATTTATCACATTITTAAAAATAACCTGGGCAA
AATAACCTTTCATATCAGATTGAGCCTTTTTCTAAAAATACTCAATATGTTICTGTAATTATACCTACACACTTACA
ATTCCACAGTATAATGCACCGATAAAGTATTTTTCATCCATATATCTAATAGTAGAATGGTGTGTATACAATAATTA
AGCTCTTTAGGCTTACCCCGGAAAGCAACAAGTTTCCCTTCCTTTTTCCTTTTTATGTATTATGTTGGCCATAAGARA
ATTGATGATATTCAACTICAATGCAGTICTTAGAGATITATTCAGAAATACCATGGTGTIGTIGTIGTGTGGCGGGAGTAGG
GTTCTAATGACAGGTCAGAACTTACTTATTIGATTITCTTICATIGATAATCAGGTCTTAAARAGARAAATGGGTATGCT
GAAAACATGCCTTCTGTGATTCTTTACCTTCATGTIGCAGTTGTCTICTGGATAAACACTTICTTITGGCACGTATAGGG
TTGCACTAAGCTTTATAGCTCCAACACTCCGCCCCTTCAGTAGATTCTTGCTTGTAACTGATGATAATGCAAACCTG
TATTATCTATAGGTCTCCTTAAAGGGCAACCARAAGTTCAGTAGCAATTCAGGCACAATTACTGCATGTGAGAATCC
TCCATCTTGTTICCCTITTGGAGACCACATATATTTCTTAGGCAAGTATATTITTTAAAATCCTTIGTTCAGCATGACAAT
TCAGGAGGTCAAGTTCTCCCAGAARAGCAGATTCTGAGARAAGTGATTAGCATGAAGGAATTTTATTGGAGAGTGCTCT
CAGGATTAACACCTGTGAGCGGAGGAAAGGAAAGGGAGCAGGATTGGGCAGAAGGAGAAGCTGGGCTACCATACAGT
CACAACTACAACACAATCAACCCTCCGCCTCTCCTTCCTAGCCTTCCCCAGGAGGATCTCTGAAGTCTGAAGGTAGA
ATAGCCCTTCAGAATTGICCTGAGTTGCAGCAAGGGACCCAGGATTTTATACCCCACAACTCTCCCATCAACCAATA
CGTGCAGCCCGTCTCGGGGACATAGTGGGTAACTTTGGGCTAGGCACCTCTCTTTAGCTGAGTCCAGCTCTCAGACA
GGAATAACAGCTGAGGACTGTCAGCCAGTAGCACTACCAGCAGCTGGGGTCAGAAGTATTTCAGTCCTGARAAGGGG
TCCGGGCAGCCCAGCTTAGCATCTACTATGCCAGTCGTTCTCAAATCTGGTTCCTGGCAACTGTGATTCTCAAGCTT
TAGCATATATTGGAAGGCTTGTTAAAACACAGCTTGCCGGATTTTACCCACAGAGTCTCTIGATTCAGTAGAGCTAGG
CTGAGGCCTGGGAATTTGCATTTCTAATAACTICTCAGACGTTGCTGGTGCTGCTGGTCCATGGACTATGAGAACAC
TGTTTCATGCTGCCCTTATTTACATACTGAGAATGGTACACAGTGCTCTTATGAATAGAATGAAAACCTTITTGAAAT
CACATTATTCCTTACTCCATCAAATTCTCAGCTATTTTTIGTGCACCATAAAGCTGGAATAGCTGATTATAAAACTTT
GTTATGTAAAAAAGTACTTAACCAATACAGTAGATTCTGTTTGCAAAGCATTATTACAGTTTCTAATATCTGGTCAT
TGTTACTTGTAAAATTCAGCCAAATTTTCTCCAGGGCCTGTAGTTTGATAACTTGGACAAAGGAATTTAAAAAAAARA
TCTAATTCRAGACCTTTIGGTTITTTTTTCTGAACATATCTITTTTTICTTTATGATTCTTATTTTTACATTITTACTTA
TCATATAAGCCACTTAAACCCATATGGTTCCGGAAAATTTAAAACTATATGATACATTTAGAGCATGTTGAATGCAC
AGATATGGAAATTAAGTATTCTTGACTCATTCTAGACTAGACCTGGCACAATTAAAATTTAGGGATTCAACGTACAC
ACACATAGATTCCGAGAGAAATGTTGAAGCCGTAAAACCCCCACACAAGCAGGAAACAACAGTCTTACCTATTATTIC
AAGAGGCACGTAAAGGAGCTCATTTGAGGAGATTTTICTGCTGTTATTGCCATCGAATTTTTAACGTATTTTCCAAAT
TAGAAAATATTCAGCCTGATGTTGTCAATATTTCAGACCACAAGGGTATCATTTAGGAAAATGGTTITCTITACTGTICC
TGAAAGAGTTACTGTTCTTCCCTAAGGGCCTAATTTACAAAGCAGCAAACTTGCTGGTAGGATTTGGCTGAAAATCA
CATTGTCTCGGTAGAACTCTTTCATCTGATTTATGTGCATTGCATTTTGCAAATAACTCTTGGAAAGTTATTITACTA
GITACTTTCTCTGGAAGCAGAGGGTAAGCGGCATTTCTAGTTTAAGGATAGAGGAGCTAAGATGCATCAAGCGCAGC
TCATCATGAAGCTGATGCTGATAAAATGCACAATATTACATTCTCTAAGTTTCACTCTGCCATGGGAGAATTTCATA
TTTTTAAATTTTGTITGAAATTGGACTACATTAGAAAATATGTCAAATGTCTAACCCTGCATTTATATTCTGGAATG
TGACAGCTTATTTCTGTTCCAAATTTTGCACTGGAGATGGAGTAAGTCTTAATGCAAACTGCATGAAACTGCCACTT
TTATAGGTCACACCCAGTCAATTGTCAGCAGTTACACATGGTTCAAACTGTAAGGTGTATGCCCAATTGTAGCATTG
AGATTCGTGGAGTTGTTGCAGTGGTTCTGAATTTTTCAAGCATGATACATAAAAAGATAAATGACTCTTTTGATATT
TCTCCTTGCATTGATAGTTTGCCTGAAAACTAGATAAGCAGGGAGCCGGCAGTCCACGTTAGCCCTTGAACTACATG
AGGTTTAATTTATTTGCCCAACCAGAACCCTACACTACCTTTCAGCTGTGCAGTATTAAAGTTTATTTAGGAGTTGA
TAAATAGCTTAGTGCAATGCTTCCTTTTTITICCAGTAGCTACATCCTICATAAACCTATTCTACCCTCCACCAGTITAAT
GCAGACAGAAGATTTTTATCCAGTATGAGCACTGAAACTCCACTGTIGGAAGACTGTGTGCTCAGCAARAACCTCACC
CATGATGAATAAACAGCTCTTICCGGGGGCTTTGCTGCCGCTGGCTCGGCAGGAGTTGTTTATTGCCTGGTTITGCACA
TCCCATGATAAAGTTIGCTGCTGAAATAAATTGCAGTITTTGCATAATTATTGACAATCACATCTTAACAAGCAATGTG
TATCATATTCAAGTGTTCAATTTTTTAAAATCCATTTTTAGCTTATGTTTAATCCCAGAAAGTGTTTGTGTAGTAAT
AGAAGGCAAATAAGACATTTAAATAGAGTACTAATTTCCTCATTGCAGACAAAGTTTACCTGAATCTTTTTCCATAG
GACTGTTACTGCCTAAGGCAATTTTCCTTTCTAAGCTATTATTATATAGATATTTGCTGAGGGCATATGTGTGTGTA
TCCACAATACATGCATTTTATATATATATATATATATATATATATGATCAAAAATATGAATACATTTTTAGAGTTTT
TGTCATGAAAGAGTTTGTTTCATCTTTTTAAAATATTACAGGAATGGGGAAATGGGATATGGGTAGAAGGAACTAAT
GTTTTTGAGTAACTGTAATGTATAACTGTATAACGTGGGGCACTCAACTTICACAGGAATTTTTTATTTTAATTICTCA
TCACAGCAATAGATATTGCAGATGAGAAACTGAGAATCAGAGAGGGAACTTIGCCATATCACGTAAGTGGTAAAGAAC
ACTGGGAATTGAACTCAGATCTGCCTAGTTTTTAAAACTCTACTCTTTTTCATTACACATAACATTTITATTITTGGA
AAATGTTCTCAGTTGTATGATCAAGTAGTTAAATATGAAACTAACACAATAATTATAACTGATGTCATGCAAAATGA
TAGTTTGCACAAAATGATAGTTTCTATGARATGTTATTTCTTTACTTGTTAAGTCTTTCTTICCTTTGCCCTCCAATC
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CCCTTCTTTITTGICTTTTICCTCTAGTICTTTTCCTTTTGATTCTAGGTTTGTATTTTICTTGACTTITTICTCCTITGCATA
TCAAATCCTTGTTTTCTGCCTCAGAGCAGCATCAAAGACAAGCATGGTACAGGGATTTTAGGGTTTTAACTATAAAG
GTTTGTCTCAAATTTGGCAGTATATTAAAAATAAGCTTTCAAAATTGACCAACAAARAACTACAARATTGAAAAAAAG
GTACTTTGAACTTTCACATGTTCAAATATATGTATATATATTTCACATATATATATGAAACCTCCTICTGTGGAGAGG
GGTTTATAGAAATCTGTAATTGTCATTICTTGCATGCCTTICCCCCATACAAACGCCTTTAAGTTAAATAAAAATGAARA
GTAAATAGACTGCACAATATTATAGTTGTTGCTTAAAGGAAGAGCTGTAGCAACAACTCACCCCATTGTTGGTATAT
TACAATTTAGTTCCTCCATCTTTCTCTTTTTATGGAGTTCACTAGGTGCACCATTCTGATATTTAATAATTGCATCT

GAACATTTGGTCCTTTGCAG (SEQ ID NO: 2145)

[000207] Homo sapiens dystrophin (DMD), intron 54 target sequence 1 (nucleotide
positions 1686621-1686670 of NCBI Reference Sequence: NG_012232.1)

GTATGAATTACATTATTTCTARAACTACTGTTGGCTGTAATAATGGGGTG (SEQ ID NO: 2146)

[000208] Homo sapiens dystrophin (DMD), intron 54 target sequence 2 (nucleotide
positions 1686641-1686695 of NCBI Reference Sequence: NG_012232.1)

AAARACTACTGITGGCTGTAATAATGGGGTGGTGAAACTGGATGGACCATGAGGAT (SEQ ID NO: 2147)

[000209] Homo sapiens dystrophin (DMD), intron 54 target sequence 3 (nucleotide
positions 1686710-1686754 of NCBI Reference Sequence: NG_012232.1)

CAGCTAAACTGGAGCTTIGGGAGGGTTCAAGACGATARATACCAAC (SEQ ID NO: 2148)

[000210] Homo sapiens dystrophin (DMD), intron 54 target sequence 4 (nucleotide
positions 1716672-1716711 of NCBI Reference Sequence: NG_(12232.1)

TTCTCTTTTTATGGAGTTCACTAGGTGCACCATTCTGATA (SEQ ID NO: 2149)

[000211] Homo sapiens dystrophin (DMD), intron 54 target sequence 5 (nucleotide

positions 1716498-1716747 of NCBI Reference Sequence: NG_012232.1)

GTTTATAGAAATCTGTAATTGTCATTCTTGCATGCCTTCCCCCATACAAACGCCTTTAAGTTAAATAAAAATGAAAG
TAAATAGACTGCACAATATTATAGTTGTTGCTTAAAGGAAGAGCTGTAGCAACAACTCACCCCATTGTTGGTATATT
ACAATTTAGTTCCTCCATCTTTCTCTTTTTATGGAGTTCACTAGGTGCACCATTICTGATATTTAATAATTGCATCTG

AACATTTGGTCCTTTGCAG (SEQID NO: 2150)

[000212] Homo sapiens dystrophin (DMD) intron 54/exon 55 junction (nucleotide
positions 1716718-1716777 of NCBI Reference Sequence: NG_012232.1)

AATTGCATCTGAACATTITGGTCCTTTGCAGGGTGAGTGAGCGAGAGGCTGCTTTGGAAGA (SEQ ID NO: 2151)

[000213] Homo sapiens dystrophin (DMD), transcript variant Dp427m, exon 55
(nucleotide positions 8272-8461 of NCBI Reference Sequence: NM_004006.2; nucleotide

positions 1716748-1716937 of NCBI Reference Sequence: NG_012232.1)

GGTGAGTGAGCGAGAGGCTGCTTTGGAAGAAACTCATAGATTACTGCAACAGTTCCCCCTGGACCTGGARAAGTTTC
TTGCCTGGCTTACAGAAGCTGARACAACTGCCAATGTCCTACAGGATGCTACCCGTARGGAAAGGCTCCTAGAAGAC
TCCAAGGGAGTAAAAGAGCTGATGAAACAATGGCAA (SEQ ID NO: 2152)

[000214] Homo sapiens dystrophin (DMD), exon 55 target sequence 1 (nucleotide

positions 1716757-1716809 of NCBI Reference Sequence: NG_012232.1)
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GCGAGAGGCTGCTTTGGAAGARACTCATAGATTACTGCAACAGTTCCCCCTGG (SEQ ID NO: 2153)

[000215] Homo sapiens dystrophin (DMD), exon 55 target sequence 2 (nucleotide
positions 1716821-1716887 of NCBI Reference Sequence: NG_012232.1)

TTTCTTGCCTGGCTTACAGAAGCTGAAACAACTGCCAATGTCCTACAGGATGCTACCCGTARGGAAR (SEQ ID NO:
2154)

[000216] Homo sapiens dystrophin (DMD), exon 55 target sequence 3 (nucleotide
positions 1716891-1716937 of NCBI Reference Sequence: NG_012232.1)

TCCTAGAAGACTCCAAGGGAGTAAAAGAGCTGATGAAACAATGGCAA (SEQID NO: 2155)

[000217] Homo sapiens dystrophin (DMD) exon 55/intron 55 junction (nucleotide
positions 1716908-1716967 of NCBI Reference Sequence: NG_012232.1)

GGAGTAARAAGAGCTGATGAAACAATGGCAAGTAAGTCAGGCATTTCCGCTTTAGCACTCT (SEQ ID NO: 2156)

[000218] Homeo sapiens dystrophin (DMD), intron 55 (nucleotide positions 1716938-

1837156 of NCBI Reference Sequence: NG_012232.1)

GTAAGTCAGGCATTTCCGCTTTAGCACTCTTGTGGATCCAATTGAACAATTCTCAGCATTTGTACTTGTA
ACTGACAAGCCAGGGACAAAACAAAATAGTTGCITTTATACAGCCTGATGTATTTCGGTATTTGGACAAG
GAGGAGAGAGGCAGAGGGAGAAGGAAACATCATTTATAATTCCACTTAACACCCTCGTCTTAGAAARAGT
ACATGCTCTGACCAGGAAAACATTTGCATATAAAACCAGAGCTTCGGTCAAGGAGAAACTTTGCTCAGAG
AAATAACTTAGGGATTGGTTTATTAAATTTTAAAAGTTGACATTTTITGAGTGTTTATITAATATTTTACA
GGGAAAGCATCTGTATGAATTGTCTGTTTTATTTAGCGTTGCTAACTGAATCAGTTTCCCTTCATTACTT
TCAAATATGTTTTGAAATGTTAATCTGGCATTTTGTAGCTTTCTTICCTAACATGATCTGTGAAAATAAGA
ATGAGATGGCTGAATTTGTCGTAGTTAATGATCAAACAATTTTCAGACAATTGTTTTTCCTAGAAACARA
AATTATTTCCATAAAGTTCCATATGCATAAACAGTGAAAACAGAACGTGGGGTAGTTTTGTTTAAATGAA
GTICTTIGGTGAGAATCATATTICIGTAGTACAAGGAGGCTICTITAAAGTITATTCTCAATACCTGATATAATT
TTCCTGAACTATTATGGAGTITTGITATGTATAGTTGGTTTTICTGACTTGATATAATAACTTTACTAGT
CTCTCAAATACAATTTGGATATAAATCATTATAATAAGATGATTGATTTTITTAGACTAACTTTATTTTTIT
GATATTITTTAAACTATTATGAAAAACTATTATGAAACTATTATGATATTTITTAAACTATTATGAAAAGTA
TATTCTAGTTTGAATAATTCCAGAATCAAATCATAATAAGCAGAAGTTCTITCICCTCTCCCTCCTATCGT
TCTCCTTCTCCIGTTTTITCTTTITTTGATATGATAGTTGATCTACTTTGCTGCTCTGTTGCATAGAGTACG
TAACAGTGGCAATGTATGGCTCCTGAATTTATCGTTCTTGCTTCATCATCCTGCTTTGACCCCACTTTICT
CCTCCAAAATGCGTGTIGAGTTAGTTTGATCATTTGGAGGTAATTTGTTTGGAACAGTATCAGACTTTAT
AGATATCTCCCATGGCTTGTGATAGAATATAAGGGCAATGCAAATGTAGAGTTTTTTGCTCACTCTTICGA
TGTATGGTTAGACAATGTACCACTGTAATATATTTGGCTTAGGCTATTTCATAAATAAAATTTTATTATA
AAATATTATARATGCTGATAARAGCTACTCCAGAATTTTAATAGATATGTGGGTITTCCCGGCCAGATGCGG
TGGCTCATGCCTGTAACCCCAGCACTTTGGGAGGCCGAGGTGGGTGGATCACCTGAAGTCAGGAGTTCGA
GACCAGCCTGGCCAACATGGCGAAACCCCATCTCTACTAAAAATACAAAAATTAGCTGGGTATGGTGACC
TGCGCCTIGTAATCCTAGCTACTTGGGAGGCTGAGGTGGGAGAATCGCTTGAACCCAGGAGGCAGAGGTTG
CAGTGAGCCGAGGTGGCGCCACTGCACTCCAGCCTGGGTGACAAAGTGAGACTTCATCTCAAAACAAATA
AATAAATAAATAAAAATACATGGGTTTACATTTTACCCATCAGCTATGGTAGGTAAATAATAAGCTTTGA
TTAAGTCTATITTAGICTATITITTAGCAGATTACTTTGAAAAATAAAGAATAACCCAATGACTARAAAAT
TATTTTATGTCAGGGATTTAATAARACATATCTTTAAATCTAGTTGAGGGCAAARATACGTCTATTTTCT
ACTATACAATTTGTATTTATATCTIGCTGTATTATATAATGAAAATTTATCTCTATTTCTAATCTCAAGAA
ACTGCAAGCTTCTGAATCATTAAAGGGAAGATTCACCATGTGTCCTAACTATATTTACTATGGAAGCATG
GARAATAAATATTTITATGTTTAGATTITCTGATCTCTCTTTICAAAAGCAGTTGGARAATTATGCTGAGAAAA
TGTCTTAGCTITATCCCATGTTACTCAAGAARATGTATTTATTCGTTTTITGTCCAGTGGCTTAACCAAACC
ACAGTTTATTTGTITGCTCACATAAAGTCCAGTGTCGATCAGGCTACTCTTTITCCATCTTTGAGCTAAGGC
ACATATTACACATAACTTTCAGTGTACCCGAGGTAGAAAAAGAGAGAGCTTGGGAATAAGGCAGGGGCTT
TTTACTGTCTCAACCCCAAAGTGATAAACTACATTTATTCTCAAAATCCAGATAAAACTCCCATAGAGCC
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TCTGAAAACCTCAACATTTGCGTICTTAACTATAATAAGGTTAACTAAGATTCCAAAATTATTTTARAACA
GAGACAGTTTCCCTCTTCCCTGGCAGCTAATATTGTATTTTICTATAAATCCACTTGCCCAAGGTTTAAAC
TACATTTTATGGATTGAAATGACATTITATAGCCAACTCCTGATTTTTAGTTAGATGGTTGGATAATGATC
TTTTGATGAAAGACTCGGAGATGTCATGGTARAACGGTGAACTACTGAAACTATTGATTATTGTTAATGG
CACATTTCAGCTGATTGAATTGAGTCAAGAAACTGGTGTTGAAGAGCAACAAATGGAAATGCCGAGCTTG
AAAATAAATAAAGCAGCATACCTITAAGAGATTACATGCAATTTCAGTATTITCAGCTAAATGGAAGTGTTT
GCTTTTTTTCCTICTATGAATTTTTATITTGAACAARAGGAATTTTCTATAATATGTAGGTAGGAGAAAAG
TGAAATGGCATGCTTTTTCACTTCATTTGAAGAAGCTGGTAGCATTGTATTCATAGATTCATGCTGTATA
GCAATCATAGTTCTCATATATTAAAAAAAAAGGAAATTTGAAATGCCTAGCCAAAGCAACAGCTCTGCCA
ACAGATTTTGATATATCTGTCTACCCCAAAAGTAGTGATGATTTACTTCATACAAATGCTAGTGAATGAA
GAGAGAGGGTGAAAACCTTCACAAAATGTGTTTTTICTCTAAGACTGTCAATCCGTTTITTCTATATATGGA
GACTCCAGCTCTIGCTAGACTACCTATCACTTTCGTCTATCAGCCACTTCGTAAGATATITATTICTCTCA
GCAATAATCATAATTCATAGATTCTTTAAACATACATGTAATATAAAGCATATACATTCTGAATGGAATT
AACATGATTAATICTICTCTIGAAAGACATTAGAATITCCTCCCGTATTATAAARAAGGTGTAACTCACTTT
CCTTACTAAAATCAAGAACTTTACCGICGTICCITGTACTICAGGATAAGGGGGTGTITTCTITATAAATATT
GTTATTTCTGATATGCTAACTGGAATTTTTAAGCAAATGTATTTTTATAGAACGCCATACAAAGCCTTTIA
GGGGTGAAAGTTTCAGGATTTTTAAATTGCAGATTTATCCTTTAAATAAAAAAACTATATTCGTAATTGA
ATCGGATTATTITCTCTATCCAAAACATTTTICTGCTTTGGGCCTAAGAAGAGTTGACAAAGCTGTTCATGG
TTCAAAGTACTACCATAAAACCCTGGGTAACTAACTGAAAATGGAAAGACTCTGTCTTTCTGAATATTTC
ACAAGAGTTTICACAAATATTAAGTGGTICTCTAAGTACCCCTGAGAGATCATTGTAATATTAGCTTGTAA
AGACAATGTGGGGGTGTGGGTATGTGGTGACCTTTATGATGTTCATAAAGGTGGTGTAATTAACATATTT
TTCTCAGCAAGACAAACTAAGGAGCAATAAATATATGAGATACCTTCATCTIGTGATCTGGGTCATGTCTIC
AGGCCATATCTTTCARATCACTCCCTTCCCTAATCTICGTGTTTTACCTACGTCTCCTCTCAATCCCCCCA
TTATAAAAATTGTCTTCTGATGAATAAAACATTTCCAGAGAGACAAGTTTCATAAAGTTTIGAATTGTACA
TCTGAGTACACCTATGAATTAAGATATCTTTGATTTCTAATATGTTATTAAAATTGGGTGTGGTGGCTCA
CGCCTGTAATCCCAGCACTTTGGGAGGCAGAGGCGGGCGGATCACGAGGTCAAGAGATCGAGACCATCCT
GGCCACAAGGTGAAACCCCCGTCTCTACTAAAAATACAAAARATTAGCCGGGTGTGGTGGAGTACGCCTGT
AGTCCCAGCTACTCAGGAGGCTGAGGCAGGAGAATTGCTTIGAACCCAGGAGGTGGAGGTTIGCAGTGAGCC
GAGATGGCGCCACTGCACTCCAGCCTGGTGAAAGAGCAGACTCTIGTCTCAAAAAAATAAATTAAAATAAA
ATAAAATAAAATTGGAGAAGTTTCTCACCARAAATTTTGGCGCACGGATTAATTCTGAAGAAAGAAGAAAG
AATGCAATCTTAGTAGCACAATTAGTACCTTGAATAAATTGGAGTATCGTATTTCTTGGACTATCTGAGA
ATGCAGAGGCAATTTAAGGATCCCTAATTCTAAGGAGAAGAAACCTTTAGTGTATTCCTTCCTGTTGCTT
TAGTTTGAATTGAGTITTATATGTATTTTTTAATCTTTCTATTTTGATTGTTGTCTAAAGAGTGTGARAAG
TGAATTTTGATATTTITATTTTGCCTGGCGATGAATGCCTTICTGCTCTGGATATTTAAAAATTATATACA
CATATATGIGIGTIGTGTIGTGTIGTGTGTGTGTGTGTATATATATATATATATATATATATATATATAAAAT
TTTTCTGAGAACTTTTATTAATTCAGCGTATCTTTGCTAAACACCTGCCATGTGTCGTGGTGTTAGGTCT
GGTGATACAAACATGTITCAGAGAGATGATTTITCTTTCTITTTTTGGGGGGTGGGTAAGGGAAAGAAGGCTT
ATACAACAGAATCTTATTTCTCACAGTTCTGGAGGCTGGGATTCCAAGATCAGGGCCTGGTGAGGGCCCC
TCTTCCTGGTTTGCAGATGGCTTCCTTCTCTCTGTGTCCTAACATAGCAAAGAGAGACAGAGCTCTGATG
ACACTTCCTCTTGTTATAAGGGAACTAATTCCATCATAAGGGCCCCAAGAAAGGTGCTTTTCARAAACAG
TTCAGTAAAAGTACTGGGTTGTATAATCACTTTAATGAGTATCAATCCATATTTTTAAGATAGAARATGAA
TGAAATTAGTAAAATAGAATAGAAATAAGGAGTCCATCACTTTTAAGTAAGTTTCAATATTGTTCGTAAA
ACTTTGGTTCGGTGGTTIGTGTGIGTIGIGTATTIIGTGTGIGIGTGTGTIGIGTGTCTGTCGGTGTGGAAAT
ACTGGATCACTTTGTAACATATATTCAAAAGCCTICTGTATTTITAACATTATITCTGCCTTTGAGAGGTTC
ACATTCCAGAGGTGAAGACATACATCCTAAGACAAAATTATAATAGCATTATGAGAATTACAGTAGAGAG
CTGGACAGGGTCTAGCAAAAACAGAAGACTAGGCTAAACCTTCCAAAGAGGCCAGGAAACTCACCTAGAA
CGGTIGGATTTTAACCTTGCTTATGCACTGGGGGAGATTTTAAAAATATCTCTGCCCACAATAGATACCAA
CTGAATTGAGCATAGCATGTCCTACCCATGAATCTATTGTICCAGTGAGAACCTCTGTTTAGAGAAAGTCA
CCTITAGAAGAATTGTTAGGAGTITATTTAGGTTCATGGGGTTGAAAAGAGCATTICGTGATAGAGGAAACAC
CATATCCAAAGGCTTAGTCAGTIGTGGTAGTIGTGAGAATCTGAAGGAACTTGGCTGGGGTATGGTTGCTAC
AAGAAATGAAATTAGATCAACTGGGGCTAAATTATGTGGAAAGACAGCATGATGTAGCAGCTAGAGTATG
GACCTTGTAAGCAGGAAGACCCCTTATTTAGCACTTACTAGCTTATTGTCTGACCTCTGAGTCCCAATTT
TACTCTTCTATACAATGAGTACATCACAGGATTTTATCAGGTTITAAATGATAAGATATATGTAAAATGCA
TACCAGAGAGGCAGACTATTGGACTCGAAGGGCTCAGTAAGTGTAAGCTGGCTCTCTCTGCCCCTTGCCA
CCTATTTTTCAGACTCTIGGACTTTTATCACTTTAAGTICATAGCCTAGTTICTAAGCAAGGAAATGGACTAA
TCAGACATGTTITTTAAAAGATCATTCTIGGTAGTGGTTAGGAGAATGAATTIGGAAAGATATGAGACCCATG
CAGGGACAACAGTTAGGACATTATTTICTGTAATAAGCCAAGCAAGAATTGATGATCAAAGTGGTGAGGTT
GAACAAACARRAACAGATACGTGAGCTATTTGGAGATAAAATCAACACTGTCATATGTTTTIGTGGGAGGTG
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GAGGTGAGCAGAAAATGTGAGGTAAAATGAGAAATCAGTGCCTGCTTACCACTTGGCATGATTGACTGAA
GGTAGTGTCTTCACTCAATCATGAGTTGCAGAATTCAAGATGGCAARACAGTTIGTGAGGAGCAAAGT CAAG
AACGTGTTTGATTTTGAGGTATCTGTAAGTGAAAAATCAGAGGTGAAAACCTTACCTCTCTTGAAGCAGT
TGTGAATGTAAATCTAAGGTTTGGARAAAAGATCTGGGTTAAAGATTTAAAATTGAAGGACATCAACATGG
AAGCCATAGAAATAAATTATATTACACACAAATTTATGTCGTTATTTGAATTTCTCCATGGTCCACTCAG
AAATATATCTAAATGTCACCAAAATGTTACTTACTGTAGTACAGAATTGGTATTAAGTGATACTATTGTC
CATGTTATTCAAAAAGACAGTTATAGGGACCCTICTTAATAAACTAATTGTGAAARAAGGCAAAGAATTAGC
AAAGCTTTGGCATAAAATTCATATCATGGGCCAGGCGTGGTGGCTCATGCATATAATCCCAGCACTTTGG
GAGGCTGAGGTGGGCAGATCACCTGAGGTCGGGAGTTCGAGACCAGCCTGACCAACATGGCGAAACCCCG
TCTCTACTAAAAATACAAAAATTAGCCAGGTGTGGTGGCACACGCCTGTAATCCCAACTACTCGGGAGGC
AGAGGCAGGAGAATCGCTTGAACGTAGGAGGCAGAGGATGCAGTGAGCTGAGATCGTGCCATTGCACTCC
AGCCTGGGTGACACAGTGAGACTCCATCTCAAAAARAAAAAAAAAAAATTATGTCATGGAAAAAGTAARAA
GICTTIIGCATAATGTATCCAAGATCATGAAAAACTCTTTTICAATAAGATAATTAGTICCITITCTTATAT
AAACATGGAARATTTTCATTITTCCTITTTATTICTICATATTGATACTATAAARACCCCATCCICATTCACAA
TACTACTGTICTCTACCCTCGATAGATACCAGTTCAATTGAACGTAGCATGTTCTACCCATGAATCTATTG
TTCAGTGAGAACCTCTGACTATAATGCTCAGGAATACTCAAGACTCACATGATTGTCTTCTTGCTATATT
TAGTTACTTTATTATTTTCCATTTTGGGACCCTGAATTCCTGTAGATCTCAGAGAAAATCCGAAATGARAA
TAATGAAAATAATTAAAAGTTTAGAAAAGGGAGTCAATGGGGACAAATGTTCAGGACTGGTCTTITTATCT
CCTGCAGGAAGAAAGACTGAATGCAGAAAATTAGAATCCATTTTTICATCCAGTCACCCCAATTTAATGCA
ATATGAGTTITAGCTATTTGATTTTAAGTGTTGTACCGTTTITGGACCATGTTACCATGGTAACATGAACCA
TGTCTCATTCATACGTAAACATGTTAATTGTATTAAAACCTTTAAAACCTACTICTGGATGTTGCCATTA
CATTAAACAATTATCTAGAATGATACAAAGTAATGACTAAATTGAATAACTTIGTAAATTIAACTATTGGA
TTTTGTAATTTTATATCTATAAACCAAAAGAAAAGCCCACATTGGTAAGAAGACACTGTGCATACTGAAA
AGTCAATTTTGTTAGCCTCCAATAACCATTGTGTTTTATTCCTCGCAGAGCTTTTGTGAGGATCTTATAA
GGGAATAAATATGAAAGCACTTTGAAAAAGCTTTCAAGTGAAAGGTCCTTATTAATTTTATGAATTACCA
TTAAACAAAAGTCAAACTGAAGATGTAAATCTAATAGGATGCTCTTAAAAGTCAATGGATCAAAGTTATA
TTAATTAATAAAGAATAATAACTAAATATTTITATGTTTCATAATTGGCAAAGTATCTTTACTGTCATTTT
CTAATTTGATCCTTAGTGAAAACCTGTGATGTTGGTACTCCTATTIATTTICCATTTTCATTTGAGAAGAAT
AAAATTGGAGAGGTTAAGTAATTTATCTATTIGCTACTTGTTAAAATAACTACTAAATTTTATTACTCCCA
GTTAGGAGGGCAATTATATAAACTARAAAGCTTGTCACAATAAATGTTTACTTTTCTGGGATTAAAGTCAT
CATGTATTTTTCAATTATTAAGGGGGGTAATAATAATAATAGCTACCTTTTTAARATAGTTACTATGTGC
CAAGGTGTGTACTAAGTGCTTTGCTTGCATGATGTAATACCATCGTATATTTAGTACAGAGGAAARACTG
AGAGGCTGGGTAACTTCTACTAAGGTAACACACAAGTACTGGTTGAGTATCCCTTATCCAAAACACTTGG
GACCACAAGTGTITATGGATATCAATTTTTTTICTGATTICTITTTITTGGATTTCAGATTTTTTCAGATTTTG
GATTACTTGCTTTATAATTATGGGTITAAGCATCCCAAACCCCAAAATTCAAAATTGGAAATACTCCAATG
AGCATTTACTTTGAGAATCATGTCGGCGCTCAAAAATTTTCAGCTTTTAGAGTTITTTTGGATTTTGGATT
TTCAGATTTGGGATGCTCAACCCGAATATATAGAAAAGTCAGCATTTGAACCTAAGTTTGACTTTCTGAT
CTTCTACCAACTCTACTIGTCCTACCCATTACTCTACATTGACTCAGCATTACAGGGAAAGACCCAAGATC
ACCAAAAGCAAGCTTCAAATCACTCATCTAATAGAARATTAGTGGAAATATTITCTACTTCCTAAACATCCA
TCTITICCTTTACATTTTAAAGTCAAGTTTCTACATCTGCCTCCCAACTGAAACACTTCICTATGAAATCA
CCATAACTACCAAATGCAAATATTTTITATCAAGTCCTCATTGCCCTAGAAATCTACTCATATTTIGTTAT
TACTGCTCACTACAGCCTACTGAAARAATGTCTCACCTITTGACTTGCCAGGGTGATATATTATACTAATT
GTCTICCTTIGTCICTCTAAGCACTCATTCCTTICCICTTITCTITTCTTCTTITTITITITTTITICACTTITTATTT
TAAGCTCTAGGGGCACATGTGCAGGTTTGTTACATGGGTAARATTGCATGTCATGGGAGTTTGGTGAACAG
ATTATTTTGTCACCCAGATAATAAGCATGGTACCTGATAGGTAGTTTCTCAGTCTTCACCATCCTICCCAC
CCTCCACCCTAGAGTAGATCCTGGTTITCTGTTGTTCCCTTCTTTGTGTTCATATGTACTCAGTGTTTAGC
TCCACTTATAAGTGAGAATATATGGTATTITGGTTTTCTIGTTCCTATGTTATTTCACCTAGGATAATGGCC
TCCAGCTCCATCCATGTTGCTGCAARAGAACATAATCTCATTCTITTITTICTGGCTGCACAGTATTCCCTGG
TGTATATGTACCACATTITTCTATATCTGATCTACCATTGATGGGCATTTAGGTTGATTCCATGTICTTTGG
TATTGGGAATAGTGCAGCAATGAACATACAGCTGCATGTGTCTTTATGGTAGAATGATTTATATTCCTTT
GGGTATATACCCAGTAATGGCATTGCTGGGTTGAACGGTAGTTCAGTTTTGAGTICTTAGAGGTATTITCC
AAACTGCTTTCCACAGTGGCTGAACTAATTTACATTCCCACCAACAGGGTATAAGCATTCCCCTTTICTTC
ACAACCTCACCAGCATCTGGTATTTITTTGACTTTTTTTTTTTTTTTTTITTITTTTTITTGAGACGAAGTCT
CGCTCTTGTCCCCCAGGCTGGAGTGCAATGGCGCAATCTTGGCTCACTGCAACCTCCACCTCCCGGGTTC
AAGTGATICTCCTGCCICAGCCTCCCAAGTAGCTGGGATTAGAGGCGCCTTCCACCATGCCTGGCTAATT
TTITATTTTTAGTACAGACAGGGTTITCACCAGGTTGGCCAGGCTGGTCGCAAACTCCTGACCTCAGGTGA
TGCGCCCGCCCCGGCCTCCCAAAACGCTGAGATTACAGGTGTGAGCCACCACACCAAGCCCACAGTATCA
ATTCTATGCATTICTTTICTGATTTCATTAATCTCATTATCTTCATTITGATATTTAGTCAATAGTTACTGT
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CAGTTATGIGITAGTITATTATACTAGAAACAGICTTITTICICCATCTCCTTITAATCCAATGATTTGAACAT
TTITTATTCCTITTCCAATGTCTGTCCCACATTTCTTACTGTATGTAGGACATTTCTTACTCAAATGTCTCA
CAAATGACATAAATTCAGTATGACCCAAATAGGCCATTTTTTATACCAAGTCTTATTTCCTATCCTGCTG
TTCATCCCGGTACCATCTTTTCAGTCAGAGAGTTCAGATCATATAGTCATTTCTAAATCTCCCACTTACT
TGCCTCACTTTCAAGTTCATTTTTAAGGTCTGTAGATTICIGCCTCCCTAATTCTTTATGACCATTCCTTT
CTCACTAGCCCCTTACCTCCACTICTICATTCACACTCTTACTATTTTTTACCCTCCTCCACTCATTCCTGC
CCACCAGTGGCTCCAATCCAACTTGCAGATTTCCATTTAAATTAAGCTTCCTAAAACATAGCTTAGGTTG
TAACTACAATGCAAATTCCATGAGAGCAAAGATTTICATCTGCTTTATTICACTTGTATATATCCATTGTCC
AAGACTGTGTIGTGTCACATGARAAAGTGTTICAATAAGTATTITGTCAGTGAACGAAAATAATATATGACTCC
CCTCTTCARACACCTTTTTTGACTTCAAAGCCCTTCAGAATATTCTACAGACTCCTTCACCTGGCTCTCC
ACAATTGCCCCTGAGTCTCGTTTCCAATCTTATTTCTTATTTTACCTCTCAATGCACCTTCAACTCCTAC
TAAAATGAACAGCTAGCCAGCTTACTTCTGIGTICTTITCGATGATCTTGTTTTTTGTCTTGAGATTCCTTT
TTTTCATCTAAGCTTACCCAAACATTACCTACTTITTCAAGGAAAGCCATTITTCGAATCTTCCCTITTTTCC
CTGAGCCCCCAAGCTGGAAGACATCTTGTCTCCATCTCAATTCCTATAGGCATTITCTICTGCACTTTAAAT
GACGTTTAGTACTTCTGACATTGCATTAGAGAGAGGCTGGGGTGGATAGTGTITICATAGTGTGAACTTTG
AAGCCCGACTGCCTGAGTTITAAATCGTGATTCTGGGGCTTACTGACCATAGACGCATTTCTGAATTGCTC
TCAGATTATGGAGCATAAATCAAAAGTAATGACAGCTACCTCTTCAGGTIGTIGTGAGGGTGATGCGAAT
TAATGTACTGAAGTGCATGGAACAGTTTCTGGCACACGGTAAGCACCCAATAAACATAGCTAATATTATG
TTATTACTATTTTCAGGCTTATITTTATGTATACATATAGTATGTAATTTTATGTCAATATGTATAAATA
GACTTTGGIATTGTTTATTTCACTATCACCTTGAGAGCACAATTCTCATTTGATTTGTGTGAGAAACTAC
TTAGAAAGAAATAGACGTIGTIGAATGAAACTATGCTITGAAATATTGGTTACTGTGAGTGTTGARAAATCCAT
TTTGTTTAAAGARAGCTTCAATTGTTAATCTTCCATAAATTTTAGTICTTAAGCGTTCATATTGACTCGT
TTTGGAAAAGCTCTTTAAAGTCTTGGGATATAAACAAGGCTGAATACCCTCATTCATGATAACAAACATA
TTATACTGAARATTGTAAGAGAGATATTTTATCTTTICATAATGCCCTCCTTGGGAAAATACATTGACTTG
GCCCTTCTCTTTCAATCAGACACCAAAGTTGAGATTIGCCTGAAACACAGTTTGGTAAAAGGAGTTTICTTT
TTCCCAAACATCCTGAGTAACACAGGAAATCACACCAATGACTGATAGATAACGTTAATAAAATTAATAA
AGTTGTTTTAAATGCATACCATGGGGCAGTGGCAATGAAAACATTGAGAAGGCTGGGACTATTTGCCAAC
TTITCTTTGATCTCCATTAGAACCTGGACAAGATCCACATAATTTCAGAACTTCTTCTCCAAACAAGAATT
GAAAAGGTCAGGAARAGTTIGACCACAGAAAAATGTCAAAGAATTTTIGTGTICACTTTCTCCTCCTCCCTT
CCTCTAACCTTGAATAATTTTTTAGGGTTATTGGTCTTTGGGAGCAGACTTTCTAGACCAAAACAARAAA
AATGATATTCCTICTATGTGATAGGTAACAATCACTACCCATCCTACTGGAAAATTCTCAAAGTGTAAATT
GAGGGGATAAAAAAAGAATCTTAAGTCCTITTAAATTATTTTTAAGATGAACTACATTAGTGCCTCICTTG
TGCCTTTCATAATTCTGATAATAAAACATTCCAGGTATTAGTCAAAGATTAATGGTATTGAAAATAATTT
AGGTTATCAGCATGTGATTTTCATTCCACATGAGGTCCTTTTGCAGTTTACATGGTTTTCTAAATTATAT
TAAAATAAAATGTCAGAAAGTTCACATTTITTITCATGTTTAACAGCATCAATCTTTAAAGAARAGTTATT
GCACAAAGGTCTIGTGCATAAATCAGCCATTCTCCGAAGAGGTAAAAGAAGTCATTACGCCTGGTTATGAG
AGAGAGTTTCATGAATGTAAGAGACATAAATCATTTCCCACTGGAGATCATATTAGTCTAGATGGAAGAA
TGTCTGTTTCTTGATAGTGAGARAAGCAACAAATTACTTTTIGTITTGCTCCTGAGTCTGTGGTTGTCCTTGA
GAGGTCTGTTAGCATGTTGACTATTIGACTATTCAATATTAGCATTATAATAACTTACAATGATCTGAGTC
ACATAARATATAATCTTTICAGITCTCTAAAGATTITTIACTTTTTCCTICTCTAATATCTATTCACCTCCAACA
CCTTTGCAARATATATTATTCTCTGGGAGTTACAAAGAAAGTTATTCTCTGCAGGAAGCAGCATTTCAGTT
GCTCTCAGGAGCCAACCACATTTCACCTCAATTICITIGCTCCCAATTCAACAATTCAATATTGGATTAAA
TTCAAGGCTGTGACCCCAAATAGAATGAGACCTGGATATTTATGAACCACTTGACCAGGCATTCTTCCCA
TGATTTACTCCATAAATCCTTTTTAGTTTTTGCAGTAGCTTTACAAATATTTGGAAAATGGCTGTGCAAT
GCAGTTTTAAAAAGTGCAATGAGTAGAGGTAGCTTCTTCACCTGGTATGGTAAATTGTTGATTCTCTTTT
GGAGTGGAAAACAAGTGTTCTTATTITGGATGCAACCATTGCATTGATTAGACAACCCTAAATTCATCTTT
CATCCATGACCTGARAAGAAATTTTGARATTCATGCAATATATACCCGTAGTGGAAARATGTACTTTITTGAA
TGGATTCCTGAATGTGACTTTTAAGAAGAGCTATTAAGAAGTGGGATCTTCTACAGAACAGTAAACAGGC
ATGAAAATATACAAGTTGATAAGATATGGAACTACCCCAAAAGAGGAATTAATAGTGGTGGGGCTTGGGG
CAGGAGGACAGAGAGACCTAGCCAAGGAAGGAAGGGCTATATTATAATAGAGTACAAAGTCCTTTAGTCA
TCCAAGAGAAGGGGCACCTTCTGCATCCCTTATGAGTAAGATCAGAGAAGGTATTCTAGTTAACTTTTGC
TACATAACAAGCCAGCCCAAAACTTCATGGCTTCAGTAAAAATTACTTGTTTTGTTCATGAATCTACAGT
TTGCTCAAGGTTCAATGGGGCTTIGCTTATCCCTGTTITCAGTTGATATCAGTTGGGGTAGATTGCCTGATG
CTGGAGGATTCACTTCCAAGAGGGCTCACTCACATGCCTGGAAAATAGGTGCTGACTGTCAGTTTTTCTT
CATGTGGACCTCTCCATGGAGCAGTTTGGGCTTTTTCACAGTGTAAGAGTTGGGTCCCAAGAGCAATTAT
CCTAAGGGACAAGAAATTAAAGCTGCAAGCTTCTCAAGGCCTGCCCTAAAAGCAAGAATGGTTTTIGCTTC
TCCCATATTCTATTTGTCAATCAGTGACAGAGCTCTGATTCAAGGGGATGAGAACATAAACTCCACCTTT
CCATGGAGAAGTATCAARRAGTTTTGATGCCATTTAATTAAAGCTGCCATACAAAGTTTCTTATAAATGA
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CACTGAGCTGAATGAATACTAAACAGCAAGTAGTICATTATCCCAGTCAAGAGAAGTTATCTITTGCTCAGA
ATACCCTITCTICTCCTTGTCTACCTGGAARATTCAACTCTTGGCCAAAGCCCTACCICTTCTCGAAAGCA
TTACCAGGCCTTGCCTICTAAGTGTACAATTGGAGATACACCAGTATACTGATGTTTTTAARACTTTAAAC
TTTTTTCTACAATARAACATAAATTAAATAACTTCCCTTCTGACTTAARAGCTGCAAAATGCTCATGACA
GTAACTATATAAATTAAAATTAAATCTTAAGCACGATAAATACCTCTCGRAATAGCAACATAGATGCTTAC
TTCTTTATTTCACTTCTTTATTITGCTTTTICTTTGTCTATAGTTITGCCCCARAGGTATTTTAATAATATCG
GGTTCCATGTATACCAGTGTGTACCAATTAATATTTAGAATATACCTGTTAATAACCTCATTTGCATAGC
CCTACTAATCTGAGCACAGCGCAGCCTTAAGAAAGTCTTAGTTTTTCTCAGTTTAGTTCATCTCTCTTCT
CTTCTCCTCCTGTCTCTCTTATTTCCTATTTCTTITTTICTTTITCAAGTGACTTTCAACTAAGTAGARRAATG
CATTTCACATCACTATGCCGGCCTCCAGGCTCTGTCTATTTCATTCACCCAGGAATGCCCTTTCTGAATG
CTTTCICTCATTTAGCAGCTATCTATTGAAGTTGGACAAATGATAGAAATTCATTTCTTAAAGAGCCAGA
ACATCATCTTGAACAAGAAGTTAAAAGAATTCAGCAAATCAARAGATGAGCTAATATGGGTGAATCTTAG
AGGCATTATGCTAAGTGAAATAAACCAGACACAAAATGAAAAATATTGTATGATTICCACTGGTATGAGCT
ACCTACAACAGTCAAATTTATACAGACGTAAAGTTGAAGGATGTTACCAGGAGCTIGGAGGAAGAAGAGAA
TGAGGGCTTATTGTTTAATGAGTACCTGAGTTTCAGTTTGGGATGATGARARACATTCTAGAGATGGATAG
TGGTGATGGTTCAACGATAATAATAATATAATATTAATGTACTTAATAGTACTCAACTGTATACTTAARAA
ATGGTCAAGAAAATGGTACCCCGTTATCCTGATGTGATTATTACACATTGTAGGCCTATATCAARATATC
TCATGTACCCCGTARATATATGCACCTACTATGTACCCATAAAAAAAATTTAAAGGCTAAATGGCCAGGC
ATTGTGGGTCACTTCTGTAATCCCAGAACTGTGGGAGGCTAAAGCAGGAGGATCACTTGAGCTCAGGAGT
TCAAGACCAGCCTGGGCAACATGGCAAGGCCCCATCTCTACAAAGAATTCAAAAATTAACTGGGTGTGGG
AGCTCATGCTTGTAGTCCCAGACACACTGGAGGCTGAGGCAGGAGGATTCCTTGAACCCAGGAACTGGAG
GAAGCAGTGAATGACACTGTACCCCAGCATGGTCAAGATCCCAAATCAAAAAGAAATGATTAAAATGATC
AATTTTATGTTGTGTATATTTTGCCACAATACAAAAATGGGGAARAAGCCTATTCGCTTTTAAGTATCCTT
AAAAAGGCACAGCTTCTTCAGCTAACAGACTCTAAAACTTTTTTTAATAGAAGTATTAAGGTATTTAGAG
AGTGCAAAATATCTTATTTTAAGTCAAGAAGTTAGGGTCCTGTTCCTAAACACTAGCCTCTGTAATCCTG
GGGAAGTCAGTGCTGTTGGAGATCTCAGGTTGATCTTCTGAAAAATGATGGATCTAGGTAAAAGATATGT
TTCTCCAGGTTTACATACCACGGACACCATCTTTACTTGGAAACTTTATTAAAAATGCATTGTGTCAGAA
GCTCTCTGGGGATGGGTCGTGGAATCIGCATATGTARAGAGCCCCTAGGTAGTTCTTGTGCCCACTTAAA
TTTGAGAACCACTAGACCAGATGTTTTGCTTATGGCCCTTTCAGCTCTGAAATTTGAAAAAAAAARAAAT
GATTCTGCAAGACAGAGTCTCTIGTGCTTTTGCAGGATAAAGAAATGAAGAAAATAATACTTCCTGCTTGT
GTTGGAGCATTTTTTTCATTTGGTATCCCCATCTCCAGTGGCTAGCCAATCAAGAATAGTATTGTTTATT
CTTCCCACTGTTTTGAAGATACAAAAGGAAAAGCTAAGCCAGATGACACCTAAAGGCTTCCATTACCATT
TTCATGTTTTTICCCTTTGCATAAAAACTGTCCATGCCTCCATCAGAGCCATGATCACTAGTACAATGTTA
CACTCTAATGACTCATGACATTAAATTATATCTTAGCCTAATATGACCAAATTACAATATCAGAATAAAR
ATTTCTTTTTTCAGGTTGAATCCCATAACTTAATCCAATTATAATACTGGCTGAATTTTTCACAATTATG
TCTCAGTCTTGATTTAGGGAATCTTCTCTTTATCATAAAAATGCATTTIGTTAAACATGTITCATTATAA
TCAATTTICTCAAAAGTAAAGTTAATCAAGAGAAGGAAAAAAGGTTTTGTTITTGATTTGATTITGGAATGTG
TATGTGTGTTTACTGTATTGAAATAGATTCTGTICTGAAAGACTGTATATAAGATAAARAGTACAGAAGAG
TAGTCAGAGAGTTATTACCCACCCCTGACTGATGGTGAATAGATTATCTAAGTATCCCGTAAAAGGCACA
ACTCCTTCAGGTATATTTTACAAATTAATTAGTAACTTTCTAGCCARAATTITGTGTCTTAAAGACACCAGC
TAGAACTTGGTTAGTTCTAGCAAAGAAGATTATTTTATTCTGAAACAGGTTTITTGTTGTCGTTTTACTTA
TTTGAACTTTTTTCTTGAATATGTATTICTTTGCACATAAAATATATTIGACTTATGAATGTGATTARARAAT
GGAAAATAATTAGTTGATTTTAGAGAGACAGAGAGAGGAGAAGAGAAGTGTGAAGGAGAGAGGGAGGATA
GAAAGGAGAGAGGGAGAACAGGAAGGACAGAGGGAGAATGGGAAGGAGAGGGAGAGAGAGAGACAGAGAG
AGAGGAATGGAGTGGGTAATAAGCAAGAGAAAAATGCCAATCATATGCTTITGCTAGTGTGTAAAGTICTIGA
TAACCCAAGGGAGAGAGGACTACTCTGGCCTAGTGARACARAAGGAAAGAGAAATATGGTAGAATATTCTC
CTGGTGCTTCACCAAATGTGACACCAGAAGTCTGACAGAAGTCATGTCAGCATTTGAGCTCCATAARACT
CAGGCTATCGACCTACCATGTGAGAGTCTCARAATGAGTTTAGGTAGGGGCAGAGGAGTTGAAATCCAGT
AACATATGCAACAGTGATCACACCAGGATTGCACATAGAAAGCAAATTAGTCCTCTAATAGAGACGCCAA
TTTGARATTCACCCTCTGAGCAGGTTTTTAAGCACACTCTITCTTTTACTTITTCTATTTACAAAAATGGAA
CACCACCAGAAAAACAAGAATTTGAAAGACGAGATGAGAAAAGTAAGTTGTAATTGGAAACAGACAGAAT
GTGTACACAAACACACACACACACGCACACACACGTGCATGCACAGGTGATGAGAGAGTAGTITTGCCTAC
ATGGTGTATCTGACTAAGAAGACTTTTTGCTCTGGTTGTCTTACAGGAAGTGACTAAATCTCATGATGTG
AAATATTTTCTTGCATATTGTATTGGAAAAGARAAATAATTTTCCCAAACTCCTTAGGGGCAGTGTTGTICT
TATAATTCCCATATAGTATATGCTCTTCAAGTAAGTAACTCCAGAGTTGAGTAAGACAAGACTCGTGACT
CAGATGGCATGCTCTGCTCCCTAGACTAGACATTGCATCAGTCTGCCTATACTCACATCCGCTGTTARAG
GATTGCCTCCAGTAAAATATGTCTTITTAATTCCTTATACAAGAATCTGGAAAAAARAAAGTAAGATTCTCT
ATTTCTTAAATTTAGCAGCAGGTTAATCACTGATAACAATAAAAATACATAACAATCATCTAGCACGGGET
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AAATATTGTGGCAAAAATTACACCCTGAAGAATTCAGTCAAAGATATAAGTAAGTACACATCATTGTCAT
GTTCCACAATATATCATCTIGCTTTAAAGAAACTGTTATGTAGCTGTAGTAGATTITAATCATTAATCCCAT
TTCTTCTCCACCTITCTGCAATCACAACCTTAACAATGCCTCCTTATGAGTGGAATGTACTTCCCAACCCC
TAGTCTTAGGGGTTGGCCATGTGATTTGCTTTAGCAAATGGTAAATGAGCAGGAGTGAGAGGTGACAGTT
TTCAGCCTAGGCCTTAAGAGATCTATACATTCCTGTTTGTGCTTCTGCTATCATTCTGAGAACACGTCCA
TCTAGGCTGCTGGTCTCAGGAAAACGATAARAGACATGAACAGCAGGGCTGCACTAGCCATTCACATCCA
GGAAAAGAAATGATTGTTGCATAAAGCCATTGAGCTTTATTCTACATTACTGTGACAATAGCTAATTGAA
ATAGTAAATATACTTTGGTITTTITCCTAAATGCATATTGAAAATTAATAATATTAGCCATCTGTATGATAA
AAATATAAAGCCTATGTTTTATTTTTTAATGGTTCACTGCCCTAAATAAATTTCCAAAAAGTAGATGTTC
CCTTGTCTAGTGATGTCATTATATTTTATTTATACATCATAAACACACTGTTTATTTCTGCTCATTTTTT
TGTAAGTAACATGTGTTACCGCCAATCTTGAGATGATACACACACTTICTGTACTAAATTTTGGAAAACAT
ATTAGCTACCCACTCCTTATATCAAAATATTGCCTAATAATGTIGTITTITGTITTTAATCCTTCATGAATTTC
CAGGAGAACTGAACTGATACTTGGGTITTGIGAGATATATGAAAATAGTGAACATGAACTTICTGGTTTAAC
CCTTGTGATGATAATGGAATCATAGCTCTGTTAATTACTCTTIGTGGTTTIGTICTTCCTAGAGATAATCATG
TACAAAATTCCTTTCCAATTIGTTATATAATATTAGAAATACTTCCAAAATTGGCATGGATTTATIGTTA
TCATTTGTTGGCACAATCATTAAAACGAAACCCATAAAGCTAGATAATTAAATGTTTACAAAGCTATAGT
ACTCAAAACARAAACACTGTGAAAAGAGATTTITTTAAATAATAGTTTTTGCATGCCTTTTGAATAATTGG
ATTATTCTGAATTTCTTCATGTTTAGTCCCTGAATCTAAGTCATACCGTCTACATARAAATAGATGTCAG
CTGAAGAAAACCAGGCAATGGATTTGTCTTIGACGACAATCTTTTTATATGTTCAGACTTCATTTAACATT
AGACTTGTICIGTATTTGAAATTGGTATTTCTTTACATTTCTGAATTTAGGGAAATGGCACAAGAGAATAA
CATTAATTTCCICTGCATTITGGCCTAATCAAATTTGAGCCTTTCAAGAGACACAGCCAAGTCAATTCAA
AGAGACATATGAAAAGACTACTIGTTAATGTATCTTTAAAATGAATTAGCGGCATGAACTGTTGCTAGGTG
AGTTAGGTATAGTITGTAGTITTTAGTAACCCTAAGAGAAGATGCAGTGCATTCTAAAATGTCACAAGGAG
TTTGATTGCTCAAAATTCTGGGAGATTGGCTCTCTGCAAGGCTTCTTGATGTCATTGTTCCTAGAGGAAT
GTTGTTCCAGTACCTATAGCGATTGCAGCCATAACTATTTATGTGTCATTGTAGCCATTGTTATTACTAC
ATGCTTCACATACCTCTACTGAGGTCTAAAGAATTAGTGGACTTCATATTCTGGAGAGAACACTTGAAGA
ACCAAACAGAAGTTTGATGTIGAATCTGCATATCCACCATTATTGTTCATAGGTICTCAGGATTAGTTGAG
TGATGCCTTARAGAAAGAAAGTCAGATGATAGGTCTTCCTGCTGCCCGCACCACATCATGAGTGTTATTIC
CTATAGAGGAGGAGTAAAGAGTGGGAAGAAAATGAAATCTGTCAATACTGTGAATATATAARATAATAARLA
GTAGCAGTAGGACTGATTAATTCTGAATCATCTTTATGAAATGACTGGAGCCGTGAAARATGCTCAGTCTG
CACAGCTGATTGAGAAATGTATGCAATCTGTTGATCGGAATTTATTTGTGRAATGCTCTCTTCCAGAGATT
TATATACCAGAGTTCTTAAAACGAATTTTIGTCCCCATGAARAGAAAACTACAGATCTGTAAGACTGCAAT
TTAAAATGGAAGAARARACATGTTCCCACTTGAAGAACAACTTTCAAACAAACAACTGATACARAAAAGTCA
AAAGCTGTTTTGTTITATATAATAGTTTCAGAATACTTCCAGTCAATATATACCTTGGTTITGGTGARAAA
ATAAAAAGCTAAATCCTTAGATCATTAACTAGAAATTTTTGTAAAATAAATAAAAGCCGTGGGTTTTAGT
GCAGTGATCCCATGAAGAGGAATATATTCACCATTIGGTCTCTTAATCTCAGATAGAATGTACATGTTACT
TTATTTTATAACGAAAGCAACTGTGTTIGTGATATTATGTATAATATTATAACAGGAGAAGTCCTCTTAGC
TAACTCAGTAATCAATAACATTGTACGTTGTGTGTTATTGTAACCAAAAACTATGACAGAACCCCATTTC
ATAAGATCAGTTTATCCACCTATATGATTTATATTTGAATATTCATTTCAGTACTTATGTTGCTTAAACA
AAGCTACTGTATTAGTCCATTTTCATACTGCTATAAAGAACTGCCCGAGACTGGGTAATTTCTAAAGGAA
AGAGGTTTAATTGACTCACAGTTCCACATGGCTGGGTAGGCCTCAGGAAACTTACAATCATGGCAGAAGG
TGAAGGGGAAGCAAGCATCTITCTTCACAAGGCCGCAGGAAGGAGAAGCGCCCAGCGAAGTAGGAAGAGCC
CCTTATAAAACCATCAGATCCCGCTATCATGAGAACAGCATGGGAGAAACTGCCCTTATGATTCCATTAC
CTCCACCTGGTCTCTCCCTTGACACGTGGGGATTATGGAGGTTATGGGGATTACAATTTAAGATGAGATT
GTGGGGTGGGGACACAGCCAAGCCATACCAAAAACTCTGTITTITIGTTTITTGTTTAATGGARATGATTTA
GAACTTTATTITCTGATGTTTCTTTTTCATAAAACCACGACACCAAAATCTACTTTTCACTGCTCCATTC
AACTAGTAGAGAATATCTAATCTCTITICTCAAGTATTTCTTITCTCAATTATGGTGGTTTTAGCTAAGAACA
GCTTATGGCATGCITTTCTAAATAATATTAGAACACATAAATTATCTGTACCTIGGTATTACCACATTCAT
TGCTCATTITTAAGATCTCAATTGATACATTICAATTCATATATATTTAAAATTGATTCATTTAGAGCAAGA
GATACAGGCATTTTAATGTATTACACTGCTACTAAAGCTTAGCAAATTATTCTTTITTTGTGCCCACAAAT
TATCATCCATTCATGTCCTAAAAATAAAATTGAATTTATTATACTTTCCCATTTATCCAARAAARAAGGTT
TTTTTTAACAATTGATGCAGATACACATTTITCAAGCTAAAAATATGTGTGAAAGTGGCCTCTTTCTCATA
GTATTTATTTTAGGAGTCTAGCAATAATTTTTCTTAGGTTATCAGCACATGTCTTAGCCTGAATTATTTG
AATTCAGTCTGIGTCTTCAAGTTCAGATGGTTATGTGATCTTGTTRAGATCTCAARAGTAGTGGGAATGAT
GGAGTATACAACAACCTCATTGTTTITTTATGGCAACTGTICATTITACTGAAGGACATAAGGCTAGCAGAAC
ATGGTCAGAGAAGGAATCAAAGTTIGGTCAGCCAACTCTGCTCCACAGCTACAAGCTGCTAGACAGGCAT
AAATTTTTCCARACCTACACAAAGGGACTTAGGGCCCTTGGCTGAGAGCGACATTCTAACCACTTICCTTA
TTTATGGCTGGTGGGGTTTGTACATTTTICTCATTTCTGTATAACATTTCTTGACTGTAATAAGCAATGTA
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TTCATTCTGCTTTACCACTTTCACTAACCTTAACCTCAATATATACTCAATTAAGCAATTGAAAACAGCA
GTTTTAATCITTTGACATAAATGATTTICCTCCGAAGCAAAATGCTGGAAATCCCCTCAAATGCACCTTTT
ATTGATGAATACCTATAAGCACCACCTACAGTCGCTGGAGGCTGACAGGAACCAAACTTGATGATAACCA
CTGAGCTGAGAATTTTCAACTCACTCTTTTTCCCTGTATGGTTCTTCTAGCTGCATTATTITCCCACTATT
TAAAGCTACAGCTGGTGAACTATTCAAATATTTAAACTTTGGAGAAGAAAATATCAACTTATCACAACCC
TCTTTTTATATTCTAAATTCATATACCTGTTTGGTACTTAAAGGARARATATGCTGAGGAACAGGCTGGT
CATAAGACTGTATAGAACGTGCATCTTCCATCCTATTGAGGTGACTCCTAGACAATGGGARAAATGCCTT
CACTCGACTTGCTCATTAAATGTGACCGTAGCTGCTAATCTTTTGGCGCTGTCTCGAACTTTAATTAGAT
GTIGCTCTTCTCTTGAAGGTTGGAACTACAGTATCCAGAGACCATAGAATCACAGAGTTGAAAACAAAATC
TTGGAAATCATTGAATCCACTTATCAGATGAGAAAAAAAAAATAAGCCCATGGAGATAGCCATTTTAARAA
CATATCATTCTATTTAGCCTCCAATGTAAAACAATGAGTTACTATGTTTCAATAATGTTGATGTTAAGAA
ATTATTTGATAGCTTCCTCACTTGGTCTCCTATATTCCTCCAAGGTTACTAGTTAGGAAGACTGTCATTC
AAATTTGGAGACTACATAAGAAGCAGAAAAAGCATATAAAGAGGCACATGARATTGGAACTTTTCTGGTA
AAATCTTCTTTCTTARAACTCTCCTCAAATAAGCTGTTIGGIGGCAGGAGGTGAAAGACAGCCTCCACCCTT
TAGCACAGTCCGTACTTGTCAGCATTTCCCAGGAAGGGTGATGTCTGGAAATGATAGAGATTGTGGAAGC
ACATTGCATTATGGGTCAAGAATGCGAAGGTCAAGGAGTGGAGTCTTCCTTTACGAAGTAGTGTTAACTG
CTTGGCGTGGCATTGTTGTARACAGAAGCCACCAGGAAGGATCATCCTTAGGAGGGAACCTGTAGATATG
ACTGAAARACAAGAGAGATCCAGTTTTACCACTCTGGAAACATAGGTAATAGAAAGCCCAARAGGTACCTT
ATCACTTGTTTIGTTCCTTTCTGTACAARAAGGACTTAAATCCTTTCTGAGCAAGAAAGATATTTGAGAATC
CAATTTTGTTTTAAACTTGAGCTTAGCATTTTIGGAACTATTCCAAAGACCACAGAATTCACAGTCATTAG
CATACCACAGCAGACTCTTTTCAAATATTGCAAACCAGAACAGTCTIGCTTGAAAACCTGGAAATACGACC
TAGTGGGTTCAACTTGACTITTITTTATTTCTAACCCTTACCCCTAGGCAATTATTGATAACTCATTCTGG
TACCTIGGTATGTATATGGACTTITGTTAGAAGAATTTGACAACTTTCTAATCATCIGTTTITTTTICTTTTG
CTTGATAGACATACATTTAGTAGAACTTTACTGGATIGTATTGATTATAAACCACATTTCAGTTCATATC
AGTCCATTTTGCTGCACAATAAACAACCAAAAAAATTTAATTCAGTGGCTAATAACAACAATATTGATTT
ATTCATGGAGCTGCAGTTTGGTAGGGTTTGGCCAATCATGGCTGGAAATGGTTTAGCTATGCTTATCTCT
AGGCCGTCGGTTCTGTTCGGGTCTATACCACATATTTTCTTCTGAGACTCAAGCTGAAGGGACATCAGCT
ACTCGGGGTATGACAGAGTAGCACAAGGCAATGACAGAAGCACAAACAACACTTTTCAAARATCTCTCCTC
TTGTCACATITGTTTATAGCCCATTAGACAAAACATGTCTTGTGGCCAAGCCCAAAGTCAAGGGGTAGGA
AAATACTTTCCACCTATGTGAGGCCATGGCTGGAGCGTGAATGTATGATACTACTAGGGATGTGAAAGGA
TTGAGGCCAATAATTCAATCTTCTATTGGAGACAAGCTCAACGAGTTAGTTAAAATGGAAGGCTAATATT
TACTAACTTTGCAACCCAAGGAAGAGAAAGCAGGATCTCTCTGACGATGACGGAATTTCATACCCTCATC
TTTGAAGTTATACTRAAAGCTTAGGAACAACCGTCAGATAGGACTGAATTGCTCCCCCTTCCAGATTCAGC
ATGTGAAGTATGCAGCATCTTATTATAGCAGTAGCCAAAACAGCCGTTTTICTTCAATTTGGGAATACAAT
GTAGGTGTGTTAATTITTCAATTAAGAGTTCTAAACTTATTATCTGCTTGGTAGCTCTTCCATGTGACAGT
CATTCCATCIGACTCTTCATGTTGGCTTTTGAACTAAATTTTAAAGGAACCGCCAAAATTTAAGGGCCAT
GTACTTTTTATAACCTIGITIGIGGTCTGGGTAAGAAAATAAAAATTATACAACTGTTICTTTITTGACCAGC
CACAAGCATGTAATGAAAATGACTGTTTTGGCTAGCAGATGTATTAGAAGCTTTICAAGGTGTITTAAAAAA
AAAAAAAAARACTGGAGAAAGGAGCCAGTGAATTGACCTCAAACAAAACAAGAACAAATAAACAAAACAC
TTGTCTGCACTTCCAAGGAAGGGTGATATCTAGAAAAGATAGAGATGATGGAAGCACCTTGCATTATGGG
TCACAAACGTGAAGGTCAAGGGGTGGCGTCTTCCTTTATGAAGTAGTATTAACTGCTTGGCAGGGCATTG
TTGTAAAAAGAATCCACCAGAAGTGAAACAAGCAGCACTAAAAGTTAAAAGATTTATGTGTAAACCTCAT
CTAAGGCAACAGAAGCCATTTICTATAAAATAGTATAGGACCTTTTIATTATATATGGTCCTAGAGTATATT
AAAATAAGTCTIGTTIGGGTCCATTTGCAGCTCATTTGAAGATTTTTATAGGAAAAACATCCTCARARAATA
TCATACTACAGTGCCTTGATGCTTTTTITCTTTTTATAAGGTACTGCCAGCCCAAATAGTAAGAAACCGAT
ATGATTTTTGTCCATGTGAGGTGTTTAATTGCTTCCCAAAATATGGTTATTGTGTAGATGTCACTARACGA
AATATATAAAGAGCAGTATTTGGGAAAATTTATTTTAATACCACCTITTTICCTITTTTACCCTAAAAGTA
TTTATTTTTTTCGTAGCATACACTCIGTGICTCAGTATCATTGTTTITTCATAAARACATAAATTCTTAAC
AGAAAATTTCCTGCAAGCTCCCCTAAGCTTGAAGAGACAAAGGAGATTTGTAATGTAGCTCAGCCCCAAT
CAGGGTAAAAGAATGCAGGGCTGACTTTATACTTATAACTCAGAARAAGGTTATGCTTICCCGTCTICTTCA
CAGAGCTAGTCTCTTAATTGATTCCGAACTAGGAACATGTACAAGTGGCCCACGATCTGGAACAGACTGG
CGGATAATGGAATATTGAGACCTTGTCTATGGTCAGCCATATTAACACTGGATAAGTCTGATAACACTGT
GATTACATATGTATCAATATAGTATGCTGTITAATATATTAAAAACTTATTTACAACATGATTATTGGACA
ACTGTTACAGTACAGCCACATCAATCCTATATCAAGTTAGACCATGTCAACTGGTTTTGTGTTGAGACAC
CTGTGTATGGACATAGTICTGAACTTTICATAGTITTGTGCTAAATGATAGCAATCAACATCGGTATGGCAC
TTACAGTTTACTGATAACTTTCATGCCCATTAACATAGTACCGCAATAACTCTGTGAAGTIGCTGAATTTG
TGTCCTGTTTCATGATTGTATTTGTGTTGATATCTCAGTCAGTCAGAGTCCCAACAAGAAACAGATGGCA
CATTCAGATTAGGGTAAGTTGAGGAGTCTTITATTTACAAGGCACTACATACTCAGGATTGGGCAGGGTGT
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AGGGAAATCTCACAAGATAGCACAAGACTCTAGGACTAGCAGCAGCAGAGCTGTCACCTCTCCTAGACCT
GAAGCCGTTGTTGGGGAGAGAGGTTTCTCAGAGCCCAGAAAAAAAGAAAAAAAARRAAAACATCATGCAG
ATTTTAATGCCTTGGGAGGAGCAGTGGCTTTCTCTTAAGGACAGAATTTGCCTCGRAATGATACTCAGGG
AAAAAGAGATGAAGGGAATCAATACTCTGACCCAAGACTCTCCCTTCTCTGCAGTGGTTTGCTAGTCCTC
TCCTTGGTCAAACCCARACAGAAAACCATAGGGCATAGGAGTCTAATGATGTAATCCAAGTCAGCCCCCT
GGAAGGTGGAAARAAGAAGGGAAAATGGATCTGGATCTGGAGGGATACCAAAAAAAAAAAARAARAAARAADDRD
AACCATAGTTGGCATGCTTIGTTTATTGATATTTTCTTGCATGATATAAGAATCCAGATAAATATAGTAAG
AGGTCTATTTTACTAACAATTTTAGGCACCTAATAATAATACTCCITCTTTGAATGTATAACCTCTAGAA
TTGGTTCAGAAATGTAACTGTGCCGTTACAATTTCTATTAGTATTCAACAGTAGATTCATATCCATTCAT
CTATGACTGGAGTATCTGCCATTTGCTGGTTAGTTACTGTGTAAGGTACTTTGTAAGGTATAGAAATACA
CTTGGGGTGCGATGGCTCATGCCTGTAATCCCAAGGATTTGGGAAGCTGAGGCAGGCAGATCACTTGAGT
CCAGGAGTTTGAGATCAGCCTGGGCAACATGGTGAAACCCCATCTCTACAAAAAATGCAAAAAGAGTACC
TGCGCATGGTGGCATGTGCCTIGTAGTCCCAGCTACTCGGGAGCCTGAGGTAGAAGGATCACGTGAACCCA
GGAAGTCGAGGCTGCAGTGAGCCATAATGGCACAACTGCACTCCAGCCTGGATGACAGAGTGAGACCCTA
TCAAAAAAAAATAAGAAATAAATTTGAGCTCAGTGACCTACATTCTAGTGCAGAAARAAATGACCATAGT
TGATTATGAGATTTTAAAGCAATAARACCACATGAGACATACTAATGAGCTCATAAGATCATTCAGAAATT
GTTTATTATGAACACATAGTACTTTCAGTGTGGCATTAAACAGAGATCACTGTCCTTARAACAAGTTAAAA
GCAGAATCAAATCATCTGCAAATTAACACACCACTAAACTTTAAGCTTCTTGAGTGATTCTGTAATTTTT
AAAATGTCTTCAGCATTTCAGTGTCAAGATAGTGCAAACTCAGTARAAGCTTGTGGAATTGCATTAARACA
AAACCAAAATAAATAGATTTITATTAAAACTATATACAATTIGTICTTITCTAATCATATCCTCTCCATGAATA
GGGAAGAAATAATTTTAGGAATTTAAATATCTTCTATCTTAATAGTTCCTCTTATTTCCCTCTTAAGCAA
TGTTCACTCCTTCAAAAATATTTATTGAGCATCTAATATGCTACTTAACACTGTGCCAGGTGCTGTGAAGA
ATGCCAAGGAAATAGAATGAACTTICTAATTCTITTGGAGTTCCAATTAAATAACCTAAAGTTARATTGGTT
TCGGAGAGAACATTATGCCTTCGAGACTGTAGGCTTCTCTTGATTAGAAAGTCTTAAACATTTTAAGTAA
CTAAACAGATTAAGGAGAATTCAAGGATGCCTCTCACTAGTAAATITGGATTAGTCTGGCAAACTTCAGA
CCTTAAATGCAAGATTTTTAATAATTAAAAGAAGAGAGAAAATGATAATTACATTITCTAGAGTCTATGTT
TACCATTCAGCCTTICTTAATCATTTCCTAAGTATATCTIGGTGATCAGGATTTITATAACTCCAGARAAATCT
TTCTATACATCGCATAAATCTICTTICTTTTAAAAAGCTCTTICAATTTTGTATTITTGTTAAAACTTARAAGC
CTCCATGAAAAATGAGACAARAAGTCAGTGAGAGGCTGTAGCAATAAAAATCAGATGTIGATTITCTTITITIGA
ATAACATCTGTTTITTACAGTICCTTTCATGTTAAACTTTATAAGAATTTATTATAAACAGCTTTATTGACA
GTTCAATCCTATTTCTAAAAGGATTTATTTTCCCCCAATGGTAAGAGTTTTCTTTTCTTAAACCTAACTA
GTTGCAGATATTTCAGATACTACATTTICTCATTGTGTAAGGTAAAGTTTCTGACCACCTGAATATGACTT
GTAGCTCCTGAGAACAATTTGTTTAGTACCGATATCATGCAGTGACATTGGTACAAAGGAATTTTICTTTA
TTTCACTGTACTGTTTTCAGTTTTATTCTATAGTTGTTAAATAAGACCATTAAATATTTTITATTAGTCTT
ATTTCCTIGTTTAACTAGGTGGGTTTITTGATCICTGTTCAGTAAAGCATTGTGCTCTTCAGAGCAAGCAAT
TGAAAAGCAAATAGTGAGTATTTCTACTIGTAAAAGTTTAACATTAAAAGATATACACACAGCCAGGCAAG
GTGGCTCACGACTGTAATCCCAGCAATTTGGGAGGCTAAGGCAGGAGAATCGCTTGAGCCCAGGAGTTCG
AGACCAGTCTGGGAACCATAGCAAGACTCCGTCTCTACCAAAAAAATTTTTTAAAAAATAGTTGGATGTG
GTGGAACACCTCTGTAATCCCAGCTACTCAGGACGCTGAGGCAGGAGGATTGCTTGAGCCTGGGAGGTCA
AGGCTGCAAGGCTGCAGGGAGCTGTGACTATGCTACTGTACTCCAGTCTAGGTGACAGAATGAGACCCTC
TCTCTCTCAATTAAAAAAARAAAAAACAAGATACACACACATATATTTGCGTAGGTAACTCTAATTTCATT
TCAAGTATIGTTATGTAACAACCATTITGTGTAGTGCTTGTAACAGTCAATATGTARAATACTGACTCATCTT
CTTTGACAATTCTACCTAGATACTTATTAGAGTCCCCCTTAGTCATTGAAAGGAAGGTTAAAATCAARARAG
ACGTTGTTTGCCAAAGTAATGAAAGAAAACTTATAAACACAATGTATCATGTCTGGGGCTGAACTARARAAC
CCTTCTGATATGTGGTATTAACAGATCATCTTTCATGACAGTACCAGTTATTAGAAATAARAATGATTGGA
GTTATTATTARTACTAACAATAGTGGTATTICTTAAAATGACTTCCTTATTTATCTTCACCTTTATACATT
CTACTACTGCTTCAAGACCCATCTTGAATTICTTICTTCCACAGAACATTCTGCATTAATTTCAGCCAACAT
TGATTTCTICTTTTTAAAATTTGTCTTGCACAGTGAATTAGAAAACCAGGAATTIGGAAAACCAGAAAAGCT
TATTAAGTAAGAAGCAGAGAGGAGAGAGTTTCAACAAAGGGCCATTCTAAAGTGGTCTACTGCGGACACC
ATACTGATTATAGTTIGGTGATTAAATCTTATCITTCCAACTGATTATAAACTCCTCCAGGGCATACTCTT
ATATTCCACAAGATGCTTATCTGGGTGCAGAGCATGCATGCAGTTGGTATTTGCTGATTTATCAACTAAC
TAAATCTTAACATATTATTATTAACAATTTAAAATAAAGTTAAATGTATCACTCTCCACCCCTCARAAGCC
ATTTCTGTTCITTIGTTTTCATAGCACCATTATTATTICCTGCATAGTATTTTTTAAAAACCGTATTTTTA
AAATTTATATATTIGTTTATTTGGGTATACTTCACTAGATTGTAAGCGTCACAAAAGCAGAACTATTATA
ACCCCAGCCACTAACACAATGCCTAACAAATAGTAGGTTICTCAATATTTGTTIGAATGAATGACCTACAGA
TATTACTTCATTATGARAAGATTITTGCTAAGTTGTTITTACATCTATTITTATCCAAAACTAAAGTTCTTGAG
GCAAAGCCTAGAATATCTTCTATGTTICTCACAATGCTCTIGAATCAGTGCTICTCTTAATATGCATAGCAA
TTGCCTGGAGAGCTTGTTAAAACATAGATTACTTAGCCCCAACCCCAGAGATGCTGATTCAGTAGGTCCC
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AGGTGATGCTGCTGCTGTCAGTCTCTGGCGCACACTTTGAGTAGTAGGGCTCTAGGATGTTATATGTACA
GACACATGCTGAATAGTGGGCTATGTGCTTACTTGCTGGCTAAATAATAAATGTTCTCACTGAGTCATAG
AACTTTGAAATTTGCAAGGACTTTTGCTATTATCTAGTCTATGGATAGCAAATAACCTGATACCGTGCTA
TAGTGCTTGACTGCATTTAACCTGCAGAATCCTCATGAGCAGCCCAGCACCATCACTCCAAGTGARAACTA
CTCTCTTCTTGAGGTTIGTCCAATTCTATCAATTAAAGATGAAAACCAGGTTCTGAGAGTTGAARATCTCTG
GACTTCAAAGGTCCAACAGCCCAGGTCTTCTCAATTCTCGTTAGTGTTTCAGCAGCTGAATACARAATTTA
TTAAGCTGTATCAGAGTAGTATCTGTCAAATTGGAGTGTCCATAATATGCTTAAACAGAGAACTCCATTC
CAATAACATGAACTTTCCTTATGCTTTATTCATCATCGCTTGAAATTTTGAATTTITGCCCAAAGRAAGTTT
ATACCAGTACATGTTAAATTACATCATAGCCTTCTTTGTATAAATCTTAGAGTAGTTTACTGAAGTACAT
CGCAAAGTTTTIGTTGTTTICTTAGGTGATTTTAATTATGTATGTTTACTTTCAGTAATGCATCTTTTCTCC
TTCATCAATATTATGTTATGCTAGCTGTAAGTACAAAATAATTGAGAACAAATTATGACAAATTGAACCA
AGCCACAAAAAAAGGAGAAACCAAATACTTITTGTGATTTGAGCTTITTTTCAGTCCTTGAAACTTTAAGAA
TATCTGTCTTTATTAACTTTITGCTTITTTIGCTIGATGGTTITCTCTCATTTTATTATAGCTTATAGCATTGTA
AATTAATTTAACATGAAAGGATAAAAACGTTGCTITTTGAAATGTTICTCATTAAATTATGAAAAAATATT
ACACTAAATAAAAGAAAGGAATGCCTCTGGTACCAGCTTCTGTTIGCTCAATTATTGCAGTACCCAAAGT
GAATTATTACACAGTTAACTCAGAGGCAATATTATTIGTICATTATATTATAAAATAGATGAGTTGCAATCT
TCAAAAARARAAAACAGCATAGGTCCTTTGARAGTGAAATACCTTTITTCCTTGTGCTTCATTTAAATAT
ATACTGACCCCAGTTTIGTTTTTGTTTTTCCTTITTTAGAGTTICTTIGCTAATGATGGGCCCAAAGTTATAT
TAAGAACTGCAAAGTAARATTTCAACCAATTACTTTATTICAGGGGAGTCATTAAATTGAGGTACCTCTGAA
ATTTTGGAAGGAATGTACTGCCAATTAGCCGAAAGCACTACTCAATGTCCTTTCTATGGTTATAATCTCT
CTAGTGTATTITTTAATTGAAGACAACCTCTATAGAGGAGGTGAGAAGTTGCTATTTATTGGTACTTGTTA
GGATGGAATCAAGGGTGTGGAAGATATTCATCTATTTICTCTCTCCAGCTCCCCCACACAAAAAGAATGGT
GCTTAATCCATCTGAAGCATTTGGGGAGCGAGGGTAAAGATGTAATATTTACCATGAGCCGAAACAGATC
TTCAGAAGTGGAAAATGGAAGCATATTGAAGTCCCTCAACTAAACAGACTTTCTTCCATATGGAATTCAA
TGCATTAATGTTTITCAAATTCTATAGCTTCAAATTCTTAATATTTTCAAATTATGTGAGCTTATGTCAAA
ACATTTAAGTGAGCTTTTAACAATGAGGCAAATATTTGAATCATTITGTCTACATAACAAATACTACTATA
AAGCATATTAAATGTTATAAAAATCCTAATATACTAATGTAAGCTATTATAAAGTACAAATAATTAAACA
ATATTTATATGATCAATGTITTATAATACGATAAACACATTAAATAATTAAAAACTCTTCCACCGTGCAA
AAATGACTAAATAAATTIGTITAATTICTAAGGCTTITTIGAGATTACTGTGARAGGGGGTATAGTTTICAGGA
AAGGTGAAACTTCCCTTCAATGTGTAAACCATTAAAGAACATAATAACCTACTGAGTGTGGGTCTCAATG
ATATGCCCTGGAAAGTATGGGCAACTACTCCACACCCAATTTTGTCTTTATATGATAAGGCACAGCAAAT
AATTATAATGCAATGGATAAATGGTAAATCCCACCAAAGATTAACCAATCAGAGCAGGATGAAAATTICTG
AGTTTGGAAATCTATTGGAAGATTTACAGATTAGATTAAAGTGCCCAGTAACCAAACTATCAAAATTATA
TGGCTTCAGTTAATTAATGATTITCCAAGGTTTTTAGTATACTGTATTACAAAACACATTAAGCATCTTAA
GCATTCAAACAACATTTTTTTGATGATTCAGAAAGCATCACAAATTGTTATATCAGCTGATAATAACTTA
GGTACATATCAATTAAACTTGTATTATAGACACGCAGAATTCTITCAGACCAGAAGTCGAAAGGGCTTCTC
TAGTTTGTTTATGCTAAGTTGTTTAGAGATGACATAACTCTGAGCTAATTTGTCTATTGCAATGGTTICTC
AAAATGGGGGGCGGGGGATATTTTTACCTCCACCAAGTGGACATTTAGCAATATCTGGAGGCATTTTTAA
TTATTATTACTGGATTGGAGATACAACTGAAGTCTAGTGGGTAGAGGCCAGATATGGTATAAAATATCCT
ACAATGCATAGGATAGCCCTCCACAAGGAATTATTTAGGCCAAAATGTCAGTAGTATAAAAATTGAGARAA
TGCTAGTCTAATATAGTGTTTACTCACCTTTCCTGAAACTATGTCCCCTTTCACAGTAATCTCAAARAAGC
TTTAGAAATTAAAAAATCGTTTAGTCATTITIGCATGGTGGAAGAGCTTTITAATTATTITAGTIGTGTTTITA
TCTITATGAAATGTTGATAATATAAATATTGTTITAATTATTTGAACTTTATAAGAGCTTATATTAGTATAT
TAATTAGGATTTTATTTAACATTTAATATGCTTTACAATAATATTCATTATATAGACAAACGTITTATTT
TTITCACTTTAACAATGATTTTTAACTCTAATTACATAAGAAAAAGTATGAGTTAACAATTTTTTARATT
ACATGCTTGGTTTGAGGGCCAAATACACATGAAAATGTGGACTAAAATTTAAAATCAAATAAAATCTATA
AAGTCGAGGAAAAAGCTACTTTTATGACGAGGCATGGGGAATTCTTCATAGTTTTTGGGTTTTATCAGAA
GTTAGCTATTTTTTTIICTTTITGCTCTIGTAAACAATCAGATAAGAGAGGCTCAAATGACATTITTCAAGTA
CATCTTAACAAAATACACTTTGAGCATCAATTGAGTAAAGTTTCATTICTTTTGAARACTTTGGTTTTCACA
AGATTTCCTGAGAGTTTTATTTTATTGGTGTTCTGTGGGACTTIGGGCATCATAATTCTTACAAACTACTC
AGCTCAATCTAATGTGCAGCGAAGCTCTGGGAACTTITTGTITTTGTICTAGTATCCAGTTGGAAGATTCTAT
AGCTACAGAGCTTGGGTTTARACCCCCTCCAAGTCTTTACCAGCTACCTTTATGACCCTGGCAAATTACT
TAAACTGTGTGCCACCATTTICTCCICTGTAATACGGAGGCAATAAAAATTTCCACTTTTAGATTTTCTA
TATGCGGTTTACAAATTGACTTACTCTIGAAGATCATCTGGAGTAAARAATCTGGAGAAATATGATCCCTTAT
AACTTCTTCAACCCTTIATATATTTCAACATGAGTAACCAATGCTCTAAATATGGATATAAATTATAAGA
ATAAAAAATCTAGGACTATTATAATGGTCTAAACTCTCTTCATAGCTAAAAGTGTTGAGTAATTAAACCA
GTTGAGCAGCTAAATCATGTACACACTTCTITTGATCCCTCCCACGATCATGTATTTGGCATTIGTAATGAA
AAGATATGTTTATTTTCGAGAATAGACATAACTACCTTTAATAATATGATCACCCAGAAATTTTTACAAA

108



CCCCTGGAAAATTTCATGAATATCAGGCTGTGCTCATAAAACCTTAGAGATGAGATCACAATAGACTGGG
TCAACATATAGTAATGAGCAGGATTAATAAAACCTCAGATGGGCATTTACAAATGAGTCAAAACCATGAG
TATAATTAAATAATTGTAGCAAAAARAGAGCCTTGGGTAATCCTTTCAGCAAACGTAATCGAAGTGATTG
CATTTAGAAGACAAATATTTAATTTGGTGACTAGAAGGTCTTTTATTATTCCATTATGTICTTTGTGTGTG
TGTGTGTGTGAGACACTTITTCAAGGTCAATTTTTACTTATAAATTGTCTCTAATTAAAAATTGACTTGGT
TATTAAATCATTGAAAATTGGCCATCATCAAATTCCTCATTAAAATATTTCTATGTGCCATATATATATA
TATATATATATAGAATATATATGTAGAATATATGTATACATTTATTTITTACTITTITITITTITACTGTGCCTA
CTAGAGAAATTTAAACTACATATATGTAGAATATATGTATGTITTTAACTAGACATACTGTTAAGTACACT
ATACCTAATATTTGGCAATATTAATACCATCTCATTGAGAAACCTGGAATATATGCACATTTTGGATGTC
TATTATATGTTGGGCACTGGACTAGTCATTGATAATACAGAGATTAGTAAGACTCAGGTTGACTTCAGCC
ATGTTGTCAGGAAGCACACACTCTAGTTTGGGACAGCGAGGAGAAATTCAATAAGAGAAATATATATAAG
GCATAATGCTCTAGGAGAATATGCAGTGGATAACTGCCCAATAGGACCAGGCAAGGCTTTTTAGAGGAGG
AGGTGGCATTTGAGTCAAGTIGTTAAAGGCTGAATGGAAATTCACTGGTTGAGATAAACTCCTTAGGAGGA
ACTACTTTAATAGAACTIGCCGTTAGTCCTGARAATAAATGGTGTGCAARAATCATTACCATCTGTCAATTC
ACTCAGTCTACTTTIGCTCTTAACTTICAGAAAAAAATCAGAAATACAATTAAAACATTITGAGCCTATTTTA
CIGTCTTTTAAAATGAGTTAATTCAAAGAGGAAATTAAATATAATGAGAGAGAATCTCCCCCGAGGATTG
GGGGCTGGGGAAATGCTATTGATTCTTTGCTTGTGTTTATTTTCTCTCAARAATACATTATGCATAAACT
TGATGATCAAAAATTCAGATTATTACATTTCTAAATTGGCAATGCAATTTATTGCATCATACATCAATCA
CAAAAATGCTCATCTTGCTGACTTTCATAAACTTCTAAATGAACAAAAATGCAAAAATAGTTTATACTAT
ATTACACTATAGTAGATTTGTTAAACTAAACCAGAACAATGGTCCATGAAAAATAGGCCTCTGACTCCAA
ACGCTCACACCACAGGATCTCICTGAGATTTTTGTIGTCATTITCAAGTCAGAGAAAATTGTCTAATARATT
GTTGGCTTGTAACAATGAAAACTAAGATATCIGTGGGGCTATTCTITGTTCTCTTCATTTTACTACAGCAG
CTCTGCCCAGTAGAAATAAAATGTGAGCCACATATGTAATTTAAATTTCTCTAGTAGGCACACTGAAAAA
ATAAAAATAAAGAAGTGAAATTAATTTCAACAGTATGTTGTATATAACCCAATATACCCAAARACATTGTC
ATTTTAACATGTAATTGTTACAAAAGTTATTAATTAGATTITTITTCCGTTAAGTATTITAAAATCTGGTAAG
TTTTACTCTTACAGCGCAACTCAGTTCAGATCAGCCACATTTCAAGTGCTCAGTAGCCATATGTGTCTAG
TGGTTACCATATTAGAAAGTAGTTTGAGAGATCCACATTAAACCAAAAGGAAAAGAACTTCCGGCCCTTIC
ACTGATGAGTCACTCTTCACTGCTAACCTTIGGAAGCATICCCAAATGTAGTCTACAGAGTTTAAATAGTC
TATCTTAACATCTCICAGGGCTTCAGTCTTAATGCCATAGTATTTTTAAAGAATGGTGGATATTCTTTTT
TACAGAACACTCTGTAAGAGCAATTAGAAGTTTATGATGCACGTAATGCAAAATACAGGTCATTTCCCAA
GCCTATTTTAAAAGCGCAAAAACTGTAGTCATTTATCACCCCTGAGAATGTTGTCTTAAATGTCTTGGTT
TGGATATTGGTGATGTGAGAACTTTGTGATAAGAAAGTAGTCTTTAAGAATAAGATATCAGACTAAAATT
CATATCTAGAATGAAAGTCTTGTTTTTAATGGAAGATTAAGAGCAAGTCTGATTCAGATCATGCATGGGG
TACACTAGTCTAGGAAARACACTAGTCTGAAAATATACTAAAAGTTACTTICGCAACTTAACAAGARAAATGT
CTTGTGGGTGATGTCGTTICTTGATTTTTAGGCAAACCTACCTACCTTTGCARAGCAGCTGGGACCTTTTT
GCATTGGAAGAATCATTTGGAGCACAAACAAAATTAGATTATCAACACTTTGGAAAACAACTACGAATGA
GCAATCAGAAACCTGACCTTAAGATTACTTGTGAATTGTGAATCAGCAAAATAAACTCGATTGTTCATTG
CTAAGTGTATTTCAATTATCAAGGGCCTTCTAGATTATAAGTAGTCTTITTTTTTTTACTTAGTTTACAAT
TAAGATGTGTGGTATTTGAAATACATTTGCCACAGGGAGAAATATAAATTATAATTAATTTCCTAGGCTA
ATTCAATTTATGACATACCTATATACATTATCTGTCATCTATAATTTTTCCCTTATTGTTTACTTCCCAC
TGGAAGAATGAAAATGGAATATTATTACATGGCACATGGCTTGATACTTTTACAAACTCTGACAATTATG
TATTTATTTTIGGGAGGCATTGAGTTTATTITGTTTTATTTATATARATTTATGAGGTACAAGTATAATTTT
GTTACATGCATAGATTIGTIGTAATGGTCACGTCAGGCCTTTTAGGGTATCCATCACCTTAATAAGATGCAT
TGTACCCATTAAGTAATTTCTCACTCTICATAAAATTCTAATTATGTGAATTTAATTTAATCTATTTAATG
TGTTTTAGGCAAATATAGCCGGTACTATAAACAGTTIGATTTTAAGATATCATTGCTTACATTGAGACTAA
GTAAAACAAAATGGGTCAATAAATGTCAATCTAGATAACAATGTCAACTARATAAGAGGTCAAACATGGC
AGTATTTTTGAAGGTGATCTGTGAAAGTGATTATAGCGTITTACACTCATGGAAAATGCCTTCAGAGTTTC
AACTAAGAATGCCAACAGCTCATTCCTTTATCCTGATGCATATTIGTCTTCCTTCTCACCCCCAGTTCCTT
CTTCCCCTAACCCCTACCCGCTTTCCTTTGCTGATTTTGACAGAAATAGGACCCCCAATAAGTCAGGGAG
ATAGCAGGAAATGGGATAGGATAGAACCCGGAATGATAGAATAGCTGAGCCTGAAGGCATGAAGAAAGGC
TCCTCCTGACATCTAAATGGAGACCTAAGAGATGGGTTGGTCAGGTAGGGGGAAGGAAACATGAGGAGTA
TTCTCTAAGCCAGGCAACATACTGTGCACAAGTCTGAAGTCATGGGAAAGTGATTTTGAGAGGATTGCTG
CTTGGTAAACCTAGAGTTTGAATTGGGAGAGATGAAGCTAGAAAGTTAGTAAGGGTCAGATTTTTTITTITT
TTTTACTTGCATGACAATGGTAAAAACCACTAAAGGTTCTGTGTTAAGCAGAGGAGTGACTTCATTTAAA
AAGGTAAATTGGATTGAAATGAAGGGCATAAACTGAGGCAAAAATATCCTTCGTTAAGTTATTGAAGCCC
AGTTGAACACACTGGTIGGCTTAAACTGGAGTATTGGTATAAGTGGGGGAAAGAGGTTAATAGATTCCAAG
TTGAAAAAAAAAAAAAARAAACATAGACTTTGCTATCTAGTAATGGATTAATATACAAAAGGAAAAAGTAA
AGTTTCTACTTTTTGGACAGCTAGAAACCTTCACCGAAGTAGGGAACCCAAGACTTAGATTATGTTGGGA
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GGGGCAGGGTATTTTAGTTGCACAGGGATTTGCTTTACAGAAATGACTGAATGACAATATAGAGAGATCA
ATTCCATTAAAAGAAGTTTGATTACTCACAGTTCTCAAGGGAAGAGTACATACTACGCCATGCAAAGCCA
TGCAGGAAAARAGTTCCAGAGTCGGTCAGCAGGCAGAAAAGGAAAGCACAGCCCAAACCCTTTATTGTGG
TTTCCAAGGAAAAGAAATGAGTGAGGTAGAATAGGCAAGTCTGAGCAAGTTTAGGACTGGATAGTTCAAA
TAATTTCCAAAATTTCCTGGCTGTAAAAGTGGTCTCTGGTTGTCTGGTACCAAGCCCTAGGGTGAGGGGA
AAAAGTTAGGGTGGGGGAAATATTGGTTTGGTGTAACAACAGTTAGATGAAGAAGGTAGT TGGGGATACG
GACTTTGGATTAGTTGGTTTGTATAACGAAAAGCAATCCAACAAATCCACAAGGGAGCAAGTTTACAAGT
TATTTGCTATCTTTAGGAATTAGCTAGCCCTIGGGAGGGGCAGTCTCTCCCTGGCCTTCCAAGGACCTCAA
GATGTTCAAGCATCCATAAAATATGGAAATTTTTTAAAAACATTATAAATACACAGAGTAAACGCTGGGC
ATGATATAGGACAGTGGTTCTCAAACTTTAGCTCCACTGGAATCTCCTGGAAAACTTGTTAATATGCAGA
TGACCGTTTTACCCTTAAGCTTCTAATTGGGGAGGTCTGGGGAGGGCACAGATAATTTGCATTTCTACAA
AGTTCTTCCATGATITTGATGCCGCTGGTGAGGGACCAGGCTTTGAGAACACTGATTTAGGACGTGTCCT
GITTAGGGAATATCCAAAAGGCGGACAAGTTCAGGGAATATTICTTGGGCAGTTGGCTGTGTGAGTCTGAA
ATTCAGGATAGAATATTAAGCTGAAATAAAGATTTGGGAGCTTATCTACAGTCAAATGATAATTGAAATA
CTIGAGAGTACGGGGGGAGAGAGGTCCATGTACCAAGAAAAGTGAAAATGACTAATCCCAAGCCTCGCTGA
CCATTGAGAATGGAGCTAAGTGAGAGGAGTTAACAAAGCTGACCCAGAAAAAGTCATAAGGGCCTTAGGA
GGCCAAGGAAAAAAAATACATTCACTGCCAACGAGAGGCACTTACGAATGGCTTGACTGGCTTTGCCAGC
ATGCATGAACTGCTTCATAATTATTTGTATTGATTACAGTAACAGATACATATTTTAACAAGCAACTTAA
GTAATACAACTGATTTTTAATTATCTTGTITTAAATTGATARAGGTTGTATATATTCATGGTGTACAACAT
GATGTTTTGATATACCCATACATTGTGGAATGGCTAAATCAAGCCAATTATCGTATGCATTACCTCACAT
ACACTTTATTTGTGGTGAGAACACTTAGAGTATACTCTTAGCAAGTATCAAGTATATAATACATTGCTGT
TAACTATAGTATCCATGTTGTACAATAGGTCTCTTGAACATACTCCTICCTGTCTAATTGAAATTGTGTTT
CCTTCGAACAACTGATTITTTTTAAATAAAAAACTTAATACCTGTAAGTTAGAATTCTTAATGGTCACCTT
AGGAGCCTATACAATTATTCCTACGTTGTTGTTACTATTICTIGTGTCTTTITTICTTTTTTAACATCTTTAAA
GGTATCAAATTTTTATATTTTIGAAAGTAGAATTTATTTTTITGTCAGTCTAARATATTTITTATGTTGAACA
AAATGCATGAATGGTAAACCTAGATGCAATCAATTTTTCAAATAAAAAAAGTAGATACCCATGAACATTT
CTTTTGTAATTGCAAACTGTCTTGAAAGGCAGTTTCAAAAAGAGTITTAGTTCCTAAATTGTACCATTACT
CACTGCGTITAAAATGCAACATTICATTTGAGCGTATAACCTTTTGATCAATTTIGTITITGATGTCTTGTIC
CCTGAGAGTTGTCTCARAATAGATACATATAAATATACACATATCTCAGATTGGCTCTGAGARATGTCTTG
ATTCAAACGTTCTTGATTCTAAGATTCATGGTACATAGGAACTGTATGGTGACAACCTTGTCAGCCTATC
TTTAGAGTAGCTTTGGATTCTATTCAGAACATTTCCCAAAGCTATTCTGCTATCAAGAATATARACAGGA
ATAGTCAAGGGAAGCTTTTTAAAGGGCAACATTITTCATGTAGGCATTTTTCTCACATTGARAACTAGTTT
ACTAAATGCAGTGTATTACCTTCTCATTACAAGAAGTCTTTCACATTAGTATAAATGCATATGGCAGTTG
TGCCAGAAATAAATTGCCTCTCAAACTAGCACATGGAAAGAAGAATTICTGAGATTTAGCACATATGTAGC
TTTTAAATAGTATACTCTGTTTCAAACATTIATGTGTTAGTCCACGTTICTCTTCAGCCATTTTCAGTTGCA
TTTTTACTITATATTCCTTTGTATATTTATCTITTGCTAATCATTGTCCTGAGATTCCTTTAGCTCTTGAA
TTCTACGTTTTTAATTAATAGARAACTTTCTTTTTATTTTITCCCCCGACATAGTTGTITTTICTAGAAAGAA
ACAGTTATAGGTTATAAATCCAACACTTTAGGGCCGACTTGAACATGCATCAAAGCTACTAGAGGACTTG
TAGAAATACAGATTGAATGGTCCCATGCCTAGAGTTTTACATTCAGTTACAGATAGGGTAGGACCTGAGA
ATTCACATTGCTCACAAATTTCCAGTTGATTTITGATGGCATTIGGTCTAGAGACCAAACCCTGAGAACCAT
TAAAAAACAAACAAACAAAAACAAACAAACCAAAAAAAAAACTATATACAGAGATTTITICTTCATTGGCTT
TTGCCACTGAAGACATTTAGATGAAGAGACTCCACAAAGTGTAATCATTTAGTTATGAGAGGGGCCTGAT
AATTTGCATTITCTATCAAATTCCCAGGGGATACTATIGTTGCTGAT TGAGAACCACACTTGGTGARACAC
TAATTAAAATACCATTAAAAAGCAAAAACAATTTAGGCCAGCAAAACCTCCTAAAGAATGAGGCCTAAAG
ACTTATTTIGTTTTATTTTTGCCAGAAGCTTCTTATGGGCARAATTATCACCAACAGAGCTGAGGTTCAA
ACTTGTGTTCATAGCRAGCAAAAGGGATAATTTGGAAAAARAGCTGAGGTTAGCTTIGTGGTTGGTTITGG
GAGTGGGAATGAGTAGGGAGGAAGAAATTTAAAAAAAAAAAAAAAAGGAAGAAGCCAAATATTAAATTGT
TCACAGGGCGAAAARAGAGAAAAGGAGTAACTAGAARATATCTTAGACTGGTTCGGCAAGTCGGGTCCCTC
GCAGCTAACAGTGGTCCCACCCTICTGGAGTTTATATGTTTACATTCTITITTITITITITITITTITTITTITTG
AGACAGGGTCTCACTCTGTTGCCTAGGCTGGAGTGCAATGGTATGATCACAGCTCACTGCAACCTCCACC
TCCTGGGCTCGGGTGATCCCCCCAACCTCAGCCTCCCAAGTAGCAGAGACTACAGGCAAGTGCCACCATG
TCCAGCTAATTTTTTGTATTITTTTTGCAGAGATGGGGTTTCACCAGTTGCCTAGGCTGGTICTCAATCTCC
TAGGCTCAAGTGATCTGCCCACCTCAGCCTICCCAAAGTGCTGGGATTACAGGTGTGAGCCACCGCGCCTC
ATTGGAGTTTGCATICTAGTITGGGAAAATAGCCAATAAATTTGTGACTTATTTTCCTTTAAAAAAARAAC
TTATTCTGGCTATTGTGTGACTATAGGATATGGAAGGTGCAAGAGTATGAGGCTAACACCCTGTTCTARAA
TTCCGTCTCCTCTGAGCCTTGTICTGTCAAGAATCTCCTCCTTCTATACTTTITTAAGTICACCTTCCTACT
GATCCTTTGCTGTCAGCTTACCACTCTGGTACCCTTCATTTTAACAAACAAACAATTGTCCAAGCTTACC
GGTGCTGCTCCTTCACCCCTCCACCTGTACCTAGTGTCAATTCTCTCCCTCTTCTGATGGCCARACTTTG
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TGAAACTGTAGCACAGCTCCATATGTIGTTCCTGCAAAGGACATGATCTCATTCCTTTTTATGGCTGCAGA
GTATTCCACAGTGTATATGTACCACATTTTICTTTATCCAGTCTATCACTGATGGGCATTTGGGTTGATTC
CATGTICTTTIGCTATTGTGAATAGTGCTGCAGTGAACATACGTGTGCATGTATCTTITAAAATAGAATGGTT
TATATTCCTITTGGGTATATAACCAATAATGGGATTGCTGGGTCAAATGGTATTTCTGGTTCTAGATCTTT
GAGGAGCTGGAAGCCATTATCCTCAGCAAACTAACACAGGAACAGAAAAGCAAATATCACATGTTCTCAC
TTAAAAGTGGGAGCTGAACAATGAGAACACATGGACTCATGGAGGGGAACAACACACACTGAGGCCTGTC
GGGGGGTGGGGCGAGGGGAGGGAGAGCATTGGGAAAAATAGCTAATGCATGCTGGGCTTAATATCTAGGT
GATGGGCAATAGCAAAGACTTGGAACCAACCCAAATGTCCAACAATGATAGACTGGATTGAGAAAATGTG
GCACATATACACCATGGAATACTATGCAGCCATAAAAAAGGATGAGTTCATGTCCTTTIGTAGGGACATGG
ATGAAGCTGGAAACCATCATTCTCAGCAAACTATGGCAAGGACAAAAAACCAAACACCACATGTTCTCAC
TCACAGGTGGGAATTGAACAATGAGAACACATGGACACAGGAAGGGGAACATCACACACCAGGGCCTGTT
GTGGGGTCGGGGGAGGGGGGAGGGATAGCATTTGGAGATACACCTAATGTTAACTGACGAGTTACTGGGT
GCAGCACACCAACATGGCACATGTATACATATGTAACTAACCTTCACGTTIGTGCATATGGACCCTARAAAC
TTAAAGTATAATAATARAATATATATATATATATCICTAGGTGATGGGTTAATAGGTGCAGCAAACCACC
ATGGCACATGTTTACCTATGTAACAAACCTIGCACATCCTGCACATGTACCACGGAACTTAAAATAAARAT
TAATCATAGAACTTTAAAAAAAGAAAAGAAAATGTAGCAGAGCTGCCTAGCTCACCTTCTTTACCCACAG
CTCACTTTTCAGTCCATTTATCTGGCTATTACTCCTACCGTGCCAGGCAAACTGCTCTCACTAAGAAAAT
CAATAGCCTACCCCCTGCCAAATTGCCTGACTCAGCTTCTCCTTGTAATTITTCTCCTTTAGTTCTCTAAC
ACCCTCTTCCCCAGGTTTTCACCTGACCTGTCTCCATAGGACATTTGAGTCTCTTTCCTGATGATTCATC
CTCAGCCTCTTCCATAATAAGTATGGCTGCTCCCCAGATCCTACCCTCAGCACTTCTTICACTTTCCATGC
CACATCTCTTICTGTGATCTCATCTTCATCCACGGCTCTAATTAGTATCTATAAGCAGATGACTCTCARAG
CATATGCTGCCTATGTACCCCTICTTGGCCATTICTACATTGACATCTGCAACTCCCCAGTGAACTTCTATA
TTTAGACCACAGGACTGGTACCTGCTGATAAGCACAGGTAGGGTGTACTGAGTAGTIGTTTTCTCTATTTIG
GTTGGGCTTTTGCTAAAGCAGTTGTCAAATATTTTGAGTCTTACTCATGGCCACAGACATTTTAACATTA
GCATGTCCCARACTGAAATCCCCTACTGCCTCTATTCTCTATTTCAGAAGATGGCACCACCATCTACCCA
ATTATTTAAGCTAGAAACTTCTGATTCTGGTGAGACTTCTCICTTTTATGCATATGTCTACACTGACACA
AAAGACTGCAAATTTTACCTCCTAAGTCTIGTCTTAAAGCAGATTTITTCTCTATGATTCTCTATGGTITTCA
GGCCCTTATCACTGTGAAGTCAAGCATACCTIGATTCGAATCTTGTCACCGTTIGGCARATTITTTAAATCTC
TTCTAGCCTCAGTTTCCTCATAAAGTTITTCTIGTITTCITAGGGTGACTAAAGGGCTTAAATGAGATTACCA
TACAGAGAGTAAGGTACATAAAATGCAATTAATAAAGAATAGTCACTATAACTGCTGATGATGATGCTAT
TACTATTCGTATCCTAGAAAACTCCGGTAACTTGTTCACTIGGTCTTTCTGCATCTAGCATCACTTCCTCA
GCCAGAGTTATCTTCTGACATGAAGGCTGATGCCGTCACCCCCATACTCATGTTTIGAAATTCTTCAATAC
CTTTAAGATAAATTCCCACCTCCTTGGTGTAGCATGCAAGGTCACACATGACATAATCTCTCCAAGGCCC
CATTTCTTCCACTCTCCTTGAGTGATATATGTGGCAGAAAATTTAAGGCTGCCTGGATATTATCCACCTT
ACGTCCCAATACTTCCATCTGCCGCAAAGACCTTCTACCCAACTTCCCATCCTCAACGAATTCTTATTCT
TTCTTTAAAAATAACCTCAAACTTCAGACTAGACCTCTIGGTCCATAGGGCATTACAAATCTCTCAGTAAG
TTGTACAGGATGAACACGCCCCCTAARACTTITGTTTCAGATATTTCAATTTTTATTTITATITTATTATTA
TTATACTTTAAGTTTTAGGGTACATGTGCACAATGTGCAGGTTAGTTACATATGTATACATGTGCCAGAT
ATTTCAGTGTTAAAGGTTTAATAATCACATTTACAGAAAAGGAATTAGCTACAAAATGGTGGCACTGGTA
TACAAGTATGTAAAGATACAGTGCTTACAATTTAGGATTATTGTTGTCGATGTTTTAATATTAAAATGGC
TAATCATACAGCAAAGTCGAAAGAAATTTACGGTCAACATCTGTATACCCAGCACCTATACTTTGCCATT
GAAATTTTACTATACTTIGATTITATTACATATTCATCTATCCATCCCTICTITCTGIGATCAATTTTTAATA
TTCTAATACTICITACCCTTAAATAATAAGTTATCTTITCAAAAAATAATGTGTITTTTACATAGATGAAGC
AAAATAAACTTGCCCTTGATAAAACAATATGCACTGTAGTGCCTTICTAATTCAGTIGCATTGAAGTATCCA
TTAACAATATAACCAGAGAATATAAARACATGTTTATTAATATTCCACTGTACCTGATTAGATATAGACCA
TTAGGAAGAGTTATTATAATTAAGAATCTAGGTTTGTCAATATAGAAAAAAACCTGTGTTITITTATCCCA
CTGGAATGTCTTGTGAGGAATATTGTTCCCCTTTTTCTAAAATTTAACTTTGACCTTTATTTTGTTAATG
CACCATGGGTTAAGCCACACTACGACATGTGCTAAATAGACCTGGAAGTTTTCAAACTAGGTTTTTAAAG
TGTATTTGACATTAAATCTTCATAACACCTTATTGATTAATTTAAATCCATTACCATGGTAAGGAAAATT
CGCAGACAGGCAGGTGAAAATTAAAATAGAAACAAAACAACATGGTAAGCAATCCTTCCCCCCAAGCCAA
TCAGCATGTAGTCAGTGTGTCCTTTTAAATTAGCAAGGCGCAGCTTCCCATAAAGTCCCAGCTTGATTTT
ATATGCTGCAATAGTATTGCTAAAATAAAGGAGAAGGCAACTTTICTCTATAATTITTTTTICTAGAAGTTT
TCACGCAGCTTAGTATACTGCAATGACCACATTACTCAGTTCCAGAATTAGCAGCATTCCATTGTGAATG
ACTTAATTCACATTGTGATTACTCATTITAACAACATICTTGAGGGTTTACAATGTGCAAAGCATTACATT
AAGTCGTGTGTIGGCAGAGGTTCTCAAATGCAGATGATCTGTGAAGAAGATTTCCTCAATAAGCAGAGAAA
TGAGAACTATAAGGACAGAAAGAGAGAGAGAGAGAAAGAGAAATTATTITAAGCTTGTAGCTTGTCATCCT
CCTTTCTITAGGACAGCCTACCATTTAGGCTGAGACTATGTCTTTICTGATTATTTICTTGTGGTTGAAATAC
CCCTTCCTTAACAATATGATGGTAACAGTGGATGGTAAATCTTGTTTTGTTTTAATAGTTTACCTGGCAA
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AAGTATCATTITTATGTCIGTATCAGTTATATATAATAGTATATCAGTCCATTACCAAACCGCCTCAAAAC
TCAGTAGCTTAAAACAGTAGGTACTITCTTGAGTTCACTAATTTGTGGGCTGATGGTTTACATTGGGTAGT
TTATCTGCTCTGACTGGGCTCCCTTGGGAATCTGGAGGGTAGCTGAGAGCTTAAGTGTCTGAAAGTGGCT
GGGTCAACACAGCTCTATCGCTCACATCTTGAACATCCCTCCAGCAGGCTAACCAGCCCGAGCAAGTCCT
TTTTGTGAAGGCTGAGGTGAAGAGTGGAAGTGCAAACATGTAAACAATTTGTTGAGCCCCTGCTTCCATT
AAGCCTGCAATATCCGATTGGCTAAAGCAAGTTTTATTTCCCCCTGTGGTAGGCAGAATCATGGGCCCCT
CGAAGATGTTAATCCCCAGAACCTGTGAATATGCTGTGCTCCCTGGCAGTAGGGAATTAATATTCCAGAC
GGAATTAAGGTTGCTAAGCAGGTGACTTTGAGATGGGGAGATTTTATGGACTATTCAGATGGGCCTAATC
TAACCACAGGGTTCATATAAGTGAAAATGGAAGCAGGAGAGTGGGAGT CAGAGAGATGAAGATAGCCCCT
GCTGGCTTTGAAGATAGAGAAAGGGGCCATTAGCCAARACAATGTTGGTAGCATCTAATGCTGGAAAAGGC
AGGGAAATAGATTGTCCTCTAAGCTTCTTCAGAAGGAGTATAGCCCTGCCAACACTTICATTTTAATCCA
TGAAACCCATTTCAAACTTCTGACTTCCAAAACTATAAGATAATCAATTTIGTIGTTIGTTTTAGGCCAGTAA
GTTTATGGAAAATTGTCACAGAAGCAATAGGAAACAAATATACGCTCCATIGTTCAATCTTTTGAATAAC
ACATATACTATTATTTACTTAATGTTITTTICTITAAAATCAGCTCATTITIGITTITCTGCTTITTAGCCTTAAG
TGATAATTCCCACAARACTGTAGTCTGATGTTGCAGTGTITITTTTICCTTAATACAGATAARACTAAATGA
ATATTAAAATTTAAACTATAAGCTIGTTTATCTGTGTAACATGGTAAATTGGCTCCCTACCACTACTGTTC
AGCAAACCACATTTTGGGAAACAGCGATTTAGGTGGTTCARAGGAGCAAGTGATTGTGCAAGAACAAGAA
TTTATTAGAGAAAGAAGCATTTGGCCAATGGGTAGAATTGTTGGCAGACARAGGTAGAAGAGAAAGACAA
ATTATTCAGTATGGCTCTAGCGAACTCTTTGCACTTTTATCACACAATCTGAAGCTTGCTAATCTTGACA
TGTCTTAATGTTGTTGGATTGCTCATTAAACTGGCTGAAATGTTCACAAAGACTCTCACCTGTCTTICTGG
CTTAAGCTGAGATTTATCACACTTICTIGGAAACATCTTCIGGTCTICCAGATCTCCCTCAGCTAAGCTATA
CAGTCAGTICTGTTCTGTAAGAAAGCCCAAACTTICTICTGCAGTGTTICCTCAGTCTTTITTGATATCATGATG
AACAGATTAAGTTGATGTGTTCATCATGATATCAGGTAAGCTGGCCGAAGACTCTAAGCTGCCTAACCAT
CCCAGGGCTGAGAGGGATCGATATCTGAAGTACCTATAACCCAATCAGGGCATGTGCCTTAGCATACCCA
TTGGAAAGCCCTGTTTTAGAGCCTTTATCAGCTGTGAACTTATTGAAGGCAATGATTTTGTCCTGTTAAT
CATTCTATTCATAATTTITCAACAAGATACGTGGTTGTTGTTAATAATAATTGTTGGTTGAAATGAAGTTA
AATAAATAGCAATTGACTTITTCCAAGGTGACGCATTGCACAGATTTATTTATCTTICCCTTTGCTGCCCTG
GAGTACCAGTTIGTATCTACCAATAAGCTTCATTTATAGGCCAGCCTCATCTITAGTITTCTGAATTAGTCTA
AGTGGCTCTIGGTAGCGCATCAAAAATCTTGCTTITCTGATGGTCTTTGTAATTTGAATTICTGTGACTTACA
GACTTGGTATICAATATGTCAGGAATAAACCTGGGGTGTGCCCAAATGGTTTGAAAAATCCCAGCCTTCC
TGATTTCCTCICTTCICTTTCICCCCTGGCCACCCTAATAGTCTGATAGTTTTTGTTATTTGGATACTCC
TAAACTCTTGGCAATTTTTCTTACATCTGTTCTCTACAGGCTGTCACAAGTGAGTGGAGGCAGGATGGCA
TGGGCTGCAGTGGAAAGACCAAGAAAATAAGTTAAAAGCCCTGGGTTCCAGTAAATGCTCTGTAGTGGGA
TTTAGGGCAAGTCTCTTAACTTCTCTCAGCATCAATCTCCGCATCTGTGAAATAAGATTAATGACACCTG
TCTTGCCTATACTTCAAGGTTIGTTTTGAGGTTCACATGCATTTICCACCCCATATAGCCTATAAATCTCT
GATGCCTACAGATAACCTATAATGTTCTCCAGTAAGTTTAATATTTCCAGGATTTTAAAACTCAATGACT
AGCACTGCTCTGATCTAACATAACATATTGTGTCAATATGTGTGGGAGTCTCTCTGGTTGATGTTAATGG
AAGTTTGTATAGTTTACCTAAAATAGAATAAAGCTATAATATTAATATATATCATCGATGTIGTTTTAGGT
GATTTTTTTCAATATAAAGGCAATTTTGGTTCAAAATTAGGTAGAACATTTAATTTTTACTAATTTACAA
ATAAAATGATAACATCAAAAGGGCCCCTTCTTTTAARAGATAAGTTGTAACTCTCACATTGATAGTAATCT
GTCATTTAGGACAGGGAATCCATGTAGTTTGAAAATTCATTGGCATCATGGAGCTAAAACAGTGGCTTTT
TAAACATGTCGATTTCAGTTTICTITGTTTTACAAGTCAAGTAGTGATATTACTGGGTACATATGAAGCA
TACTGATTGACCAAAAAATAGTAACAAATTTTGTAAACCCTTCACTTAACCATTATTCACCTITTCCCAGC
CACATAAGAATCCTTICTCTTIGTCCTTAGATTAATTIGCCTTTCTTTAACCTTITTCAATICTAAGTCCAG
ACAAGCTGCTGTGGTTCTTTAAAAGGCCACACARAATAAGTATTGTCCAGTGCTAACACTCTGARAATGTG
ATATTIGTAATTACTACCAAGTGAACATTAATCACTACTAGATTAGAATGGAATTACCTIGTTATATTCACA
TTAATAGCAAATGAGCTTTCCCTGATTGATGTTGTTATAATGAATACAAAAGGAATTAATAGTGATCTGG
CACTCACCAAAAGAGGGGTAGTCATTAAGGACATGCCATCAAAAGGCGGGTAATACTTTACAAAAAACAA
GTATTAATTAAAGTAATATCACAACGAATGCCTATTGAATAACTTATATCCACATTACAAAGATATTATA
TGGTTGCGATTAATGTGATTGCAATACATTTTGTAAAAATTAATAATGACTAACCCTTTAAAATATTTAG
GAAGCAGATATTTGTTTATATITGCTAAATAGCTATGCCAACTCTTTAGCTTTTGTGAGTGACTTCTAGC
ATAGGAACAGTGATGGATAATATGAAGCACTATATATAATAACTCATCGGCCGGGCGCGGTGGCTCACGC
CTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGCGGATCACGAGGTCAGGAGATCGACACCATCCTGGC
TAACACGGTGAAACCCTGTCTCTACTAAAAACACAAAAAATTAGCCGGGCGTGGTGGTGGGCGCCTGTAG
TCCCACTACTCAGGAGGCAGAGCTTGCAGTGAGCCAAGATTGCACCACTGCACTCCAGCCTGGGTGACAG
AGTGAGACTICTGTCAAAAAAAAACAACCTCATATATTTTITACTTGAARAACATACATTTTIGCCTITTAGGAT
TTTTACTIGTTAGAATATCCTAAAGGACCTATAATTGTAAATGTAAAATTGACTAATTTCTGGGTTTTAA
AAAAAAGTATTTGAAAGCTGATCTGCTGTGAACATTGAACCAGATGTTAAGAAAAATGCTAGTAAGARAAT
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GAGACTTGGGAGCAAAGAAGCAGAACTAAACTTTICATATATGGTTITCTATGGAGTAATTGAGAACGTAC
ATATTAACAGGGATACAAAGTCAGGCCCTICTCATICAAGATGCTTITCTGICTTTAAAAAAAAAAAARLAGT
AATTTTTGAARATTTTCTGTGGCAACAGTCCCATAGCAGAAAGCAAAGAGTTTTGAATTAAGTGATCAGAA
TATCATTCTTATAATTTTACTACACTGAACATTATTTAGAAAATTTTGAATGATATTAARACCGCTATAA
AACATACTTGCCTACCATAAGACTTAGGATTTAAGCCAGATTAAAATAAATATTTATTTAGRAGGATGTA
TGTAAGAACTGGTGARAATATAAATGAGGTCTGTATTTGAGTTAATAGTATTGTGCCAATGTCAGTTTCCT
AGCTTTGATGATAATGTACTATGGGTATTTAAAATGCTATCATTGGGAGAAGCTGGGTAARAGGTGCGTG
AGAAGTCICTGTACTATATTTGCAAGTTTTGTGGTCTTAAACCATT TCAAAGTAAAGTTATTTTAGAAAA
TATCTAAATATATATTTTAGAAAGTATTATCTITTTITCTCTGTAACTAGTGGCTAATTAGCTCAGTCTGAA
AGAGTATGTAGAGGTGGAACTGCTAAATATATTTCTGATCTAGACTTACTTGATGATGCTTGAATTAGTA
AGTGAATGTITATGIGCCAACATATGCTATGATACATATAAATATATAAGATTAAATGATAGGAGCTAATT
ATTTCTTGGCATGTTGCAGTGGGTCCATTTAAAACTGTTTATGTAGGAAACTACTGTAATTATAARAATG
AGCACAGCCCAACAGCCCAGTATATTAGTTIGAAATATAAAAGGCGTTGTGTCCAAGATTTIGAAATGCCTT
ACAATAAGCTTGGCACTTACTTACCTTICACACAAAGCAGACACATTTTATTIGTGATTTTAGTGTTICCATA
TTATATGGTACAGTACCAAAGGAAAACTCTAAAATATGTACTCAARATCCTGATGIGCCCTICTTTCCAA
ACAGGTGGCACCACAATGAATATAACCTTTAGAGTTAATATCTGAGGACAAACCCAGCAGTTACACCAGC
ATGATTTAGGTCCIGCTGTTACAATTATTATTATTGTATTTATTTCACAATTAAGTTGCAGAGTTGAGCT
CGATATAGTTICCAGCIGTGGCTTTTTTTTCAACTGTCTCAATAGTTCATAGATATGGCCAAATGTTCAAT
AATAGTGAAAGCTTATAGTCCACATATTATTTCTGTAGCACCAATTTTATGTGAAAAAATGATTTATCTA
AATCTCAGAGAATTTCCATAACTAGTTTTGTTATACATCTACAAAACTAAGTTAAAAGAACAGAGCAGAC
TTTTTAAATAGCTAGATTGGCCAAATCCACCTICATTATCATCAAGAAGATACTGAAACACCGTGTTITATA
CAACAAGACCAGGCATTGTAAAAGAGGAGGAAAGGTAGAGACAAAATTTATTTAGCCCTCAGGAATCTTT
CATTCIGATAGTGTAAATTTGACAACTTTAGAGGGACTTATTAACATGTATCITATATATCTTGATACCG
AATATATATTTTIGTGATTGCATTAGAGCCATGAAATATTACACAGGTCATTTGAACATAGCATTTTCATA
GAGAAGGTGACATTTGCAAAAGATTAGGAGAAAAGTAACTACGATTAGAARATCGTAGTTTTATTTTIGTC
TCTTGAGAATGAATTGATGTTAATTTTATGTCTGATTTGGCCAAATACGATGTGGAATTTGCTAAAGACT
GAAAAAAGAAGAGACATCAAATAGAGGGTTGCAAGTTAACAGACCATGTTATAATTAAATGAGGGARAAAA
AAAGTAGAGTTGTTAAACTCCCAGAGAAGTCATTTICCCCTTGGTITGGTGCATTTCACTITGGTGGTGAA
GTAAATGACCATATGGGCACTITTCTAGCTCTGTCCGCAGGTAGCACTGGGTATTTGTGGACAAATTACC
TAGCTTTTCATAGCACTAGTTTCCTIGTTGATAGACTTCAGAATTCTAAATTCCATTTTACATCCTTATT
TCTATGTTTAACTTAAAGATAATCCTTTGCAGCCGGGCACAGTGGCTCACACCTGTAATCCCAGCACTTT
GGGAGGCCGAGGCAGGCGGATCACGAGGTCAGGAGATCGAGACCATCCTGGCTAACATGGTGAAACCCCA
TCTCTACTGAAAATACARAAAATCAGCCGGGTGTTIGTGGTGGGCGCCTGTGGTCCCAGCTACTCAGGAGG
CTGAGGCAGGAGGATGGCATGAATCCGGGAGGTGGAGCTTGCGGTGAGCCGAGATCGAGTCACTGCACTC
CAGCCCGGGCAACAGAGCCAGACTCTIGCCTCAAAAAAAAAANAAAAACAAAAAAAAAAACAAACAGATCAT
CCTTTGCACTGGAATTATCCTGCAGTGGAGGATAGTAATGAAAGTGTAGACTCTGTTTCTGAACACTAGC
TATGTCACTITCAAACTGTGTGATTTTCCTTCAAGTTTCTCAATCACTCCAGGTCTGGTTTCTARATAGA
GGAATAGGAGTAGAGATTAATATTGTGAAGATTAAATGAGAAAACTTATATAAAGCACTTAGTACGGTGC
CCTGCATATTGTGAAGGCTTGGTATGTTGTITAGTAGATTCATTTTATTATCATTATTAATAATACTGAAC
CCTGGCTGTTGGGGGAATTGGTTCTATCCTCCTGTICTCATAGTCAAAATAGGTTAAAGGGCCTTCTATCT
CTTATTTCTIGGTGGTGCATTATAATTACTAATAGTAATGTGCTTCATTTGTATATGATCCTTITATAGTTT
ACATGGCGCTGTTTTATGTAATCTTACTAAAATTTCAAAAATAATTTTAAAAAGCCAGAATTCACAAGAR
TGTGACTCGGAGAAGAAGTAGATGTITTTTCTAAGTAGATCTTTICAGTITTAACTGATICAAATTTTCTCAT
GTTTCATATACATGATTATCATGTCTITTTGATAAACAGAATGTTAACCAGAGTACAACCTTGTATGAACA
TATTTATTCAGCTTAGAAAAGATCCAGAGGTACAAARATCTAGATCCCAGTGTAGAAGTTAGCATACACAG
TACAATTTCTAGTATGTCCATAAACAATATGTTARAGTATTAGTTTGAGCCATATAGGATTGCCAATATC
TGAGTGTTATAGAGCTACAAAATTAGTAGGAAATTTTGTTGCTTTAACCTAATCATTAAATTAGAATTGT
GTGACTTAAAGTTACAAATGGTTTCCGAATATTTTGCAGTAAAAAAGTAGTGAGGAAAATAAATATAAAT
ACTAAACTAGACCTGGGAAATTTAAGGCTATAAAGAATTCTAGCTTACAGAGAGAGGAGTCTTTGTTTGC
AACCTCCCACTAGCTAAATTTAAATTATCACAAATTTCATCCICTCCTTTACTTAACCCTTGACTCATGC
AACTAGTCAAATGTCTTTTTICITGCTAATTTTTTCTTTCCATAGATCACTTATAGGGAGTTCTGGTTAAA
AATGATGTCTICTTTAACCTTCACTAAAATGAGAATAGGGGAATTAAAATGATATTTACCACAAAGAGARAA
AAAATCTGGGAGGAAAAACAATAAAATAAAAAAGATAAAAAATTTAGGAATATGCAGAGAATGGAGGAGT
TAGCATATCTTGGAAACCTGAATTCCAAGTACTTAGAACTTGGGAAGTCCTAGAAATGTGAAGCACCAGC
TACTGCAGAAGGCAGAGATGAATGTGAGGTAAGATAGTGAGACTGTGAAGAGAAATCATTCAGTAAAAAA
TGCATTATCAAGCCAACTGCCACTGGTCTAGTIGGAGTTTAATCCCACTGGGGAAATTCTARATGGATTGA
AGACATGTGTTTAAGAGTTAGTTATICTTTCAAAGGGGCAAGGGAGCTGGGGTATTTATACACAAAATCC
TGCTAGTCATTGGTITTAGGACTGCTTCCAACGGGGGAATTATTTTCCTAGCATTTCTGGCATACCACCTT
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GGCAAGAAAARTTATTTTGTGTCCAGAGTATGTCTAAAGCCATTAGGGAAARAAARTGTGGATCCTCATA
GTTGAAAGCCAGGCCAGTCTGCACTAAAGTGGTAAGGATGTTTTCTTTTAGAGATACAGGTCTAAGARAAG
AAATCTGAAGGTGGTTACCTCTTATGCAAGAATTTAATTTGATGGATTCAAGGTGTGTTGGT TAAGAGAA
ATGGGGAAGGGTTGCTTCTCATGACTGCGGCACGATTCTACTATACTAAATTTTTCTTTTAT TAAGCAGC
ATTGCCTTATGCAATGATAGGAAACATTTGTTATATGTGAAATCACTTTTATTTITTATTTTT TAATCTAT
TCCTATTCTTTTCATTTTTTTAACTTITTATTTTAGGTTTGTGGGGTACATGTGAAGGTTTAT TACATAGG
CAAACCGGTGTCACAGGGGTCCGTTTTACATTTTATTTCACCACCGAGGTATTAAGCCAACTACTCAGTA
GTITATCTITTCTGCTCCTCTCTCTCCTCCCGGCATCTCTTTTAAAAGAAAATAATTTTTAGCAATTCTTT
AGAATAAGTCTTGGCCACCTAAAGGTTTCCAGGACTCTAGTTCAGGGAGTATTITATCTAAGTCAGTAGTT
CTTAACCTGATATAATTTCATCCCCAGAGAACATTITGACAGTATCTCAAGAAATTCTTGGTTGTCACATT
GGGGGCGGGGATACTGCTGTCATCAAGTGGGCAGAGGCCAGGGATGCTGCTCAACATGTTGTAATGCACA
AGACAGCCCCCCACAACAAAGAATTATTTIGGTCCAATATGTCAGTAGTGCCAAGTTTCAGACATCCTGCT
CTAAATCAGGACTGTGATGTGAATTCTCTGCGATGATGAAGATATTTTATATCCGTGATGTGCAGTACTG
TAGCATATGGCTACTGAGCAATTGAAATATAGCTAGTGTGACTGTACACCAGGTGTGATGTTCCATACCG
AGGAAAGAAGTAGAAATAAGATATAGTCTTTGAAGTCAGAGCTCACAATCTAGTAGCGGAGACAGATTTT
TAAAAATTACAATATTTTAAAAATATTGCAATAGAACATGGTAATGTTAGAAGATTAATAACATGCTAAA
TTTGAGGCATCAGGACTCAGACAGACAATTAAAAATTCTCTGAGGTGAATTTCCACCCTTAGCTCAGAAT
ACTGTAATGTTTAAARAGCTGTTTTCTATACACACACACACACACACACACACACACACACACACACACCC
CTTTAARATCTTTTATCATGTAACTCATTGCTITCTTATTTTACCCTTITTGTCAGAGAATACATATAAAATA
CTGGAATCTGATGGGACATTCTACTTTATITAACAATGCTATTGAGTTTCTCAAAATAGTTTCCTAAGAA
AGTCTATTAAAGTATTGATTTTITTCATAAAGGATAATACAAATGGCATGAGICTGTTTAACATTTTAATC
AAGCTTAAAATTAGTCTTGCATTTGAAACARACTTGCCCAGAGAAATTGTTGAGARACTTAAGAGAAARA
CATCATAAAAAATTGATGGGCCAGCCAGGCTIGTGAGAATATTAAAATCCAAATCTAAATTATGGTTAACC
ATTGTCACATCTTTCTTTGAAGCTTAAGTAACTCGATATTCCCTGTAGGATACCCAGTGATTCARAGTGA
CACATATACTGTCAGCTCATTTTCCTTCCCAGCATGCTGGTACAATTTIGTATCCATAGAAATATATGGAA
AAACCTATTAGTCTTGAGTGCCAGAACCTACCAAAAGGAATCTTTGTCATCTACAAATAAATTAATAACA
TAAGATAAACAATCCTATTAAGTTATACTGGCCCGAAAAGGGAAAAAAGACCAGTTTATGAATTGACAAA
AGAAGGTAAATGAGATTAGCCATATAGCAACCACTCAGATAATAATGTIGITTITCTCTGTTTAGTAAAARAA
GCATATTTGAGAGAAAATTTTCCCTTATAGAACAATTICTTAATAATATACATAGATACTCCTTTICCTGGG
ATGTAGAGTTTAATCCTCCCCTAAGCCCCTCCATGAACTTGGTAACTTACTTICCAGATAATAGAATATGG
AAAAGTAGGAATAACAATGGAGAAGAAACCAGGCAGGCACCAAGTTAACTAAGTAGTCAAGTATAACATC
GCCAGTGATAATAATATTGATATCATGTCTICCTGTGATATGATGTCATGARAAGGACATGTTATCTCTICT
GGTATTCTTCCCCAAAACCTGTAACTTICTTCTAATAGGGAARAATACTTCAGTCAARATCTTAAGAGACTTC
TAGAATATACCTGACTAGTCCTATTCAAAAGTTTCAAGGTCATGAAGAACAAGAAGAAACTGAGAGACTG
TCACAGACTAGAGGAGACCAAAAAGACCCAAGGACCAAATGCAGTAGGAGATTCTGGATTGGATCCTGAA
ACAGAAAAATGACATGAGTGGAAAAACTGGTGAAATCTGAATAAAGTCTGTAGTTTTGTTAATAGTGTTG
TATCAGTGTTTGTTTAAATGTTTAGATAAATCTCTCATGCGTACAGAAGAGTTATCATTAGGGGAAGCTG
TGTGTCAGGCACTTAGAAAACTTTCAGATACATAGGTACCTTTTGTAAGTAAAATAATGAATTAATGGGT
CATTTTATGTCTIGTATTTTATATAAGGCTACATTTCTAAAGAGACRAAATTGTGAGTCCCATAAAAATAT
AAAATGAATATGTGTAAAACATTTTATTAGATCATTAACTGATGAAGGAATTAGTAAGATGTTAGTTACA
GTTGGTTCAAAGGAGAGTCTGAAGAATTGGCATATATATATACGTATATATACGTATATATACGTATATA
CATATATATACGTATATACGTATATATACGTATATACATATATGTGTATATATATATTTTATATATATAC
ACATATATATATAARARAAACACTCTAGAATGCTGATAGGAATTTTATAACAGATACAATACTGATCACTAA
CTGTAGGGCAGGAATCTATTGCGTTCCATGAGAARATTTTACTGGCATCTAGTGAACAAGAATCATTTGT
GTCACCATCAGCCCTCCACAAATTGACTTITTAAACGTACAGAATTGCAAAATAGCATAACCAAAGTCTAA
GGTACAGACTCTTAGATAATCAGATAACTCCTAAGGTTTTCCTAAGGAATTARAGGGAAAGAGACATTCT
CAGATTAAGGAAAACAAAGAATTTCTTIGCTAGCAAATCTGCTCTTAAAGAATGACAAAAAGACATTCTCT
AAACAGAAAGGAAATTATAACGAAGTCTTGACATTTCAGAAAGAAAATAGTAGAATGGGTAAAAATGAGA
GTAAAATAATAGACTATCCTATTTACCATAAGTTTGAAGTGAAAACTTITAACACCACCTGATGTGGTTCT
CAATGTATGTAGAGAAAATACTTAAGAGTTATATTTTAAAAGAAGACATACCTAAGTGGAAGTAAGAGTC
CTTCTACACGTCACCTGAAGTCAATTCCAGTAGATTIGCAATGTITAATGCGTATCGTAATGCCTGGAAAGA
CCACTAAAAARACTATACAAAGTGATACGTTAAGAAAATACAACAAATAAATTTTGATGGAATCTTAAGAA
ATGTTCAAATAACCCACAAGAAGGTAAGAAAAAAGAAAGAGAAGAATGAGAAATAAAGAARACAAACAGA
AACCAAATAAGGTGGCAGATTGAAGCCCTAATATATCCATAATTACCTTAAATGCARATGGTCTARATAT
ACCAATTAAAAGAGATTTAGCTGAGTGGATTGATAARAGCTGAGCACACAATATGCCGTCTAAAAGAAGT
TTATTTCAAATACAACCTAGGTAGGTTAAAATTAAAAGAATCGAAARAGTTACATTATGCAACAATTAAT
CAAAAGAAAGCAGCAGCAGTAATGTTAATATCAGATAAAGTAGGCTTCATTGCARAAGAAAATTACTAGTG
ACAAACAGGGACATTACATAAAGATTAAGTGTTAATTCACTGGGAAGACATAATAATCCTAAATGTGTTT
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GCACCTAACAACAGAGCTTCCAAATACATGAAGCAAAAATGAATAGAGCTGAAAARAGAAACAGACAAAT
CCATATTTICTAGTITAGGGACTTCAACACTCCICTCTCTTCAGTTGATAGAACTACTARAATGGAAAATAAG
CAAGGGTAAAGAGAACTGAACAACACCATCAACCAATAGGATCTAATTGAAGCACTCCTCCCRAACAGTAG
CAGAATACACATTACTTTAARAGCTCTCATGAARACATTCACTGATATAAGCCATATTCTGGACTCCAAGCA
ACTTCAGCAAATTTAGAGAATTCAACTTATATGTTCCCAGAACATAATGAAACCAAGCTAGAAATCAATA
AGAGAAAGACAAAAGAAAAACCTCAAAACACTTGGAAATGAAGCAGCACACCTTTAAATCATTTTCCCCA
GGTCAAGGAGGAGGTTGCAAAGAAAAATTTTTTAAACACAAAGAACTAAATAAAATGAAAATAARMACATC
AACATGAGTGAGATTCTGAAGCAAAGGGCAAGCATATCTACTGTCTATTTITTAAAGATTAAGCTTCCTTA
AGCTCAGGGTTTCTCTCCTGTGATGCAATCCACTGTGTGTACAGGTGTCTCCTGAACTTCTTTGGGATTA
CTCTGTGGGAACTGGCTCAATAAAATGTTGGTTCTTTGACTACTGCTTTGCTGTGAGTAATCTAGTCTTT
TTCTCTGGCAAAAAAAAATAAAGTGAGATGTCATAAAAGCAGTATTGAGAATAAAATGTATAGCATTAGA
TTATTTAGTTAGAAGACAGGAAAGGTCTAAAATAAATAAATGAGCCTAGAGACAAAAACCATCAACAAAA
TATTAAATAACATGCGTCAAAGTTTAAAAAAAGAGTGTCATACCATAACTAACTGGGATTTAGTATTGAA
GGCTGGCTCAACATTTGAAAGTTAATTAGTGTAATCTACCATATCAACAAACTAAAGAAGAARAAATCAT
ATGATTATATIGATIGATGCAGAAGCATCIGACAACACCCAGCATCCATTICATGATAAAAACTATGAGAA
AACTGGGAATAGAGGATAACTTCCACATCTTAATAAAGGGTATCTACAGAAAACTACAGTTAATAGCATA
ATTTTAATAATGGAAGGCTTAATGTTTCCACCCATGATTGCTAATTAGGGAAGGATGCCCAATTTCACTA
CTCTTTTTTAACATAGTICTIGGAAGTTCCAGACACTACAATAAAGCAAGGAAAAACAATARAGCATGCAT
ATTGAAAAGTATAAAATAAAATTATTTICTATTTGTGGATGGCATGACTGTGTACGTAGAAARATATCAAAT
ATTCTACAAAAACAAAAGCAAAAATAACCAAAAATGCTCATGGAGCTGAGAAGAGAGGTTAACAAGATCC
ARAAATACAAGATCAACACACCAAAGCTAGTCACATTTTTATATACAGATGCTCCTICATCTTATGATGGG
CTTACATTTAGATAAACCCATCATAAAGTCAAAAAATCATAAGGCAAGCCATCACAACTTACGGATTATC
TATGTTGGAAATGAAGATGTGAAAAGTGAAATTAAAAACACAACACCATTTATAATTGCTTATCCAAAAA
TGAAATACGTAGGTATAAATCTATCATACATGTACAGGATCGGTATGTAGAAAATTATAARATGCTGATG
AAAGGCATTAAAAACAACCTAAATAAGTGGATTATATGGCATGTTTATAGACTGGAAGAGTCAGCATAGC
AAATATGTCAGTICTTCTCAAATCAATCTAAAGGTTTAATTTAGTTITCTATCAAAATCTTATCAAGGATT
TCTGTACACATAGACAAGCATACTCTAAAATCTATAAGAAAAGTCACAGGCCACAGAATAACTAARACAG
TCTTTTAAAAAGGTAAATARAGTGGGAGTAACCTCTICTACCCAATATTATGGCTAACAATATAGTAAGGC
TATCAATACAGTATGATGTTGCTGGAGGGATAGACTCATAGACCAAATGAAACAGAATAGAGAACCCAAA
AACAGACCCATGCAAATGTGCCCAACAGATTTTTGATAAAGTTGCAAAAGCAATTCAATAGAGAAAGCTC
ACCTTTTCAACARATGGTCCTGCAGAAATTGGACATCCCTAGAGTGGGAAAAAAARAGAACTTCAACCTA
AATCTCACACCTTGTAAAAACTTAATTCAAAATAGATCATGGACTTAAATGTAAAACATARAACTATCAA
AATTTAGGGAAAAATGAGAAAATCTTCAGGCTCTAGGGCTAGAATTGGCATTGAAAGCATGATCCACACA
CAGAAAAAAATCAGTTGGACTGCATCAAGATTTAAAACCTTTGCACTGCARAAGACCTGTGAGGGAGGAT
GAAAAGACAAGCTACAGACTGATAGAAAATATTTTCAAGCCATATAGCCAAAAGATGGATGTCTAGAATA
TATAAAGAACTCTCAAAACTGCAAGGTAAAACAAGAAACAAACAATGCAATTAGGARATGGGCAAGACAC
ATCAAGAAACGTTTCACCAAAAAGGATATACAGATAGCAAATAGGTGCATGAAAAGATTATCAAAAACAT
TAGCCATTAGAGAAATGCAAATTAAAATTATTATATATTCCTACACATCTATCAGAATGGCTAARACAAA
GTAGTTACAACACCAGATGCTAGCAAGGATGTGGAGAAAATGGATCATTCACATATTGCTGGTGGARAATG
TAAAATGGTACAGCCACTGTAGCAAACTGTTTATCAATTTTCTGTAAAACTAAACATGCAGCTACCATAC
AACCCAGCAATTGCACTCTTGGACATTTATCTTACAACCTGTACAAAAATATTCATACCACCATTATTCA
TTATAGCCAAAAACTGGAAAGAACCCAGACGGTCAACAATGAATGGTTGTACAAACTACGGTACATCCAT
ACATACCAGGCAATACTATTICAGCAATAAAATGGAATGAAATATTTATACATGCAACAACTTTTAGATCA
ATCTCCACAGAATTATGCIGAGTAAAAACAGCTCATCTGAAAAGGTTACATAATGAATGATTCTGTTTAT
ATAGCCGTCTTGAAGTGACAGAATTARAGAATGAAGAACAGATTGGTGATTGCAAGGAGTCCGGGACRAAC
AGGGGAAAGAGAGAGAGAGAGATGGATGTGACTCCAAAAGGGCAACACAGGAGGCATCCTITGTAGTGTTG
GAACTGTTCTTTACCTITGATTIGTIGTCAATGTCAATATCCTGGTTATGATATTIGTACTATATTITTTGCAAG
GTTTTACCTTCAGGGAGACGGGGTICAGGGGTATACTGGTITTCTCTGTATTATTTICTCACAACTACATGT
GAACATACAATTATCTCAAAACTAAAAGTGTAATTTCAAAAAACAAATAAAACAATTCAGAAATTTTAAG
ACTTCAACAGTCATTITATCTICATTTIGTTATTITTACTGTTGAGAAARACAGGCACAAAGAAACTGAAGTGAC
TTACTTTCATGCTITCACCTAAGTCTTTTTTTICTTTTCTCCATCACTCAGTTAAGAGCTTCTGTAATACAG
AAAGTATGTCTTGTATTICTTTTAACTCCCATATTACTTCAAGCAATGTTGAACACATGTTAACATTGTAA
AAGTTGTTGTCTGAGTAAATGGGAAAGATAGAGGTCTATGTCTATATGCAAATACTTITGTATTAACATGT
TTCAGTCTGATATAACTTTCCACACAGAAAGTACAAAAGAAGATCTGTTCAAGTTATCTGATTTAATTAA
GATAGTAAAAAGAAAGCTGATAATTTAGGGGGTCTITATTTGATTGTTTTITAATTTTACTTATTTTCCACT
AGGTGATCATTTTGATGATTCAAAAATGAAAATTTACAAAAAGGTATAAAATAAAAATTATTTCTCCTAC
CTCTATGCACTGTCGAATCAATTCCCCTACCCACCACCAATCAGTATTGTCAGCTGTTTGTATATCCTTC
AGGAGATATGTACGAATTTCAAGCGAATATGCATAAGTTTATGTTATGTATATGTGTGTGTCTGTTTTCT
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ATATATATGCATCTTTACATTAATGGTAGCATACGATACACATTTTCTTICTGAATTATGCTTCTCTCTCA
ACAATGTITCTTGGACATTTTICCTGTATCAGTACATAAAGAATGTATTTGTTTCCTATGACTGCAATAGT
GAAATACCACAAACTGGATGACTTAACCAAAAGAAGTCTGTTGTCTTACAGTTCTGGAGGATAGAAGTCT
GAGATCAAGGTGTCAGGAGGGTTIGGTTCCTTCTGAGGGCTCGGAAGGAGAATCTGTTCCATTCCATTCCC
CTAGTTTCTGATGGTTTGTTGGCAATCTTTGGTGCTCCTTIGTCCTGTAGATGTCTGCCTTICATTTTCACA
TGGCATGCCCCCTGTGTACGTGTCTGTCTCCAACTTCCCCTTTTARAGGACAGAGTCATATTGGACTCAGG
CCCAACCAAATGACCTCATTTTAAGTTGATTATCTCTGTAATGACCCTATCTICCAAATAGGGTCACATTC
TGAGGTACCAGGGGTTAGGACTTCAACATTITAAATTTGGAGAAAATTTGGACAGAATTCAACCCATAGCA
AAGAACTTAACCGTTAGTTTAATGACTACATATTGTTCCATTTTGTGGATGTATCATAATCTATTTAAGC
AGTGCTCTGAACATTTTATTGGTTTTCACTTTCATTGTTITTGCCTTAATATTGGTGTCTGTTTCATAGAA
TAGATTTATAGTATTTTAGGCTTATCAAGATTITATTITAAATCTTIGGAATTTAAATTCCCTGTAAATTTC
AAGTGCCTTGAAGGCAAGATATATTGAGGAGGGGAGACTTTITAAAGTTCATATGAAATAATARATAATCG
CAAGTATCTCAGGAATGCATGAAAAATAATAAATGTICTCTGCATCAATAATAAGGGAGGGGGCTTGCCTT
ATCCAATATTAAACTTGCTGTAAAGCTACTGTAATCCAAATAGTATAGTATTAGCACAAAACAAGACAAG
TAGATCACTGAAGCAAAATTGAGAGTCCAGAAGCAGATCAGATTGTTTTTGGAGGCCGGGCATGGTGGCT
TACGCCTGTAATCCCAGCACTTTGGGAGTCTGAGGTGGGTGGATTACCTGAGGAGTTCAAGACCAGCCTA
GCCAACTTGGTGAAACCCCGTCTCTACTAARAATACAAAAATTAGCTGGGCGTGGTGGTGGGCGCCTGTA
GTCCCAGCTACTTGGGAGGCTGAGGCAGGAGAATCGCTTGAACCCAGGAGGCGGAGGTTGCAGTGAGCCA
AGATCGCACCATTGTACTCCAGCCTGGGCAACAAGAGCGAAACTCCATCTCAAAAAATAAATAAATARAAT
AAATAAATAGATACAAATTGTTTTTGGAAACATTATATGGCAAATGTGTTATTTTAATTCAAGGAATARA
GGTGTTTTATTCAATAAATGGTGCCAGCACTCTTTGCAATTCCTCTTAGAARACACAGATTGCCTCCTAG
CTTATGCAATGTAAGAATACATTTCAAATGCATTAAAGTTITTAAATGTAARAACARAAATTCTTGGAATG
AGGAAGACGTTTTCTAAACAAGACACAAAACTCAAAAGCTATAAGGAAAAAATATACCTTGTTACTGCTT
AAAATAACAGAAGACAAAGTCAAAAGAAAAACAGCAAATAGAGTAGATGTATTCGCAACATGTGACATAA
AGAGATGCATATACCTAATATACAAATTTCTCCTACAAATTTGTTAATTAAATTAATATTTITTTAAAATT
CAAACAACCCAGTACAAAACTGGCCGAAGTATAGGAATATGCAATTCCCAGAAGAGGATATCCAGATAGC
TGGAAAAATAAAACTATGATAATATGCTTCCTCATAGTAGTAAGGGATAGGAAAATAAAGAAATAAGACA
CCATGTCTATCTAACAAATAGACAGAAATTAAGAATGATAATTTTTAATGGAAGAGAGCACTCTCAGATA
TTGCAGATGAAACGCAAATTGCTGTGGTCTTTGAGGAAAGAAATGTGGTATGATCTACAAAAATTTTARA
TGCACTTACCTTTITGATCAGTICACTCCATTTCTGAGAATCAATACTACAGAAATAAAAGTACCAGTATGA
AAGGCTGTATGTAGAGGATGTGTATTTTGGCATTGTCTATGATGGTCAAAAAGTAGAAATCAAGCARATA
CCCTTCAGTGTGGAAATTATTGAATATGTTATGGAATTATTTGGGCATCCCAGAATGAATTATTATTTAG
TCTAGTTAGAGCTGTGTCTACTGTCCTGAAAGAATGGTGATGATATCTTTCAAAAATCAARAACAAGTTTC
AATTAACATATTCCATTTTTAAAATAAAAAAGATAAAATTAATCTTATGGGATTACATAACCATGAAGGA
GGAATGGAGAGATATATACTAGGTTATCAGTATTIGTTACCTTGCGATTTTCAAAGGAGAATGAAAGAGGA
ACAAATAATGTATCAAGTTTCACAAAAAGTGAAAAGGTGGAATATAAATATTACTGCAAATATATAACCA
TTGAATATGTATATGGACAAGGACGATAAGATAATATAGAAAACTGAATATGTTGGTTTTATTATGAGGT
GGTTGGATTGAAGATATTTTTIGTICTCCAAATACTGTTGTTTTAATATGTTGTGTTTTACARAGAAACATG
GGCTGAGCAGACAGGGAAGCCCTGATAAGCATAGTACCTGCCATGTGGCCATTCAATAAATGATAGTTAT
TGATTATTATTATTAGAGTTGTAGTACAGTAGTGCCTACCTTAATATATTTAGATTGATGCCCAGCAGCA
TTGAGTTAACCCGCATTTTAAGGACAAGTGTTATAGCTATTATATACTAATGGTAAACTTIGAGTCTGTAA
CTAGCACTGTTGAAGGAGGACAACAGAGTAATATGATGIGTATTGGCCTGGGGATGGAAGGGTGGTGCTT
AAGGCACAGCAGATTTTCACTCCAGCCAGGTTICCTTAGGACCTCTCCAATGAACAGGATACCTCCCTTC
CTGTTCTTTCTACCCTCCCACCCCGTTTTTTGCTTTTTCAGTTTCAGCCCAAAGGGGAAGGAAGTATGAT
GACTGACTCCCCATCAGTCCCTGAGGTGAACTGGGATTTTGGGAGAGTGTGGCAGCTGCARATTTGGCTT
CCTGGAGATAGGATTTTTGCCCTCAATCTGGAGARAAGTTCCTGAGGCTACAGCTGTTCAAGCTTGTGAAG
TAGGAACTTTIGATCCCTTTTTTCAAAAGTTTTGTATAATTAGCATCCAACTTGTTAGACAGTATGTGGCT
CATTACAAGATTGCCACAAATTCATGCTGGGCCGTGTCTAAGAACAGGGCAAAGGGAGCCTTTGGAAAGT
GTTATACAGTTGACCCTCAAACAATGTGAGGGTTAGGGGCGCTGAGCCCAACACATTGAAAAATCTAAGT
AGAACTTTTCACTCCCCCAAAACGTAACTACTAATAGGCTACTGTTGACAGAAGCCATACTGATAACATA
AAGAGTGATTAGCGTATACTTTGCATTGTTATATGTAATATATACTGTATTCTITGCAATAARAGTAAGTTA
GAGARAATACGATGTTACTAAGAAAATCATAAGGAAGAGAAAAATATATTTACTATTAATTAAGTGGAAG
TGGATCATCATATAGGTCTTICATTCTCATTATCTICACGTTAAGTAGGCTGAGGAGGTGGAGGGAGAGGA
GGGGTTGGTCTTGCTGCCAATCTAAATGCTGGGCCCAGCCAATGGGTATAAGTTTTAAGTGTGCACATAT
TGGTGAACCCTTACAGATCACGGCACTGTCTGTTCGAGTGTICTATTTTGAAATGTCCCTATCCGTAATAT
AAGTTGCAAAGGAGTTTGTGGGCCCACTGAATTCTACCACCCTGATCATTGTGAAGCCCATTCAGCTTTG
TGAAGAGCTTATCTTGGTACTACCTTAGCCAAGGTATGATAACTCAGACATAATGTCTTTICTTTCATGG
TTCCTTTTTTAGTGATCATAGATTCAGTTCTGTAATAATTAGAGATTTATGTGTCCTATTAGTAATTGCA
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TCATTCTTTAARAGACAGTGICAACCTTGCTATACAGTGTGATTIGAAGCCTTGACATAACTTIGGGGGTTTG
TTGGCATTTTGAAATCCCAGGCCCCACTTCAARAACTGTTGAATCAGAATCTGCATTGTAAGAAGATCCCC
AAAAGATCTGCATGCACAAGCCTTGAAAGAGAAGAGAAGCCATCTAACATTCCTCACCTAAGATTTGAAG
AATTTCCCACTTATGCAAGAGTAGGGGTGTGATTTICTCAGGCAGGATATCTAACAGAAAACARACACTTAT
GAAGTGTTTCCTGTAGGAGCTAAGCAGGTGGCCAGAAAATGGCAGGCTACAAAGGAGAAGAATGACTAGG
AACCTGAGCAAGGAGAAAGTCTCAAAGACAAGGAAGTGGCTGGCAGTGTCAGGGACTACCAGGCAGCTGA
AAAAGCTAGGTIGTGAACACTATTITCTTGGAGTTTTCAGCAAGTAAGAGGTTCATGATGATGCCTCAAAGA
ATTTACAGTGGAACCAGAGCCAAGAAGTCITATTGTGGTGAGTTGGGAATTAGGGAAAGTGTTATACAGT
TGACCCTCAAACAGTGTGAGGGTTCGGGGCGCTGAGCCCTAACCTCAAGTAAGAGGTTCATGATGATGCA
ATCAAAGAATTTACACTGGAACCAGAGCCAAGAAGTCTTITTTITITTTTITTITTTITITTTTTTGAGACGGA
GTTTCGCTCTGICGCCCAGGCTGGAGTGCAGTGGCGCGATCTCGACTCACTGCAAGCTCCGCCTCCCGGG
TTCACGCCATTCTCCTGCCTCAGCCTCCCGTGTAGCTGGGACTACAGGCGCGCGCCACCATGCCCAGCTA
ATTTTTGTATTITTAGTAGAGACGGGGTTTCACCGTGTITAGCCAGGATGGTCTCGATCTCCTGACCTCGT
GATCCGCCCGTCTCGGCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACCGCGCCCGGCAGCCAAGAA
GTICTITATGGTGGTGAGTTGAGAAGTAGGGAGGTGGAAATAAGGAATGGAGATGAAGACATGARAGGAATT
TGAGAAATGAGGCAATAGCTAGAGAAGAATATAGGAATACACAGATCCAGCAACCCAGCAAGGGAAGGGC
TAGATTCTGATTTCATGAGCAAATTGCCTACTAATTAAATTCACAATATCAGAGGARAACTGTITGGACTCA
CTTACTGAATAATAGCTGAAAAGTATCTITGCTTTATAGAGAGATCACTGTAGATGAAAGTCATCTTCCA
GTIGGTGAGATATTCTTCAGTGTCATCTICTTCATTTITTATTITCTAATTTTTICTTAATTTGAATTATTITCTT
CTGATAATGGGAATGATGTGGTAATTTTIGTCTCTCCTGTAAATTATTTTAAAGATTTGTACGAACTCCTT
TGGCAGGCTTGAGTGTGTTGTGACAGCTTIGGCTTAGATATGCATTGAATGTCATTGAATTCAAACTCCTT
ACCAACATAGTTAGATAGCCCATAGGCATTICTACTTGACCCTTTCAAGGAGATCTGGAGATGCAATTGTA
GGGGAAAAAAGAAGAAAAGAATTCAAGAAGCAACAAAGTGAAAGATAATTTGGCTTIGCAGAAGAGAGGTC
TTTCTATCACAGTAATAATAATGCCAATTATATGTCCATATATATATATACGCACACATATATATAGTAT
ATATATATACACATATAACTCAGACATAATTCTTITCATAGTTCTTTCTITTTGTIGCACAGATTCACTTCTG
TTATAATTACATACTTATGTGACCTATTTGTTAGTAATTGCTTCAGTTTCTTAAAAGAGCATCACCTTGC
TGTGCARAGTGTGATTGAAGCCTCAACATCTCTITGGGAGTITTTITAGAATTTTGAAATCCCAGGCCCCA
CTTCAGAACTGTTGAATCAGAATCCGCCATTGTAAGACAATCCCCAAGGGATCTGCACGCACGTTGCAGC
TTGAGAAGCACIGCAGTATCACACATATACACACATATTCAACACCAAAGAGAGAGAAAGAGGTCATAAG
CTCTCAGGTGGAGACTAGTTCCATGTATATATGCATAGAGAGAAGAACAAACTCTACCTTCCAGCAACGT
AAAATTCTACTCAATCATGTATTCACCAAAARAAAGAAAAGGCTTTCTICCATATAATGTGTATTATTCATAT
ATTGGCACTCTTCAGAGCTCTTCATTCCACCCTAATGTTATCTITTICTTAGATAATTCACATGACACTTTG
TTATCTTCCAATAATTTCTGTCATTGTTATAAGCGAAATTATTCAGGCTTITATCTAAGAGAGTAAATCAA
ACAGTATGCCTCTCICATTICCAATTCTGCAATATTTTICATTCTAGAATGTICTAAAGGAGCCTTGAAAGAG
AGGAGAAGTCACCTAAGGCCAGCTAGAGGGGATATATAGCAGGGAATGGTGGCAACTCCACTCCTCGTAG
CCCAGTGGGGTTTTTTITTTTITICCAATCTGTATTITGTATGTGAGTATCACGTCTATGCCGATTTTATGTG
TACATATGTAACTCAAATCTGTTCATTGTGCTAGTTAGAATCTTATTTCCCCCTCTTCTACTACACTCTA
CCCTTTCTCTTTCCCCTCCTTTGGCAACCAAGACACTGAGTTATTAATAAGCAGATTGGAGCAAACATTT
TGATGCACTATTGTTTGATAGATTTGTTGGTTCATTCAATAAGCATTAATTGAGCACTTGCTAAGTGTTA
AACAATGTACTAATTGCTAGATTTAAGGATGAAAATGATAAAACCCTTGGCCTCTAGAGCCTAGAGTGTA
GTTGGGGAGACAAATGGGCAAATTAGTCACACGACAACATATTCCTTGTTAARAACAGACAGTTGTGCATA
AGTCTGTATACCCAGACTGGAGATGACTCTIGTITICCAATGTIGCCCIGGGAAACCTCATGATCAGTTITAA
TAATGATGTTTIGGGGTGAGAGGATACTGAGACAGTTTIGCTTCTAGCATAGTAATTACCCATAGAAGTTTG
GGGTCTTTATTCAAAAGAGTTTACAGGCCACATGAGCCACTGICTTGCCTTTTATAGGATCACATCTAAG
TTCCGTGTCATATAATGGCCTTIGGCCTTCTTIGGCTTTCTCTGTGCTCTTTGCCTGCCAATACCCTAATTA
TTGAAGTACTGTCTCCCGCAGCTCCTCAACCATGAGCTGTTCCCGATCCTCCCAGCAGCTATGTTTICTCC
TTTCTTCAAACCTCTTTAGCTTTTTATTITGTACTTTATTIGTACTAAATTGTATTTAGAGCTTTGGAGAA
CATTICTTCATAGTTGTAATTAGACTGTAAAGTCCTGAGAATGTATTTTTCATCTTCGTAGCCCCCTGCAG
TATCTAGCAGAATGCCTTTAAACAAATGGGCAGTARATAAATCCCAACAAACTTAAATTAAATTTICTCCA
AATTGCATATTTAATTTTATAGTGGCATTTACTGATAACATACATTIGAAATAAAGGCCAGAGCATAATCC
TCTCTGTTTCTGAATATTATTTATTITAAATATTAACTTTCTAATCCAATTAGGTCTTTCAATGACACTTT
AGATCTAAATTTATTITTTGCATTGTTTTAAATGTCATCAAATGATTCATCTCTTGTGTTITTTAATATTT
TTGGAACGAACGTGTGAAAATGAGCAAGTGTCATCAGAATATGATGCTTGGGTTTTTTTAATTCAACATT
TCTTTGATCATATATTTAAAGACTTTTTCTCAATTCCTTTCTGGATGTGGCCTCACAAATCATTTCAGAA
GTCAATCCATTTCAAGATTTTITITITITITITTITIGCTTTITTTCACTTCACAGGAAGTCAAGTTCATTCTIT
TAAAATGTAGCAAATGATTAAGCAARATTCAACGAATGATCTTCATCAACTCCGAGGTGTTTTTCCCCCTT
GAAAAATTTAAGTTACTATTATTTTTITTITCTITTTITTTITTITITTTTGATACAGAGTCTCACTCTGTTACC
CAGGCTAGAGTGCAGTGGTGTGATCTCGGCTCACTGCAAGCTCCACCTCCTGGGTTCACGCCATTCTCCT
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GCCTCAGCCTCCCGAGCAGCTGGTACCACAGGCGCCTGCCACCATGTCTGGCTAATTTTGTGCATTTTTA
GTAGAGATGGGGTTTCTCCTTGTTAGCCAGGATGGTCTCGATCTCCTGACCTCGTGATCCACCCACCTCG
GCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACTGCGCCCGGCCAATTATTATTATTTTTTTTAAAC
TTCACCTATCATAAATCTTTITAAAATTTCACCTATGATAAACTTCCTCTGTCATCTGGGGAATTACTTAA
ATGCAATGATGGCCTTCAAGTATACTACCAGGCAGCCTATCCAAATCATGARACAGAAAGGCTCATAGAC
CAAATTAAAATACTTGAATCACAGAGTTTATTAAAATCACAGTGAGAAGCAAACGGGAAAGATATGTGCT
AAGTTAACACGCTTAGAATAGAGTGTAAGCAGACTGTGAAGATTAGAGTACTTGAATTCTGCAGTACACA
ACATTATATGTCTITGTCTGTCTCTIGTATTGCATCAGCCTTCCCAATTATGGTGTGCTTACAAGGACCAAA
GTTGACTTCCCAACAAGGGAGTCCAARAATGGGTGGTGCCTGATTCAGTGCGCATGTIGGTTTATCAGAGACA
CAGAGACAAGAATGCATGGCCACAGCTGTAACTTGCCAAAATAGCCTGATGACTAGCCATGTAATTCTCA
GGCAGAAGACTTACGGTGCTGGAATAGGTATCACCTATGGATGCCTGAATTAAGACCTTGTGAACATTAA
GTGCTCATGTGTATTTATTTIGATCTTGAATATTTAGTGCCTCTTGTATATTTGGICTCATGTGTATTTAG
CATATTATGAATATTTAGTACCCAGGTGCCTICATGAATATTGGGTATCTTITTGGTICCTTCTATCCCTCAC
TATCTATGTTTAGTACACACATGCTCTIGCITGCTAACTACTTATCTITCTAATTAACACATTICCAAGAGCC
AATTATGTGTIATCTCITTCCACTGAGTTCTTCATTCAATGACATCAAGTTAGTITGCTIGAAATCAGCTAT
TGTGAGAGCACTTACACCACAGAAATTGGCAAATGCTACAATTAGCGCCACTGCCCTCCCCTAGAGCCAG
TTATTTGACATTTACTAGCATTCCACTACTTACATGGCCCTTCATGCTCTCACTCCGTGTGACCACTCAA
GCCTTATCCCTCTTTACTGAACTCTACAATCAAATAAAATATCTTTGTTTCTTGCTTCTGGCCCTCCATC
AAATGGCTCCCTCTCCTAGGAACAATCTGTCTCTCCTCTATCACCTTTGTTTAGCTAGTTAATAATCCCT
TTTCAGACAGCACCTCATAAATAGATTCCTGAACATCCCAAACCGGATCTCCTGCACCTTCAATGTGCTA
CTTCAGTACATTTIGTCTTACCCTTITGCCATATGGTATTTCAATTGCCCATGAATITGTATTCCTGTTTAG
ATCTTAAGCTTTGTGAGGTCTTTTTGTACTTTTITTIGTACTTCCGTATACCTACCACATAATAAATATTTA
ATGAAAGCATTAATGAATAAGTAAGTGAATGGAGTGAGTGAATGAGTATTICAATTATGATTCATTTGTAT
CAAAGTGATAACATATACTTACAGGGAAAAGGCCAGAGGGGGAAAAAATAAAAAATAATAATATATTTTA
TGTATGACCTIGTGTGGGGAAAGGAACATAGGGCCACTGCCTGGCCTGCTITCTTTTATGCAAATCCTAAT
GTAAAATATGATCAACGCCTGGCTGGGCAGAAATACAAARACCCAGTACTAGTGATTCTCCCAACCAGAT
ACCAGCTAGTACAGATCATAGCCAGATTTAACTACTGTGAAGTGGTTAGGTTAGAGGTGACCTATAAGGA
AATGACGCTAATGATCATTAGCATCATCTTGGAAGCTTAAAARAAATGCCCCAGCTGTACCCCAAGCCAAT
GATATCAGACTTTTGTGGGGAACCCAGATATCATTGTTTTTAATCTTTAATGATTCCAATTTAGCCAAAG
TTGAGTCTCAACAAACCAAGTTCTTCTTACTCTCATATTICTICTTCTTICTCGCATAGATAAGAATTAACAG
CCAGCTCTTCTACATGTTTCTTAGACACATATATTIGTTTCAGTGGTAATTICGTTAACAGTGCATATGTCA
GCAAAGCATGACTGAAAAAAATATCTGCTCCCACACATTCTGATCCCATCTTGACACTGCATAGCTIGTTG
GCGAAGGCAATTTCAACAATGAAGAAGTGGGAGAAATGACTACATTTTATGTAAATATGTATTCATTGAA
AATCAAAAGGACATATGTAATGATATTIGTTTAAGATTCTAAATGAAGGACAATACTTAAGAGTCCTCTGT
AGTCAAATTTCTCAGCAGTAAAAAAACATTIGICTITTTCTITTACAACTATTAACCATATGGCTGTGAAAAT
GTTATTCTACAAGCCTTTAAGATTTIGAAATCTGACTTTATGTTAATACACAGAATTTACCACACAATCCT
GTATGATTTCTAAGTAGATTTAAAGAGTAGCTATTGCTCACCTTTTCAACATAATGGTAATGATGGTGCA
ATGTCAATTACATGATACTCTCATGGGCGTGATTATATGATTGTTAACACACTGAAGTGCTTATATAGAC
ATAGATACTGATTTTTATATGTACATATTTAAAACAAACAAGGACTTAAAATGGCCTGTAAAAGTICTTTC
TAGTCAGTCTTTCTGGTTTTGGACAGAGAACAAATAATCCCTTACAGCTGTTAGGTTGGTGCAAAAGTAA
TTGTGGTCTTTGCCATTGCTTTTAATGGTAAAAAAAACGCAATTACTTTTGCACCAACCTAATAGTTATC
TACTTCCATCITTAACGGGCCCTACCCAAGACTGCATGGTATATAAGTAAGAAATGTAAATGAARATCTC
AAATGCTAGATCTGCCCAGGAGGGGACCACTAATGAGAGAGGAAATGTTAACGTCCCATATGAACTAAGC
TCAGCTTAGCATTTACCCTTCCTGCTATTCCGCTAGAGCAGTGCTTCTCAAAAGTTGACCTGTAATGGAA
TCTTCTGAATGCCTTTTTAAAACGTAGCTGGCTGGGCCCCATCCCCAGAGTTTCTGTGTCAGTTGGTCTG
GGATGGGGCCTGAGAATTTGCATCTCTAACAAGTTCTCAGGGGATGTTGCCGGCCCTTGAATCACAACTT
AAAAACCTCTGCTCTGAAGAAAGGGAAAGCTCTCTICTGCTIGGATTTCCCCAAGCCTTTITTCAGATTTTCA
GGAGACTTICIGTGCGGTAGCTTIGCTTICCTTICTTTCCATACTACTACTACTACCACTACTACTACTACAAA
TAGCAACCTCTAGCATATTTTCAGTACTAAATACCCAGCACTATATATACATCACAAAAGTCCCTTGAGG
AAGGTGGTATTATCATCTCCATTICTGCGGATAAGGAAATAGATAAGAAATTTGCTGAAGATCGCAGAGCC
AAATGAGACTCAAACCCATGTAACCCATGTICIGTTTGACTTTAAAGCCCGGAATCTTAATTTGTTCCAGA
CAAGCTCATTATGTGCTCTGATCTTCACCACTGAAATGTTCTGAATATGAGGCTGAGGGCAGCAGTGAGG
TTGGAAGGAGCAGCCCAGAGGAGCAGGCACTGTGCTGGTAGAATAGTAGTATGGTGGGGCCTGCACTCCC
TAATAAAAGAAGGGGACAATGACTATTTCCTICCTTCTCCAAGGTCGTGCTGCCTCCCATTTCTCTGTCTG
CCTGGTAAGAAGCAGCTICTIGGGCCATGTGTGGTGGCTCACACTTGTAATCCCAGTGCTTTGGGAGGCTGA
GGCGGGAGGATCTCTTGAGCCCAGGAAATTAAGACCAACCCTAGCAATCTAGTGGGACTTCATCTCTAAT
AAAAATAAAARAACTTAGCTGGGTGTGGTGGCACACACCTATAATCCCAACTACTCAGGAGGCTGAGGTGG
GAGGATTGCTTGAGCTTGGGAAGTCGAAGCTGCAGTGAGCCGTGGTCTCACCACTGCACTCCAGCTTGGG
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CAGCAGGGTGAGACCCTGTCTCCAGAAAAACAAAAAGCAGCAGCTCTGAAAAGAGGATCTAGCAGTTTCT
ATATGCAGGAGAGCATTTGCGCAATTGTTCCTGGGGTTGAATCTGAGAAACTCACAGTGCACATTCAGAT
ACTATTTACAATCTTCTAGGAATAGTATAAATATTGTGGCCAGGGCACCTTCATATTGTGAAACACAARAA
AGACTTCAGACCTTAGATTATGTGTCGAAAGTTAGGCACCAATGATTTTITTTITCCATTTIGTTCTTAAGT
GGCAAATCTTTACATTAACATTTTTGGTACTTGTCTTTAGGGAAATTTCTTCTCTGTTCTGAATGTATAT
ATTGTAATTCCTCATTTACAATTTTGCCTGCARATGCAAGTGAGTACAGATCATCCAGTTATGARAAATGC
TCTGAGATTITGAGTCTAGCTGTTTCAGCTTITAAGAGCCCTGACCTAGACTTTGAAACTGACATGGTTTTA
TATGTATGTIGGTTGGAATTAAACCCAAAGCACATCTTTTAAAACTCTGAGGAACTTCTGTGCCACAGCTT
TCGCTCAGTTGGTGAGATTTTACTTTGAAATTTAAGGGATGAGTCTAGTTITATATGCAAAGARAATGTAGG
GAGCTTTGCARACCCAATCAAATCCTTTGTGAACAGTGTGTGCATCTGTTTATTTTGCTGTCATTTTGAG
TCCATGATCCTGTATACTGTTTTGTGGGCACATATTGAGGGTAATATCAAATACCATGTAGAACAGATGC
TGCAGGTATCCTTTCCATGTCCTCTTAGCTTTGGGGTGGTAGATGGGCACATGGACCAAGCCCARAGTGA
CAGGGTATTAACAGGAGCAAGACTCAACCAATAAGGGAGAGTAGATGGGTACAAATCTCAGCTTTICTCTC
CCCTCACTGGGATAATTTTGAGATATATTCCAAAGATCCTCAGAGCATCCCCAACAGCATTGAGCCCCAG
TTCCCCAGATTAGTAATCTACTCAATAAATACCICTTITTTITTTITITTITITITCCCGAGATGGAGTCTCACT
CTGCACCCIGGCTGGAGTGCAGTGGCACAATCTCAGCTCACTGCAACCTCCACCTCCCGAGTTCAAGTGA
TTCTCCTGCCTCAGCCTCTTGAGTAGCTGGGACTACAGGCATGCGCCACCACACCCAACTAATTTTTGTA
TTTTTAGTAGAGATGGGGTTTCACCATTTGGCCAGGCTGGTCTAGAACTCCTGATCTCAAGTGATCCGCC
CGCCTTGGCCTCCCAAAGTCCTGGGATTACAGGCATGAGCCACCACGCCCAGCCCAATAAAGAACTCTGG
ATTGTTTCTTICCTITTTCCTICTCCTCCTTTICCTGTTCCCTACAGTGTTTCCTAGGATCACCTCAGTCTGCT
GTATGGGAAACCCAGACTGAGTCACCATAACAGACAGAGGCATTGTTACTTTAGGACTTTAGTGGATATA
GTTACATGGGAGAGAGAGACTGIGTATGTATATATAACCTTITATAATATTAAACCATGCTATACTCAAAT
TATTTACTGGCCAAGATTTCCAATATAAATTGGAAATAAATTGGATATAAATCAAGAACAGTTAAAATTG
GAAATAGTTAAAATACAAATAAAATAGCTAAAATTGGGCAAAATACCTGACCCAATGCTTTAATATCCGA
TTGCATAATTAAACGAGTAAAGAGGAAAGGAAATTATTAGCAACTCTATATTTAAATGCAACTGACATCC
AAGGAAGTCATGAAGAAAACTCTTTGTGTTGATAAACTGAAGGCCTCTTCTAGCAGACTTICTGTGTTTAT
TGTTCTGTTGCTGACTATTTTATTCCAAACAAATGAACTTGCTTGTCATTATACCCCACCCTTCCCTAGT
ACAGGGCCCCCATTCTTTGAAACAGTAACTCATTCAGTTICCAAGGAGAATATGAARAGGGAGGGTAATAT
ATAAAAGAACTGAAATGAAAAGTGGCCTAAGTGTGGCACATTTCCATTGTGGATTCCATGGCAATGGAGA
ATTGATGGCAGAGCATGGTGAGAGATGTGAAGCATCAATTGGCTGTATCTCCAGGGAATTCCTGAAGTTC
AGTTGCCACCCTGGAGGGTGGCAAATGCTCTCTCTCACCTTCCTTGAGTTATTGCTTAGATGACTCARAA
CAAAAAACTGATGAGCTATARATGGGCTGTATTATTTIGTTITTTACCTGCTGAGTAGTTCAGATATTTCAA
AATAATCTCAAACTTAACCTATGGTGTGGTTTCTGTGTTAAACAAAATACCGTAACTTTTAGTTGAAAAT
ACTGTGTAAGCCCACACAATCICTTIGTTCACAGATAATCTTGTTGTCAAACATTCATGATGACAAARACT
CATAAACGATTCTTTTAAATATCAAGAATAACTTATGCTGTAAGTCATAATTICATAAGCATGAATTTAT
GAATGTGTTTTGTGTTTGCAATTTICATTTAGGTIGTCTTAAAATCATGCGTTTTAGCTTAACTTAGGAG
AAATATATCTTITTGTGACAACATAGGATATTCAGAGAAACGTGAAAACTAGGTGATGTIGTITTTATGARAAG
AAGGCATAAAGTATATCAAGCATAAGAACTTTGAATTCTATTTGTGTITTTTTIGTGGCTTTAGAAAAGATT
GTTCTGGGAATAGAGAATTCCATTTGGGAAACCTAGCACATACACAGTAGCAGAGTTAAAATACTGACTT
GGAGGGTTCATTTGAAGAATTCTATAGAATTTTTGCATGTTGGGAATAGGTTTATATTCTTAAACATTGC
ACTCAGGGTTTICTATTCAAAGCAAAAATAACTTTGCATAGACCTTGGCCATTCTTTCACATTCTARAGTA
ATCCATTTTTITTITTITIICAGGGTAGTTIGTTICTCAGTICCTGATTTITCTGATAATTCAGATCATCTTTRAATTT
ACACCAAAAACTTTTAGAAGAGTCAGATAATAATTTAACATAAAATGTAAATGACTGAAATATACATTTT
TTAAAGGAGCAGATATGGAGGGGTCCAATGTACTTAACTATTIGCTCTICTITIGICTCCTTIGCATTCACGG
GAATGTTTCTATGTAGTTTTICTAATTTCACACAATTTCAATAATCCATACCCTCCTICATTITTITATGGGCC
TTCATGATACTAAAAATGTTACCAGAAATTATTITIGTGTTAGTCTCTTTGTTTAGCACATTCATACATAR
GTTTTAACATTTAACTGGCATATTTITTAAAGTAATACATGTTTTTTTTTTAAAAAAAATCAGTTATGTTT
GTGIGIGTGCATATTTTCTTTITGTGGCCAAATGTTGCACGCCCTAGTCCTTCTATTTAARACAATGAGTTT
ACATAACAAATGTTACATGATAAACATGAAGACATTTAGTTTGAAAAAAAATGATTTTICTAGTTTACTCA
TTTAAAAAAAGCTGAAGTAACCGGGAAGAGGAGTGGCAGAACATATTIAGTICITTTTCATAATGCCATCAT
TAAACAAAGATACTTAATTTCCAGGCCTGGTGCAGTGGCGCAGCCTGTAATCCCAGTACTTTGGGAGGCT
GAGGAGGGCAGATCACTTGAGGTCAGGAGTTCGAGACCAGCTTTGCCAATATGGTGAAACCCTGTCTCAA
AAAAAAAAAAAAAAGAAAAAGAAAAAGCTACATAATTTCCAAAATGACTTCAGTGGGACCTGAGGTGAGG
GAATAAAGGCTCTGGAGTAATTTCACTCTCTATTCCTCTCCTAATTTTTTTTICTGTTCCTTTATAACAAC
ATTTTCACTACTITTIGAGCTITIGGGAGTTGAGGAATCATGACCAGAAGAAAAGGAAAGACGGGAAAGATGT
TCAAGGGTGAGGATGCTTAAGAATGACCTGGCAAGCTTATGAAAATGCAGTTGTCTGGATCCCACCACAG
AGATTCTGATTITAGCAGGTCIGTGGCAAGGCCTGCGATTCTGCATTGCTAACCAGCTCCCAGGTGATGAC
ACTCATGCTGGCAACCTATGAACCATTGAGTGGCACTGTTCCAGGGGGCAGGGCAATGAGAAATTGAAGT
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CARAAGCCCCAAGACCTGGTGCTACGAAAATACTCTGGTTICCTTCCCTCTCAACTGATTTACTTGICGGT
GTGATTTTGCAAAAATCCCTGAACTTCTTAAATCCCAGTTACCTCACCTGAAAAGTATGAGTGTTIGCTCC
AGATCTGGAGGCTTTCAGACCATGCAAATCGAATTCAAACCATGCAAACCATTCAAGTCATTCTAGARAG
TTCTGCAAGGTGCCTCAGAGGCCAAAGGGAGAGATGGGAAGAGGGATTGAATGGGCTCTTTCCAAGGTTC
CCTAACCCACTTGAATACTTTCATCTTTTATCICTITTCATATATTCCACTTTTGAGTATGGTTTCATTTA
GAAAATAGGATTTTATACCAACAGATTTAAAGAAAAACTCCAAGTCTGAAAATGACTCATTTATTTAAAA
CTGTATAGAACAAAGACATTTAGTGCACAATTCCAAAAATTCTCTGATCCTTCCACAGCATGCCCAGTAT
GCTGCAAGAGTGCCAGCAAACACATGCTTACTIGCTCACAAATGTGAAATTTAACCCCATGCACTAGGAGG
TCCCTAGTGTGGGGTGGTTTTAGCTAACCAGACTAAGAGAGTACAGGGCAACATCGAGCCTTTCTICTGCG
GTCATGTCTGATTCATTAAAAATCCAGCTITICCCCGAAGATATATTAATTACCTTCTGTITCAGAATTTG
TTTTTAGAGCCTAATTCTTAATTATATCTCCAGCCATTGTIGTGATTTGACCATTTTGGAACTAAAAAGTT
ATCCTATGAAATTCCACCTCCAACTATTGCCACACTGTTAGTTTGTCTATTTCATACACCATGCCAATCT
TAGCGTGGTGCTAGCATTITCATTATAACCAGCTTICATTITTTAATAAGACCATGIGTATATGAAATTGTA
GACTTCAGTCTTTGTATGAATTGAAAGCTATTAATCTTCCCAGGGTTAGGTTATGTTAAACAGATTGTAA
TGTTCTTCTITTITATTATGTTATTTAAATCCCCTTICATTTCATACTGCACCAATACATITCTACTATCTT
GGAATAAATTAATTCCAGTTACGTGATGGAAAATTTTAGTGTAAAAATATAACCTGCAGTATAATTTITTT
CTGTCAGAATACCAACTAGAACTGGTATGTTTCATTCTAATTGGAAATTTGAGTTATCGCTTTGATTTTT
AACAGTGGGAAAGGAAAATGAAGATTGATATCTTTCAATAGCCGTTCATTICATTCTTCATTCCTTICATTC
ATTCACGTATTAAGAATAGTCTATGTGCTAAGAACAGAAAGAGTGTTAGAGATATGAAGATTAATAAGAC
CAGATCCCTGCCTGCAGGCATTTICCTATTCTATGTCATAGATAGGGGGCTATTCTGTTTAGAGGTAAAGC
ATGACCCACATTGCCTCTGACAAGAAGCATAATGTCTGTAGCAGCTAACTGCTGGAGACAGGAGGCTAGA
GGGCTGCCCTGGTAATTGGTATTCAAGTCTTCAAGAAAGGAAACCAGCTATTCCAAAATCAGTGGGCAAG
AGGAAGTTGTAAAGTTAAGTGAAATGACTAAAATATGAATAACTARAGGTTGGAATCTGGTAGAAGGAGA
GGAGAGCATCGGTCAGCACCTTAGTTTIGGGAAGGTGGTGTGGCCATAGTAGGCTTTATTTAGAAAGAAGC
AATTCTTAGGTACCAGCTAGGTTTCAGTITCCTTAAGGGGAGAAAACTGGCAAAATATAGGCAGGTTTICCA
GGGTGCAAAGCCACGTTCTAGCTTCAGCTCAGGCAAGGCCCTGGGGTATGAATCACCACCAGAGTAGCCC
AGCCAAAATGACTAAGGGATCTAAGCTGGTTGCTAATGAAAGAGGTTGCAGCTCAAGGCAGCTCTIGCTGA
CGCCCACTGGATACTGGGATTACATTGATTTAACACATGGAAACCACTTAATATGGTATGTGGCACAACA
CAATTAAGTACTCATAAATATTTGCAGATAATGCTGCTGCCATTGCTGTTITTTGTCGTTAGAAGACTCGG
GAAAATCATCTAATACAGGAATCCATCTGTTGGCGGGGCTTGGGCTTCTAATATTTGACTGGTTGATTTT
TGTCGACCCAATCTTAACAATATTATACACAGCCATTACTTCAGGAAAGGCAGTTGTAAAGAATGGTATA
AATTTCCTGTAACTTGACTGCCACATTCTAGCTGAGTCACCTCTATATACCTCAGTTTICTTTGTATCCGC
AGTGAAGATTAATGACCTCATAGGGTTIGTTATTAGAATGAAGTGAATTACTACACTGGACTTATTTAGGA
CAGTAACTCGCACATAGTGAGIGCTCAAGGAAATCTCAGACCCTGCCTGCTAGTIGGAGGGTCCAGCTCCT
GATACATTTGGGGGCAGGTTTAAGGAGTTCATTGATTTAGAGCTGTAAGGGCTGATCTTTCACCCTGCAT
GTCTTCAGCAACTGTGGCTGGTAAAGTCCAGAGCAGTCAAAGGCTGACAAATCCTTGTTAGAAATCACAA
ATGCCCATTCTCACAACTTCTGIGGTGTITTTCCATCCTTTCCCTAGAATACTTTCTTTTTAAGGCAAAGG
AAAGAATAATCACTGCAGATAGCACACAGTATTTTTTTGCAACATATTTTCAAAAATTATGATGAGAARAA
GTGTATCATTCCTGTGAAGAAACAGCATAAGGAAAATGATTTGAGAAAGARACATGGTTCTTAAACTGAA
ACAAGTGTCAGAAGGAATCCCAGAAGGCAGAAGGAAATATAGTAATCATGATGAAGTCTAGAGCTCACAC
CGGTTAACAGAATGGCAGCAGCGATATTCATCTCACGCCTCTTCCATGCTGTCCCTGAGTGAGCTTICTGC
TGAATTGCCTGGCTGGTGAGGATTGGTTTCAGCAGCAGAAGGAATGGGCTGCCAGCTGAAGGCTCTGGTT
CTGATCCTGGGTAGGGTCAGAGAAAGCAAGATGTGACCATCACTTTTGACCTTIGGTCTITGAATTTGATTC
CATGGAACAACGATATTTTACARACCCAGTTGAAGGTTTATCCCTTTTTCTATTICAACACAGGGAGAGTC
CTTAGAGCCCCAGGAAGACTTAGCCCTTTTTCATTCTAAGAGTAAACCACATCTAGGTTTCCAGAGATGA
AAAGACCAGGCTCTGATCTTICCTTCTGGAAGCCCTTGCCTATTCAACAAGCATGAGTATTAAATGCTATT
GCCTTGGAATCATAATTCAGTTTTCACAGTTTGGGCTATGTCAGAACCATTCTTGTCAACCCCCTGTTTT
CTGAGAACCCGARAACCTGCTITIGTTTAGAATTTTAGAATCTACTTGACTCTTACAGGGGAGAAAAGATCTC
TTTTCTCACCCATCGCTAGGTTCATGGCTGAGGCACCTATAATGAAGGACAAATCAACAACATAAAAGCA
TGCGAATTTATTTAATATAAGTTTCACATGACACAGGAGCCTTCAGAAATGACCCAAAGAATCAGGGAAA
AGTGTGTATTTITTATGCICTGATTTGAGGAAAAGTAGATGTCCAGTATGACTGGACAAAGGGGAATGGTA
ATAAACTGGGGTGACCACAGCAAGGCCTGTTICTGCAGAACCTCCTGTGTCCCTGTGTTTTCAGAGGTAA
AAATTTTCCTTTCCTTCCAGTATAGTAAGGGCACCTCTGGTATGATAGTCTCATGACCTGCTTCAGGGGA
GAAGGGGGAAGGGGAAGGTGAGAGTGACCATCCTGCTTICTGCTGTCTTICTCAAATACCAAGCTGCCATAT
TGTIGGATTITTGGAGTAGCGTAACTTGAATCCTTTTITTTTTITITTTITITTITGAGACGGAGTCTCACCCTGTA
ACCCAGGCTGGAGTGCAATGGCACAATCTCGGCTCACTACAACCTCCACCTCCCAAGTTCAAGTGATTICT
CCTGCCTCAGCCTCCCGAGTAACTGGGATTACAGGCACATGCCACCATGCCTGGCARATTTTTTGTATCT
TTAGTAGAGATGGGGTTTCACCATGTITAGCCGGACTGGTICTTGAACTCCTGACCTCGTGGTCCGCCCACT

120



TCGGCCTCCCAAAGTGCTGAGCCACCGCACCCAGCCGCATAGCTTGAATCTTATCAATACCTTAACCARA
TGACTCTGACAGTTTTICCTCTTCTTATCTAAATTCTTGAGGGTCACCCACACTTCCCAATGTCTTTTGAA
ACTTGACCTCTTTICTGCTGAATTGAGGAAGATACCTGATTITCTTTAACCTCACCARATTCCTACTTCTT
ACTGTTIGTTCATTGCTGGCTGAAAATTTACTTTGGCGAGTTCACCAAGAACATACTTATCGGTTCACTGT
TTATATTTGCACTCAAGATAACACTTGAGGCCCTGCTACTCAAAGAATTTAGTGACAACTTTCTTCATCA
CTCTCATATCTITATCIGTCATCAAGTCTTTTITTICCTICGTAAAAATGCTTTTAGCTCTTTAAGTATGTTT
CATATCTATAATAGCTAAGATAGGCTAACAGCTATAATATATTAAACATCCACCAAATGGACTATTARAAA
TGACTTAAACAAAATAGAAATGTATTTCTTICTCATGTAAACAGTCTAAGGTGAATTCATGTTAGTTIGGT
GTTGGATGTIGIGTGTGGGAAGGGAGGGGTGACACCCACATAATTATTCAAGAATACAGGCCAGGCCAGGT
GCAGTGGCTCACACCTGTAATCCCAGCACTTTGGGAGGCCAAGGTGGGCGGATCACCTGAGGTCAGGAGC
TCGAGACCATCCTGGCCAACATGATGAAACCCCATCTCTACTAAARAATACAAAAAATAGCTAGGAGTGGT
GGTGGGCACCTGTAATCCCAGCTACTTGGGAGGCTGAAGCAGGAGAATCACTTGAAGCCGGGAGGCGGAG
GTTGCAGTGAGACAAGATCATGCCACTGCACTCCAGCCTGGCGACAGAGCAAGACTCTATCTAAAARARAA
TAAAATAAAATAAAAATAAAAAATAAAAAATAAATTAAAAAAAAAACAGGCCAGCAAGGGTCTTCCATCT
GCAATAGCCAATTGCCGAGGTTGCCCTCCTGAAGATATTCAGCCAGCCCARAGGGGAATGAGCTAGAGGA
CTGCACACGGAGGCGTCCCATGTCCTTTGACTCAACCTTCTACTGGCTAGAACTCTGCCCTGTGGCCACA
TGTAACAGCAGAGGGGCTGGAARAATGAAGTCTAGCTAGATACCTAAAAAGAAGCAGAGAAAGGTTTCAAG
AGCATTTAGCAACCATATCCACCTTATTCATGCCCTGCCCTCTATTCGCAGTGGCCCCGCAGCACTGCTC
AACTAGCTTGCTGCATTGGCCTCTTATCTCTTATCTATTGCCTTAGATCCATCTAAATGCTCTGCTACTC
TTATGCCTGGAATATGTTTTCAAGATGTGACTAATCCTCTCACAGCTTGAAGGATAAAAGGTCAAACTGC
TCTGGTGAATGCATGATGCCTGGTCACCTCTGTAGCCCCATCTTCCCTGACACTTTCACAGACAGTATTC
CCTTTACTCCAACCTGTGGGAGTATITTCTAATTCACAATAATAGCAGGAAATACAATGTGGACCAGACA
CAGTTCTGAGCAGTATATTAACTCATGCATTTCTTACGATAACTTTATAAGGTTGACAGTAGTAGTATCC
CTATTTCACAGAGAAGGAAAGAGATACAGATAAGTAATTTACATATGATCTCACAGATAGTAAGTGGTAC
AGCTTGAGTGCATATGACTCAAAGGGTAGAGGTITCTAGATTCTTAATCACTGTATTGTACTACTTCTCCC
AATGTTATCGTACATGCCATTCCGTCTTCCTGGAATACCCTTCGTCTTITCTTCATCTAACTTCCACTCAA
ACTTTAAGGATCAATTTAAGCATGCCTTATTTTAGGTAGCCATGGTTGACATCAGCCTAATTTAATTGCT
ACTCATCTATGTCCCCATAGCGTCCTITIGCATTCCTICTATATCTCTCTGCTATAGCAGTAAATGTACCAC
CATTCCGTAAAATCCTTAAGGGAATGTTITAGTITTITATGTICCCAATGCCAGCACAATGTCCAGAACAGTG
TTGTCCCATAGAAATGAGAGCCACCTATGTAATCTTAAGTATTCTAGTAGCCACGTTCTTTAAAAGTAGA
AGTGAAACTAATATTTTATTGACCCTGATATATCCAACATATTATTATTTCAATATGTAATCAATAAAAA
GTATTAATAAAATTTGCTTTTTCCATTICTAAGTCTTTGAAATCTGGCATGTGTCTTTCAATTGCATCCCA
TCTCAATTTGGACACCGTATTTTCATTGAAAATATTTGGTCTCACCTGCACACGTATGTTTATTGCGGCA
CTATTTACAGTAGCAARAGACTTGGAACCAACCCAAATGTCCATCAATGATAGACCGGATTAAGAAAATGT
GGCACATATATATCATGGAATACTATGCAGCCATAAAGAGGATGAGTTCAAGTCCTTTGTAGGGACGTGG
ATGAAGCTGGAAACCATCATTCTGAGCAAACTATCACAAGGACAGAAAACCAAACACCACATGTTCTTAC
TCACAGGCGGGAATTGAGCAATGAGAACACTIGGACACAGGGTGGGGAACATCACACACCAGGGCCTGTC
GTGGGGTGGGGGGAGGGGGGAGGGATAGCGTTAGGAGATATACCTAATGTAAATGACGAGTTAATGGGTG
CAGCACACCAACATGGCACATGTATACATATGTAACAAACCCGCACGTTGTGCACATGTGCCCTAGAACT
TAAAGTATAATAAAAARAAARAGAAAATATTTGGTICTCTATTTACATTTCATAAACTTTATAGTTGAAAAA
AGAAGATTCACATTCCTAAGTTGTTCCAAACATACACAAAAGTTTTTCAATAACTGAACCAAGAGTCAAT
TTTTAAATTTATATTTAAATTTAATAAAATGGAATAAAAATTTGTTAAACTTCAGTCTCICCGTCTCACT
AGCCTGATTTCAATTGCTCGGTAGCTACCTACAGCCAGTGGCTCCTGTGTTAGACAGAGCAGCACAGCCC
TAGAACACAGTAGATCCTAAATCGATGTTTATTGAAGAAATTAATCAATGACAGTGTAGARAATTTGCAG
TGATTATGTCAGAATCAATAGTTICTCCACCCATTTTCTCCCACACTCTCAAAAGGGCCAAGTTTTATATC
ACCAAATGATATTCCTICTTACTTCTTITCTGAGCAGAAACAGTTTTGGAAATTAAGATCTTTTTCAAATTT
TCCAGACTCGGCATTITTAGCAGCGTTTCTATTTGTACCAACAATGCCTITTCTACCTATTTITCCTTGCTTC
TTAATAAGTTAACTTITGTGCGAAGGTCATTITTGTAGGTCAGTGTAATATTGTGCATTAAGGGCTTCTAAG
TTTTCTGGTATTATAAGAACTCCTIGGTTTCCTTCTACTTITTICAGAATGGAAAATCCTCAGAGCAATTTT
CATCTAAAAGTGCTGCATTTAGGTTGTTTCACAATTCCCCAACCCTGAGTCAAATATAGGTTGGTGTATG
AGCAGCAGTGICTICTTGGCTAATCAAGAGCGTCTCCTTTTGCTACGCTCAGTGTTAGAGAAATGGAGARA
GTCAGCTGGGTTTAGAGATTAGGTGAGAGACTCAGGCATATCCTITGATAAGTCATAAATCATTTCCTGT
TTAGAAAAGCACATGTTTAGACACCCATAAAATCTCCAAATGAAGGGTGTTTTACTTTTCCTITCAAAATC
TCACTGGGAAAAGGTACTTCTGACTTTCCAAGTGAATAAARAATAATGACTCCTGATTACCATGTATGTTT
AAACTGATTTGCAAAGCAAGTGAAAAAGAGTCTAGTGAGTAGTGATAAGCATCTITITAGACATCAGAAGA
TGTACTGATTTAAAGGTCCGTATCATTTTATAACTAGTATCTATTGAGATTCAAATGGTTATTACTICTGT
GTGAATCTGICTTTICTAATTGTITTTTACTTATTITAGAATATCGATTTGTGAATATTAAATTCCTAAGT
TTTCCAGCAATCCAGTGTTIGTITTTGGATATCCAGCCTGGATGCAGAATAGCTGCAGAAAGTTATCACAA
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ATTGATCICTATATTCTGTTTCCGAGTGGCAATTGTCAAARATTTGGGGTCATCGGCTACCCCTCCCACC
CCTAAGAAGTTCCTTGTACTTCCTICTTTCAAAACACTCACATCATIGTITCAGTGCCTCACTTCTCTACTA
AAATGTAACCAACCACAAAGATAGGGACTATGTCTTTCCTGTTTACTGGTGGATTCTCAGTATCTAGCAC
CATGACCAATGTTAATAGACGTTGAATCAATTCCAGTTGTTACCTCTTCACACTGGGACAAAAGTCCTTG
CAAGTATTCTGCTGCCATTTGTATAGATTCAAGCCAAATATGTCTCAAAACGATATTACAGATGATCTCT
TCGTTGTTCCTCTGACAATTICTTTCCCCCCTGCATTGCTTAACTTGATTGACAATGACCCCTACTACTT
ATAACATGTGCCTITTITAGGTAGTGCACTTGGCACTACATTTTATGTGATAGTTTTATGATGCTAAAGACT
ATTTGCTGTGATGATGCTGTGTTICTCACATGGCATATCCAGATTTATTTATGCTGGTGACCAAAGGCAGG
TAGTTAACCTTGAAAATAGGTTAAAATTTGAAAGGCAGCAAATCTTAGGGCTAGAATTITATAATTITATCT
TTAAGGAATCTTGAAACCAGGTGTGAAGGAAGGGACGTAGGCTAGAAGTACAGAAACCTGGGTTCTGCTC
CAGCACTGATGTTAAGAGCAAGTTGCATTGCTTTTCTGGACCTTAATTITTCTCTTICTGGAAAATGAATAG
ATTAACTGGAACAAGGAAGGAAAATACGTGAATGGCTTCCGTTTCTIGTCTCGTTTACCCCTGAAAGACAT
GGCTAGTCAGTCAGCTCTGTATCAGAGCACTTCTCAAGGCAATGCTCCAGGTAGCTACCACTCACTAATG
AGAGTTAGCACATAGGTAAAACCTCTITITGTICATCICTAGGCTACTTCATGITTAAGATACTCTCCAGCTT
TAAAATTCTAATAACTCTATTAGACTGAAATTTAAGAATACGAGAATAATCATCCCTCACCATGAAGAGA
GAGTCTGAGGAAAAAATAATGAGAACGAATAACCCTTCTCTTTTACTACAATTCAGGACTGCCATGAAGA
GCCGTCCAGATTGTGARAACATACAACTCATGATGTGAATGGTACTTICTTTGTTTTTCTCGGTGTACAACT
TGCACAGCTIGTTCATGGCCCTCTGCTTCCACAAATTCATTTICTARATAGCTGTACCTCAGTTCTITGACT
TCTAGTATGTCTAATTTAATACACATTTCTAGATTTACGATATATAAGAAATATCTCCATGAAGGAAARAA
TGTAATAGCCCATGCTTTTCATTATAATAGAATTTTATGAAACAATGTCTITTTAAAAACAGAAACATATG
TACTACTACTTCGCAGGACATTAGCCCTTGTATATAAATCAATAATACAAAAAATTCAAATTACCAAGGA
TTAGAAAAGACTGCTGIGGGATATCTTICTGGTGCAAGCATACAGTTATTTATCCATTTCTTTCATGAATA
TTTATTGATGTTCCAAACATTAGGCTAGACACTAGAGACACATCAATAAATAAAGGAAATAGGTTTGATC
TCTATCTTCTTTGATCTGTAGTTTAGTGGGGGAGGAAGGAAATTAAACAAGTAACTACTACAGGTTGAAC
ATCCCTGATCCAAAAACCTGAAATCCAAATGTICCAAATTCCAAAACTGTTTGAATGCTGACATGACATC
ACAAATGGAAAACTCCACTTCTGACCTCATGTGACAAGTCACAGTGAAAATGCAGGCACACCACATAGAG
TTTATTCAGCATCCCCAAGGGAAGAAAGATCCTCTCAGCCCCCGTTAGCTGTGATATATCTTTTCCACCC
ACACCCAGATTCCATCATACAAGCAAACCCACAAAAGGTACGAAAAATGGCACATGTIGCGGGCTAGACGC
GACAACGGCAGGTACCCTACAATGTCCAGCATGGGGCCAAAACCTACGTGCATTAATCACTGTGTTITGCT
GGTATATTCTICTIGGTIGGTGTCAAGATATTGTTGAAAATGCCCTAAAGGCCTGCATGATATCCATAGGGTA
ATGCAAATATTCCARAAACCTGAAATTTGAAATACTTTCAGTCGCAAGTATTTTGGATATGAGATATTCAA
CCTATAGATGGTAAGGGTATTACTATGATAGTGCTACGGGTGTACATCAAGGTAATTGACCCTGGCTTGG
CAGGATGCAGAAGGCTTTCCCAAGGAAGCCTTACCTCAGCTGAGACCTGAAGAGAAGCAGGAGTTAGACA
GGTCAAGTTGGGGATTTGGAGGAGGTGGAGTCCCAGCAGATGGAATACTATGCATARAGGCCTGGAAGTG
AGAAAGTCATGTCATGTTATTTCAAGGGACTAGAGGAAGCTTAGCAAACTGGAGGCAAGAAGATAGCTTC
AGCACACTATTGAAATTGTCCAGGTGAGTAATGATGATAGTGTAACTAAGTTGTGATACCTAGGTATGTG
AGCTGAACCTATGGAGAAATGTTCTAGGCTAGAGAATCTTTAATTGGATATTTAATTATCAGTATATACG
TAATTAAAACCTTGCAAGGGTTTGAAATGGTTCAGAGTAAAGTTCGTAGATGAGAAGAGGGCCTAGGAGT
GAACCCAGGAAAATGGCAAAGTTTCAGGGGTAAATAAAGAAAAATAAGCTTTCAGTGGAGACAGGGAAAT
TTGCAGTTCAGTAGATAGGAGACAGACTAGGTTCGTGTGATGTCACAGAATCCAAGGGAAGAGAGGTTTT
CAAGAAAAAGTAACATTTAGAGGTGTCAAATACTACAAAAGCATCATGAAAGATAAGACCAAAATATATC
CTATTAATTTAGCAACAAGGAAGGTATTGACAACCTTTATGCAAGTGATTITCAGTGTTGATTATGGAGAA
CTCAGTAATTACTTGGTGGTAACTAAAGAACCAAGATTGCAGTACGTTCAGGCATGATTGAGAATTGAGA
AAGTGGGGGAGCAAGTGTAAAACAATTATTTTAAGACTTTTGGCTGCGATGGGAAGAGAGAAAGGGCCAT
AGTAGCAGAAGATGGATGTAGGGGCAGGAAGAACACACTCTTAARAGGGTAGTGACTTACACATGTTTAA
ATGGCAATGAGAAGAAGATGGTAGAGAGGGAGAGGTTGAGGATGCAGGAGAAATTAGAGATAATCAATAG
CACAGGTACTTGAGAAGGCAGAAAGATGAAATTTAGAAATTAGCTTCAGATAGGAAGGAAAGTACAGCTT
CTATTACAACATCAGGGGAGAAGGGAAGGAGGATGGGCATAGCTACTGGTAGTTTTGTAAGTTTGGTGAA
AGGTTAAGTAGGATTIGTTGTATTGGATTTATTTITTTATTGAAGTGGAAGCTGCAGCTAAATGCCCAGTGA
TGAGGAAGGTGTITGGAGTCTGAGATTTAAGGTGAGTGGCAATTTGAAATAGCTGCTCTAGGATCCTATTT
AACAGAGAAAATGTTGAGTACACAATCAGTGAGCAGTTTTAAGTCCACTCTATTCTGTTTGCAGTTTCAA
GTACCTTTCATTGCTTCTAAGTTTATGAAAACTGGTTCACAATCTTCTTGTGCTTCTTATTTCTACCTICT
TTTCCTICTGITTTCTCACCTCCCCAGTTTAAACAGTCCCGAATTTTTTACAATTAAATATACAGCAACT
GCCATGAAATCTACTGATAAAAGATACTGCAAAATCAGTTTGGGATTGGGTTCATTAGCTTACTTATTAT
TATCAATCCTAGGCCACTAAGCAACCTTGCATAARATGCATAAAATGAGGAGATTCTAGTGGAGGATAGT
TTTCAATTATCTCATTAATTTCAGGCCATGTGACTAGTCCAAATAGATATTATAGGCCAAGAAGAGCCTA
TCTTGAGATTITTAACTCCCAGGATAGGTTTITCTACCTGATCAAAAGAATCTAATAACTATTCAATCTCTT
CTTAAATGGTTTGGTTTTCTGTGCARAACAGTTTTACCCTTTTAGCTGATTTTCTAGGTGTTARATTAAGA
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AAATTCTCTCAGATACTTGTTCATCATGTACTAGGATCCCTGATGTGTTCAGAGTTIGTCCAACTTTCARAA
GGGCTTTGCATTCAGAGTACCTAATCTAAACCCTGATATCATTCTITTITATAACAGARAACCCCGGATTAG
ACTGGGACAGTGTCTGTCATGTTCATCACTGCATCTCCCTCAGTATTITGTAGAATGAATGAAGGGACAAT
GGCAAACTATAGTCCTACCATCACACTTTTGGTAGTGAGGAGAACTGCTGTAACTTGGAAGATTGGAGGG
GGAAAAGGTGGCTAAAACAATCATACAGTARAACTGGGCTGCTATCAAGAGAAACCATTTGTCAATTTITGG
CTTTTGTTGCCATTGCTTTIGGTGTTTTGGACATGAAGTCCTTGCCCACGCCTATGTCCTGAATGGTAAT
GCCTAGGTTTTCTTCTAGGGTTTTTATGGTTTITAGGTCTAACGTTTAAATCTTTAATCCATCTTGAATTG
ATTTTTGTATAAGGTGTAAGGAAGGGATCCAGTTTCAGCTTTCTACATATGGCTAGCCAGTTTTCCCAGC
ACCATTTATTAAATAGGGAATCCTTTCCCCATTIGCTTIGTTTTITCTCAGGTTIGTCAAAGATCAGATAGTT
GTAGATATGCGGCATTATTTCTGAGGGCTCTGTTCTGTTCCATTGATCTATATCTCTIGTTITTGGTACCAG
TACCATGCTIGTITTTGGTTACTGTAGCCTTGTAGTATAGTTTGAAGTCAGGTAGTGTGATGCCTCCAGCTT
TGTTCTTTTGGCTTAGGATTGACTTIGGCGATGCGGGCTCTTTITTTGGTTICCATATGAACTTTAAAGTAGT
TTTTTCCAATTCTGTGAAGAAAGTCATTGGTAGCTTGATGGGGATGGCATTGAATCTGTAAATTACCTTG
GGCAGTATGGCCATTTTCACGATATTGATTCTITCCTACCCATGAGCATGGAATATTICTTICCATTTIGTTTG
TGTCCTCITTITATTITCCTTGAGCAGTGGTTTIGTAGTTICTCCTTGARAGAGGTICCTTCACATCCCTTGTAAG
TIGGATTCCTAGGTATTITTATTCTICTTITGAAGCAATTGTGAATGGGAGTTCACTCATGATTTGGCTCTICT
GTTTGTCTGTITGTIGGTGTATAAGAATGCTTGTGATTTTAGTACATTGATTTTGTATCCTGAGACTTTGC
TGAAGTTGCTTATCAGCTTAAGGAGATTTTGGGCTGAGACGATGGGGTTTTCTAGATAAACAATCATGTC
GTCTGCAAACAGGGACAATTTGACTTCCTCTTTICCTAATTGAATACCCTTTATTITCCTTCTCCTGCCTG
ATTGCCCTGGCCAGAACTTCCAACACTATGTTGAATAGGAGTGGTGAGAGAGGGCATCCCTGTCTTGTGC
CAGTTTTTAAAGGGAATGCTITCCAGTTTTTGCCCATTCAGTATGATATTGGCTGTGGGTTTGTCATAGAT
AGCTCTTATTATTITTGAAATACGTCCCATCAATACCTAATTTATTGAGAGTTTTTAGCATGAAGGGTTGT
TGAATTTTGTCAAAGGCTTTTTCTGCATCTATTGAGATAATCATGTGGTTTITTGTCTTTIGGCTCTGTTTA
TATGCTGGATTACATTTATTGATTTGCGTATATTGAACCAGCCTTGCATCCCAGGGATGAAGCCCACTTG
ATCATGGTGGATAAGCTTTTITGATGTIGCTGCTGGATTCGGTTTGCCAGTATTTTATTGAGGAGTTITTGCA
TCAATGTTCATCAAGGATATTGGTCTAAAATTCTCTTTTTTGGTTGTGTCTCTGCCCGGCTTTGGTATCA
GAATGATGCTGGCCTCATAAAATGAGTTAGGGAGGATTCCCTCTTTTTCTATTIGATTGGAATAGTTTICAG
AAGGAATGGTACCAGTTICCICCTTGTACCTCIGGTAGAATTCGGCTGTGAATCCATCTGGTCCTGGACTC
TTTTTGGTIGGTAAAATATTGATTATTGCCACAATTTCAGAGCCTGTTATTGGTCTATTCAGAGATTCAA
CTTCTTCCTGGTTTAGTCTTIGGGAGAGTGTATGTGTCGAGGAATGTATCCATTTCTTCTAGATTTTICTAG
TTTATTTGCATAGAGGTGTTTGTAGTATTCTCTGATGGTAGTTTGTATTTICTGTGGGATCGGTGGTGATA
TCCCCTTTATCATTTTTTATTGTGTCTATTTGATTCTTCTCICTTTTTTTCTTTATTAGTCTTGCTAGCG
GTCTATCAATTITTGTTGATCCTTTCAAAAAACCAGCTCCTGGATTCATTGATTTTTTGAAGGGTTTTITTG
TGTCTCTATTITCCITCAGTTICTGCTCTGATTTITAGTTATTITCTTGCCTTCTGCTAGCTTTTGAATGTGTT
TGCTCTIGCTTTTCTAGTTCTTTTAATTGTGATGTTAGGGTGTCAATTTTGGATCTTTCCTGCTTTICTCT
TGTAGGCATTTAGTGCTATAAATTTCCCTCTACACACTGCTTTGAATGCGTCCCAGAGATTCTGGTATGT
GGIGTCTTTGTITCICGTTGGTTTCAAAGAACATCTTTATTTICTGCCTTCATTTCGTTATGTACCCAGTAG
TCATTCAGGAGCAGGTTGTTCAGTTTCCATGTAGTTGAGCGGCTTTGAGTGAGATTCTTAATCCTGAGTT
CTAGTTTGATTGCACTGTGGTCTGAGAGATAGTTTGTTATAATTICTGTICTTTTACATTITGCTGAGGAG
AGCTTTACTTCCAAGTATGIGGTCAATTTTGGAATAGGTGTGGTGTGGTGCTGAAAAARAATGTATATTCT
GTTGATTTGGGGTGGAGAGTTCTGTAGATGTCTATTAGGTCTCCTTGGTGCAGAGCTGAGTTCAATTCCT
GGGTATCCTIGTTGACTTITCTGTCTCGTTGATCTGTCTAATGTITGACAGTIGGGGTGTTAAAGTCTCCCAT
TATTAATGTGTGGGAGTCTAAGTICTICTTTGTAGGTCACTCAGGACTTGCTTTATGAATCTIGGGTGLCTCCT
GTATTGGGTGCATAAATATTTAGGATAGTTAGCTCCTCTTIGTTGAATTGATCCCTTTACCATTATGTAAT
GGCCTTCTTTGTCTICTTTTGATCTTTIGTTGGTTTAAAGTCTGTTTTATCAGAGACTAGGATTGCAACCCC
TGCCTTTTTTTGTTTTCCATTTGCTITGGTAGATCTTCCTCCATCCTTTTATTTTGAGCCTATGTGTGTCT
CTGCACGTGAGATGGGTTTCCTGAATACAGCACACTGATGGGTCTTGACTCTTTATCCAACTTGCCAGTC
TGTGICTTTTAATTGCAGAATTTAGTCCATTTATATTTAAAGTTAATATTGTTATGTGTGAATTTGATCC
TGTCATTATGATGTTAGCTGGTGATTTTGCTCATTAGTTGATGCAGTTTCTTCCTAGTCTCGATGGTCTT
TACATTTTGGCATGATTTTGCAGCGGCTGGTACCGGTTGTITCCTTTICCATGTTTAGCGCTTCCTTCAGGA
GCTCTTTTAGGGCAGGCCTGGTGGTGACAAAATCTCTCAGCATTTGCTTGTCTATAAAGTATTTTATTTC
TCCTTCACTTATGAAGCTTAGTTTGGCTGGATATGAAATTCTGGGTTGAAAATTCTTTTICTTITAAGAATG
TTGAATATTGGCCCCCACTCTCTTCIGGCTTIGTAGGGTTTCTGCCGAGAGATCCGCTGTTAGTCTGATGG
GCTTTCCTTITGAGGGTAACTCGACCTTTCTCICTGGCTGCCCTTAACATTTTTTCCTTCATTTCAACTTG
GTGAATCTGACAATTATGTIGTCTTGGAGTTIGCTCTTCTCGAGGAGTATCTTTGTGGCGTTCTCTGTATTT
CCTGAATCTGAACGTTGGCCTGCCTTACTAGATTGGGGAAGTTCTICCTGGATAATATCCTGCAGAGTGTT
TTCCAACTTGGTTCCATTCTCCACATCACTTICAGGTACACCAATCAGACGTAGATTTGGTCTTTTCACA
TAGTCCCATATTTCTTGGAGGCTTTIGCTCATTTICTTTTTATTCTTTTTTCTCTAAACTTCCCTTCTCGCT
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TCATTTCATTCATTTCATCITCCATTIGCTGATACCCTTTCTTCCAGTTGATCGCATCGGCTCCTGAGGCT
TCTGCATTCTITCACGTAGTTCTCGAGCCTTGGTTTITCAGCTCCATCAGCTCCTTTAAGCACTTICTICTGTA
TTCGTTATTCTAGTTATACATICTTCTAARATTTITTITTCAAAGTTTTTCARARAGCAATGGCAACAARAGCC
AAAATTGACARATGGGATCTAATTAAACTCAAGAGCTTCTGCACAGCAAAAGAAACTACCATCAGAGTGA
ACAGGCAACCTACAACATGGGAGAAARATTTCCGCAACCTACTCATCTGACAAAGGGCTAATATCCAGAAT
CTACAATGAACTCAAACAAATTTACAAGAAAAAAACAAACAACCCCATCARAAAGTGGGCGAAGGACATG
AACAGACACTTCTCAAAAGAAGACATTTATGCAGCCAAAAAACACATGAAGAAATGCTCATCATCACTGG
CCATCAGAGAAATGCAAATCAAAACCACTATGAGATATCATCTCACACCAGTTAGAATGGCAATCATTAA
AAAGTCAGGAAACAACAGGTGCTGGAGAGGATGTGGAGAAATAGGAACACTCTTACACTGTTGGTGGGAC
TGTAAACTAGTTCAACCATTGTGGAAGTCAGTGTGGCGATTCCTCAGGGATCTAGAACTAGAAATACCAT
TTGACCCAGCCATCCCATTACTGGGTATATACCCAAAGGACTATAAATCATGCTGCTATAAAGACACATG
CACACGTATGTTTATIGCGGCACTATTCACAATAGCAAAGACTTGGAACCAACCCAAATGTCCAACAATG
ATAGACTGGATTAAGAAAATGTGGCACATATCCACCATGGAATACTATGCAGCCATAAAAARATGATGAGT
TCATGTCCGTTGTAGGGACATGGATGAAATTIGGAAACCATCATTCTICAGTAAACTATCGCAAGAACAAAA
AACCAAACACCGCATATTCICACTCATAGGTGGGAATTGAACAATGAGATCACATGGACACAGGAAGGGG
AATATCACACTCTGGGGACTGTGGTGGGGTCGGGGGAGGGGGEGAGGGATAGCATTGGGAGATATACCTAA
TGCTAGATGACACGTTAGTGGGTGCAGCGCACCAGCATGGCACATGTATACATATGTAACTAACCTGCAC
AATGTGCACATGTACCCTAAAACTTAGAGTATAATAAAAAAAAAAAAAAAATTARAAAARAAAARNARARR
AAAAAGAGAAACCAGTGCTCTATTATCTAGGTATATACCAAGGTTACCCACTGCTTGACTCTICATTATTA
GCCTTCTTTGATGTTCTCTGGTACTTGATGTCTTTICATAACTAATCAATGTATTAATGTATCCAATCATT
TACTCGATAACTTTATTGAAAGCAAAAGCAGTTGCATACCAGCTATCAAGCTGGAAGTGGGAGATACAGC
CGCAGACAAGGCAGATATGGTCCCAGCCCTTAGGAGCTCCCAGAGTAGCAGGAGGTTTCCCCTTCCAGTG
TCTTCTCTCTGCTTTTCTTCAAAAGGAAAAGGCTGATGTGTATAATATACCATATCTCTTITGAAGTTCTC
TGATTATGGATTTTAGGTTTAAACCAGTTCTITCATCCATGACTTTATAAATTGAAAATCCAGGATTTTGC
TGTGTTGTTGIGTTCTTGTTTTGTTTTGATGTCCCTGTTTTCTCTAGATACAGTTAGAAATGTCTAGGAA
GAAATTTTTGGTTAGTATGGGAGCCCCACAAAGCCATTTTTTITAAACATAAAATCTGTATTACATATCAG
GTATGAAATACAGGGGGAATGAATCATTTCTCCGTAAAGGAAAATTTAAAGTAAATTTCAGGAAAGTGAA
TTICTTTCCCGTTTGCATTACCGACAGATGCAGAAACTTTAATCGTCATTITGCTAAGAGGGATATGGCAGA
TAATACACAATAGATGTCGTAGCAACATTCACTCGCATTCTTITTTTITTTTITTTTTAAAGAAATCTTTCTT
TCAAGAAGCTATTCTAGGATCTTTCTCATGACAGTGTCCTAGTTCTTATCTTTIGCTACACACAGGCTCAC
AAAGTGTITTCTTTGAAGGGCATTTTGTTATTGGCCCTCTTTTCATTTTTCTTTTCCGTAGCARACAGAA
CCGAAGGTGTTTACTCCCCACGGTGAGAGGGCACCTGGGTGCACAAACAGTGGTGTGAACCACTGGCCTT
TCTCTGCTTTCCGTTCCCTGAATGTAAGAAACAGGTGCAGTGATCAATTCACTGCGTGCAGTGAACCCCA
GGCAGAAAGAGAACGTCGTGTCACAGACCTITTITIGTTACTTGGAGAGARTGAGCGGGAAGAAAGGCTGCCT
CTGCTGCTACTGAGACCCTTTTGCCCATTTTATTGACTGCTATAGGTTCATCTATCCTAATTTGICTCCG
GCTGTCCCAGTTTATCCCTGTTATTCTTGIGTITACTTTACTTTACTATATTTTATTTTATTTITATTTTAT
TTATTTTAGAGACAGAGTCTTGCTCTGTCACCCAGGCTGGAGTGGAGTGGCATGATCATAGCTCACTGCA
GCCTCAAACTCCTGAGCTCAAGCAATCCTCCTCCTTCAGCCTACTGAGTAGCCAGGATTATAGCTGTGCA
CCACTATGCCCACCTAATTTTITTTITITTTTGAAATGGAGTCTCGCTCTGTCACCCAAGCTGCAGTGCAG
TGGTGCGATCTCGGCTCACTGCAACCTCCACCTCCCGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCTGA
GTAGCTGGGATTACAGGTGCCCACCACCATGCCCTGCTAATTTTITGTATTTTTAGTAGAGACAGAGTTTC
GCCATGTTGGCCAGGCTGTTCTCAAACTCCTTTAACTGTTTTTTITATTTTTATTTTTAATTTTTAARAACA
TATTGTAGAGATAAGAGTCATGCTACATTIGCCCAGGCTGATCTCAAACTCCTGGCTTCAAGCAATACTCC
TACCTCGGCCTCCCAAAGCACCTGGATTACAGGCATGAGCCAGTGTGCCTGACCCTGTGTGATTATTATT
AGCATCCTGGACACTCTCAAAAGTGTTCAGGTTTGGACAATGAACTATAGGATCACCCTAATTACATGAG
ATTAAGAGTAGAGACCTTGACCACCAGAAATGGTCAATACTCACCATATATTITICTTCCTGATGTTAGAA
CCTGGTACTITTTGGGAAATGAAATTGTACATGAGATATATGCAGAATGGGCGAAGGGAGCGARAAGATTT
AAAAAATTAAGCTCGATTTATTGAGCGCCTICGAGTGCGCTCAGTGCTGTTCCAAGTGCTGACAGCAGAGA
GGTAAGTTCTGTTCTCCAGTIGTTCACCTCACACGTGCAAGCCAGGTTTGAAAACACACTGTCTTICCTTA
GTATCCCTCCACCCCTCCATGTGACTATACGTATGTATCAAGTTTIGTGATATTTCACTTCTGGGCTTCTT
TTCATTTGGAARATTTAATGTCAGTGTATCATGTTITTAATTAATAGGACATCATGTTATGARACTGTTGAA
TCGAATATTTTCCCTAGGCATCAAATTACTTGTCAGTGGAAATTTGACATCTAGATATGAGGGACARAAAG
AGATGAGAAAAATAATAGTAARAGTGTTCCTAAAGGATGCTGGTATACTGTTTAGGTATTTTAATGCACTG
TTACAACCTAAAGTGTCTTGTAAAGTATGTTCTTTAGAAATAAAATAAATAAAACAAGACATCTCTCCAT
AGGTACAAATCCACTTGCCTTCCTCAATTCCTATCCTTCTGTGATGGGARATCTCTGCTGTGACAAAGAA
CCATGTTAAGAAAACCATARAGTTIGTATTIGTTTGTAGATTITTTTTAATGACTAAAGGAAGATATTGCAAG
TAGTAGAAACAAATAGAGGAGGTGGCCCTGAAGGTCAATATAACGGAGTTCACTGCAGAAAAGAGAAACT
ACTCTAGGTACGTTAGACACATATCAAAGTTTTGGAAAGGCTAAAGTAGCAGGTTTTAGACTTGGCTTCG
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AGGACAGATTTCTAAAACTATATAGAACTGATCCAATAAGAAACTACCATCTCCGGGGTACCACTGAAGC
AATGATTTCAAGAACATACTTTGTAAATAGGAACTAGGAACCAGGAGGTTIGAAATCTAGACGCTACCACT
TTTGAAGCTGCTGTTAGCAACTGCCCTTCTCCAGCCAGGAAGCTGGAGAAAGAACTTTGGAACTCTGATG
TAGGAAATCTCATGTTTCTTTGACTAAGCTCGCCAACAGARAATAGCCAARAGGGGCAGAAAGGTGACCTA
TGCCTCACTTCCACTTTCCAGATCTCTCACAAGTATACACATTTGGCAAAACGTTGCCAGATTTAGCAAA
TAAAAATAATGCATGCAACATACTTAACACTAAATAAAAAAAGATTGTGTAGAAAATTTARATTTAACTG
GGTGCCTTGTATTITTATCTGACAACCCTAACTTATTATATCCTAATTCATAATCAGAACACTAGCTGCAT
GGAAGTCTGGCAAATACAGTTITITTAATTTCCAACCTIGTCCAACTGGAAGGATGGTAAGTAGATTITAGGTG
AGCCAGTTCACAGTATTAACCAAAGTAGATTGCCTACCAAGAATAGCTAAAGCCTITTCTGCCCCCAGACG
CTTATGCTACCATCTGAATATTTTTACTTTGCATTCTTATATTCTTGGAAATCCTATCAATCTGTGATTC
AGATTGGTTTIGGTTTAACTCAGCTTCCCCTITTTTTTTGGAGACAGGGTCATACCCTGTCACCCAGGCTGG
AGTGCAGTGGCACAATCATGGCTCACTGCAACTTCGACATCCCTGGGCTCAGGTGATCCTCCCTCCCACC
TCAGCCTCCCAAGTGGCTGGGACTACAGGCACGTGCCACCACACCCCGCTACTTITTITGTATTTTICTGTAG
AAACAGAGTTTCGCCACATTIGCCTAAGCTGGTCTCAGATTICCTGGGCTGAAGTGATCCACCCACCTTGGC
CTGACAACGTGCTGGAATTACAGATGTIGAGCCACCATGCCCAGCCCCTCTITTITTAAAATATAAAAATCTC
CCAGAATGTGAAAGTTGTCAGTICTATACTTTIGGGAATAAGATTTTCAACAGATAGAAGAGAATGAGGATT
AAAACATAAGGAAGTTTGGGAGTAGAAAATATGGGCACCAGAAGGTGGAAGGAGAGAGCAGATGCCCATT
TATATATCTCCTITGTTGGGTGTTGGACAARAATCCAGGTCTTAAAATAGGAAGTATTTICTITTCCGTACTT
CTTGAATCTITTCATATCCCAAAAGATGCATATTTCCCAAATCATATAACCCAAAGTCATGCTATCARAAT
GATATAAATCATCCATGGTATAGGTTAAATAGCTATATATGTATATGCTGGTCTGAGACATGTATATGAC
TATTGTGTCCATGGAAATTTGAGTTTIGGGGTTCTGGACCATTTATTTGCAAGTIGATTTITTIGGTTAGAGAA
CICTTTGTAAGTTGGGGATTGCTITTTACTTATITTATGAGTAAAGATGTCAAAAGGATGACTGCTAAATT
TGCACTGTGTTAATTCACTATTTAGTGAGAAGAAATATTAGACTAGCTATGAAAAGTAAAACTGCCTCTC
CAAAAAGTCAAAGCTGATGAAAAACAGTCATACAAGCACAATGCCGCTCTTCGGAAACATGGAAACACTT
TTTCCTTCCCAATTTTCCCTCAGATTITCTICTTCCGCATTTAAAACACTTGGGTGGTTCAAGTTTICTAGG
CTACCACTGATTGTAACAGCAAACAGTAGCAACTGGAAGCAGTGGGATGTTGGGAGAAGTAATAGAGGTA
GCTGCTACCCAAGTTATCCTGGAGGATTTTCCATGGCAATGAAATCAGGTAGTAGAAGCTTGGCTAACTG
AGTGTAAGCAAACAGTTCTACTGAGAATGGTGITGICTITITCAATCCGTITATCTGTGATGGTGATAGTG
TGAAACAGGGGAATTTTATCCAAGGTTTAAGGAAGGTTATTTGGTTARAAGAGGATATTGTTACAGTGAA
GTCAAACTTTCCATTAACTTTTTIGCTGTAACAACAGATTGAACGTAGCATTTCACCGTCARACGAGTAAAG
TGAAATTTACAGATTAACTTATGTGCCTCTTTTARAATATATCAGATTTCTAAATTGCTTTTATTTCAGA
GGTATGGGAGGTTCACTTTCTCITTGAAAGTGTACATTATTITTTICTAGTGTCTTACATCTGCCTACRAAG
ATGTTATTTTACTTGAAAGCACAGTAACTATTTGATGAGAATTTGTCAGCATCAGTAAATTAAAGACCCT
CAAATGATTTICTACTAATTATAGTTTAATTCCGTACATTTAATGATATTTTAAAACACATGAGTTATTTC
ATAACTCCCAACATCACAAGGATAAATTTTATTCTACAAACAAAATATTGTGCTAAATGAAATAGTTCAT
TTAGGCAAAGAAAGGAGCACAGAAAATTAGTGGAACTCTCTGCTGTAAGTAACGTAGACATTACATGGCA
TATTGAGTCTCCATGAATATTGTCATGTTATGTTTTAAAAAGGTGATCGAACATATGGCATTTAAAAGTT
CCAAGTCCTCTTTTAAATGCTTCAGAATCTATTATTTAATGATCATCTTGGATCTCAAAACTGATCTTTT
GAAAGATTTTATTICGCCCCATGTGTTAATATGATTITCCCTGTCATATGATATGATTATCTATCAATACTT
AAAACCAGCAGCCAAGTAAAAAATCAGTTCATATCATTTAATGAATACTATGAGTCAGGATCTGGGTAGG
CAAGCTATTTTCGGGTTTGAGTAGTTCCAAAGCTTAAAAATCTTATATTGATTTTACAGTGAAGAAGARAA
TAGTCTTAGCTACTTIGGAGGTTTCAAACATTGACTACTCAAGGAGTATTTCCTTGCTTTCTCAGGCACC
AGGCAGTTTTTCAGGAGCAAGCATTCATCCATTCAGGGAATTGTAACCTGTAGTTTICCACTTTTICTAGCA
ATCACACTTAAAACCATGAGAGTAGGCCATAGGACATAAGGAGCTCAGCTTCTCAGGGCAAGCACATCCT
TTCAGCTTTCACCTGTCCGTTTGTTAGTGTTCACTTCCGTGCTCAAGGAGTTTCTTGTTGCCTCTGAGTT
CTAAGAGACAGAACGAAGGGAGAAGGGTGCAGAAGTCTAACGCATGTTCATGGACTTATCTCTCCAATAA
AGAGCTTGTTTTATCTICTTTTATTITATTTATTTTTTCTAATGAAGCCATTAGCCTCAAACAAAGCCATG
GAATCTTATCAGAGTGAAACCGGGGTCATTCCATAGGCTGGCTGAGTGAGAGCTCCATGGCACGATGATG
TATGGTCACTGCACAACAACGCCTTTGCCACAACACATGTGCCTTTTAATTACACTTITAAATCTCATTIG
AAGAGATGTTATCATTATGGAAATTGCTCTGTAAATGTGCCCAGGATGAGACCCAATAAAAGTTTGCTGA
GAAGAATTGAAGACAGAGGAGATGAATCAGCAGCTAAAACATTACCATCAGACAGAATTTICTTGGCTIGT
AGGCAAAACAGCCCATGCAATAACAGAAAATCTTCATTGACTCAGAGGCGTATTTTCCCTAGATTATTAT
GGGGCACTCCTGCCTGTAGCACTATCACTTICTTTGATAAGCTGAAGGAAGCGTTCTGCTCTCCAGCTCAG
CGGGCCTTTITCTCCCCAACCTCAGAGCCATCATTTGAATTTATAGTTGCCAAAATGAATAATACAGTAT
TGCCCTTGTIGTITCCTGACTTCATGCATGCATGCAGAGCGGGGTTAAGGTTCTTTAAATGAAAGATTGCCT
TCTATTCATGCAATAAAGAACACCTCTGCTTICCTTITCCAGGGTCATTTAAAAATAACTATACCGCTGGGC
TATGGAAAGCACATAAGAAAGATTCTTAGGGTAAAGTCAAAATGCTCTTTITCTCTACAACAGGCATTGTC
TCATATCTTIGTGTAGCACAGCTGATTTGAAGTTTTICTTTTAAGCACATTCTTAATTATCTTTTICCTTTG
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ATCTTGAACTGTTTCCCTGGGCTACCAGACAGAGAGCCTAGAGCCCTACCTCCGCTTTCCCCGAGGTGCA
AACTGCTCCGTCCTICCACAGGCAGGCCCCTGGCTGAATGCACCCTITTTCTCCATGGTTACCCACCCACC
TCTCTGTTATTTGTTACTTCCCAAGTGAATGGCAGGTTAAAATGGGAAAAGGTCAGGTTATCTGAATGTG
GTTAGAGTGAAATGAATTTCCTCATTGCACCCAAGAACTGTCCTTTGACAGGTCTCCTTCCCCARATCGG
GTCATTTTGTACGTAGGCTCACTGGGAGTAATTCTAAGACAACTAAATAAGTAAAATCACATTTTGGTGC
CATTTTCCAATGTATTCTTCTTCTTGGGGGTTCTCCTTTARAATGGTACTGGAAGGATACGTTGTCTTCA
TTAATCCATTGTATGTCCCGGGGGTGGAGGTGCGAGGTGGCAGTAGCAGAAGCCCGTGAAGTAATAGGTCG
TATTTTGTGTITATAAATATTTCTGCAGGTTTTTGAGGAGAAGATCCATCATTCTTATAAAGGCATTCAT
GACCTCCAGAAGATTAAGGGCTGTTATGCTAGAACAGTGTTTCATTCTTAAAATGGGGTCTCTGGACTAG
CAGTATCGGCATCACTTGGGAACTTCTAAGAAATGCAAATTCTTGAGTTCTACCCCAGACATACAGAATC
ATGATCTCTCAGAGTGGAGCCCAGCAGCCTGTGTTTTAATGAGCCCTCTGGGTGATTCTCAAGCCCACTC
AAGTTTGAGAACCACTGTACTAAGGGAACTACTGATGCATGATGCAAGTTCACGCTCACAGGCACGTGTG
AATGACACAAAGAACACAGACGCCTGAGAGAGCAAGAAAGACAACATAGACTGICTGACTCCCTGCTGGG
CCCTTCTTTACCGCCCCTATTTCAGGCTACCATGCCCATGAGTGGATGACACGTACCCCCCGACAAAGGT
CAACACCACTCTCCCTTCCACACCCTATCACTAAGTGACAGGCTAAGCCTATGTTAAACTGCTCACATCT
CCTITGGAAATTCAACACTTTAATAATAGGTAGCATTATCACCCCCATCTTCTTCTCTAAGCCAGAAACCC
AACTTGCCTCCCTATATGTTATCCTTGCATTCAGTCAGTCTCTAAGTTGTATTCATGATCTCTCAAAAAT
ATCTCCCTTTTTCTCATCCTIGTGTCTATTACCTCAGTTTAGATCTCCATATTCICTTGCCTCTAATGTTC
TTGCCTCTAATGTACCTTTTCACTGCCACCAAGATGATGTTACCAAAAAATCTTAAACAGATTAGACATC
TTCACAGGATAAAGTCCAAACCCTTAGCTTGATACACAAGCCCCTTCACAATCCAGGCCCTCCTTCCTIGT
GCAGCTATATATATATATATATATATATAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAAAT
TTTGATCTTACCACTCIGTCTCTCTTCCCGCCATGGGTCTITCCCCTCTTCCCTCCGGAGTTACTTAGCTC
TGATGTGTATTCTTATCICGTCTTATCTTCAACTTCATTCATGTITTTCCCACTGCTTCAAATTTCACTC
TCCCACTTCTCCCCTGGCCAGCTGCTACTCATCCCTCAAGACCCTGATCAAATATCATCACTTGTATGAT
GGCATCTGCAARATCTTGGGGGGCAAGGCTAATTGTTCTTIGTTCCCACAGGGCTGTGTTCCAGTTTAACA
TGATCACATGTITATTTIGGTTICATTTATTTGCTTAAGACTTTTTCAGAAGGCTATGGGCTCTTTAAAATA
GAGAACTTACATCTTGTAGTTTTAAGAGTATTTTTAGTAAAAGTTTAGAGTGACCCCCATCTTTCTGCCA
GCCCACAAAAGGAAAACATCAAAAAGTGAATGTGTAAAAGGAAGAGAACTCTGACAAAACCAGGCAGARA
GGTTTTTCAGCAAGTCTTTTTATTTTICTGTTCAGGATAACATTAATAATTATCCACGTTIGGTTTCTCATT
CTCCTGTTGGTGAATATTTTTICTIGCTAAATTTAAAACCGTATCACAAACTCAAGCAGAGATTTACAACAT
TTCAACAGCTTTTCTACCCCTGCCTTAGAAGGGTGGATCAAARAACATTTGTCCATGGTAAAGCACTATGG
ACATGACTTAGTTAACAATTICTCTIGTTTGGGTCACCATGAGGCTICTTCGTTTATACTCAGGGTCAGCGA
CAATGCTGATATGCAGCTACAATTTCTCATTITCTTACTCAGGGTGTTATGAAGCAGATTTCCACTGTTCT
TTAATCGTTATTAARAATGTAGTCCAGGTGCAGTGGCTCACGCCTATAATCCCAGCACTTTGGGAAGCTGA
GGCAGGTGGGTCACATAAGGTTAGGAGTTCGACACCAGCCTGGCCAACATGGTGAAACCCTGTCTCTACT
AAAAATAAAAAAACTGGCCGGGCATGGTGGCAGGTGCCTGTAATCCCAGCTACTCAGGAGGCTGAGGCAG
GAGAATCGCTTGAACCCAGGAGGGGGACAGAGGTTGCAGTGAGCCGAGATCACACCATTGCACTCCAGCC
TGGGCGACAAGAGCAAAACTCTGTCTCAAAAAAAAAAAARAAGTCATTCTCATGTARAAATTCTTGTAARAA
TAATCTGTAAAGTCATCCTCTTATCTGTTCTAGTTCTTCATAAGACTTATATAACATGTCATATGGGCAT
GGAAAGGCCTAAGCCTTCCCAAACCTTGCTCTTTTGGGGATGATTTTCCAAATGTACTTGTTCTCAGTTIG
AAAAGAGCATTGCGGCCGEGGCGECGGTGGCTCAACGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGTGGE
CAGATCACGAGGTCAGGAGATCGAGACCATCCTGGCTAACATGGTGACACCCCGTATCTACTTARAATAC
AAAADATTAGCCGGGCGTGGTGGCGGGCGCCTGTAGTCCCAGCTACTTGGGAGGCTGAGGCAGGAGAATG
GCGTGAACCCGGGAGGTGGAGCTTGCAGTGAGCCGAGATCGCGCCACTGCACTCCAGCCTGGGCAACAGA
GCAAGACTCCGTCTCAAAAAAARAAGAAGAAGAAAAGAACATTGCATCATGGCACAAGGACACAAAAAATA
CCCTGGACCTGCTTCAGTGAGATGGTCTAAGGGTCTCTAGCATCTTCTGAACTGAACTGAATGCTTTGGG
AAGAATTAATAGATACACGATGTATATTAGTTCGTTTCACACTGCTATAAAGAACTTCCCTGAGACTGGGE
GTAATTTATTTAAAGAAAAAGAGGTTTAGTTGACTCACAGTTCTIGTGTGGCTGGGGAGGCCTCAGGAAAC
TTATAATCATGGTGGAAAGCAAAGGGGAAGGAAGCACCTTCACAAGGCAGCAGGAGAGAGAGAGAAAGAG
TGAATGGGAAGAGCCCCTTATAAAACCATCAAATCTCATGAGAACTCACTCACTATCACATGGGAAAACA
GCATGGGGGAAGCCACCCCCATGATCCAATCACCTCCCACCAGGTTCCCCCGGATTACAGTTCTAGATGA
GATTTGGGTGAGGACACAAAGCCAAACCATATCACAATGGAAAGCTCATGAATGGGTTCTAAGAATGAGG
AAATGTACCTTAGCATTTITGCCTACTTTTCCTTTATGACATTTITTTTCCCGGCAAATATGCCAAATATTA
CCTACCTTTACATCAGTGTCCACATGCATATCCCCTGTCTTCCTCCTTTTCCTCATACATTAACAARAGA
GTAACTTTGTTTTCTCCCCATCACTGTTICACCCTATTGTATAAGAGAAGAAAAGCAAAATAGGATGAAAG
AACTATCTAGGCACACACACAAAAGTCACACTCTCCAGAAGAAAGAATTTGCTCTACTTGGTAGTAGACA
GAAATTAACTCACTGAAGATCACCAGAGAATCAGATCCAATTATATCAGCAGGACTTITAGTITACATCAT
GGTACTAGAACCTTICTTTAACATTCAAAACTTATGAATACCTAGAAATAGTTTTAAGGTTAATATCTCTA
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TGCTGTGGGCTAAAGAGTACCCACAAATGAATACAGTTGIGICTGATGAGTIGTICTGTGATTATTTTGGAA
ATTGTCCTIGCTATTTAAAATGAAAAAAATAGAAATGTCTTAGATTITTCCTATCATTAACCTATTGTAAAC
AATTACATCAGTGTAGGGTTGTTTTGTGGTTGCGTGGGAGTATTTTGAGGTTTTTAGGGGGTAAAGTGGG
GGATAGAATGAAGTTGTTGTTTGCATTTACAACCCTAATAATTAARACAAGCCAGAGGGAATTACCTACA
TGGCTGTTGTGATTTCTAGTGTATGATCAAAAATAATTATGGCACTTTGCCATATGTTCTTGCTTTCTTC
TTAGATATGTGTTATTGGGARAAGATGAGACTTGACATCAACTAATTGCTTTTTTCTAATATACAACCTT
GAACCACAGTGATTCTCTGGAGGACAARAAAATAGCTTAGTGACAAAGAGATTCCAGAAATAAGAGCTTTT
CGAGCTTTTAACTCTCTATGTAATATAGACAAATTGCACAGATTAATATAACCAAATATGTATTGGTCCA
TGGGAAGAGAGTTACCTATTTGAAGAATAGGAGTGTATTGTGTTCATTTAGAACCATTCAGAAACATCARA
TGATATTAGTTCTGAGTTGACTAAGGATAAATTTTTAAAAGCAATACCTAATTGGAAAATTATTCAGTTG
TTGACCATTCCTATCAGTGCTCTGAAACTAAATATCTCACAGATGCCTTAATGAGTTATTATAATTATGT
TGCTGTGATACATGTAGCCCAAGTCAGAAGTCACTTGCTTTGTATTTAATGGATGGGGAAGACACTGGAG
CTTGGAGGGAAGAGAATAAAAATAACCTAGTITCAGGAAGATCTATGCTCTAACCCTGCTTICTGCCACAT
AACAACAACTCTATGATTTGTATAAGTTACTITTACCTCICAAACTCGTGGTTTCCTCGATAGGGGATARA
GAAGGCCTATTTCATAGAGTIGGTGTAAAGGATTITATAAGGGCTGTAAGTATTAGTITCCTIGCCCTGTTTIC
ATCCCCCTACCCTACCCCCACCCCTCATCATGGCTCTGCAAAAACAAATATGTCTCAGAGTTGGARAGAC
CCATCTGGTCTTTCTCAGATAAGGGTAGTTTICTTCAAACAGACTGATTCCTGCACATAAAATATAATAT
AAAAAACCAARAAGTACCTTCAACATTGTAGACTTTITCATATGTGGTTGTCTCTGTGACTTAAATGTACAA
TCTAGGGTTTIGCATGTTAAGGTCTTTCAAGATTACTGTTGGCACTGATCTGAAAGATGTCTCATGCAGGA
AATGCTCACCCAATTATGAGCACTGAGGCTGTATAGCAATATCAGAAATAATATTGCAGCACAGTATTTT
CTATGGATTTTAGATGCAGTATTAAAAAAAGAAAACTCAGCCTGTICTTTAAGACTCGTTTTCTCTTTCAA
CACCAGAATTAAAAGGCATGCCATTICTTTTTTAAAGTTTATGTGCAGAGCCAAATGAATATCAACATTAG
TTCTCCACTGGGTCCACGGCTTICTTTTTAAAAATATCTGAAGCAGTGTTACTCTACCCACTTTTTCTCAG
GAAATTGTGTCCTTTAGAACTGGCACCCATATAGTTTAGGAATGCTTGATAGGGTATATTTTAGGTGGGA
GTCACCTGTGCCTATATGGAGCTTTGATGTCAATGCCCTTGTCATTTGGTGTCAATGGTTTTGTCATTCT
AATTTATTTGGCCCCAAGGTGTGTGTGTGTGTGTGTGTIGTIGIGTGTGTGTGTGTGTGTGTGTGTTITGARA
CACAGCATATGTATTTITTTTCITACTICCTTGAGAAATAGAACTTTAAATAACATTTCTATCTTTAAAATG
TACTTGTGAATAGTTATCACTITCCTGAATTICTACCTTICCAAAGGTAGGACAAGAGAAGGATGGAATTAA
ATCACACATGCAGCTATTTTTATAACTTATGAGCACTCAATGATGGTAGCATCCCICTTCTTTACCTTICT
CTCTGATTICTIGAAGCCACTGCTIGTTTIGGTTICCTGTATGGCTGGGACTGCCTGTCCACTAGACTTCCTGC
CTTCACTCTGACCCTGCTACATTTACCCTGAACACCATCCTCCCAATAATCATTACCAGATGCTATTTTC
ACAATGTTACACCTTTACACAAGAAGCTACAGTGGAATATTATCCTTACAGAATCAGATARAAATCTCCA
GGCGGCATTCTAAGCTCTCATTGGCTACACTGTACCCTTTGAACCTGAACTTICCTGAGAACTACCTCTTA
GCTCCTGCCTIGTAGCTCTGGCTCCCATCTTCATGCAGTAGGTATTCGTTITTCTTTTGAACGGCCTCATAT
CTICTCTGCTAGCAGGATTGGAGTCATGGCAGAAAGTGAGAGGGGGACTAGAAGGATGCAACATTAATGA
AACCTCACAATAGGTTAGGCATTGGGTTAGGTACTTGGTTGATCTACTCACATCATCTCATCTAATCTTT
GCCAAAACCTTAAAAGGTAGGTATTATCGGCCCTACTTATAGACATACAATAGGTACTTAATGCACATTT
TTGTGATGAATAAATATTCGGGAATTTTITGCATTGTGACTGGATGAGAAGAAACTAGGAAAAACAAGACG
TAGATGAGAAAGATACCTCTCATCTTACTTICCAACCTAGGAGATCTTAAATGAACTCATCAGTTTTAAAA
GGTAATCTTAAGAATGGAGTCAGAGGGTCACACAAGGAGAGAAAGCATCACGTATTACCAGAGTTCGGGA
TTGCTTAAGGCGGTTTGACAGTTTCCTCCGGGGGTAATCCACCCTAGGCCAGGCATTTTTAAAGATTAGA
TTTTGAAATGAAGCTTTGCACTTGGGAATATACTGAGGCAAGAAAGCATATCCCTTCTCCCTGCTGAGAG
AGCATATCCCITCTCTICTGCTIGTTGCAGTGCTTAAGTGTGAGAATTTITCGAATGAGATATGAAAGCAAAG
ACAACAAACCCTGCAGGATAATAGTCTCTGAGGACTTTAATAACAGCCGTTITTTAAAGCAAAGCCTGTGG
ACTCCTAARATCCATAGCTGCTCGTTTAAGATGCAACGCAATGCAGTGGACCTGAAAACATACTCCTTATC
TACCTAGAGCAACCAGGCTCCAAGCCAAACAGCAGTCCTCAAATTAACTCTIGTITTICTCTTGGGACGACA
ACTCTIGCTGCTTTTARAGGTGTTGCGTGGCCACATATAGAATAAGAAGGGAAAAAACAGTCACACCCTCT
TGTGAGTCTGTATCCAACTGCATTTICTGATCTGGTTAGGAACCTCCGGTGGTTAGATTAGAATCCTGAT
AAGGCCAAGACTGTGGGTCCAATTTCTITCCTATGGATTCTTCTCGAARAACTTGTTAGGARAGATCCACT
TCGGGTTTTTTTTITITTTTITITTITGCGCTIGTITTTAATTCCCAATCCATAATAGACTGATACTTTTGTAA
CATGCAATAAAAATGAATTATTTTAAAAATTACAAATACCAGACATACAAAATTTAAGCCGATGCTTTTT
ATTTTTAGATTGCTGTACACGTTTCTAAAGATTTGCTTTCAATTTICTGTICTTATGTCTTICATAATAGAA
TATCTGTTTCTGTGTGTGTATACGTATGAGTGTATGCAAGTGTGCTCCAAAAGCTCTACTATTTAGAGCT
CATGTTTAATGAGTCATGTTGGATAACCAGTCTAAGGGAGTTCTACTTTCATATAATTGTITTITGTITTTA
TTTITTATTTAAATCATTAACACCTTITTCAAAACAACTGTATCAAATAACAGTCATTIGGTCATTTGAAGC
ATTTACATACACTGCTITTCTTICTTAAACAGATTTTACTGAATGTAAATCTGCTTTCCCTGGCTAATTCAG
CATCATCATCCTGAGCATTAACTATTTIGCTTCGCTATAAAACGAGGTGATGCCTTCAAGGGCTACTGAT
GCATGGAGAGCTGTTAGTTTCCACACTGTGTGACCCTGGTCAATTATGCATGCCCATGGCTCCTTTTACA
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CCTTTCTGATICTCTGTAAGGTGTCACTTCTTICCTACTCTCAATITAGCCACTTAGGATAATTTCTTTAC
TATTTTGAATTGTATGTTCCTGACCTTICTAAGTTCTTAGARATCAGACCACTTITTTTTCCCATCAAGCTA
ATTTAAATTAGATAAAAATTATCAGTAAGGAGGAACTAATGGCCTTATAATTATTCATATACTAACTGCT
TTCAGAAAAGCTTAGAGATAATCTGTCTATAATAAAATTCTTAAGGAGATTTGGTCACTTATTGTTATTC
TTTCTACACCATTGIGTTTGTTTCCTTACTTCTCAGCTATATTARAATGGGGAAGTTTTCATTTGCTGAG
TCCTATTTTAGAGACCAATAATTCCATTTACATAGGAAAGGAAATATGTGGATACGATTATTCATGATGT
TCTAGAATAGTATCACAACCATCTGCTTAATGGTTAATAAAATGGTTAATAATAAAAAGAAGGGTACAGC
ACTAATTCTTGACATCTCCCTTCTTTATTTTTCTTCTAGTAARAACATCCATAACTTTTCCTATTCTTCCC
CAGTTGTATTATTACTTATGAACACCATGGATCATICTACTTTTTGAATGAAATAGTACAAATTTAATAT
TCGATAATCTTGTCTTTGTACTTTTCTTTCTAAACTTTTATTICTCGGTGGCTTCCTAAAGGAAGACTTTA
TTCTACTTGGTTTAAGCAGTTGGTCTGCATTCTACCTATTTCTCTICAACTCTCATTGTCCATTCCAATCA
GGTTGTGCAATTCATTGTCCCTGCTCATAAACCAAATTCATTTICACCTTTACTCCATTCCCATGCTATTC
TTITTTACCTGGAATATTTTCTTITTGTTCCAATTTCCCAATCGTATACATCCCTCAAGGCTCAAGCCAAGT
CCTGTAACTTCATGAAATCTATTITCTAACATCTGATTTCCACATGGATTATCTTGTAATAGTAAGCCCTG
CATTTGCTATTATTITATTAAAGATCTCTITGIGTITCTAGACGCTATTCAAAGTATTTTACAAAAATTCCAT
GTAATATTCAAAAAATTCAGCAGGTATGTATTATTATTTCATGTTTAGTGARACCAAAGTAATGAAAGAG
TTTTCATCATTATGTGGCTAATAAGGGAAAGAGAAGAGAAGGGTCAARACCTATGTCTATTTAACTGCACT
TTGCCATGAGTTTTCTCTGGAAGCTGAGAAAGGAGATTCACAACAAGAGTAGATGAGACTCAGATAAGAA
GGAAGTGTGGAATTTGAAAAAGCCCTTCAGRAAAACAGGATCTCCCCTACTCCTAAAACTGCTATACTGTG
AACATATTGCTTGTCTCATAACTGAACTTTTTTGGTACTCTCAGCTGAAATTTGCTCTATAATTGTACAG
AACTTTAGGCCAAATGTTTCTTTTATGGGGACACACATTATTTGTITTCGTTTGCACCCATTTTCTCAATT
ACTTTGTGTTITTICTCTTIGTTIGTATTGGATGCATCTICTATCCACTGCTACARATCTGTTITAATAGTCTTTA
TATTAATAAGACCATGAAATTGCTCTTTGTIGTGCTGACATAGTTATCCTITTATITTCTAATGGCAGTGCT
AGATTTGCTAAARATTTAGGTAGTAGCATTATTAATAGGAAAAACTACCACCAACAACTAAACTTGAAAGG
TAATATAGCCTAGTGGCTAAGAGCACAATCCCTGAAGTCTIGACTGACGAGGTTCTAAATCTTGCTGCATT
TATTAGCTGTGTGAACCTGGGCATTTTTAGTTAACCTTACAGTAGTTTCATTATCTTATATGGAARATGA
AGATAATAGTAGCCCCTACCCTAGAGGGTTGTTGAGAGGAGAAAATGAGCTCATGTATATACAGTGCTTT
GGACAGCACCTGATGTACAGTAAGGTTCATGTATGTIGTIGTITCTTIGCTGCTGCTGCTGCTGCTATGGTT
TTTGTTATGTAACAACTACCTTTTCCCCTTITGTTCATTCGTTATIGCTTTITCCTAAAGACTACAATCACA
AAAAAGAAGAAAAAAATTAGAGAGCATACAGTGAATGCAGTAATGAAGGCTTGAATGATCTTTTCTAGTT
AAGTCAGAAGTGAAATAAAACTATCCAAAAATTTCTATGAAAATTATCCTTITGTCCAGATTGGCTACCCA
CTGAGAACTCCACTTGATTCTCCATATCAATCTTTTGCTCTTTTGTGCTACCTGAGTCTGAGGTGTAGTC
TTTAAATGATGAGTTTATTGGCACAAGACAGGGATGCCCTCTICTCACCACTCCTATTCAACATAGTGTTG
GAAGTTCTGGCCAGGGCAATCAGGCAGGAGAAGGARATAAAGGGTATTCAATTAGGAAAAGAGGAAGTCA
AATTGTCCCTGTTTGCAGACGACATGATTGTATATCTAGAAAACCCCATCGTCTCAGCCCAAAATCTCCT
TAAGCTGATAAGCAACTTCAGCAAAGTCTCAGGATACAAAATCAATGTACAAAAATCACAAGCATTCTTA
TACACCAACAACAGACAAACAGAGAGCCAAATCATGAGTGAACTCCCATTCACAATTGCTTCAAAGAGAA
TAAAATACCTAGGAATGCAACTTACAAGGGATGTGAAGGACCTCTTCAAGGAGAACTACAAACCACTGCT
CAAGGAAATAAAAGAGGACACAAACAAATGGAAGAACATTICCATGCTCATGGGTAGGAAGAATCAATATT
GTGAAAATGGCCATACTGCCCAAGGTGATTTACAGATTCAATGCCATCCCCATCAAGCTACCAATGCCTT
TCTTCACAGAATTGGAAAAAACTACTTTAAAGTTCATATGGAACCAAAAAAGAGCCCACATCGCCAAGTC
AATCCTGAGCCAAAAGAACAAAGCTGGAGGCATCACACTAGCTGACTTCAARACTATACTACAAGGCTACA
GTAACCAAAACAACATGGTACTGGTACCAAAACAGAGATATAGATCAGTGGAACAGAACAGAGCCCTCAG
AAATAATGCCGCATATCTACAACTATCTGATCTTTAACAAACCTGAGAAAAACAAGCAATGGGGAAAGGA
TTCCCTATTTAATAAATGGTGCTGGGAAAACTGGCTAGCCATATGTAGAAAGCTGAARACTGGATCCCTTC
CTTACACCTTATACAAARATCAATTCAAGATGGATTAAAGACTTAAACGTTAGACCTAAAACCATAAAAR
CCCTAGAAGAAAACCTAGGCATTACCATTCAGGACATAGGCATGGGCAAGGACTTCATGTCTAAAACACC
AAAAGCAATGGCAACAAAAGCCAGAATTGACAAATGGGATCTAATTAAACTAAAGAGCTTCTGCACAGCA
AAAGAAACTACCATCAGAGTGAACAGGCAACCTACAACATGGGAGAAAATTTTCGCAACCTACTCATCTG
ACAAAGGGCTAATATCCAGAATCTACAATGAACTCAAACAAATGTACAAGAAAAAAACAAACAACCCCAT
CAAAAAGTGGGTGAAGGACATGAACAGACACTTCTCAAAAGAAGACATTTATGCAGCCARAAGACACATG
AAAAAATGCTCACCATCACTGGCCATCAGAGAAATGCAAATCAAAACCACAATGAGATACCATCTCACAC
CAGTTAGAATGGCAATCATTTARAAGTCAGGAAACAACAGGTGCTGGAGAGGATGTGGAGAAATAGGAAC
ACTTCTACACTGTTGGTGGGACTGTAARACTAGTTCAACCATTIGTGGAAGTICAGTGTGGCGATTCCTCAGG
GATCTAGAACTAGAAATACCATTTGACCCAGCCATCCCATTACTGGGTATATACCCAAAGGACTATAAAT
CATGCTGCTATAAAGACACATGCACACGTATGTTTATTIGCGGCACTATTCACAATAGCAAAGACTTGGAA
CCAACCCAAATGTCCAACAGTGATAGACTGGATTAAGAARATGTGGCACATATACACCATGGAATACTAT
GCAGCCATARAAAAAGGATGAGTTCACATCCTTTGTAGGGACATGGATGAAATTGGAAATCATTATTCTC
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AGTAAACTATCACAAGAACAGAACACCAAACACCGCATATTCICACTCATAGGTGGGAATTGAACAATGA
GAACACATGGACACAGGAAGGGGAACATCACACTCTGGGGACTGTTGTGGGGTGGGGGGAGGGGGGAGGS
ATAGCATTGGGAGATATACCTAATGCTAGATGATGAGTITAGTGGGTGCAGCGCACCAGCATGGCACATGT
ATACATATGTAACTAACCTGCACGTTGTGCACATGTACCCTAAAATTTAAAGTATAATAATAATAATARA
TAAATAAATAAATAAATAAAAAATGATGAGTTITAGACAAATATCATTATGGTAGTATTATATTATGTTAT
GTTATATTATATTATATTATATTATGTATAATGTATATTCCTTGCAGCCTGCCCTGCATTCCCAATCTAT
GACTCATGCTGCCTTATTGATACTGAAAAATCTCCACTACAGCATGCCAGCTTTTGAAAGAGAGCCTTGG
GTTCTTTCCCAATACTTACCTTICCTTTTAGGGCAACCTATCTGAGTCCTGTAGCTTGAAAGATTTCCTAC
CAGCCTGCCATCCCAAAGGAACATGGATGAACTATGTTTATGCTGATGTGTICAAGTCATTTCTTGGTATG
GTTCATAGTAGTCCACATGGCTCTTGTAGACAAAGAGATGAATTACTGATGGCAGAATTTICTGTTCTGGC
AACAGGGAAATTTGCAGAAAGGAGACCTTTTCAGTGTGAACATTTTTTGCTCACAGGTGGTCCAGGATGC
CCAATGCTAAATGAGAAGTGAAAAGAGCAATCAGGGCCAGGTGTGGTGGCTCACGCCTGTAATCCAAGCA
CTTTGGGAGGCCAAGGTGGGCGGATCACGAGGTCAGGAGATCGAGACCATCCTGGCTAACATGGTGAAAC
CCTGTTTCTACTAAAAATACAARAAAAATTAGCCAGGCGTGGTGGCGGGCGCCTATAGTCCCAGCTACTT
GGGAGGCTGAGGCAGGAGAATGGCGTGAACCTGGGAGGCGGAGCTTGCAGTGAGCCAAGATCGCGCCACT
GTGCTCCAGCCTGGGTGACAGAGCGAGACTCTGTCTCAAARAAAAAAARAARAAARAAGAGCAGTCAGAATT
CAATTTTTCATTCAGAACAAATCAATCCACGTGGGTAAACATTTTATCAAACTCAAGAATGCTGTCTTTC
AGGGTGCTTTTCCCTCAACAGTCACTTATTTCCTCTTGCAAGTAGTATCTICGTTCAGGTTCAGTGACTA
CTGTGTATTATATCCAATGCTTCTGGCAAGTGGGTTGGTGGAGGCAGCCCAAGATCTTCTAGAATCAAGA
GAATTGGATCCATTTCCCAGTTCTAACACTTATCAGCTATATGGCTTITTAGGCAAGTCAGTTARAACATCC
GAGTICTCAGTIGCTCTCATCTGCAAAACAGAAAATGTGATGTACTTCACAGAGCCAGGGGGAGGAATAACT
AAGGTGGTACATTTGTACGTGCTTTGTAACCTGTAAAGCCCTTTACTGTACACGTGTCATTTACAGCTCT
GTATCACCATCATGACCTAGAAAAGCAGTACTGACAGAAGACTTATCTTCTTGCCAATGCTAAGATAACT
TTAGCCATTTCTGCATTTCTAAAGGAAGGAGTCTTTATCCCAGTATCTATGAAGACTTGGCAGGAATTGC
CGTCAATATTTAGTTGGTAATATAAACGAATTAAACAAARATGCACACTAGGTTTTAGGARAATTAAAGA
CAGAACTATCATTTGTACTCCTCTTACATTITCCCAAAGTGCTAAARACTAGACAATARATCAGTCCTCAAT
AAATGCTTGTTTATCAATTTTATATTCATTTATTTGTTGATAATACAACAAAGATGTTTATATGCAGTAT
AATATATATGGCAAAGATGAAAAGTAGCAAATTCATGAATCAACATCCTATTTATGCTTGAGAAGACARA
GAAAGTGTTGGTGACTICATGGTATACATAACCTTAAGGAGCTCGTIGATTGAGCCTGGGTCTCTGCTATC
AATGTAGGATATAAATTTCAAATGTACTATCCTTTATATGTATGTITAATGTAGTAAACATAGAAAACTGA
TGCTACTAGTGAGAATACTTTTACTTGAACAACTAAAAGTTTIGTCTTTAATCCCCTAAGTGCATACACAA
AAGGAAAGTACTGTACAAATCAAGTACAACAGAAGAAGTAAAGTAAAAGACAAGTGAAGGAATTATCTGG
AACTTAGATCIGGTTGGCTTTTTCTCCTGAAGTACTTAGATARAATTAACTCACTTTTCTCTTTTGCTGAA
GAAGTGCAAATTAGGCAGGCATGTTATTICCACGTAGGCAAAAGGAAAAAAGAAAGAAAAACATARAATGG
CTATATATTTGACCAAACTTCGTTCTGCAAGAATCCCAATACTAACCTTCTACCATATAAACTACTTTCA
AAATCAGGCTATATCCTTCCAGTACAAACCTGGTITTGTACTACTCAGAGATACTACTCAGARAATACTTTC
AGTATTTCCCTTCTTTCAACTTCTGATGTGATTCTATCCATATTCCCCTGCCTGTCTCCCAGTCAAAGAG
AATGGGACACAACTCTCTTTAGAGTCCATCAGTGATGCTTTAGCTGCCAAAAATAGTGACAATAGACATT
CATTGTCTGTICTACCTTACTIGTTCAACATTICAGAATTCTGCATCTTAAGAGGCTGTGGCTGAAAACTTG
AGCCAGTTCTTCAGAATTTCTAACATGTTATTTCTGCCACTTTTTICTCCCTTACTTTAGCAGAGTAATTT
AATTCAATTTGAGAGAGAGAGAGAAAAAAAAAACTTTTCTAGTTACACAGATCAATCCAATTGTTTGGAG
CTTCAGAATGAATTTTTAAACTTGTTGAACAGAAGCATACAAATCTCTAAGAGCAAGTCAGATAATATAC
AAAGCCTCCATTCATTGTIGTAGGCAGAAAGGAATGCTGGTACCCGGCAGCTCTCTGAGGAATGTTCCCTT
GGCTTTGACTATTICTGCTGGGAACAAGGAAGGAAACACATATATAAAATGAATTTATAATGTCTCTGGCT
TGTAATGGCAGAATGATAAGAAAAGTTIGGCTGTTTAATATAAACTGTCAGTTGCATATTCCAGGCCTCCT
CTCTTTGAGGTTCCTCCCACATCCACACGCCTGGCTACTGTTTAGTGCGGAGTACARAAGTGGCCGTTTAT
TATTATTGACTGGTGAGGCCTGTGCTCCAAAATTCATTCTGTCAACAGAATGTAAGCAAAGTTGGCATTT
TAAAGCAGGGCTCTTTCAGTTITCTGGGTTTTCTCAGGATTGCTATGCAACAGGATCAGTGCTIGTAGTGCC
CGGTTCAAGCTGAAAATGTTACACAGGAAGACATACCATGTAAAGGTCAGATTICTTCTACTATAATAATT
TTCTTGATCTGTGTGTATACAAGTGAAGTTGAATGCATAACCTCTTATCATAACTCTTACCAAGGTCCTA
TGTACTTTCCACCTGTCAAGCCTAARAATGTGTATTAAATGGGAAATCAAAACTAATAAATGTATGATGC
TGTACTATATGTATGATGCTATAATACCAAGGTGAACTTAATTTGTGTTGTCAAGAAGATTTTCTCTCCC
ATGACAGACTCCCAGGAATGTGCTGGTGCTGTGGGCCAAGTGCAATCTTGTTTATTAGTCTCTCCACGCT
TTTATGGTCAGAGTTAACTCTACAGATTACTACGTAAATAGAAAATATGACTTGATCCATATAGTAATGA
AATTATTGGCACTGGGGTACACTTTATCATAGAATTTTATTGCCTATCACTTCCATAAAATAATACATTT
TGTCCATAGACTAGAAGATATAACTTGTGAACTTTATAAAGTTATARAATACATTACTTTCCAACTCATAA
TGGCAAGGAATAAATCTATTACAACTAATAAGATGCCCATTTTAAATCTACATAATAACAGGAGAAGGCA
ATACGCCAAGAAAAGGGATTTGAGATGTATCTTCTTGTTAGTTTAGCCTGATTGAAATGTCTTTTGAACT

129



AATAATTATTTATATTTTIGCAATTICTCCAAATTCACATTICATCGCTTIGTTTCTTITTIGTITIGGTAATTICTIG
CACATATTCTITCTTCCTGCTIGTCCTGTAG (SEQID NO: 2157)

[000219] Homo sapiens dystrophin (DMD), intron 55 target sequence 1 (nucleotide
positions 1716938-1716987 of NCBI Reference Sequence: NG_012232.1)

GTAAGTCAGGCATTTCCGCTTITAGCACTCTTGIGGATCCAATTGAACAAT (SEQ ID NO: 2158)

[000220] Homo sapiens dystrophin (DMD), intron 55 target sequence 2 (nucleotide
positions 1716950-1717012 of NCBI Reference Sequence: NG_012232.1)

TTTCCGCTTTAGCACTCTITGIGGATCCAATTGAACAATTCTCAGCATTTGTACTIGTAACTGA (SEQ ID NO: 2159)

[000221] Homo sapiens dystrophin (DMD), intron 55 target sequence 3 (nucleotide
positions 1717003-1717050 of NCBI Reference Sequence: NG_012232.1)

TTGTAACTGACAAGCCAGGGACAAAACAAAATAGTTGCTTTTATACAG (SEQ ID NO: 2160)

[000222] Homo sapiens dystrophin (DMD), intron 55 target sequence 4 (nucleotide
positions 1837063-1837116 of NCBI Reference Sequence: NG_012232.1)

TTATTTATATTTTGCAATTCTCCAAATTCACATTCATCGCTTGTTICTITIGTT (SEQ ID NO: 2161)

[000223] Homo sapiens dystrophin (DMD), intron 55 target sequence 5 (nucleotide
positions 1837104-1837153 of NCBI Reference Sequence: NG_012232.1)

TGTTTCTTTTGTTTGGTAATTCTGCACATATTCTICTTCCTGCTGTCCTG (SEQ ID NO: 2162)

[000224] Homo sapiens dystrophin (DMD), intron 55 target sequence 6 (nucleotide

positions 1836907-1837156 of NCBI Reference Sequence: NG_012232.1)

CCAACTCATAATGGCAAGGAATAAATCTATTACAACTAATAAGATGCCCATTTTAAATCTACATAATAACAGGAGAA
GGCAATACGCCAAGAAAAGGGATTTGAGATGTATCTTICTTIGTITAGTTTAGCCTGATTGAAATGTCTTTTGAACTAAT
AATTATTTATATTTITGCAATTCTCCAAATTCACATTCATCGCTTIGTTITICTTITTGTTTGGTAATTCTGCACATATICT

TCTTCCTGCTGTCCTGTAG (SEQ ID NO: 2163)

[000225] Homo sapiens dystrophin (DMD) intron 55/exon 56 junction (nucleotide
positions 1837127-1837186 of NCBI Reference Sequence: NG_012232.1)

GCACATATTCTTCTTCCTGCTGTCCTGTAGGACCTCCAAGGTGAAATTGAAGCTCACACA (SEQ ID NO: 2164)

[000226] Homo sapiens dystrophin (DMD), transcript variant Dp427m, exon 56
(nucleotide positions 8462-8634 of NCBI Reference Sequence: NM_004006.2; nucleotide

positions 1837157-1837329 of NCBI Reference Sequence: NG_012232.1)

GACCTCCAAGGTGARATTGAAGCTCACACAGATGTTTATCACAACCTGGATGAAAACAGCCAAAAAATCCTGAGATC
CCTGGAAGGTTCCGATGATGCAGTCCTGTTACAAAGACGTTITGGATAACATGAACTTCAAGTGGAGTGAACTTCGGA

AAAAGTCTCTCAACATTAG (SEQ ID NO: 21653)
[000227] Homo sapiens dystrophin (DMD), exon 56 target sequence 1 (nucleotide

positions 1837157-1837281 of NCBI Reference Sequence: NG_(012232.1)

GACCTCCAAGGTGAAATTGAAGCTCACACAGATGTTTATCACAACCTGGATGAARACAGCCAAAARATCCTGAGATC
CCTGGAAGGTTCCGATGATGCAGTCCTGTTACARAGACGTTTGGATAA (SEQ ID NO: 2166)
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[000228] Homo sapiens dystrophin (DMD), exon 56 target sequence 2 (nucleotide
positions 1837157-1837201 of NCBI Reference Sequence: NG_012232.1)

GACCTCCAAGGTGAAATTGAAGCTCACACAGATGTTTATCACAAC (SEQ ID NO: 2167)

[000229] Homo sapiens dystrophin (DMD), exon 56 target sequence 3 (nucleotide
positions 1837181-1837237 of NCBI Reference Sequence: NG_012232.1)

CACACAGATGTITTATCACAACCTGGATGAAAACAGCCAAAARATCCTGAGATCCCTG (SEQ ID NO: 2168)

[000230] Homo sapiens dystrophin (DMD), exon 56 target sequence 4 (nucleotide

positions 1837225-1837281 of NCBI Reference Sequence: NG_012232.1)
CCTGAGATCCCTGGAAGGTTCCGATGATGCAGTCCTGTTACAAAGACGTTTGGATAA (SEQ ID NO: 2169)

[000231] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) targets a splicing feature in a DMD sequence (e.g., a DMD pre-mRNA). In some
embodiments, a splicing feature in a DMD sequence is an exonic splicing enhancer (ESE), a
branch point, a splice donor site, or a splice acceptor site in a DMD sequence. In some
embodiments, an ESE is in exon 55 of a DMD sequence (e.g., a DMD pre-mRNA). In some
embodiments, a branch point is in intron 54 or intron 55 of a DMD sequence (e.g., a DMD pre-
mRNA). In some embodiments, a splice donor site is across the junction of exon 54 and intron
54, in intron 54, across the junction of exon 55 and intron 55, or in intron 55 of a DMD sequence
(e.g., a DMD pre-mRNA). In some embodiments, a splice acceptor site is in intron 54, across
the junction of intron 54 and exon 55, in intron 53, or across the junction of intron 55 and exon
56 of a DMD sequence (e.g., a DMD pre-mRNA). In some embodiments, the oligonucleotide
useful for targeting DMD promotes skipping of exon 55, such as by targeting a splicing feature
(e.g., an ESE, a branch point, a splice donor site, or a splice acceptor site) in a DMD sequence
(e.g., a DMD pre-mRNA). Examples of ESEs, branch points, splice donor sites, and splice
acceptor sites are provided in Table 9.

[000232] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) targets an exonic splicing enhancer (ESE) in a DMD sequence. In some
embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping) targets an
ESE in DMD exon 55 (e.g., an ESE listed in Table 9).

[000233] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 55) comprises a region of complementarity to a target
sequence comprising one or more full or partial ESEs of a DMD transcript (e.g., one or more
full or partial ESEs listed in Table 9). In some embodiments, the oligonucleotide comprises a

region of complementarity to a target sequence comprising one or more full or partial ESEs of
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DMD exon 55. In some embodiments, the oligonucleotide comprises a region of
complementarity to a target sequence comprising one or more full or partial ESEs as set forth in
any one of SEQ ID NOs: 2020-2027, 2031-2061, and 2064-2080. In some embodiments, the
oligonucleotide comprises a region of complementarity to a target sequence comprising at least
4 (e.g., 4,5,06,7, or 8) consecutive nucleotides of an ESE as set forth in any one of SEQ ID
NOs: 2020-2027, 2031-2061, and 2064-2080. In some embodiments, the oligonucleotide
comprises at least 4 (e.g., 4, 5, 6, 7, or 8) consecutive nucleotides of an ESE antisense sequence
as set forth in any one of SEQ ID NOs: 2081-2088, 2092-2122, and 2125-2141.

[000234] In some embodiments, the oligonucleotide comprises a region of
complementarity to a target sequence comprising at least 6 (e.g., 6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, or more) nucleotides of one or more ESEs (e.g., 2, 3, 4, or more adjacent
ESEs) of DMD exon 55. In some embodiments, the oligonucleotide comprises a region of
complementarity to a target sequence comprising at least 6 (e.g., 6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, or more) nucleotides of one or more ESEs (e.g., 2, 3, 4, or more adjacent
ESEs) as set forth in any one of SEQ ID NOs: 2020-2027, 2031-2061, and 2064-2080. In some
embodiments, the oligonucleotide comprises at least 6 (e.g., 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, or more) nucleotides of one or more ESE antisense sequences (e.g., antisense
sequences of 2, 3, 4, or more adjacent ESEs) as set forth in any one of SEQ ID NOs: 2081-2088,
2092-2122, and 2125-2141.

[000235] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 55) is 18-35 nucleotides in length, and comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, 7, or 8)
consecutive nucleotides of an ESE as set forth in any one of SEQ ID NOs: 2020-2027, 2031-
2061, and 2064-2080. In some embodiments, an oligonucleotide useful for targeting DMD (e.g.,
for exon skipping, such as for skipping exon 55) is 20-30 (e.g., 20, 25, 30) nucleotides in length,
and comprises a region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5,
6, 7, or 8) consecutive nucleotides of an ESE as set forth in any one of SEQ ID NOs: 2020-2027,
2031-2061, and 2064-2080. In some embodiments, an oligonucleotide useful for targeting
DMD (e.g., for exon skipping, such as for skipping exon 55) is 20-25 (i.e., 20, 21, 22, 23, 24, or
25) nucleotides in length, and comprises a region of complementarity to a target sequence
comprising at least 4 (e.g., 4, 5, 6, 7, or 8) consecutive nucleotides of an ESE as set forth in any
one of SEQ ID NOs: 2020-2027, 2031-2061, and 2064-2080. In some embodiments, an
oligonucleotide useful for targeting DMD (e.g., for exon skipping) is 30 nucleotides in length,

and comprises a region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5,
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6, 7, or 8) consecutive nucleotides of an ESE as set forth in any one of SEQ ID NOs: 2020-2027,
2031-2061, and 2064-2080.

[000236] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) targets a branch point in a DMD sequence. In some embodiments, an
oligonucleotide useful for targeting DMD (e.g., for exon skipping) targets a branch point in
DMD intron 54 or intron 55 (e.g., a branch point listed in Table 9).

[000237] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 55) comprises a region of complementarity to a target
sequence comprising a full or partial branch point of a DMD transcript (e.g., a full or partial
branch point listed in Table 9). In some embodiments, the oligonucleotide comprises a region of
complementarity to a target sequence comprising a full or partial branch point of DMD intron 54
or intron 55. In some embodiments, the oligonucleotide comprises a region of complementarity
to a target sequence comprising a full or partial branch point as set forth in SEQ ID NO: 2029.
In some embodiments, the oligonucleotide comprises a region of complementarity to a target
sequence comprising at least 4 (e.g., 4, 5, 6, or 7) consecutive nucleotides of a branch point as
set forth in SEQ ID NO: 2029. In some embodiments, the oligonucleotide comprises at least 4
(e.g., 4,5, 6, or 7) consecutive nucleotides of a branch point antisense sequence as set forth in
SEQ ID NO: 2090.

[000238] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 55) is 18-35 nucleotides in length, and comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, or 7)
consecutive nucleotides of a branch point as set forth in SEQ ID NO: 2029. In some
embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping, such as for
skipping exon 55) is 20-30 (e.g., 20, 25, 30) nucleotides in length, and comprises a region of
complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, or 7) consecutive
nucleotides of a branch point as set forth in SEQ ID NO: 2029. In some embodiments, an
oligonucleotide useful for targeting DMD (e.g., for exon skipping, such as for skipping exon 55)
is 20-25 (i.e., 20, 21, 22, 23, 24, or 25) nucleotides in length, and comprises a region of
complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, or 7) consecutive
nucleotides of a branch point as set forth in SEQ ID NO: 2029. In some embodiments, an
oligonucleotide useful for targeting DMD (e.g., for exon skipping) is 30 nucleotides in length,
and comprises a region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5,
6, or 7) consecutive nucleotides of a branch point as set forth in SEQ ID NO: 2029.

[000239] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) targets a splice donor site in a DMD sequence. In some embodiments, an

133



oligonucleotide useful for targeting DMD (e.g., for exon skipping) targets a splice donor site
across the junction of exon 54 and intron 54, in intron 54, across the junction of exon 55 and
intron 55, or in intron 55 (e.g., a splice donor site listed in Table 9).

[000240] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 55) comprises a region of complementarity to a target
sequence comprising a full or partial splice donor site of a DMD transcript (e.g., a full or partial
splice donor site listed in Table 9). In some embodiments, the oligonucleotide comprises a
region of complementarity to a target sequence comprising a full or partial splice donor site
across the junction of exon 54 and intron 54, in intron 54, across the junction of exon 55 and
intron 55, or in intron 55 of DMD. In some embodiments, the oligonucleotide comprises a
region of complementarity to a target sequence comprising a full or partial splice donor site as
set forth in SEQ ID NO: 2028 or 2062. In some embodiments, the oligonucleotide comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, 7, or 8)
consecutive nucleotides of a splice donor site as set forth in SEQ ID NO: 2028 or 2062. In some
embodiments, the oligonucleotide comprises at least 4 (e.g., 4, 3, 6, 7, or 8) consecutive
nucleotides of a splice donor site antisense sequence as set forth in SEQ ID NO: 2089 or 2123.
[000241] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 55) is 18-35 nucleotides in length, and comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, 7, or 8)
consecutive nucleotides of a splice donor site as set forth in SEQ ID NO: 2028 or 2062. In some
embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping, such as for
skipping exon 55) is 20-30 (e.g., 20, 25, 30) nucleotides in length, and comprises a region of
complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, 7, or 8) consecutive
nucleotides of a splice donor site as set forth in SEQ ID NO: 2028 or 2062. In some
embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping, such as for
skipping exon 55) is 20-25 (i.e., 20, 21, 22, 23, 24, or 25) nucleotides in length, and comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, 7, or 8)
consecutive nucleotides of a splice donor site as set forth in SEQ ID NO: 2028 or 2062. In some
embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping) is 30
nucleotides in length, and comprises a region of complementarity to a target sequence
comprising at least 4 (e.g., 4, 5, 6, 7, or 8) consecutive nucleotides of a splice donor site as set
forth in SEQ ID NO: 2028 or 2062.

[000242] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) targets a splice acceptor site in a DMD sequence. In some embodiments, an
oligonucleotide useful for targeting DMD (e.g., for exon skipping) targets a splice acceptor site
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in intron 54, across the junction of intron 54 and exon 55, in intron 55, or across the junction of
intron 55 and exon 56 (e.g., a splice acceptor site listed in Table 9).

[000243] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 55) comprises a region of complementarity to a target
sequence comprising a full or partial splice acceptor site of a DMD transcript (e.g., a full or
partial splice acceptor site listed in Table 9). In some embodiments, the oligonucleotide
comprises a region of complementarity to a target sequence comprising a full or partial splice
acceptor site in intron 54, across the junction of intron 54 and exon 55, in intron 55, or across the
junction of intron 55 and exon 56 of DMD. In some embodiments, the oligonucleotide
comprises a region of complementarity to a target sequence comprising a full or partial splice
acceptor site as set forth in SEQ ID NO: 2030 or 2063. In some embodiments, the
oligonucleotide comprises a region of complementarity to a target sequence comprising at least
4(e.g.,4,5,6,7,8,9, 10, or 11) consecutive nucleotides of a splice acceptor site as set forth in
SEQ ID NO: 2030 or 2063. In some embodiments, the oligonucleotide comprises at least 4 (e.g.,
4,5,6,7,8,9, 10, or 11) consecutive nucleotides of a splice acceptor site antisense sequence as
set forth in SEQ ID NO: 2091 or 2124.

[000244] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 55) is 18-35 nucleotides in length, and comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4,5,6,7, 8, 9, 10, or
11) consecutive nucleotides of a splice acceptor site as set forth in SEQ ID NO: 2030 or 2063.
In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping,
such as for skipping exon 55) is 20-30 (e.g., 20, 25, 30) nucleotides in length, and comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4,5, 6,7, 8,9, 10, or
11) consecutive nucleotides of a splice acceptor site as set forth in SEQ ID NO: 2030 or 2063.
In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping,
such as for skipping exon 55) is 20-25 (i.e., 20, 21, 22, 23, 24, or 25) nucleotides in length, and
comprises a region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5,6, 7,
8,9, 10, or 11) consecutive nucleotides of a splice acceptor site as set forth in SEQ ID NO: 2030
or 2063. In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon
skipping) is 30 nucleotides in length, and comprises a region of complementarity to a target
sequence comprising at least 4 (e.g., 4, 5, 6,7, 8, 9, 10, or 11) consecutive nucleotides of a splice
acceptor site as set forth in SEQ ID NO: 2030 or 2063.

[000245] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a junction of an exon and an intron of
a DMD RNA (e.g., any one of the exon/intron junctions provided by SEQ ID NOs: 2144, 2151,
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2156, and 2164). In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to at least 10 (e.g., 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or more) consecutive nucleosides of a junction of an exon
and an intron of a DMD RNA (e.g., any one of the exon/intron junctions provided by SEQ ID
NOs: 2144, 2151, 2156, and 2164). In some embodiments, an oligonucleotide useful for
targeting DMD (e.g., for exon skipping) is complementary to any one of SEQ ID NOs: 2144,
2151, 2156, and 2164.

[000246] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
(e.g., a target sequence provided by any one of SEQ ID NOs: 2143, 2146-2150, 2153-2155,
2158-2163, and 2166-2169). In some embodiments, an oligonucleotide useful for targeting
DMD (e.g., for exon skipping) comprises a region of complementarity to at least 10 (e.g., 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or more) consecutive nucleosides of a target
sequence of a DMD RNA (e.g., a target sequence provided by any one of SEQ ID NOs: 2143,
2146-2150, 2153-2155, 2158-2163, and 2166-2169). In some embodiments, an oligonucleotide
useful for targeting DMD (e.g., for exon skipping) is complementary to any one of SEQ ID
NOs: 2143, 2146-2150, 2153-2155, 2158-2163, and 2166-2169.

Table 9. Example target sequence motifs

SEQ Motif SEQ Motif

Location in DMD Type ID S i ID Antisense
NO: cquence NO: | Sequence’

Exon 54 ESE 2020 ATTCTGC 2081 GCAGAAT

Exon 54 ESE 2021 CTGCAGA 2082 TCTGCAG

Exon 54 ESE 2022 TGCAGA 2083 TCTGCA

Exon 54 ESE 2023 CAGATGA 2084 TCATCTG

Exon 54 ESE 2024 CCACATG 2085 CATGTGG

Exon 54 ESE 2025 CACATGA 2086 TCATGTG

Exon 54 ESE 2026 CAGAGAA 2087 TTCTCTG

Exon 54 ESE 2027 TCAATGC 2088 GCATTGA

. eﬁl‘;’z‘c égﬁm’“ 4 Splice Donor 2028 AGGTATG 2089 CATACCT
Intron 54 Branch Point 2029 TTCTGAT 2090 ATCAGAA

Across 1?3§:ﬁ2i/exon 33 Splice Acceptor 2030 TCCTTTGCAGG | 2091 CCTGCﬁAAGG

Exon 55 ESE 2031 CGAGAGG 2092 CCTCTCG
Exon 55 ESE 2032 GGCTGCTT 2093 AAGCAGCC
Exon 55 ESE 2033 GATTACTG 2094 CAGTAATC

Exon 55 ESE 2034 TTACTGC 2095 GCAGTAA

Exon 55 ESE 2035 TGCAAC 2096 GTTGCA

Exon 55 ESE 2036 CCCCCTG 2097 CAGGGGG

Exon 55 ESE 2037 CCCCTGG 2098 CCAGGGG

Exon 55 ESE 2038 CCCTGGA 2099 TCCAGGG
Exon 55 ESE 2039 GTTTCTTG 2100 CAAGAAAC

Exon 55 ESE 2040 TTTCTTG 2101 CAAGAAA

Exon 55 ESE 2041 TGCCTGG 2102 CCAGGCA
Exon 55 ESE 2042 GGCTTACA 2103 TGTAAGCC

Exon 55 ESE 2043 TTACAGA 2104 TCTGTAA
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SEQ Motif SEQ Motif
Location in DMD Type ID s o ID | Antisense
NO: equence NO: | Sequence'
Exon 55 ESE 2044 TACAGA 2105 TCTGTA
Exon 55 ESE 2045 ACAGAAG 2106 | CTTCTGT
Exon 55 ESE 2046 CTGCCAA 2107 | TTGGCAG
Exon 55 ESE 2047 TGCCAATG | 2108 | CATTGGCA
Exon 55 ESE 2048 GTCCTACA | 2109 | TGTAGGAC
Exon 55 ESE 2049 CTACAGG 2110 | CCTGTAG
Exon 55 ESE 2050 TACAGGA 2111 | TCCTGTA
Exon 55 ESE 2051 GGATGCTA | 2112 | TAGCATCC
Exon 55 ESE 2052 CTACCCG 2113 | CGGGTAG
Exon 55 ESE 2053 TACCCGTA | 2114 | TACGGGTA
Exon 55 ESE 2054 GGCTCCTA | 2115 | TAGGAGCC
Exon 55 ESE 2055 CTAGAAG 2116 | CTICTAG
Exon 55 ESE 2056 AGACTCC 2117 | _GGAGICT
Exon 55 ESE 2057 GACICCAA | 2118 | TTGGAGTC
Exon 55 ESE 2058 CTCCAAG 2119 | CTTGGAG
Exon 55 ESE 2059 CCAAGGG 2120 | CCCTIGG
Exon 55 ESE 2060 CTGATGA 2121 | TCATCAG
Exon 55 ESE 2061 ACAATGG 2122 | CCATTGT
Across exon 35/infron 53 Splice Donor 2062 AAGTAAG 2123 CTTACTT
junction
Across “J“:I‘I’C‘in /exon 36 | golice Acceptor | 2063 | TCCTGTAGG | 2124 | CCTACAGGA
Exon 56 ESE 2064 GACCTCCA | 2125 | TGGAGGTC
Exon 56 ESE 2058 CTCCAAG 2119 | CTTGGAG
Exon 56 ESE 2065 CCAAGGT 2126 | ACCTIGG
Exon 56 ESE 2066 TCACACA 2127 | TGTGTGA
Exon 56 ESE 2067 CACACAG 2128 | CIGTGTG
Exon 56 ESE 2068 ACACAGA 2129 | TCTGTGT
Exon 56 ESE 2069 CACAGA 2130 TCTGTG
Exon 56 ESE 2070 CAGATGT 2131 | ACATCIG
Exon 56 ESE 2071 TCACAAC 2132 | GITGTGA
Exon 56 ESE 2072 CAGCCAA 2133 | TIGGCTG
Exon 56 ESE 2073 AAATCCTG | 2134 | CAGGATIT
Exon 56 ESE 2074 CTGAGAT 2135 | ATCTICAG
Exon 56 ESE 2075 GATCCCTG | 2136 | CAGGGATC
Exon 56 ESE 2076 TCCCTGG 2137 | CCAGGGA
Exon 56 ESE 2038 CCCTGGA 2099 | TCCAGGG
Exon 56 ESE 2077 GGTTCCGA | 2138 | TCGGAACC
Exon 56 ESE 2078 CCGATGA 2139 | TCATCGG
Exon 56 ESE 2079 TTACAAA 2140 | TTTGTAA
Exon 56 ESE 2080 AAGACGT 2141 | ACGTCTT

1 Each thymine base (T) in any one of the sequences provided in Table 9 may independently and optionally be
replaced with a uracil base (U). Motif sequences and antisense sequences listed in Table 9 contain T’s, but binding
of a motif sequence in RNA and/or DNA is contemplated.

[000247] In some embodiments, any one of the oligonucleotides useful for targeting DMD
(e.g., for exon skipping) is a phosphorodiamidate morpholino oligomer (PMO).

[000248] In some embodiments, the oligonucleotide may have region of complementarity
to a mutant DMD allele, for example, a DMD allele with at least one mutation in any of exons 1-
79 of DMD in humans that leads to a frameshift and improper RNA splicing/processing.
[000249] In some embodiments, any one of the oligonucleotides can be in salt form, e.g.,

as sodium, potassium, or magnesium salts.
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[000250] In some embodiments, the 5° or 3’ nucleoside (e.g., terminal nucleoside) of any
one of the oligonucleotides described herein is conjugated to an amine group, optionally via a
spacer. In some embodiments, the spacer comprises an aliphatic moiety. In some embodiments,
the spacer comprises a polyethylene glycol moiety. In some embodiments, a phosphodiester
linkage is present between the spacer and the 5’ or 3’ nucleoside of the oligonucleotide. In some
embodiments, the 5° or 3’ nucleoside (e.g., terminal nucleoside) of any of the oligonucleotides
described herein is conjugated to a spacer that is a substituted or unsubstituted aliphatic,
substituted or unsubstituted heteroaliphatic, substituted or unsubstituted carbocyclylene,
substituted or unsubstituted heterocyclylene, substituted or unsubstituted arylene, substituted or
unsubstituted heteroarylene, -O-, -N(R?)-, -S-, -C(=0)-, -C(=0)0-, -C(=0)NRA-, -NRAC(=0)-, -
NRAC(=0)RA-, -C(=0)RA-, -NRAC(=0)0-, -NRAC(=0)N(RA)-, -OC(=0)-, -OC(=0)0-, -
OC(=0)N(RA)-, -S(0)2NRA-, -NRAS(O),-, or a combination thereof; each R* is independently
hydrogen or substituted or unsubstituted alkyl. In certain embodiments, the spacer is a
substituted or unsubstituted alkylene, substituted or unsubstituted heterocyclylene, substituted or
unsubstituted heteroarylene, -O-, -N(R*)-, or -C(=0)N(R™),, or a combination thereof.
[000251] In some embodiments, the 5’ or 3’ nucleoside of any one of the oligonucleotides
described herein is conjugated to a compound of the formula -NH2-(CH2),-, wherein n is an
integer from 1 to 12. In some embodiments, nis 6, 7, 8, 9, 10, 11, or 12. In some embodiments,
a phosphodiester linkage is present between the compound of the formula NH2-(CH2)- and the
5’ or 3’ nucleoside of the oligonucleotide. In some embodiments, a compound of the formula
NH»-(CHb)s- is conjugated to the oligonucleotide via a reaction between 6-amino-1-hexanol
(NH2-(CH2)s-OH) and the 5° phosphate of the oligonucleotide.
[000252] In some embodiments, the oligonucleotide is conjugated to a targeting agent, e.g.,
a muscle targeting agent such as an anti-TfR1 antibody, e.g., via the amine group.

a. Oligonucleotide Size/Sequence
[000253] Oligonucleotides may be of a variety of different lengths, e.g., depending on the
format. In some embodiments, an oligonucleotide is 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 75, or more nucleotides in length. In
some embodiments, the oligonucleotide is 8 to 50 nucleotides in length, 8 to 40 nucleotides in
length, 8 to 30 nucleotides in length, 10 to 15 nucleotides in length, 10 to 20 nucleotides in
length, 15 to 25 nucleotides in length, 21 to 23 nucleotides in lengths, 20 to 25 nucleotides in
length, etc.
[000254] In some embodiments, a nucleic acid sequence of an oligonucleotide for purposes
of the present disclosure is “complementary” to a target nucleic acid when it is specifically
hybridizable to the target nucleic acid. In some embodiments, an oligonucleotide hybridizing to
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a target nucleic acid (e.g., an mRNA or pre-mRNA molecule) results in modulation of activity
or expression of the target (e.g., decreased mRNA translation, altered pre-mRNA splicing, exon
skipping, target mRNA degradation, etc.). In some embodiments, a nucleic acid sequence of an
oligonucleotide has a sufficient degree of complementarity to its target nucleic acid such that it
does not hybridize non-target sequences under conditions in which avoidance of non-specific
binding is desired, e.g., under physiological conditions. Thus, in some embodiments, an
oligonucleotide may be at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% complementary to the consecutive nucleotides of a target nucleic acid. In some
embodiments a complementary nucleotide sequence need not be 100% complementary to that of
its target to be specifically hybridizable or specific for a target nucleic acid. In certain
embodiments, oligonucleotides comprise one or more mismatched nucleobases relative to the
target nucleic acid. In certain embodiments, activity relating to the target is reduced by such
mismatch, but activity relating to a non-target is reduced by a greater amount (i.e., selectivity for
the target nucleic acid is increased and off-target effects are decreased).

[000255] In some embodiments, an oligonucleotide comprises region of complementarity
to a target nucleic acid that is in the range of 8 to 15, 8 to 30, 8 to 40, or 10 to 50, or 5 to 50, 15
to 20, 20 to 25, or 5 to 40 nucleotides in length. In some embodiments, a region of
complementarity of an oligonucleotide to a target nucleic acid is 5, 6, 7, 8, 9, 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, 36, 37, 38, 39, 40,
41,42,43, 44,45, 46,47, 48, 49, or 50 nucleotides in length. In some embodiments, the region
of complementarity is complementary with at least 8 consecutive nucleotides of a target nucleic
acid. In some embodiments, an oligonucleotide may contain 1, 2 or 3 base mismatches
compared to the portion of the consecutive nucleotides of target nucleic acid. In some
embodiments the oligonucleotide may have up to 3 mismatches over 15 bases, or up to 2
mismatches over 10 bases.

[000256] In some embodiments, the oligonucleotide is complementary (e.g., at least 85% at
least 90%, at least 95%, or 100%) to a target sequence of the any one of the oligonucleotides
described herein (e.g., the oligonucleotides listed in Table 8). In some embodiments, the
oligonucleotide is complementary (e.g., at least 85% at least 90%), at least 95%, or 100%) to a
target sequence of the any one of the oligonucleotides provided by SEQ ID NO: 780-2019. In
some embodiments, such target sequence is 100% complementary to an oligonucleotide listed in
Table 8. In some embodiments, such target sequence is 100% complementary to an
oligonucleotide provided by SEQ ID NO: 780-2019. In some embodiments, the oligonucleotide
is complementary (e.g., at least 85% at least 90%, at least 95%, or 100%) to a target sequence
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provided herein (e.g., a target sequence listed in Table 8). In some embodiments, the
oligonucleotide is complementary (e.g., at least 85% at least 90%, at least 95%, or 100%) to any
one of SEQ ID NO: 160-779.

[000257] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
(e.g., a target sequence provided by any one of SEQ ID NOs: 160-779). In some embodiments,
an oligonucleotide useful for targeting DMD (e.g., for exon skipping) comprises a region of
complementarity to at least 8 (e.g., 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, or more) consecutive nucleosides of a target sequence of a DMD RNA (e.g., a target
sequence provided by any one of SEQ ID NOs: 160-779). In some embodiments, an
oligonucleotide useful for targeting DMD (e.g., for exon skipping) is complementary to any one
of SEQ ID NOs: 160-779.

[000258] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a sequence comprising at least 8 (e.g., 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, or more) consecutive nucleobases of a DMD-targeting
sequence provided herein (e.g., an antisense sequence listed in Table §8). In some embodiments,
the oligonucleotide comprises a sequence comprising at least 8 (e.g., 8,9, 10, 11, 12, 13, 14, 15,
16, 17,18, 19, 20, 21, 22, 23, 24, 25, or more) consecutive nucleobases of any one of SEQ ID
NOs: 780-2019. In some embodiments, the oligonucleotide comprises the sequence of any one
of SEQ ID NOs: 780-2019.

[000259] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
(e.g., a target sequence provided by any one of SEQ ID NOs: 160, 162-166, 168, 169, 173, 178-
180, 243-251, 253, 255, 256, 262-266, 268, 270-272, 274, 282-284, 289-291, 294, 295, 319,
343, 347, 351, 356-358, 364, 360, 367, 398, 401, 453-455, 462, 463, 526, 573, 748, and 755). In
some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping)
comprises a region of complementarity to at least 8 (e.g., 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, or more) consecutive nucleosides of a target sequence of a DMD RNA
(e.g., a target sequence provided by any one of SEQ ID NOs: 160, 162-166, 168, 169, 173, 178-
180, 243-251, 253, 255, 256, 262-266, 268, 270-272, 274, 282-284, 289-291, 294, 295, 319,
343, 347, 351, 356-358, 364, 366, 367, 398, 401, 453-455, 462, 463, 526, 573, 748, and 755). In
some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping) is
complementary to any one of SEQ ID NOs: 160, 162-166, 168, 169, 173, 178-180, 243-251,
253, 255, 256, 262-266, 268, 270-272, 274, 282-284, 289-291, 294, 295, 319, 343, 347, 351,
356-358, 364, 366, 367, 398, 401, 453-455, 462, 463, 526, 573, 748, and 755.
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[000260] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a sequence comprising at least 8 (e.g., 8,9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, or more) contiguous nucleobases of a DMD-targeting
sequence provided herein (e.g., a sequence of any one of SEQ ID NOs: 1400, 1402-1406, 1408,
1409, 1413, 1418-1420, 1483-1491, 1493, 1495, 1496, 1502-1506, 1508, 1510-1512, 1514,
1522-1524, 1529-1531, 1534, 1535, 1559, 1583, 1587, 1591, 1596, 1597, 1598, 1604, 1606,
1607, 1638, 1641, 1693-1695, 1702, 1703, 1766, 1813, 1988, and 1995). In some embodiments,
the oligonucleotide comprises at least 8 (e.g., 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25, or more) consecutive nucleosides of a DMD-targeting sequence provided herein
(e.g., a sequence of any one of SEQ ID NOs: 1400, 1402-1406, 1408, 1409, 1413, 1418-1420,
1483-1491, 1493, 1495, 1496, 1502-1506, 1508, 1510-1512, 1514, 1522-1524, 1529-1531,
1534, 1535, 1559, 1583, 1587, 1591, 1596, 1597, 1598, 1604, 1606, 1607, 1638, 1641, 1693-
1695, 1702, 1703, 1766, 1813, 1988, and 1995). In some embodiments, the oligonucleotide
comprises the sequence of any one of SEQ ID NOs: 1400, 1402-1406, 1408, 1409, 1413, 1418-
1420, 1483-1491, 1493, 1495, 1496, 1502-1506, 1508, 1510-1512, 1514, 1522-1524, 1529-
1531, 1534, 1535, 1559, 1583, 1587, 1591, 1596, 1597, 1598, 1604, 1606, 1607, 1638, 1641,
1693-1695, 1702, 1703, 1766, 1813, 1988, and 1995.

[000261] In some embodiments, it should be appreciated that methylation of the
nucleobase uracil at the C5 position forms thymine. Thus, in some embodiments, a nucleotide
or nucleoside having a C5 methylated uracil (or 5-methyl-uracil) may be equivalently identified
as a thymine nucleotide or nucleoside.

[000262] In some embodiments, any one or more of the thymine bases (T’s) in any one of
the oligonucleotides provided herein (e.g., the oligonucleotides listed in Table 8) may
independently and optionally be uracil bases (U’s), and/or any one or more of the U’s in the
oligonucleotides provided herein may independently and optionally be T’s. In some
embodiments, any one or more of the thymine bases (T’s) in any one of the oligonucleotides
provided by SEQ ID NOs: 1400-2019 or in an oligonucleotide complementary to any one of
SEQ ID NOs: 160-779 may optionally be uracil bases (U’s), and/or any one or more of the U’s
in the oligonucleotides may optionally be T’s. In some embodiments, any one or more of the
uracil bases (U’s) in any one of the oligonucleotides provided by SEQ ID NOs: 780-1399 or in
an oligonucleotide complementary to any one of SEQ ID NOs: 160-779 may optionally be
thymine bases (T’s), and/or any one or more of the T’s in the oligonucleotides may optionally be
U’s.

b. Oligonucleotide Modifications:
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[000263] The oligonucleotides described herein may be modified, e.g., comprise a
modified sugar moiety, a modified internucleoside linkage, a modified nucleotide or nucleoside
and/or (e.g., and) combinations thereof. In addition, in some embodiments, oligonucleotides
may exhibit one or more of the following properties: do not mediate alternative splicing; are not
immune stimulatory; are nuclease resistant; have improved cell uptake compared to unmodified
oligonucleotides; are not toxic to cells or mammals; have improved endosomal exit internally in
a cell; minimizes TLR stimulation; or avoid pattern recognition receptors. Any of the modified
chemistries or formats of oligonucleotides described herein can be combined with each other.
For example, one, two, three, four, five, or more different types of modifications can be included
within the same oligonucleotide.
[000264] In some embodiments, certain nucleotide or nucleoside modifications may be
used that make an oligonucleotide into which they are incorporated more resistant to nuclease
digestion than the native oligodeoxynucleotide or oligoribonucleotide molecules; these modified
oligonucleotides survive intact for a longer time than unmodified oligonucleotides. Specific
examples of modified oligonucleotides include those comprising modified backbones, for
example, modified internucleoside linkages such as phosphorothioates, phosphotriesters, methyl
phosphonates, short chain alkyl or cycloalkyl intersugar linkages or short chain heteroatomic or
heterocyclic intersugar linkages. Accordingly, oligonucleotides of the disclosure can be
stabilized against nucleolytic degradation such as by the incorporation of a modification, e.g., a
nucleotide or nucleoside modification.
[000265] In some embodiments, an oligonucleotide may be of up to 50 or up to 100
nucleotides in length in which 2 to 10,2 to 15, 2to 16, 2to 17, 2 to 18, 2 to 19, 2 to 20, 2 to 25,
2 to 30, 2 to 40, 2 to 45, or more nucleotides or nucleosides of the oligonucleotide are modified
nucleotides/nucleosides. The oligonucleotide may be of 8 to 30 nucleotides in length in which 2
to 10,2to 15,2 to 16,2to 17,2 to 18, 2 to 19, 2 to 20, 2 to 25, 2 to 30 nucleotides or
nucleosides of the oligonucleotide are modified nucleotides/nucleosides. The oligonucleotide
may be of 8 to 15 nucleotides in length in which 2to 4,2t0 5,2t06,2t07,2t08,2t09, 2 to
10,2 to 11,2 to 12, 2 to 13, 2 to 14 nucleotides or nucleosides of the oligonucleotide are
modified nucleotides/nucleosides. Optionally, the oligonucleotides may have every nucleotide
or nucleoside except 1, 2, 3,4, 5, 6,7, 8, 9, or 10 nucleotides/nucleosides modified.
Oligonucleotide modifications are described further herein.

c. Modified Nucleosides
[000266] In some embodiments, the oligonucleotide described herein comprises at least

one nucleoside modified at the 2' position of the sugar. In some embodiments, an
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oligonucleotide comprises at least one 2'-modified nucleoside. In some embodiments, all of the
nucleosides in the oligonucleotide are 2’-modified nucleosides.

[000267] In some embodiments, the oligonucleotide described herein comprises one or
more non-bicyclic 2’-modified nucleosides, e.g., 2°-deoxy, 2’-fluoro (2’-F), 2’-O-methyl (2°-O-
Me), 2°-O-methoxyethyl (2’-MOE), 2’-O-aminopropyl (2’-O-AP), 2’-O-dimethylaminoethyl
(2°-O-DMAQOE), 2°-O-dimethylaminopropyl (2’-O-DMAP), 2°-O-dimethylaminoethyloxyethyl
(2-O-DMAEOE), or 2’-O-N-methylacetamido (2’-O-NMA) modified nucleoside.

[000268] In some embodiments, the oligonucleotide described herein comprises one or
more 2’-4’ bicyclic nucleosides in which the ribose ring comprises a bridge moiety connecting
two atoms in the ring, e.g., connecting the 2’-O atom to the 4°-C atom via a methylene (LNA)
bridge, an ethylene (ENA) bridge, or a (S)-constrained ethyl (cEt) bridge. Examples of LNAs
are described in International Patent Application Publication WO/2008/043753, published on
April 17, 2008, and entitled “RNA Antagonist Compounds For The Modulation Of PCSK9”, the
contents of which are incorporated herein by reference in its entirety. Examples of ENAs are
provided in International Patent Publication No. WO 2005/042777, published on May 12, 2005,
and entitled “APP/ENA Antisense’; Morita et al., Nucleic Acid Res., Suppl 1:241-242, 2001;
Surono et al., Hum. Gene Ther., 15:749-757, 2004; Koizumi, Curr. Opin. Mol. Ther., 8:144-149,
2006 and Horie et al., Nucleic Acids Symp. Ser (Oxf), 49:171-172, 2005; the disclosures of
which are incorporated herein by reference in their entireties. Examples of cEt are provided in
US Patents 7,101,993; 7,399,845 and 7,569,686, each of which is herein incorporated by
reference in its entirety.

[000269] In some embodiments, the oligonucleotide comprises a modified nucleoside
disclosed in one of the following United States Patent or Patent Application Publications: US
Patent 7,399,845, issued on July 15, 2008, and entitled “6-Modified Bicyclic Nucleic Acid
Analogs”; US Patent 7,741,457, issued on June 22, 2010, and entitled “6-Modified Bicyclic
Nucleic Acid Analogs”; US Patent 8,022,193, issued on September 20, 2011, and entitled “6-
Modified Bicyclic Nucleic Acid Analogs”; US Patent 7,569,686, issued on August 4, 2009, and
entitled “Compounds And Methods For Synthesis Of Bicyclic Nucleic Acid Analogs™; US Patent
7,335,765, issued on February 26, 2008, and entitled “Novel Nucleoside And Oligonucleotide
Analogues”; US Patent 7,314,923, issued on January 1, 2008, and entitled “Novel Nucleoside
And Oligonucleotide Analogues”; US Patent 7,816,333, issued on October 19, 2010, and entitled
“Oligonucleotide Analogues And Methods Utilizing The Same” and US Publication Number
2011/0009471 now US Patent 8,957,201, issued on February 17, 2015, and entitled
“Oligonucleotide Analogues And Methods Utilizing The Same”, the entire contents of each of
which are incorporated herein by reference for all purposes.
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[000270] In some embodiments, the oligonucleotide comprises at least one modified
nucleoside that results in an increase in Tm of the oligonucleotide in a range of 1°C, 2 °C, 3°C, 4
°C, or 5°C compared with an oligonucleotide that does not have the at least one modified
nucleoside. The oligonucleotide may have a plurality of modified nucleosides that result in a
total increase in Tm of the oligonucleotide in a range of 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8 °C,
9°C, 10 °C, 15 °C, 20 °C, 25 °C, 30 °C, 35 °C, 40 °C, 45 °C or more compared with an
oligonucleotide that does not have the modified nucleoside.
[000271] The oligonucleotide may comprise a mix of nucleosides of different kinds. For
example, an oligonucleotide may comprise a mix of 2’-deoxyribonucleosides or ribonucleosides
and 2’-fluoro modified nucleosides. An oligonucleotide may comprise a mix of
deoxyribonucleosides or ribonucleosides and 2’-0O-Me modified nucleosides. An
oligonucleotide may comprise a mix of 2’-fluoro modified nucleosides and 2’-O-Me modified
nucleosides. An oligonucleotide may comprise a mix of 2°-4’ bicyclic nucleosides and 2°-MOE,
2’-fluoro, or 2’-0O-Me modified nucleosides. An oligonucleotide may comprise a mix of non-
bicyclic 2’-modified nucleosides (e.g., 2°-MOE, 2’-fluoro, or 2°-O-Me) and 2’-4’ bicyclic
nucleosides (e.g., LNA, ENA, cEt).
[000272] The oligonucleotide may comprise alternating nucleosides of different kinds. For
example, an oligonucleotide may comprise alternating 2’-deoxyribonucleosides or
ribonucleosides and 2’-fluoro modified nucleosides. An oligonucleotide may comprise
alternating deoxyribonucleosides or ribonucleosides and 2’-O-Me modified nucleosides. An
oligonucleotide may comprise alternating 2’-fluoro modified nucleosides and 2’-O-Me modified
nucleosides. An oligonucleotide may comprise alternating 2’-4” bicyclic nucleosides and 2’-
MGQOE, 2’-fluoro, or 2’-O-Me modified nucleosides. An oligonucleotide may comprise
alternating non-bicyclic 2’-modified nucleosides (e.g., 2°-MOE, 2’-fluoro, or 2°-O-Me) and 2’-
4’ bicyclic nucleosides (e.g., LNA, ENA, cEt).
[000273] In some embodiments, an oligonucleotide described herein comprises a 5°-
vinylphosphonate modification, one or more abasic residues, and/or one or more inverted abasic
residues.

d. Internucleoside Linkages / Backbones
[000274] In some embodiments, oligonucleotide may contain a phosphorothioate or other
modified internucleoside linkage. In some embodiments, the oligonucleotide comprises
phosphorothioate internucleoside linkages. In some embodiments, the oligonucleotide
comprises phosphorothioate internucleoside linkages between at least two nucleosides. In some
embodiments, the oligonucleotide comprises phosphorothioate internucleoside linkages between
all nucleosides. For example, in some embodiments, oligonucleotides comprise modified
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internucleoside linkages at the first, second, and/or (e.g., and) third internucleoside linkage at the
5" or 3' end of the nucleotide sequence.
[000275] Phosphorus-containing linkages that may be used include, but are not limited to,
phosphorothioates, chiral phosphorothioates, phosphorodithioates, phosphotriesters,
aminoalkylphosphotriesters, methyl and other alkyl phosphonates comprising 3'alkylene
phosphonates and chiral phosphonates, phosphinates, phosphoramidates comprising 3'-amino
phosphoramidate and aminoalkylphosphoramidates, thionophosphoramidates,
thionoalkylphosphonates, thionoalkylphosphotriesters, and boranophosphates having normal 3'-
5'linkages, 2'-5' linked analogs of these, and those having inverted polarity wherein the adjacent
pairs of nucleoside units are linked 3'-5' to 5'-3' or 2'-5' to 5'-2'; see US patent nos. 3,687,808;
4,469,863; 4,476,301, 5,023,243; 5, 177,196; 5,188,897; 5,264,423; 5,276,019; 5,278,302;
5,286,717; 5,321,131; 5,399,676; 5,405,939; 5,453,496; 5,455, 233; 5,466,677; 5,476,925;
5,519,126; 5,536,821; 5,541,306; 5,550,111; 5,563, 253; 5,571,799; 5,587,361; and 5,625,050.
[000276] In some embodiments, oligonucleotides may have heteroatom backbones, such as
methylene(methylimino) or MMI backbones; amide backbones (see De Mesmaeker et al. Ace.
Chem. Res. 1995, 28:366-374); morpholino backbones (see Summerton and Weller, U.S. Pat.
No. 5,034,506); or peptide nucleic acid (PNA) backbones (wherein the phosphodiester backbone
of the oligonucleotide is replaced with a polyamide backbone, the nucleotides being bound
directly or indirectly to the aza nitrogen atoms of the polyamide backbone, see Nielsen et al.,
Science 1991, 254, 1497).

e. Stereospecific Oligonucleotides
[000277] In some embodiments, internucleotidic phosphorus atoms of oligonucleotides are
chiral, and the properties of the oligonucleotides by adjusted based on the configuration of the
chiral phosphorus atoms. In some embodiments, appropriate methods may be used to
synthesize P-chiral oligonucleotide analogs in a stereocontrolled manner (e.g., as described in
Oka N, Wada T, Stereocontrolled synthesis of oligonucleotide analogs containing chiral
internucleotidic phosphorus atoms. Chem Soc Rev. 2011 Dec;40(12):5829-43.) In some
embodiments, phosphorothioate containing oligonucleotides comprise nucleoside units that are
joined together by either substantially all Sp or substantially all Rp phosphorothioate intersugar
linkages are provided. In some embodiments, such phosphorothioate oligonucleotides having
substantially chirally pure intersugar linkages are prepared by enzymatic or chemical synthesis,
as described, for example, in US Patent 5,587,261, issued on December 12, 1996, the contents of
which are incorporated herein by reference in their entirety. In some embodiments, chirally
controlled oligonucleotides provide selective cleavage patterns of a target nucleic acid. For
example, in some embodiments, a chirally controlled oligonucleotide provides single site
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cleavage within a complementary sequence of a nucleic acid, as described, for example, in US
Patent Application Publication 20170037399 A1, published on February 2, 2017, entitled
“CHIRAL DESIGN”, the contents of which are incorporated herein by reference in their
entirety.

f. Morpholinos
[000278] In some embodiments, the oligonucleotide may be a morpholino-based
compounds. Morpholino-based oligomeric compounds are described in Dwaine A. Braasch and
David R. Corey, Biochemistry, 2002, 41(14), 4503-4510); Genesis, volume 30, issue 3, 2001;
Heasman, J., Dev. Biol., 2002, 243, 209-214; Nasevicius et al., Nat. Genet., 2000, 26, 216-220;
Lacerra et al., Proc. Natl. Acad. Sci., 2000, 97, 9591-9596; and U.S. Pat. No. 5,034,506, issued
Jul. 23, 1991. In some embodiments, the morpholino-based oligomeric compound is a
phosphorodiamidate morpholino oligomer (PMO) (e.g., as described in Iverson, Curr. Opin.
Mol. Ther., 3:235-238, 2001; and Wang et al., J. Gene Med., 12:354-364, 2010; the disclosures
of which are incorporated herein by reference in their entireties).

g Peptide Nucleic Acids (PNAs)
[000279] In some embodiments, both a sugar and an internucleoside linkage (the
backbone) of the nucleotide units of an oligonucleotide are replaced with novel groups. In some
embodiments, the base units are maintained for hybridization with an appropriate nucleic acid
target compound. One such oligomeric compound, an oligonucleotide mimetic that has been
shown to have excellent hybridization properties, is referred to as a peptide nucleic acid (PNA).
In PNA compounds, the sugar-backbone of an oligonucleotide is replaced with an amide
containing backbone, for example, an aminoethylglycine backbone. The nucleobases are
retained and are bound directly or indirectly to aza nitrogen atoms of the amide portion of the
backbone. Representative publication that report the preparation of PNA compounds include,
but are not limited to, US patent 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 in Nielsen
et al., Science, 1991, 254, 1497-1500.

h. Mixmers
[000280] In some embodiments, an oligonucleotide described herein may be a mixmer or
comprise a mixmer sequence pattern. In general, mixmers are oligonucleotides that comprise
both naturally and non-naturally occurring nucleosides or comprise two different types of non-
naturally occurring nucleosides typically in an alternating pattern. Mixmers generally have
higher binding affinity than unmodified oligonucleotides and may be used to specifically bind a
target molecule, e.g., to block a binding site on the target molecule. Generally, mixmers do not
recruit an RNase to the target molecule and thus do not promote cleavage of the target molecule.
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Such oligonucleotides that are incapable of recruiting RNase H have been described, for
example, see WO2007/112754 or WO2007/112753.

[000281] In some embodiments, the mixmer comprises or consists of a repeating pattern of
nucleoside analogues and naturally occurring nucleosides, or one type of nucleoside analogue
and a second type of nucleoside analogue. However, a mixmer need not comprise a repeating
pattern and may instead comprise any arrangement of modified nucleoside s and naturally
occurring nucleoside s or any arrangement of one type of modified nucleoside and a second type
of modified nucleoside. The repeating pattern, may, for instance be every second or every third
nucleoside is a modified nucleoside, such as LNA, and the remaining nucleoside s are naturally
occurring nucleosides, such as DNA, or are a 2’ substituted nucleoside analogue such as 2-MOE
or 2' fluoro analogues, or any other modified nucleoside described herein. It is recognized that
the repeating pattern of modified nucleoside, such as LNA units, may be combined with
modified nucleoside at fixed positions—e.g. at the 5’ or 3’ termini.

[000282] In some embodiments, a mixmer does not comprise a region of more than 5,
more than 4, more than 3, or more than 2 consecutive naturally occurring nucleosides, such as
DNA nucleosides. In some embodiments, the mixmer comprises at least a region consisting of at
least two consecutive modified nucleosides, such as at least two consecutive LNAs. In some
embodiments, the mixmer comprises at least a region consisting of at least three consecutive
modified nucleoside units, such as at least three consecutive LNAs.

[000283] In some embodiments, the mixmer does not comprise a region of more than 7,
more than 6, more than 5, more than 4, more than 3, or more than 2 consecutive nucleoside
analogues, such as LNAs. In some embodiments, LNA units may be replaced with other
nucleoside analogues, such as those referred to herein.

[000284] Mixmers may be designed to comprise a mixture of affinity enhancing modified
nucleosides, such as in non-limiting example LNA nucleosides and 2’-O-Me nucleosides. In
some embodiments, a mixmer comprises modified internucleoside linkages (e.g.,
phosphorothioate internucleoside linkages or other linkages) between at least two, at least three,
at least four, at least five or more nucleosides.

[000285] A mixmer may be produced using any suitable method. Representative U.S.
patents, U.S. patent publications, and PCT publications that teach the preparation of mixmers
include U.S. patent publication Nos. US20060128646, US20090209748, US20090298916,
US20110077288, and US20120322851, and U.S. patent No. 7687617.

[000286] In some embodiments, a mixmer comprises one or more morpholino

nucleosides. For example, in some embodiments, a mixmer may comprise morpholino
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nucleosides mixed (e.g., in an alternating manner) with one or more other nucleosides (e.g.,
DNA, RNA nucleosides) or modified nucleosides (e.g., LNA, 2’-O-Me nucleosides).
[000287] In some embodiments, mixmers are useful for splice correcting or exon skipping,
for example, as reported in Touznik A., et al., LNA/DNA mixmer-based antisense
oligonucleotides correct alternative splicing of the SMN2 gene and restore SMN protein
expression in type 1 SMA fibroblasts Scientific Reports, volume 7, Article number: 3672 (2017),
Chen S. et al., Synthesis of a Morpholino Nucleic Acid (MNA)-Uridine Phosphoramidite, and
Exon Skipping Using MNA/2'-O-Methyl Mixmer Antisense Oligonucleotide, Molecules 2016, 21,
1582, the contents of each which are incorporated herein by reference.

I Multimers
[000288] In some embodiments, molecular payloads may comprise multimers (e.g.,
concatemers) of 2 or more oligonucleotides connected by a linker. In this way, in some
embodiments, the oligonucleotide loading of a complex can be increased beyond the available
linking sites on a targeting agent (e.g., available thiol sites on an antibody) or otherwise tuned to
achieve a particular payload loading content. Oligonucleotides in a multimer can be the same or
different (e.g., targeting different genes or different sites on the same gene or products thereof).
[000289] In some embodiments, multimers comprise 2 or more oligonucleotides linked
together by a cleavable linker. However, in some embodiments, multimers comprise 2 or more
oligonucleotides linked together by a non-cleavable linker. In some embodiments, a multimer
comprises 2, 3, 4,5, 6,7, 8,9, 10 or more oligonucleotides linked together. In some
embodiments, a multimer comprises 2 to 5, 2 to 10 or 4 to 20 oligonucleotides linked together.
[000290] In some embodiments, a multimer comprises 2 or more oligonucleotides linked
end-to-end (in a linear arrangement). In some embodiments, a multimer comprises 2 or more
oligonucleotides linked end-to-end via an oligonucleotide based linker (e.g., poly-dT linker, an
abasic linker). In some embodiments, a multimer comprises a 5’ end of one oligonucleotide
linked to a 3’ end of another oligonucleotide. In some embodiments, a multimer comprises a 3’
end of one oligonucleotide linked to a 3* end of another oligonucleotide. In some embodiments,
a multimer comprises a 5 end of one oligonucleotide linked to a 5° end of another
oligonucleotide. Still, in some embodiments, multimers can comprise a branched structure
comprising multiple oligonucleotides linked together by a branching linker.
[000291] Further examples of multimers that may be used in the complexes provided
herein are disclosed, for example, in US Patent Application Number 2015/0315588 Al, entitled
Methods of delivering multiple targeting oligonucleotides to a cell using cleavable linkers,
which was published on November 5, 2015; US Patent Application Number 2015/0247141 Al,
entitled Multimeric Oligonucleotide Compounds, which was published on September 3, 2015,
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US Patent Application Number US 2011/0158937 A1, entitled Immunostimulatory
Oligonucleotide Multimers, which was published on June 30, 2011; and US Patent Number
5,693,773, entitled Triplex-Forming Antisense Oligonucleotides Having Abasic Linkers
Targeting Nucleic Acids Comprising Mixed Sequences Of Purines And Pyrimidines, which
issued on December 2, 1997, the contents of each of which are incorporated herein by reference
in their entireties.

C. Linkers
[000292] Complexes described herein generally comprise a linker that covalently links any
one of the anti-TfR1 antibodies described herein to a molecular payload. A linker comprises at
least one covalent bond. In some embodiments, a linker may be a single bond, e.g., a disulfide
bond or disulfide bridge, that covalently links an anti-TfR1 antibody to a molecular payload.
However, in some embodiments, a linker may covalently link any one of the anti-TfR 1
antibodies described herein to a molecular payload through multiple covalent bonds. In some
embodiments, a linker may be a cleavable linker. However, in some embodiments, a linker may
be a non-cleavable linker. A linker is typically stable in vitro and in vivo, and may be stable in
certain cellular environments. Additionally, typically a linker does not negatively impact the
functional properties of either the anti-TfR1 antibody or the molecular payload. Examples and
methods of synthesis of linkers are known in the art (see, e.g. Kline, T. et al. “Methods to Make
Homogenous Antibody Drug Conjugates.” Pharmaceutical Research, 2015, 32:11, 3480-3493.;
Jain, N. et al. “Current ADC Linker Chemistry” Pharm Res. 2015, 32:11, 3526-3540.;
McCombs, J.R. and Owen, S.C. “Antibody Drug Conjugates: Design and Selection of Linker,
Payload and Conjugation Chemistry”” AAPS J. 2015, 17:2, 339-351.).
[000293] A linker typically will contain two different reactive species that allow for
attachment to both the anti-TfR1 antibody and a molecular payload. In some embodiments, the
two different reactive species may be a nucleophile and/or an electrophile. In some
embodiments, a linker contains two different electrophiles or nucleophiles that are specific for
two different nucleophiles or electrophiles. In some embodiments, a linker is covalently linked
to an anti-TfR1 antibody via conjugation to a lysine residue or a cysteine residue of the anti-
TfR1 antibody. In some embodiments, a linker is covalently linked to a cysteine residue of an
anti-TfR1 antibody via a maleimide-containing linker, wherein optionally the maleimide-
containing linker comprises a maleimidocaproyl or maleimidomethyl cyclohexane- 1-carboxylate
group. In some embodiments, a linker is covalently linked to a cysteine residue of an anti-TfR1
antibody or thiol functionalized molecular payload via a 3-arylpropionitrile functional group. In
some embodiments, a linker is covalently linked to a lysine residue of an anti-TfR1 antibody. In
some embodiments, a linker is covalently linked to an anti-TfR1 antibody and/or (e.g., and) a
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molecular payload, independently, via an amide bond, a carbamate bond, a hydrazide, a triazole,
a thioether, and/or a disulfide bond.

L Cleavable Linkers
[000294] A cleavable linker may be a protease-sensitive linker, a pH-sensitive linker, or a
glutathione-sensitive linker. These linkers are typically cleavable only intracellularly and are
preferably stable in extracellular environments, e.g., extracellular to a muscle cell.
[000295] Protease-sensitive linkers are cleavable by protease enzymatic activity. These
linkers typically comprise peptide sequences and may be 2-10 amino acids, about 2-5 amino
acids, about 5-10 amino acids, about 10 amino acids, about 5 amino acids, about 3 amino acids,
or about 2 amino acids in length. In some embodiments, a peptide sequence may comprise
naturally-occurring amino acids, e.g. cysteine, alanine, or non-naturally-occurring or modified
amino acids. Non-naturally occurring amino acids include B-amino acids, homo-amino acids,
proline derivatives, 3-substituted alanine derivatives, linear core amino acids, N-methyl amino
acids, and others known in the art. In some embodiments, a protease-sensitive linker comprises
a valine-citrulline or alanine-citrulline sequence. In some embodiments, a protease-sensitive
linker can be cleaved by a lysosomal protease, e.g. cathepsin B, and/or (e.g., and) an endosomal
protease.
[000296] A pH-sensitive linker is a covalent linkage that readily degrades in high or low
pH environments. In some embodiments, a pH-sensitive linker may be cleaved at a pH in a
range of 4 to 6. In some embodiments, a pH-sensitive linker comprises a hydrazone or cyclic
acetal. In some embodiments, a pH-sensitive linker is cleaved within an endosome or a
lysosome.
[000297] In some embodiments, a glutathione-sensitive linker comprises a disulfide
moiety. In some embodiments, a glutathione-sensitive linker is cleaved by a disulfide exchange
reaction with a glutathione species inside a cell. In some embodiments, the disulfide moiety
further comprises at least one amino acid, e.g., a cysteine residue.
[000298] In some embodiments, a linker comprises a valine-citrulline sequence (e.g., as
described in US Patent 6,214,345, incorporated herein by reference). In some embodiments,

before conjugation, a linker comprises a structure of:
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In some embodiments, after conjugation, a linker comprises a structure of:
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[000300] In some embodiments, before conjugation, a linker comprises a structure of:
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wherein n is any number from 0-10. In some embodiments, n is 3.

[000301] In some embodiments, a linker comprises a structure of:
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wherein n is any number from 0-10, wherein m is any number from 0-10. In some

embodiments, n is 3 and/or (e.g., and) m is 4.
[000302] In some embodiments, a linker comprises a structure of:
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wherein n is any number from 0-10, wherein m is any number from 0-10. In some
embodiments, n is 3 and/or (e.g., and) m is 4.

ii. Non-cleavable Linkers

[000303] In some embodiments, non-cleavable linkers may be used. Generally, a non-
cleavable linker cannot be readily degraded in a cellular or physiological environment. In some
embodiments, a non-cleavable linker comprises an optionally substituted alkyl group, wherein
the substitutions may include halogens, hydroxyl groups, oxygen species, and other common
substitutions. In some embodiments, a linker may comprise an optionally substituted alkyl, an
optionally substituted alkylene, an optionally substituted arylene, a heteroarylene, a peptide
sequence comprising at least one non-natural amino acid, a truncated glycan, a sugar or sugars
that cannot be enzymatically degraded, an azide, an alkyne-azide, a peptide sequence comprising
a LPXT sequence, a thioether, a biotin, a biphenyl, repeating units of polyethylene glycol or
equivalent compounds, acid esters, acid amides, sulfamides, and/or an alkoxy-amine linker. In
some embodiments, sortase-mediated ligation can be utilized to covalently link an anti-TfR1
antibody comprising a LPXT sequence to a molecular payload comprising a (G). sequence (see,
e.g. Proft T. Sortase-mediated protein ligation: an emerging biotechnology tool for protein
modification and immobilization. Biotechnol Lett. 2010, 32(1):1-10.).
[000304] In some embodiments, a linker may comprise a substituted alkylene, an
optionally substituted alkenylene, an optionally substituted alkynylene, an optionally substituted
cycloalkylene, an optionally substituted cycloalkenylene, an optionally substituted arylene, an
optionally substituted heteroarylene further comprising at least one heteroatom selected from N,
O, and S,; an optionally substituted heterocyclylene further comprising at least one heteroatom
selected from N, O, and S, an imino, an optionally substituted nitrogen species, an optionally
substituted oxygen species O, an optionally substituted sulfur species, or a poly(alkylene oxide),
e.g. polyethylene oxide or polypropylene oxide. In some embodiments, a linker may be a non-

cleavable N-gamma-maleimidobutyryl-oxysuccinimide ester (GMBS) linker.
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iii. Linker conjugation
[000305] In some embodiments, a linker is covalently linked to an anti-TfR1 antibody
and/or (e.g., and) molecular payload via a phosphate, thioether, ether, carbon-carbon, carbamate,
or amide bond. In some embodiments, a linker is covalently linked to an oligonucleotide
through a phosphate or phosphorothioate group, e.g. a terminal phosphate of an oligonucleotide
backbone. In some embodiments, a linker is covalently linked to an anti-TfR1 antibody, through
a lysine or cysteine residue present on the anti-TfR1 antibody.
[000306] In some embodiments, a linker, or a portion thereof is covalently linked to an
anti-TfR1 antibody and/or (e.g., and) molecular payload by a cycloaddition reaction between an
azide and an alkyne to form a triazole, wherein the azide or the alkyne may be located on the
anti-TfR1 antibody, molecular payload, or the linker. In some embodiments, an alkyne may be a
cyclic alkyne, e.g., a cyclooctyne. In some embodiments, an alkyne may be bicyclononyne (also
known as bicyclo[6.1.0]nonyne or BCN) or substituted bicyclononyne. In some embodiments, a
cyclooctyne is as described in International Patent Application Publication W02011136645,
published on November 3, 2011, entitled, “Fused Cyclooctyne Compounds And Their Use In
Metal-free Click Reactions”. In some embodiments, an azide may be a sugar or carbohydrate
molecule that comprises an azide. In some embodiments, an azide may be 6-azido-6-
deoxygalactose or 6-azido-N-acetylgalactosamine. In some embodiments, a sugar or
carbohydrate molecule that comprises an azide is as described in International Patent
Application Publication W02016170186, published on October 27, 2016, entitled, “Process For
The Modification Of A Glycoprotein Using A Glycosyitransferase That Is Or Is Derived From A
p(1,4)-N-Acetylgalactosaminyltransferase”. In some embodiments, a cycloaddition reaction
between an azide and an alkyne to form a triazole, wherein the azide or the alkyne may be
located on the anti-TfR1 antibody, molecular payload, or the linker is as described in
International Patent Application Publication W02014065661, published on May 1, 2014,
entitled, “Modified antibody, antibody-conjugate and process for the preparation thereof’; or
International Patent Application Publication W02016170186, published on October 27, 2016,
entitled, “Process For The Modification Of A Glycoprotein Using A Glycosyltransferase That Is
Or Is Derived From A p(1,4)-N-Acetylgalactosaminyltransferase”.
[000307] In some embodiments, a linker comprises a spacer, e.g., a polyethylene glycol
spacer or an acyl/carbomoyl sulfamide spacer, e.g., a HydraSpace™ spacer. In some
embodiments, a spacer is as described in Verkade, JJM.M. et al., “A Polar Sulfamide Spacer
Significantly Enhances the Manufacturability, Stability, and Therapeutic Index of Antibody-
Drug Conjugates”, Antibodies, 2018, 7, 12.
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[000308] In some embodiments, a linker is covalently linked to an anti-TfR1 antibody
and/or (e.g., and) molecular payload by the Diels-Alder reaction between a dienophile and a
diene/hetero-diene, wherein the dienophile or the diene/hetero-diene may be located on the anti-
TfR1 antibody, molecular payload, or the linker. In some embodiments a linker is covalently
linked to an anti-TfR1 antibody and/or (e.g., and) molecular payload by other pericyclic
reactions such as an ene reaction. In some embodiments, a linker is covalently linked to an anti-
TfR1 antibody and/or (e.g., and) molecular payload by an amide, thioamide, or sulfonamide
bond reaction. In some embodiments, a linker is covalently linked to an anti-TfR1 antibody
and/or (e.g., and) molecular payload by a condensation reaction to form an oxime, hydrazone, or
semicarbazide group existing between the linker and the anti-TfR1 antibody and/or (e.g., and)
molecular payload.

[000309] In some embodiments, a linker is covalently linked to an anti-TfR1 antibody
and/or (e.g., and) molecular payload by a conjugate addition reaction between a nucleophile, e.g.
an amine or a hydroxyl group, and an electrophile, e.g. a carboxylic acid, carbonate, or an
aldehyde. In some embodiments, a nucleophile may exist on a linker and an electrophile may
exist on an anti-T{fR1 antibody or molecular payload prior to a reaction between a linker and an
anti-TfR1 antibody or molecular payload. In some embodiments, an electrophile may exist on a
linker and a nucleophile may exist on an anti-TfR1 antibody or molecular payload prior to a
reaction between a linker and an anti-TfR1 antibody or molecular payload. In some
embodiments, an electrophile may be an azide, pentafluorophenyl, a silicon centers, a carbonyl,
a carboxylic acid, an anhydride, an isocyanate, a thioisocyanate, a succinimidyl ester, a
sulfosuccinimidyl ester, a maleimide, an alkyl halide, an alkyl pseudohalide, an epoxide, an
episulfide, an aziridine, an aryl, an activated phosphorus center, and/or an activated sulfur
center. In some embodiments, a nucleophile may be an optionally substituted alkene, an
optionally substituted alkyne, an optionally substituted aryl, an optionally substituted
heterocyclyl, a hydroxyl group, an amino group, an alkylamino group, an anilido group, and/or a
thiol group.

[000310] In some embodiments, a linker comprises a valine-citrulline sequence covalently
linked to a reactive chemical moiety (e.g., an azide moiety or a BCN moiety for click
chemistry). In some embodiments, a linker comprising a valine-citrulline sequence covalently
linked to a reactive chemical moiety (e.g., an azide moiety for click chemistry) comprises a

structure of’
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wherein n is any number from 0-10. In some embodiments, n is 3.
[000311] In some embodiments, a linker comprising the structure of Formula (A) is
covalently linked (e.g., optionally via additional chemical moieties) to a molecular payload (e.g.,
an oligonucleotide). In some embodiments, a linker comprising the structure of Formula (A) is
covalently linked to an oligonucleotide, e.g., through a nucleophilic substitution with amine-L1-

oligonucleotides forming a carbamate bond, yielding a compound comprising a structure of:
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wherein n is any number from 0-10. In some embodiments, n is 3.
[0600312] In some embodiments, the compound of Formula (B) is further covalently linked
via a triazole to additional moieties, wherein the triazole is formed by a click reaction between

the azide of Formula (A) or Formula (B) and an alkyne provided on a bicyclononyne. In some

embodiments, a compound comprising a bicyclononyne comprises a structure of:
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wherein m is any number from 0-10. In some embodiments, m is 4.
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[000313] In some embodiments, the azide of the compound of structure (B) forms a
triazole via a click reaction with the alkyne of the compound of structure (C), forming a

compound comprising a structure of:
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wherein n is any number from 0-10, and wherein m is any number from 0-10. In some

embodiments, n is 3 and m is 4.
[000314] In some embodiments, the compound of structure (D) is further covalently linked

to a lysine of the anti-TfR1 antibody, forming a complex comprising a structure of:
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wherein n is any number from 0-10, wherein m is any number from 0-10. In some
embodiments, n is 3 and/or (e.g., and) m is 4. It should be understood that the amide shown

adjacent the anti-TfR1 antibody in Formula (E) results from a reaction with an amine of the anti-

TfR1 antibody, such as a lysine epsilon amine.
[000315] In some embodiments, the compound of Formula (C) is further covalently linked

to a lysine of the anti-TfR1 antibody, forming a compound comprising a structure of:

O H : \
Antibody\N MO/\% N \n/O
H m o H
),

wherein m is 0-15 (e.g., 4). It should be understood that the amide shown adjacent the anti-TfR1

antibody in Formula (F) results from a reaction with an amine of the anti-TfR1 antibody, such as

a lysine epsilon amine.

156



[000316] In some embodiments, the azide of the compound of structure (B) forms a

triazole via a click reaction with the alkyne of the compound of structure (F), forming a complex

comprising a structure of:

]

|1~ oligonucleotide
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! N 0 H\)Lﬁ
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antibocll-'y’N © ®),
wherein n is any number from 0-10, wherein m is any number from 0-10. In some
embodiments, n is 3 and/or (e.g., and) m is 4. It should be understood that the amide shown
adjacent the anti-TfR1 antibody in Formula (E) results from a reaction with an amine of the anti-
TiR1 antibody, such as a lysine epsilon amine.
[000317] In some embodiments, the azide of the compound of structure (A) forms a
triazole via a click reaction with the alkyne of the compound of structure (F), forming a

compound comprising a structure of:

S0 H
NH HN
Q
o O)\NH2
antibody G)

wherein n is any number from 0-10, wherein m is any number from 0-10. In some
embodiments, n is 3 and/or (e.g., and) m is 4. In some embodiments, an oligonucleotide is
covalently linked to a compound comprising a structure of formula (G), thereby forming a
complex comprising a structure of formula (E). It should be understood that the amide shown
adjacent the anti-TfR1 antibody in Formula (G) results from a reaction with an amine of the

anti-TfR1 antibody, such as a lysine epsilon amine.
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[000318] In some embodiments, in any one of the complexes described herein, the anti-
TfR1 antibody is covalently linked via a lysine of the anti-TfR1 antibody to a molecular payload

(e.g., an oligonucleotide) via a linker comprising a structure of:

N§H’O " HN
/(\? ¢ PN

wherein n is any number from 0-10, wherein m is any number from 0-10. In some
embodiments, n is 3 and/or {e.g., and) m is 4.

[000319] In some embodiments, in any one of the complexes described herein, the anti-
TfR1 antibody is covalently linked via a lysine of the anti-TfR1 antibody to a molecular payload

(e.g., an oligonucleotide) via a linker comprising a structure of:

())L A

N, Q “\)\N
o - N\\\/\On o)/

>0
NH HN
% @,

wherein n is any number from 0-10, wherein m is any number from 0-10. In some
embodiments, n is 3 and/or (e.g., and) m is 4.

[000320] In some embodiments, in formulae (B), (D), (E), and (I), L1 is a spacer thatis a
substituted or unsubstituted aliphatic, substituted or unsubstituted heteroaliphatic, substituted or
unsubstituted carbocyclylene, substituted or unsubstituted heterocyclylene, substituted or
unsubstituted arylene, substituted or unsubstituted heteroarylene, -O-, -N(R?)-, -S-, -C(=0)-, -
C(=0)0-, -C(=0)NRA-, -NRAC(=0)-, -NRAC(=0)RA-, -C(=0)RA-, -NRAC(=0)O-, -
NRAC(=O)N(RA)-, -OC(=0)-, -OC(=0)0-, -OC(=0)N(R?)-, -S(0),NRA-, -NRAS(0)s-, or a
combination thereof, wherein each R* is independently hydrogen or substituted or unsubstituted

alkyl. In some embodiments, L1 is
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/\/\o/\/Y A/\/O\/y /\/\/\O/y

wherein L2 1s

A/\/\/Oy' | e Y XTI OO0y
| St S e ahcik Jh a3
\(\/\/OW, \(\/\/\0/5/, or \(\/\/\/OY; wherein a labels the

site directly linked to the carbamate moiety of formulae (B), (D), (E), and (I); and b labels the
site covalently linked (directly or via additional chemical moieties) to the oligonucleotide.

[000321] In some embodiments, L1 is:

wherein a labels the site directly linked to the carbamate moiety of formulae (B), (D), (E), and
(I); and & labels the site covalently linked (directly or via additional chemical moieties) to the

oligonucleotide.

[000322] In some embodiments, L1 is \(\/\/\)\

[000323] In some embodiments, L1 is linked to a 5’ phosphate of the oligonucleotide. In
some embodiments, the phosphate is a phosphodiester. In some embodiments, L1 is linked to a
5’ phosphorothioate of the oligonucleotide. In some embodiments, L1 is linked to a 5’
phosphonoamidate of the oligonucleotide. In some embodiments, L1 is linked via a
phosphorodiamidate linkage to the 5° end of the oligonucleotide.
[000324] In some embodiments, L1 is optional (e.g., need not be present).
[000325] In some embodiments, any one of the complexes described herein has a structure
of:
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wherein n is 0-15 (e.g., 3) and m is 0-15 (e.g., 4). It should be understood that the amide shown
adjacent the anti-TfR1 antibody in Formula (J) results from a reaction with an amine of the anti-
TfR1 antibody, such as a lysine epsilon amine.

[000326] In some embodiments, any one of the complexes described herein has a structure

of:
0 _oligonucleotide
X

]
antibody"\\‘éO)‘\

wherein n is 0-15 (e.g., 3) and m is 0-15 (e.g., 4).

[000327] In some embodiments, the oligonucleotide is modified to comprise an amine

X,

group at the 5° end, the 3’ end, or internally (e.g., as an amine functionalized nucleobase), prior
to linking to a compound, e.g., a compound of formula (A) or formula (G).
[000328] Although linker conjugation is described in the context of anti-TfR1 antibodies
and oligonucleotide molecular payloads, it should be understood that use of such linker
conjugation on other muscle-targeting agents, such as other muscle-targeting antibodies, and/or
on other molecular payloads is contemplated.

D. Examples of Antibody-Molecular Payload Complexes
[000329] Further provided herein are non-limiting examples of complexes comprising any
one the anti-TfR1 antibodies described herein covalently linked to any of the molecular payloads
(e.g., an oligonucleotide) described herein. In some embodiments, the anti-TfR1 antibody (e.g.,
any one of the anti-TfR1 antibodies provided in Tables 2-7) is covalently linked to a molecular
payload (e.g., an oligonucleotide such as the oligonucleotides provided in Table 8) via a linker.

Any of the linkers described herein may be used. In some embodiments, if the molecular
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payload is an oligonucleotide, the linker is linked to the 5’ end of the oligonucleotide, the 3’ end
of the oligonucleotide, or to an internal site of the oligonucleotide. In some embodiments, the
linker is linked to the anti-TfR1 antibody via a thiol-reactive linkage (e.g., via a cysteine in the
anti-TfR1 antibody). In some embodiments, the linker (e.g., a linker comprising a valine-
citrulline sequence) is linked to the antibody (e.g., an anti-TfR1 antibody described herein) via
an amine group (e.g., via a lysine in the antibody). In some embodiments, the molecular payload
is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in Table 8,
provided by any one of SEQ ID NO: 780-2019, or complementary to any one of SEQ ID NO:
160-779).

[000330] An example of a structure of a complex comprising an anti-TfR1 antibody

covalently linked to a molecular payload via a linker is provided below:

antibody—g 0 molecular

o
o) e /@\OJ\N' payload
H
N\/\/\)I\N N\;)J\N
0 H o/(: :

HN

O)\NHZ
wherein the linker is linked to the antibody via a thiol-reactive linkage (e.g., via a cysteine in the
antibody). In some embodiments, the molecular payload is a DMD-targeting oligonucleotide
(e.g., a DMD-targeting oligonucleotide listed in Table 8, provided by any one of SEQ ID NO:
780-2019, or complementary to any one of SEQ ID NO: 160-779).
[000331] Another example of a structure of a complex comprising an anti-TfR1 antibody
covalently linked to a molecular payload via a linker is provided below:

Q I_1/oligonucleotide
My

N
© H

antibody )
wherein n is a number between 0-10, wherein m is a number between 0-10, wherein the linker is
linked to the antibody via an amine group (e.g., on a lysine residue), and/or (e.g., and) wherein
the linker is linked to the oligonucleotide (e.g., at the 5’ end, 3’ end, or internally). In some

embodiments, the linker is linked to the antibody via a lysine, the linker is linked to the
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oligonucleotide at the 5° end, nis 3, and mis 4. In some embodiments, the molecular payload is
a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in Table 8,
provided by any one of SEQ ID NO: 780-2019, or complementary to any one of SEQ ID NO:
160-779). It should be understood that the amide shown adjacent the anti-TfR1 antibody in
Formula (E) results from a reaction with an amine of the anti-TfR1 antibody, such as a lysine
epsilon amine.

[000332] It should be appreciated that antibodies can be linked to molecular payloads with
different stoichiometries, a property that may be referred to as a drug to antibody ratios (DAR)
with the “drug” being the molecular payload. In some embodiments, one molecular payload is
linked to an antibody (DAR = 1). In some embodiments, two molecular payloads are linked to
an antibody (DAR = 2). In some embodiments, three molecular payloads are linked to an
antibody (DAR = 3). In some embodiments, four molecular payloads are linked to an antibody
(DAR = 4). In some embodiments, a mixture of different complexes, each having a different
DAR, is provided. In some embodiments, an average DAR of complexes in such a mixture may
beinarangeof 1to3,1to4,1to5 or more. An average DAR of complexes in a mixture need
not be an integer value. DAR may be increased by conjugating molecular payloads to different
sites on an antibody and/or (e.g., and) by conjugating multimers to one or more sites on
antibody. For example, a DAR of 2 may be achieved by conjugating a single molecular payload
to two different sites on an antibody or by conjugating a dimer molecular payload to a single site
of an antibody.

[000333] In some embodiments, the complex described herein comprises an anti-TfR1
antibody described herein (e.g., the antibodies provided in Tables 2-7) covalently linked to a
molecular payload. In some embodiments, the complex described herein comprises an anti-
TfR1 antibody described herein (e.g., the antibodies provided in Tables 2-7) covalently linked to
molecular payload via a linker (e.g., a linker comprising a valine-citrulline sequence). In some
embodiments, the linker (e.g., a linker comprising a valine-citrulline sequence) is linked to the
antibody (e.g., an anti-TfR1 antibody described herein) via a thiol-reactive linkage (e.g., via a
cysteine in the antibody). In some embodiments, the linker (e.g., a linker comprising a valine-
citrulline sequence) is linked to the antibody (e.g., an anti-TfR1 antibody described herein) via
an amine group (e.g., via a lysine in the antibody). In some embodiments, the molecular payload
1s a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in Table 8,
provided by any one of SEQ ID NO: 780-2019, or complementary to any one of SEQ ID NO:
160-779).

[000334] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
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CDR-H1, a CDR-H2, a CDR-H3, a CDR-L1, a CDR-L2, and a CDR-L3 of any one of the
antibodies listed in Table 2. In some embodiments, the molecular payload is a DMD-targeting
oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in Table 8, provided by any one of
SEQ ID NO: 780-2019, or complementary to any one of SEQ ID NO: 160-779).

[000335] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO: 69, SEQ ID NO: 71, or SEQ ID NO:
72, and a VL comprising the amino acid sequence of SEQ ID NO: 70. In some embodiments,
the molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting
oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or
complementary to any one of SEQ ID NO: 160-779).

[000336] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO: 73 or SEQ ID NO: 76, and a VL
comprising the amino acid sequence of SEQ ID NO: 74. In some embodiments, the molecular
payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in
Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one of SEQ
ID NO: 160-779).

[000337] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO: 73 or SEQ ID NO: 76, and a VL
comprising the amino acid sequence of SEQ ID NO: 75. In some embodiments, the molecular
payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in
Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one of SEQ
ID NO: 160-779).

[000338] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO: 77, and a VL comprising the amino
acid sequence of SEQ ID NO: 78. In some embodiments, the molecular payload is a DMD-
targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in Table 8, provided by
any one of SEQ ID NO: 780-2019, or complementary to any one of SEQ ID NO: 160-779).
[000339] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO: 77 or SEQ ID NO: 79, and a VL
comprising the amino acid sequence of SEQ ID NO: 80. In some embodiments, the molecular
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payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in
Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one of SEQ
ID NO: 160-779).

[000340] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO: 154, and a VL comprising the amino
acid sequence of SEQ ID NO: 155. In some embodiments, the molecular payload is a DMD-
targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in Table 8, provided by
any one of SEQ ID NO: 780-2019, or complementary to any one of SEQ ID NO: 160-779).
[000341] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 84, SEQ ID NO: 86 or SEQ ID
NO: 87 and a light chain comprising the amino acid sequence of SEQ ID NO: 85. In some
embodiments, the molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting
oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or
complementary to any one of SEQ ID NO: 160-779).

[000342] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 88 or SEQ ID NO: 91, and a
light chain comprising the amino acid sequence of SEQ ID NO: 89. In some embodiments, the
molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide
listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one
of SEQ ID NO: 160-779).

[000343] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 88 or SEQ ID NO: 91, and a
light chain comprising the amino acid sequence of SEQ ID NO: 90. In some embodiments, the
molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide
listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one
of SEQ ID NO: 160-779).

[000344] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 92 or SEQ ID NO: 94, and a
light chain comprising the amino acid sequence of SEQ ID NO: 95. In some embodiments, the
molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide
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listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one
of SEQ ID NO: 160-779).
[000345] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 92, and a light chain
comprising the amino acid sequence of SEQ ID NO: 93. In some embodiments, the molecular
payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in
Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one of SEQ
ID NO: 160-779).
[000346] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 156, and a light chain
comprising the amino acid sequence of SEQ ID NO: 157. In some embodiments, the molecular
payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in
Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one of SEQ
ID NO: 160-779).
[000347] In some embodiments, the complex described herein comprises an anti-T{R 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 97, SEQ ID NO: 98, or SEQ
ID NO: 99 and a light chain comprising the amino acid sequence of SEQ ID NO: 85. In some
embodiments, the molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting
oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or
complementary to any one of SEQ ID NO: 160-779).
[000348] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 100 or SEQ ID NO: 101 and a
light chain comprising the amino acid sequence of SEQ ID NO: 89. In some embodiments, the
molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide
listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one
of SEQ ID NO: 160-779).
[000349] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 100 or SEQ ID NO: 101 and a
light chain comprising the amino acid sequence of SEQ ID NO: 90. In some embodiments, the
molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide
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listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one
of SEQ ID NO: 160-779).

[000350] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 102 and a light chain
comprising the amino acid sequence of SEQ ID NO: 93. In some embodiments, the molecular
payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in
Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one of SEQ
ID NO: 160-779).

[000351] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 102 or SEQ ID NO: 103 and a
light chain comprising the amino acid sequence of SEQ ID NO: 95. In some embodiments, the
molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide
listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one
of SEQ ID NO: 160-779).

[000352] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 158 or SEQ ID NO: 159 and a
light chain comprising the amino acid sequence of SEQ ID NO: 157. In some embodiments, the
molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide
listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or complementary to any one
of SEQ ID NO: 160-779).

[000353] In any of the example complexes described herein, in some embodiments, the
anti-TfR1 antibody is covalently linked to the molecular payload via a linker comprising a

structure of:

SLN,L‘}/\
H

0 o
wherein n is 3, m is 4.
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[000354] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to the 5 end of a DMD-targeting oligonucleotide (e.g., a DMD-
targeting oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or
complementary to any one of SEQ ID NO: 160-779) via a lysine in the anti-TfR1 antibody,
wherein the anti-TfR1 antibody comprises a CDR-H1, a CDR-H2, a CDR-H3, a CDR-L1, a
CDR-L2, and a CDR-L3 of any one of the antibodies listed in Table 2, wherein the complex has
a structure of:
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wherein n is 3 and m is 4. It should be understood that the amide shown adjacent the anti-TfR1
antibody in Formula (E) results from a reaction with an amine of the anti-TfR1 antibody, such as
a lysine epsilon amine.

[000355] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to the 5 end of a DMD-targeting oligonucleotide (e.g., a DMD-
targeting oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or
complementary to any one of SEQ ID NO: 160-779) via a lysine in the anti-TfR1 antibody,
wherein the anti-TfR 1 antibody comprises a VH and VL of any one of the antibodies listed in

Table 3, wherein the complex has a structure of:
0
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wherein n is 3 and m is 4. It should be understood that the amide shown adjacent the anti-TfR 1
antibody in Formula (E) results from a reaction with an amine of the anti-TfR1 antibody, such as

a lysine epsilon amine.
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[000356] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to the 5* end of a DMD-targeting oligonucleotide (e.g., a DMD-
targeting oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or
complementary to any one of SEQ ID NO: 160-779) via a lysine in the anti-TfR1 antibody,
wherein the anti-TfR1 antibody comprises a heavy chain and light chain of any one of the

antibodies listed in Table 4, wherein the complex has a structure of:
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wherein n is 3 and m is 4. It should be understood that the amide shown adjacent the anti-TfR1
antibody in Formula (E) results from a reaction with an amine of the anti-TfR1 antibody, such as
a lysine epsilon amine.

[000357] In some embodiments, the complex described herein comprises an anti-TfR1 Fab
covalently linked to the 5’ end of a DMD-targeting oligonucleotide (e.g., a DMD-targeting
oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 780-2019, or
complementary to any one of SEQ ID NO: 160-779) via a lysine in the anti-TfR1 antibody,
wherein the anti-TfR1 Fab comprises a heavy chain and light chain of any one of the antibodies

listed in Table 5, wherein the complex has a structure of:
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wherein n is 3 and m is 4. It should be understood that the amide shown adjacent the anti-TfR1
antibody in Formula (E) results from a reaction with an amine of the anti-TfR1 antibody, such as
a lysine epsilon amine.
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[000358] In some embodiments, in any one of the examples of complexes described herein,

L1 is:

wherein L2 is /\/\0/\/\/, /\/\/O\/\/, WO/\/,
A0y Aoy oSOy OOy
N0 NSO XYY
\(\/\/O\/V, XY N ; wherein a labels the

site directly linked to the carbamate moiety of formulae (B), (D), (E), and (I); and b labels the
site covalently linked (directly or via additional chemical moieties) to the oligonucleotide.
[000359] In some embodiments, L.1 is:
| O
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b
wherein a labels the site directly linked to the carbamate moiety of formulae (B), (D), (E), and
(I); and b labels the site covalently linked (directly or via additional chemical moieties) to the
oligonucleotide.
[000360] In some embodiments, L1 is linked to a 5> phosphate of the oligonucleotide. In
some embodiments, the phosphate is a phosphodiester. In some embodiments, L1 is linked to a
5’ phosphorothioate of the oligonucleotide. In some embodiments, L1 is linked to a 5
phosphonoamidate of the oligonucleotide. In some embodiments, L1 is linked via a
phosphorodiamidate linkage to the 5’ end of the oligonucleotide.
[000361] In some embodiments, L1 is optional (e.g., need not be present).

I11. Formulations
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[000362] Complexes provided herein may be formulated in any suitable manner.
Generally, complexes provided herein are formulated in a manner suitable for pharmaceutical
use. For example, complexes can be delivered to a subject using a formulation that minimizes
degradation, facilitates delivery and/or (e.g., and) uptake, or provides another beneficial property
to the complexes in the formulation. In some embodiments, provided herein are compositions
comprising complexes and pharmaceutically acceptable carriers. Such compositions can be
suitably formulated such that when administered to a subject, either into the immediate
environment of a target cell or systemically, a sufficient amount of the complexes enter target
muscle cells. In some embodiments, complexes are formulated in buffer solutions such as
phosphate-buffered saline solutions, liposomes, micellar structures, and capsids.

[000363] It should be appreciated that, in some embodiments, compositions may include
separately one or more components of complexes provided herein (e.g., muscle-targeting agents,
linkers, molecular payloads, or precursor molecules of any one of them).

[000364] In some embodiments, complexes are formulated in water or in an aqueous
solution (e.g., water with pH adjustments). In some embodiments, complexes are formulated in
basic buffered aqueous solutions (e.g., PBS). In some embodiments, formulations as disclosed
herein comprise an excipient. In some embodiments, an excipient confers to a composition
improved stability, improved absorption, improved solubility and/or (e.g., and) therapeutic
enhancement of the active ingredient. In some embodiments, an excipient is a buffering agent
(e.g., sodium citrate, sodium phosphate, a tris base, or sodium hydroxide) or a vehicle (e.g., a
buffered solution, petrolatum, dimethyl sulfoxide, or mineral oil).

[000365] In some embodiments, a complex or component thereof (e.g., oligonucleotide or
antibody) is lyophilized for extending its shelf-life and then made into a solution before use
(e.g., administration to a subject). Accordingly, an excipient in a composition comprising a
complex, or component thereof, described herein may be a lyoprotectant (e.g., mannitol, lactose,
polyethylene glycol, or polyvinyl pyrolidone), or a collapse temperature modifier (e.g., dextran,
ficoll, or gelatin).

[000366] In some embodiments, a pharmaceutical composition is formulated to be
compatible with its intended route of administration. Examples of routes of administration
include parenteral, e.g., intravenous, intradermal, subcutaneous, administration. Typically, the
route of administration is intravenous or subcutaneous.

[000367] Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol (for example, glycerol,
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propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof. In
some embodiments, formulations include isotonic agents, for example, sugars, polyalcohols
such as mannitol, sorbitol, and sodium chloride in the composition. Sterile injectable solutions
can be prepared by incorporating the complexes in a required amount in a selected solvent with
one or a combination of ingredients enumerated above, as required, followed by filtered
sterilization.

[000368] In some embodiments, a composition may contain at least about 0.1% of the
complex, or component thereof, or more, although the percentage of the active ingredient(s) may
be between about 1% and about 80% or more of the weight or volume of the total composition.
Factors such as solubility, bioavailability, biological half-life, route of administration, product
shelf life, as well as other pharmacological considerations will be contemplated by one skilled in
the art of preparing such pharmaceutical formulations, and as such, a variety of dosages and

treatment regimens may be desirable.

I1V.  Methods of Use / Treatment

[000369] Complexes comprising a muscle-targeting agent covalently linked to a molecular
payload as described herein are effective in treating a subject having a dystrophinopathy, e.g.,
Duchenne muscular dystrophy. In some embodiments, complexes comprise a molecular
payload that is an oligonucleotide, e.g., an antisense oligonucleotide that facilitates exon
skipping of a pre-mRNA expressed from a mutated DMD allele.

[000370] In some embodiments, a subject may be a human subject, a non-human primate
subject, a rodent subject, or any suitable mammalian subject. In some embodiments, a subject
may have Duchenne muscular dystrophy or other dystrophinopathy. In some embodiments, a
subject has a mutated DMD allele, which may optionally comprise at least one mutation in a
DMD exon that causes a frameshift mutation and leads to improper RNA splicing/processing.
In some embodiments, a subject is suffering from symptoms of a severe dystrophinopathy, e.g.
muscle atrophy or muscle loss. In some embodiments, a subject has an asymptomatic increase
in serum concentration of creatine phosphokinase (CK) and/or (e.g., and) muscle cramps with
myoglobinuria. In some embodiments, a subject has a progressive muscle disease, such as
Duchenne or Becker muscular dystrophy or DMD-associated dilated cardiomyopathy (DCM).
In some embodiments, a subject is not suffering from symptoms of a dystrophinopathy.
[000371] In some embodiments, a subject has a mutation in a DMD gene that is amenable
to exon 55 skipping. In some embodiments, a complex comprising a muscle-targeting agent
covalently linked to a molecular payload as described herein is effective in treating a subject
having a mutation in a DMD gene that is amenable to exon 55 skipping. In some embodiments,
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a complex comprises a molecular payload that is an oligonucleotide, e.g., an antisense
oligonucleotide that facilitates skipping of exon 55 of a pre-mRNA, such as in a pre-mRNA
encoded from a mutated DMD gene (e.g., a mutated DMD gene that is amenable to exon 55
skipping).

[000372] An aspect of the disclosure includes methods involving administering to a subject
an effective amount of a complex as described herein. In some embodiments, an effective
amount of a pharmaceutical composition that comprises a complex comprising a muscle-
targeting agent covalently linked to a molecular payload can be administered to a subject in need
of treatment. In some embodiments, a pharmaceutical composition comprising a complex as
described herein may be administered by a suitable route, which may include intravenous
administration, e.g., as a bolus or by continuous infusion over a period of time. In some
embodiments, administration may be performed by intramuscular, intraperitoneal,
intracerebrospinal, subcutaneous, intra-articular, intrasynovial, or intrathecal routes. In some
embodiments, a pharmaceutical composition may be in solid form, aqueous form, or a liquid
form. In some embodiments, an aqueous or liquid form may be nebulized or lyophilized. In
some embodiments, a nebulized or lyophilized form may be reconstituted with an aqueous or
liquid solution.

[000373] Compositions for intravenous administration may contain various carriers such as
vegetable oils, dimethylactamide, dimethyformamide, ethyl lactate, ethyl carbonate, isopropyl
myristate, ethanol, and polyols (glycerol, propylene glycol, liquid polyethylene glycol, and the
like). For intravenous injection, water soluble antibodies can be administered by the drip
method, whereby a pharmaceutical formulation containing the antibody and a physiologically
acceptable excipients is infused. Physiologically acceptable excipients may include, for
example, 5% dextrose, 0.9% saline, Ringer’s solution or other suitable excipients. Intramuscular
preparations, e.g., a sterile formulation of a suitable soluble salt form of the antibody, can be
dissolved and administered in a pharmaceutical excipient such as Water-for-Injection, 0.9%
saline, or 5% glucose solution.

[000374] In some embodiments, a pharmaceutical composition that comprises a complex
comprising a muscle-targeting agent covalently linked to a molecular payload is administered
via site-specific or local delivery techniques. Examples of these techniques include implantable
depot sources of the complex, local delivery catheters, site specific carriers, direct injection, or
direct application.

[000375] In some embodiments, a pharmaceutical composition that comprises a complex
comprising a muscle-targeting agent covalently linked to a molecular payload is administered at
an effective concentration that confers therapeutic effect on a subject. Effective amounts vary,
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as recognized by those skilled in the art, depending on the severity of the disease, unique
characteristics of the subject being treated, e.g., age, physical conditions, health, or weight, the
duration of the treatment, the nature of any concurrent therapies, the route of administration and
related factors. These related factors are known to those in the art and may be addressed with no
more than routine experimentation. In some embodiments, an effective concentration is the
maximum dose that is considered to be safe for the patient. In some embodiments, an effective
concentration will be the lowest possible concentration that provides maximum efficacy.
[000376] Empirical considerations, e.g., the half-life of the complex in a subject, generally
will contribute to determination of the concentration of pharmaceutical composition that is used
for treatment. The frequency of administration may be empirically determined and adjusted to
maximize the efficacy of the treatment.

[000377] The efficacy of treatment may be assessed using any suitable methods. In some
embodiments, the efficacy of treatment may be assessed by evaluation of observation of
symptoms associated with a dystrophinopathy, e.g., muscle atrophy or muscle weakness,
through measures of a subject’s self-reported outcomes, e.g., mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression, or by quality-of-life indicators, e.g., lifespan.

[000378] In some embodiments, a pharmaceutical composition that comprises a complex
comprising a muscle-targeting agent covalently linked to a molecular payload described herein
is administered to a subject at an effective concentration sufficient to modulate activity or
expression of a target gene by at least 10%, at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, at least 80%, at least 90% or at least 95% relative to a control,

e.g. baseline level of gene expression prior to treatment.

ADDITIONAL EMBODIMENTS
1. A complex comprising an anti-transferrin receptor 1 (TfR1) antibody covalently linked
to a molecular payload configured for inducing skipping of exon 55 in a DMD pre-mRNA,
wherein the anti-TfR1 antibody is an antibody identified in any one of Tables 2-7.

2. The complex of embodiment 1, wherein the anti-TfR1 antibody comprises:

(i) a heavy chain complementarity determining region 1 (CDR-H1) of SEQ ID NO: 33, a
heavy chain complementarity determining region 2 (CDR-H2) of SEQ ID NO: 34, a heavy chain
complementarity determining region 3 (CDR-H3) of SEQ ID NO: 35, a light chain
complementarity determining region 1 (CDR-L1) of SEQ ID NO: 36, a light chain
complementarity determining region 2 (CDR-L2) of SEQ ID NO: 37, and a light chain
complementarity determining region 3 (CDR-L3) of SEQ ID NO: 32;
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3.

(11) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 8, a CDR-H3 of SEQ ID
9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
6;

(iii) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 20, a CDR-H3 of SEQ ID
9,a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
6;

(iv) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 24, a CDR-H3 of SEQ ID
9,a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
6;

(v) aCDR-H1 of SEQ ID NO: 51, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ ID
53,a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of SEQ ID
50;

(vi) a CDR-H1 of SEQ ID NO: 64, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ ID
53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of SEQ ID
50; or

(vii) a CDR-H1 of SEQ ID NO: 67, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ ID
53,a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of SEQ ID
50.

The complex of embodiment 1 or embodiment 2, wherein the anti-TfR1 antibody

comprises:

(1) a heavy chain variable region (VH) comprising an amino acid sequence at least 85%

identical to SEQ ID NO: 76; and/or a light chain variable region (VL) comprising an amino acid
sequence at least 85% identical to SEQ ID NO: 75;

(ii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 69;

and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(iii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 71;

and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(iv) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 72;

and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(v) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 73;

and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 74;

(vi) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 73;

and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 75;

174



(vii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 76;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 74;

(viii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 77,
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 78;

(ix) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 79;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 80; or

(x) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 77;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 80.

4. The complex of any one of embodiments 1 to 3, wherein the anti-TfR1 antibody
comprises:

(i) a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL comprising
the amino acid sequence of SEQ ID NO: 75;

(ii) a VH comprising the amino acid sequence of SEQ ID NO: 69 and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(ii1) a VH comprising the amino acid sequence of SEQ ID NO: 71and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(iv) a VH comprising the amino acid sequence of SEQ ID NO: 72 and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(v) a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 74;

(vi) a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 75;

(vii) a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL comprising
the amino acid sequence of SEQ ID NO: 74;

(vii1) a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising
the amino acid sequence of SEQ ID NO: 78;

(ix) a VH comprising the amino acid sequence of SEQ ID NO: 79 and a VL comprising
the amino acid sequence of SEQ ID NO: 80; or

(x) a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising
the amino acid sequence of SEQ ID NO: 80.

5. The complex of any one of embodiments 1 to 4, wherein the anti-TfR1 antibody is a Fab

fragment, a Fab' fragment, a F(ab")2 fragment, an scFv, an Fv, or a full-length IgG.
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6. The complex of embodiment 5, wherein the anti-TfR1 antibody is a Fab fragment.

7. The complex of embodiment 6, wherein the anti-TfR1 antibody comprises:

(i) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 101; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 90;

(ii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 97; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(1i1) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 98; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(iv) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 99; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(v) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 100; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 89;

(vi) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 100; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 90;

(vii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 101; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 89;

(viii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 102; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 93;

(ix) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 103; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 95; or

(x) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 102; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ

ID NO: 95.
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8. The complex of embodiment 6 or embodiment 7, wherein the anti-TfR1 antibody
comprises:

(1) a heavy chain comprising the amino acid sequence of SEQ ID NO: 101; and a light
chain comprising the amino acid sequence of SEQ ID NO: 90;

(ii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 97; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(iii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 98; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(iv) a heavy chain comprising the amino acid sequence of SEQ ID NO: 99; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(v) a heavy chain comprising the amino acid sequence of SEQ ID NO: 100; and a light
chain comprising the amino acid sequence of SEQ ID NO: 89;

(vi) a heavy chain comprising the amino acid sequence of SEQ ID NO: 100; and a light
chain comprising the amino acid sequence of SEQ ID NO: 90;

(vii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 101; and a light
chain comprising the amino acid sequence of SEQ ID NO: 89;

(viii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 102; and a light
chain comprising the amino acid sequence of SEQ ID NO: 93;

(ix) a heavy chain comprising the amino acid sequence of SEQ ID NO: 103; and a light
chain comprising the amino acid sequence of SEQ ID NO: 95; or

(x) a heavy chain comprising the amino acid sequence of SEQ ID NO: 102; and a light
chain comprising the amino acid sequence of SEQ ID NO: 95.

9. The complex of any one of embodiments 1 to 8, wherein the anti-TfR1 antibody does not
specifically bind to the transferrin binding site of the transferrin receptor 1 and/or wherein the

anti-TfR1 antibody does not inhibit binding of transferrin to the transferrin receptor 1.

10.  The complex of any one of embodiments 1 to 9, wherein the molecular payload

comprises an oligonucleotide.

11.  The complex of embodiment 10, wherein the oligonucleotide promotes antisense-

mediated exon skipping in the DMD pre-RNA.

12. The complex of embodiment 10 or 11, wherein the oligonucleotide comprises a region of
complementarity to a splicing feature of the DMD pre-mRNA.
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13. The complex of embodiment 12, wherein the splicing feature is an exonic splicing

enhancer (ESE) of the DMD pre-mRNA.

14.  The complex of embodiment 13, wherein the splicing feature is in exon 55 of the DMD
pre-mRNA, optionally wherein the ESE comprises a sequence of any one of SEQ ID NOs:
2031-2061.

15.  The complex of embodiment 12, wherein the splicing feature is a branch point, a splice

donor site, or a splice acceptor site.

16.  The complex of embodiment 15, wherein the splicing feature is across the junction of
exon 54 and intron 54, in intron 54, across the junction of intron 54 and exon 55, across the
junction of exon 55 and intron 55, in intron 55, or across the junction of intron 55 and exon 56
of the DMD pre-mRNA, optionally wherein the splicing feature comprises a sequence of any
one of SEQ ID NOs: 2028-2030, 2062, and 2063.

17.  The complex of any one of embodiments 12 to 16, wherein the region of
complementarity comprises at least 4 consecutive nucleosides complementary to the splicing

feature.

18.  The complex of any one of embodiments 1 to 9, wherein the molecular payload
comprises an oligonucleotide comprising a sequence complementary to any one of SEQ ID
NOs: 160-779 or comprising a sequence of any one of SEQ ID NOs: 780-2019, wherein each
thymine base (T) may independently and optionally be replaced with a uracil base (U), and each

U may independently and optionally be replaced with a T.

19.  The complex of any one of embodiments 10 to 18, wherein the oligonucleotide

comprises at least one modified internucleoside linkage.

20.  The complex of embodiment 19, wherein the at least one modified internucleoside

linkage is a phosphorothioate linkage.

21.  The complex of any one of embodiments 10 to 20, wherein the oligonucleotide
comprises one or more modified nucleosides.
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22.  The complex of embodiment 21, wherein the one or more modified nucleosides are 2’-

modified nucleosides.

23.  The complex of any one of embodiments 10 to 18, wherein the oligonucleotide
comprises one or more phosphorodiamidate morpholinos, optionally wherein the

oligonucleotide is a phosphorodiamidate morpholino oligomer (PMO).

24.  The complex of any one of embodiments 1 to 23, wherein the anti-TfR1 antibody is

covalently linked to the molecular payload via a cleavable linker.

25.  The complex of embodiment 24, wherein the cleavable linker comprises a valine-

citrulline sequence.

26.  The complex of any one of embodiments 1 to 25, wherein the anti-TfR1 antibody is
covalently linked to the molecular payload via conjugation to a lysine residue or a cysteine

residue of the antibody.

27. A complex comprising an anti-TfR1 antibody covalently linked to an oligonucleotide
configured for inducing skipping of exon 55 in a DMD pre-mRNA, wherein the oligonucleotide
comprises a region of complementarity to any one of SEQ ID NOs: 160-779.

28.  The complex of embodiment 27, wherein the anti-TfR1 antibody is an antibody

identified in any one of Tables 2-7.

29. A complex comprising an anti-TfR1 antibody covalently linked to an oligonucleotide
configured for inducing skipping of exon 55 in a DMD pre-mRNA, wherein the oligonucleotide

comprises a region of complementarity to a splicing feature of the DMD pre-mRNA.

30.  Anoligonucleotide that targets DMD, wherein the oligonucleotide comprises a region of

complementarity to any one of SEQ ID NOs: 160-779.

31.  The oligonucleotide of embodiment 30, wherein the region of complementarity
comprises at least 15 consecutive nucleosides complementary to any one of SEQ ID NOs: 160-
779.
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32. The oligonucleotide of embodiment 30 or 31, wherein the oligonucleotide comprises at
least 15 consecutive nucleosides of any one of SEQ ID NOs: 780-2019, optionally wherein the
oligonucleotide comprises a sequence of any one of SEQ ID NOs: 780-2019, wherein each
thymine base (T) may independently and optionally be replaced with a uracil base (U), and each
U may independently and optionally be replaced with a T.

33. A method of delivering a molecular payload to a cell, the method comprising contacting

the cell with the complex of any one of embodiments 1 to 26.

34. A method of delivering an oligonucleotide to a cell, the method comprising contacting

the cell with the complex of any one of embodiments 27 to 29.

35. A method of promoting the expression or activity of a dystrophin protein in a cell, the
method comprising contacting the cell with the complex of any one of embodiments 1 to 26 in
an amount effective for promoting internalization of the molecular payload to the cell, optionally

wherein the cell is a muscle cell.

36. A method of promoting the expression or activity of a dystrophin protein in a cell, the
method comprising contacting the cell with the complex of any one of embodiments 27 to 29 in
an amount effective for promoting internalization of the oligonucleotide to the cell, optionally
wherein the cell is a muscle cell.

37. The method of embodiment 35 or 36, wherein the cell is in vitro.

38.  The method of embodiment 35 or 36, wherein the cell is in a subject.

39. The method of embodiment 38, wherein the subject is a human.

40. The method of embodiment 39, wherein the subject has a DMD gene that is amenable to

skipping of exon 55.

41.  The method of any one of embodiments 35 to 40, wherein the dystrophin protein is a

truncated dystrophin protein.
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42. A method of treating a subject having a mutated DMD allele that is associated with a
dystrophinopathy, the method comprising administering to the subject an effective amount of the

complex of any one of embodiments 1 to 29.

43. A method of promoting skipping of exon 55 of a DMD pre-mRNA transcript in a cell,

the method comprising contacting the cell with an effective amount of the complex of any one of

embodiments 1 to 29.

44. A method of treating a subject having a mutated DMD allele that is associated with a
dystrophinopathy, the method comprising administering to the subject an effective amount of the

complex of any one of embodiments 1 to 29.

EXAMPLES
Example 1. Exon-skipping activity of anti-TfR1 antibody conjugates in Duchenne
muscular dystrophy patient myotubes
[000379] In this study, the exon-skipping activities of anti-TfR1 antibody conjugates
comprising an anti-TfR1 Fab (3M12 VH4/V«3) covalently linked to a DMD exon 51-skipping
antisense oligonucleotide (ASO) were evaluated. The DMD exon 51-skipping ASO is a
phosphorodiamidate morpholino oligomer (PMO) of 30 nucleotides in length and targets an ESE
in DMD exon 51 having the sequence TGGAGGT (SEQ ID NO: 131). Immortalized human
myoblasts bearing an exon 52 deletion in the DMD gene were thawed and seeded at a density of
1e6 cell/flask in Promocell Skeletal Cell Growth Media (with 5% FBS and 1x Pen-Strep) and
allowed to grow to confluency. Once confluent, cells were trypsinized and pelleted via
centrifugation and resuspended in fresh Promocell Skeletal Cell Growth Media. The cell number
was counted and cells were seeded into Matrigel-coated 96-well plates at a density of 50,000
cells/well. Cells were allowed to recover for 24 hours. Cells were induced to differentiate into
myotubes by aspirating the growth media and replacing with differentiation media with no
serum. Cells were then treated with the DMD exon 51-skipping oligonucleotide (not covalently
linked to an antibody — “naked”) at 10 uM ASO or the anti-TfR1 Fab (3M12 VH4/V«k3)
covalently linked to the DMD exon 51-skipping oligonucleotide at 10 uM ASO equivalent. Cells
were incubated with test articles for ten days then total RNA was harvested from the 96 well
plates. cDNA synthesis was performed on 75 ng of total RNA, and mutation specific PCRs were
performed to evaluate the degree of exon 51 skipping in the cells. Mutation-specific PCR
products were run on a 4% agarose gel and visualized using SYBR gold. Densitometry was used
to calculate the relative amounts of the skipped and unskipped amplicon and exon skipping was
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determined as a ratio of the Exon 51 skipped amplicon divided by the total amount of amplicon

present:
L Skipped Amplicon
0 - —
YoExon Sklpplng - (Skipped Amplicon+Unskipped Amplicon) * 0.
[000380] The results demonstrate that the conjugate resulted in enhanced exon skipping

compared to the naked DMD exon 51-skipping oligonucleotide in patient myotubes (FIG. 1).
This indicates that anti-TfR1 Fab 3M12 VH4/V«3 enabled cellular internalization of the
conjugate into muscle cells resulting in activity of the exon 51-skipping oligonucleotide in the
muscle cells. Similarly, an anti-TfR1 antibody (e.g., anti-TfR1 Fab 3M12 VH4/Vx3) can enable
internalization of a conjugate comprising the anti-TfR1 antibody covalently linked to other exon
skipping oligonucleotides (e.g., an exon skipping oligonucleotide provided herein, such as an
exon 55 skipping oligonucleotide) into muscle cells and facilitate activity of the exon skipping

oligonucleotide in the muscle cells.

Example 2. Exon skipping activity of anti-TfR1 Fab-ASO conjugate in vivo in cynomolgus

monkeys
[000381]
skipping antisense oligonucleotide (ASO) that was used in Example 1. The exon skipping

Anti-TfR1 Fab 3M12 VH4/V«3 was covalently linked to the DMD exon 51-

activity of the conjugate was tested in vivo in healthy non-human primates. Naive male
cynomolgus monkeys (n= 4-5 per group) were administered two doses of vehicle, 30 mg/kg
naked ASO (i.e., not covalently linked to an antibody), or 122 mg/kg anti-TfR1 Fab (3M12
VHA4/V«3) covalently linked to the DMD exon 51-skipping oligonucleotide (30 mg/kg ASO
equivalent) via intravenous infusion on days 1 and 8. Animals were sacrificed and tissues
harvested either 2 weeks or 4 weeks after the first dose was administered. Total RNA was
collected from tissue samples using a Promega Maxwell® RSC instrument and cDNA synthesis
was performed using gScript cDNA SuperMix. Assessment of exon 51 skipping was performed
using end-point PCR.

[000382]

and % exon 51 skipping was calculated using the following formula:

Capillary electrophoresis of the PCR products was used to assess exon skipping,

Molarity of Skipped Band « 100
Molarity of Skipped Band+Molarity of Unskipped Band '
Calculated exon 51 skipping results are shown in Table 10.

% Exon Skipping =

Table 10. Exon 51 skipping of DMD mRNA in cynomolgus monkey

Time 2 weeks 4 weeks

Group Vehicle Naked Conjugate Naked Conjugate
ASO? ASO*

Conjugate dose® 0 n/a 122 n/a 122

ASO Dose® 0 30 30 30 30
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Quadriceps d 0.00 1.216 4.906 0.840 1.708
(0.00) (1.083) (3.131) (1.169) (1.395)
Diaphragm d 0.00 1.891 7.315 0.717 9.225
(0.00) (2.911) (1.532) (1.315) (4.696)
Heart? 0.00 0.043 3.42 0.00 4.525
(0.00) (0.096) (1.192) (0.00) (1.400)
Biceps ¢ 0.00 0.607 3.129 1214 4.863
(0.00) (0.615) (0.912) (1.441) (3.881)
Tibialis anterior ¢ 0.00 0.699 1.042 0.384 0.816
(0.00) (0.997) (0.683) (0.615) (0.915)
Gastrocnemius ¢ 0.00 0.388 2.424 0.00 5.393
(0.00) (0.573) (2.329) (0.00) (2.695)

2ASO = antisense oligonucleotide.

®Conjugate doses are listed as mg/kg of anti-TfR1 Fab 3M12 VH4/VK3-ASO conjugate.

°ASO doses are listed as mg/kg ASO or ASO equivalent of the anti-TfR1 Fab 3M12 VH4/Vk3-ASO dose.
4Exon skipping values are mean % exon 51 skipping with standard deviations (n=>5) in parentheses.

[000383] Tissue ASO accumulation was also quantified using a hybridization ELISA with
a probe complementary to the ASO sequence. A standard curve was generated and ASO levels
(in ng/g) were derived from a linear regression of the standard curve. The ASO was distributed
to all tissues evaluated at a higher level following the administration of the anti-TfR1 Fab
VH4/Vx3-ASO conjugate as compared to the administration of naked ASO. Intravenous
administration of naked ASO resulted in levels of ASO that were close to background levels in
all tissues evaluated at 2 and 4 weeks after the first does was administered. Administration of
anti-TfR1 Fab VH4/Vx3-ASO conjugate resulted in distribution of ASO through the tissues
evaluated with a rank order of heart>diaphragm>bicep>quadriceps>gastrocnemius>tibialis
anterior 2 weeks after first dosing. The duration of tissue concentration was also assessed.
Concentrations of the ASO in quadriceps, bicep and diaphragm decreased by less than 50% over
the time period evaluated (2 to 4 weeks), while levels of ASO in the heart, tibialis anterior, and
gastrocnemius remained virtually unchanged (Table 11). This indicates that anti-TfR1 Fab
3M12 VH4/V«3 enabled cellular internalization of the conjugate into muscle cells in vivo,
resulting in activity of the exon skipping oligonucleotide in the muscle cells. Similarly, an anti-
TfR1 antibody (e.g., anti-TfR1 Fab 3M12 VH4/V«3) in vivo can enable internalization of a
conjugate comprising the anti-TfR1 antibody covalently linked to other exon skipping
oligonucleotides (e.g., an exon skipping oligonucleotide provided herein, such as an exon 55
skipping oligonucleotide) into muscle cells and facilitate activity of the exon skipping
oligonucleotide in the muscle cells.

Table 11. Tissue distribution of DMD exon 51 skipping ASO in cynomolgus monkeys

Time 2 weeks 4 weeks
Group Vehicle Naked Conjugate Naked Conjugate
ASQ? ASQO?
Conjugate Dose® 0 n/a 122 n/a 122
ASO Dose*® 0 30 30 30 30
Quadriceps ¢ 0 696.8 2436 197 682
(59.05) (868.15) (954.0) (134) (281)
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Diaphragm ¢ 0+ 580.02 6750 60 3131
(144.3) (360.11) (2256) (120) (1618)
Heart? 0 1449 27138 943 30410
(396.03) (1337) (6315) (1803) (9247)
Biceps d 0 615.63 2840 130 1326
(69.58) (335.17) (980.31) (80) (623)
Tibialis anterior ¢ 0 564.71 1591 169 1087
(76.31) (327.88) (253.50) (110) (514)
Gastrocnemius ¢ 0 705.47 2096 170 1265
(41.15) (863.75) (474.04) (69) (272)

*ASO = Antisense oligonucleotide.

®Conjugate doses are listed as mg/kg of anti-TfR1 Fab 3M12 VH4/VK3-ASO conjugate.

°ASO doses are listed as mg/kg ASO or ASO equivalent of the anti-TfR1 Fab 3M12 VH4/VK3-ASO conjugate
dose.

¢ASO values are mean concentrations of ASO in tissue as ng/g with standard deviations (n=5) in parentheses.
Example 3. Exon-skipping activity of anti-TfR1 antibody conjugates in DMD patient
myotubes

[000384] In this study, the exon-skipping activities of anti-TfR1 antibody conjugates
comprising an anti-TfR1 Fab (3M12 VH4/V«3) covalently linked to a DMD exon 55-skipping
antisense oligonucleotide (ASO) are evaluated. The DMD exon 55-skipping ASO is a
phosphorodiamidate morpholino oligomer (PMO) and targets a DMD exon 55 splicing feature.
Immortalized human myoblasts are thawed and seeded at a density of 1e6 cell/flask in
Promocell Skeletal Cell Growth Media (with 5% FBS and 1x Pen-Strep) and allowed to grow to
confluency. Once confluent, cells are trypsinized and pelleted via centrifugation and
resuspended in fresh Promocell Skeletal Cell Growth Media. The cell number is counted and
cells are seeded into Matrigel-coated 96-well plates at a density of 50,000 cells/well. Cells are
allowed to recover for 24 hours. Cells are induced to differentiate into myotubes by aspirating
the growth media and replacing with differentiation media with no serum. Cells are then treated
with the DMD exon 55-skipping oligonucleotide (not covalently linked to an antibody —
“naked”) at 10 uM ASO or the anti-TfR1 Fab (3M12 VH4/V«3) covalently linked to the DMD
exon 55-skipping oligonucleotide at 10 uM ASO equivalent. Cells are incubated with test
articles for ten days then total RNA is harvested from the 96 well plates. cDNA synthesis is
performed on 75 ng of total RNA, and mutation specific PCRs are performed to evaluate the
degree of exon 55 skipping in the cells. PCR products are measured using capillary
electrophoresis with UV detection. Molarity is calculated and relative amounts of the skipped
and unskipped amplicon are determined. Exon skipping is determined as a ratio of the Exon 55
skipped amplicon divided by the total amount of amplicon present, according to the following

formula:

Skipped Amplicon « 0
(Skipped Amplicon+Unskipped Amplicon)

%Exon Skipping =
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[000385] The results demonstrate that the conjugates facilitate enhanced exon skipping
compared to the naked DMD exon 55-skipping oligonucleotide in patient myotubes. This
indicates that anti-TfR1 Fab 3M12 VH4/V«3 enables cellular internalization of the conjugate
into muscle cells resulting in activity of the exon 55-skipping oligonucleotide in the muscle

cells.

EQUIVALENTS AND TERMINOLOGY
[000386] The disclosure illustratively described herein suitably can be practiced in the
absence of any element or elements, limitation or limitations that are not specifically disclosed
herein. Thus, for example, in each instance herein any of the terms “comprising”, “consisting
essentially of”’, and “consisting of” may be replaced with either of the other two terms. The
terms and expressions which have been employed are used as terms of description and not of
limitation, and there is no intention that in the use of such terms and expressions of excluding
any equivalents of the features shown and described or portions thereof, but it is recognized that
various modifications are possible within the scope of the disclosure. Thus, it should be
understood that although the present disclosure has been specifically disclosed by preferred
embodiments, optional features, modification and variation of the concepts herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this disclosure.
[000387] In addition, where features or aspects of the disclosure are described in terms of
Markush groups or other grouping of alternatives, those skilled in the art will recognize that the
disclosure is also thereby described in terms of any individual member or subgroup of members
of the Markush group or other group.
[000388] It should be appreciated that, in some embodiments, sequences presented in the
sequence listing may be referred to in describing the structure of an oligonucleotide or other
nucleic acid. In such embodiments, the actual oligonucleotide or other nucleic acid may have
one or more alternative nucleotides or nucleosides (e.g., an RNA counterpart of a DNA
nucleoside or a DNA counterpart of an RNA nucleoside) and/or (e.g., and) one or more modified
nucleotides/nucleosides and/or (e.g., and) one or more modified internucleoside linkages and/or
(e.g., and) one or more other modification compared with the specified sequence while retaining
essentially same or similar complementary properties as the specified sequence.
[000389] The use of the terms “a” and “an’ and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be construed to

cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted
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by context. The terms “comprising,” “having,” “including,” and “containing” are to be construed
as open-ended terms (i.e., meaning “including, but not limited to,”) unless otherwise noted.
Recitation of ranges of values herein are merely intended to serve as a shorthand method of
referring individually to each separate value falling within the range, unless otherwise indicated
herein, and each separate value is incorporated into the specification as if it were individually
recited herein. All methods described herein can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”) provided herein, is intended merely to better
illuminate the invention and does not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

[000390] Embodiments of this invention are described herein. Variations of those
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description.

[000391] The inventors expect skilled artisans to employ such variations as appropriate,
and the inventors intend for the invention to be practiced otherwise than as specifically described
herein. Accordingly, this invention includes all modifications and equivalents of the subject
matter recited in the claims appended hereto as permitted by applicable law. Moreover, any
combination of the above-described elements in all possible variations thereof is encompassed
by the invention unless otherwise indicated herein or otherwise clearly contradicted by context.
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention described

herein. Such equivalents are intended to be encompassed by the following claims.
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CLAIMS

‘What is claimed is:

1. A complex comprising an anti-transferrin receptor 1 (TfR1) antibody covalently linked
to an oligonucleotide configured for inducing skipping of exon 55 in a DMD pre-mRNA,
wherein the oligonucleotide comprises a region of complementarity that is complementary with

at least 8 consecutive nucleotides of any one of SEQ ID NOs: 160-779.

2. The complex of claim 1, wherein the anti-TfR1 antibody comprises:

(1) a heavy chain complementarity determining region 1 (CDR-H1) of SEQ ID NO: 33, a
heavy chain complementarity determining region 2 (CDR-H2) of SEQ ID NO: 34, a heavy chain
complementarity determining region 3 (CDR-H3) of SEQ ID NO: 35, a light chain
complementarity determining region 1 (CDR-L1) of SEQ ID NO: 36, a light chain
complementarity determining region 2 (CDR-L2) of SEQ ID NO: 37, and a light chain
complementarity determining region 3 (CDR-L3) of SEQ ID NO: 32;

(i1) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 8, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(iii) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 20, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(iv) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 24, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(v) a CDR-H1 of SEQ ID NO: 51, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ ID
NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of SEQ ID
NO: 50;

(vi) a CDR-H1 of SEQ ID NO: 64, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ ID
NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of SEQ ID
NO: 50; or

(vii) a CDR-H1 of SEQ ID NO: 67, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ ID
NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of SEQ ID
NO: 50.

3. The complex of claim 1 or claim 2, wherein the anti-TfR1 antibody comprises:
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(1) a heavy chain variable region (VH) comprising an amino acid sequence at least 85%
identical to SEQ ID NO: 76; and/or a light chain variable region (VL) comprising an amino acid
sequence at least 85% identical to SEQ ID NO: 75;

(i1) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 69;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(iii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 71;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(iv) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 72;
and/or a VL. comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(v) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 73;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 74;

(vi) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 73;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 75;

(vii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 76;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 74;

(viii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 77;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 78;

(ix) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 79;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 80; or

(x) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 77,
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NQO: 80.

4. The complex of any one of claims 1 to 3, wherein the anti-TfR1 antibody comprises:

(i) a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL comprising
the amino acid sequence of SEQ ID NO: 75;

(i1) a VH comprising the amino acid sequence of SEQ ID NO: 69 and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(iii) a VH comprising the amino acid sequence of SEQ ID NO: 71and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(iv) a VH comprising the amino acid sequence of SEQ ID NO: 72 and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(v) a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 74;

(vi) a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 75;
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(vii) a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL comprising
the amino acid sequence of SEQ ID NO: 74;

(viii) a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising
the amino acid sequence of SEQ ID NO: 78;

(ix) a VH comprising the amino acid sequence of SEQ ID NO: 79 and a VL comprising
the amino acid sequence of SEQ ID NO: 80; or

(x) a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising
the amino acid sequence of SEQ ID NO: 80.

5. The complex of any one of claims 1 to 4, wherein the anti-TfR1 antibody is a Fab

fragment, a Fab' fragment, a F(ab")2 fragment, an scFv, an Fv, or a full-length IgG.

6. The complex of claim 5, wherein the anti-TfR1 antibody is a Fab fragment.

7. The complex of claim 6, wherein the anti-TfR1 antibody comprises:

(1) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 101; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 90;

(i1) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 97; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(iii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 98; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(iv) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 99; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(v) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 100; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 89;

(vi) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 100; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ

ID NO: 90;
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(vii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 101; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 89;

(viii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 102; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 93;

(ix) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 103; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 95; or

(x) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ 1D
NO: 102; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ

ID NO: 95.

8. The complex of claim 6 or claim 7, wherein the anti-TfR1 antibody comprises:

(1) a heavy chain comprising the amino acid sequence of SEQ ID NO: 101; and a light
chain comprising the amino acid sequence of SEQ ID NO: 90;

(i1) a heavy chain comprising the amino acid sequence of SEQ ID NO: 97; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(ii1) a heavy chain comprising the amino acid sequence of SEQ ID NO: 98; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(iv) a heavy chain comprising the amino acid sequence of SEQ ID NO: 99; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(v) a heavy chain comprising the amino acid sequence of SEQ ID NO: 100; and a light
chain comprising the amino acid sequence of SEQ ID NO: 89;

(vi) a heavy chain comprising the amino acid sequence of SEQ ID NO: 100; and a light
chain comprising the amino acid sequence of SEQ ID NO: 90;

(vii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 101; and a light
chain comprising the amino acid sequence of SEQ ID NO: 89;

(viii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 102; and a light
chain comprising the amino acid sequence of SEQ ID NO: 93;

(ix) a heavy chain comprising the amino acid sequence of SEQ ID NO: 103; and a light
chain comprising the amino acid sequence of SEQ ID NO: 95; or

(x) a heavy chain comprising the amino acid sequence of SEQ ID NO: 102; and a light

chain comprising the amino acid sequence of SEQ ID NO: 95.
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9. The complex of any one of claims 1 to 8, wherein the anti-TfR1 antibody does not
specifically bind to the transferrin binding site of the transferrin receptor 1 and/or wherein the

anti-TfR1 antibody does not inhibit binding of transferrin to the transferrin receptor 1.

10.  The complex of any one of claims 1 to 9, wherein the oligonucleotide comprises a region

of complementarity to at least 4 consecutive nucleotides of a splicing feature of the DMD pre-

mRNA.

11.  The complex of claim 10, wherein the splicing feature is an exonic splicing enhancer
(ESE) in exon 55 of the DMD pre-mRNA, optionally wherein the ESE comprises a sequence of
any one of SEQ ID NOs: 2031-2061.

12, The complex of claim 10, wherein the splicing feature is a branch point, a splice donor
site, or a splice acceptor site, optionally wherein the splicing feature is across the junction of
exon 54 and intron 54, in intron 54, across the junction of intron 54 and exon 55, across the
junction of exon 55 and intron 55, in intron 55, or across the junction of intron 55 and exon 56
of the DMD pre-mRNA, and further optionally wherein the splicing feature comprises a
sequence of any one of SEQ ID NOs: 2028-2030, 2062, and 2063.

13.  The complex of any one of claims 1 to 9, wherein the oligonucleotide comprises a
sequence complementary to any one of SEQ ID NOs: 160-779 or comprises a sequence of any
one of SEQ ID NOs: 780-2019, wherein each thymine base (T) may independently and
optionally be replaced with a uracil base (U), and each U may independently and optionally be

replaced with a T.

14.  The complex of any one of claims 1 to 9, wherein the oligonucleotide comprises a
sequence of any one of SEQ ID NOs: 1400, 1402-1406, 1408, 1409, 1413, 1418-1420, 1483-
1491, 1493, 1495, 1496, 1502-1506, 1508, 1510-1512, 1514, 1522-1524, 1529-1531, 1534,
1535, 1559, 1583, 1587, 1591, 1596, 1597, 1598, 1604, 1606, 1607, 1638, 1641, 1693-1695,
1702, 1703, 1766, 1813, 1988, and 1995, wherein each thymine base (T) may independently and
optionally be replaced with a uracil base (U), and each U may independently and optionally be

replaced with a T.
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15.  The complex of any one of claims 1 to 14, wherein the oligonucleotide comprises one or
more phosphorodiamidate morpholinos, optionally wherein the oligonucleotide is a

phosphorodiamidate morpholino oligomer (PMO).

16.  The complex of any one of claims 1 to 15, wherein the anti-TfR1 antibody is covalently
linked to the oligonucleotide via a cleavable linker, optionally wherein the cleavable linker

comprises a valine-citrulline sequence.

17.  The complex of any one of claims 1 to 16, wherein the anti-TfR1 antibody is covalently
linked to the oligonucleotide via conjugation to a lysine residue or a cysteine residue of the

antibody.

18.  An oligonucleotide that targets DMD, wherein the oligonucleotide comprises a region of
complementarity to any one of SEQ ID NOs: 160-779, optionally wherein the region of
complementarity comprises at least 15 consecutive nucleosides complementary to any one of

SEQ ID NOs: 160-779.

19.  The oligonucleotide of claim 18, wherein the oligonucleotide comprises at least 15
consecutive nucleosides of any one of SEQ ID NOs: 780-2019, optionally wherein the
oligonucleotide comprises a sequence of any one of SEQ ID NOs: 780-2019, wherein each
thymine base (T) may independently and optionally be replaced with a uracil base (U), and each

U may independently and optionally be replaced with a T.

20. A method of delivering an oligonucleotide to a cell, the method comprising contacting
the cell with the complex of any one of claims 1 to 17 or with the oligonucleotide of claim 18 or

claim 19.

21. A method of promoting the expression or activity of a dystrophin protein in a cell, the
method comprising contacting the cell with the complex of any one of claims 1 to 17 or with the
oligonucleotide of claim 18 or claim 19 in an amount effective for promoting internalization of

the oligonucleotide to the cell, optionally wherein the cell is a muscle cell.
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