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COMPOSITIONS AND METHODS FOR SILENCING CARBONIC
ANHYDRASE 2 EXPRESSION

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority to U.S. Provisional Application No.
63/194,073, filed on May 27, 2021, and claims the benefit of priority to U.S. Provisional
Application No. 63/289,319, filed on December 14, 2021. The entire contents of the foregoing

applications are hereby incorporated herein by reference.

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on June 27, 2022 is named A108868 1240WOQO_SL txt and 1s 1,092,850

bytes in size.

FIELD OF THE DISCLOSURE

The disclosure relates to the specific inhibition of the expression of carbonic anhydrase 2.

BACKGROUND OF THE INVENTION

Glaucoma is a leading cause of vision loss. Risk factors for glaucoma include increased
intraocular pressure, age, race and vascular disease. The increased intraocular pressure may
cause damage to the optic nerve and loss of never fibers. Lowering intraocular pressure can
reduce development and progression of vision loss.

Carbonic anhydrase 2 (CA2) is a member of the carbonic anhydrase (CA) family of
metalloenzymes. CA2 catalyzes the reversible conversion of carbon dioxide to bicarbonate.
Carbonic anhydrases are expressed in the eye and CA2 appears to be the main CA form present
in human ciliary epithelium which is responsible for producing aqueous humor. Carbonic
anhydrase inhibitors have been shown to reduce aqueous humor production and thereby reduce
intraocular pressure in the eye. Accordingly, there is a need for agents that can selectively and
efficiently inhibit expression of the CA2 gene such that subjects having a CA2-associated

disorder, such as glaucoma, can be effectively treated.
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BRIEF SUMMARY OF THE INVENTION

The present disclosure describes methods and iRNA compositions for modulating the
expression of carbonic anhydrase 2 (CA2). In certain embodiments, expression of CA2 is
reduced or inhibited using a CA2-specific iRNA. Such inhibition can be useful in treating
disorders related to CA2 expression, such as ocular disorders (e.g., glaucoma or conditions
associated with glaucoma).

Accordingly, described herein are compositions and methods that effect the RNA-
induced silencing complex (RISC)-mediated cleavage of RNA transcripts of CA2, such asin a
cell or in a subject (e.g., in a mammal, such as a human subject). Also described are
compositions and methods for treating a disorder related to expression of CA2, such as glaucoma
or conditions associated with glaucoma.

The iIRNAs (e.g., dsSRNAs) included in the compositions featured herein include an RNA
strand (the antisense strand) having a region, e.g., a region that is 30 nucleotides or less,
generally 19-24 nucleotides in length, that is substantially complementary to at least part of an
mRNA transcript of CA2 (e.g., a human CA2) (also referred to herein as a “CAZ2-specific
iRNA”). In some embodiments, the CA2 mRNA transcript is a human CA2 mRNA transcript,
e.g., SEQ ID NO: 1 herein.

In some embodiments, the iIRNA (e.g., dsSRNA) described herein comprises an antisense
strand having a region that is substantially complementary to a region of a human CA2 mRNA.
In some embodiments, the human CA2 mRNA has the sequence NM_000067.3 (SEQ ID NO: 1).
The sequence of NM_000067.31s also herein incorporated by reference in its entirety. The
reverse complement of SEQ ID NO: 1 is provided as SEQ ID NO: 2 herein.

In some aspects, the present disclosure provides a double stranded ribonucleic acid
(dsRNA) agent for inhibiting expression of carbonic anhydrase 2 (CA2), wherein the dSRNA
agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, of a portion of a coding strand of human CA2 and the
antisense strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides,

with 0, 1, 2, or 3 mismatches, of the corresponding portion of a non-coding strand of human CA2
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such that the sense strand is complementary to the at least 15 contiguous nucleotides in the
antisense strand.

In some aspects, the present disclosure provides a double stranded ribonucleic acid
(dsRNA) agent for inhibiting expression of CA2, wherein the dsSRNA agent comprises a sense
strand and an antisense strand forming a double stranded region, wherein the antisense strand
comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3
mismatches, of a portion of nucleotide sequence of SEQ ID NO: 2 such that the sense strand is
complementary to the at least 15 contiguous nucleotides in the antisense strand.

In some aspects, the present disclosure provides a human cell or tissue comprising a
reduced level of CA2 mRNA or a level of CA2 protein as compared to an otherwise similar
untreated cell or tissue, wherein optionally the cell or tissue is not genetically engineered (e.g.,
wherein the cell or tissue comprises one or more naturally arising mutations, e.g., CA2), wherein
optionally the level is reduced by at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%. In some embodiments, the human cell or
tissue is a ciliary epithelium cell, an optic nerve cell, a trabecular meshwork cell, a Schlemm’s
canal cell (e.g., including an endothelial cell), a juxtacanalicular tissue cell, a ciliary muscle cell,
a retinal cell, an astrocyte, a pericyte, a Miiller cell, a ganglion cell (e.g., including a retinal
ganglion cell), an endothelial cell, a photoreceptor cell, a retinal blood vessel (e.g., including
endothelial cells and vascular smooth muscle cells), episcleral veins or choroid tissue, e.g., a
choroid vessel.

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

In another aspect, provided herein is a human ocular cell, e.g., (a ciliary epithelium cell,
an optic nerve cell, a trabecular meshwork cell, a Schlemm’s canal cell (e.g., including an
endothelial cell), a juxtacanalicular tissue cell, a ciliary muscle cell, a retinal cell, an astrocyte, a
pericyte, a Miiller cell, a ganglion cell (e.g., including a retinal ganglion cell), an endothelial cell,
a photoreceptor cell, a retinal blood vessel (e.g., including endothelial cells and vascular smooth
muscle cells), episcleral veins or choroid tissue, e.g., a choroid vessel) comprising a reduced
level of CA2 mRNA or a level of CA2 protein as compared to an otherwise similar untreated
cell. In some embodiments, the level is reduced by at least 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%.
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In some aspects, the present disclosure also provides a pharmaceutical composition for
inhibiting expression of a gene encoding CA2, comprising a dSRNA agent described herein.

The present disclosure also provides, in some aspects, a method of inhibiting expression
of CA2 in a cell, the method comprising:

(a) contacting the cell with the dsSRNA agent described herein, or a pharmaceutical
composition described herein; and

(b) maintaining the cell produced in step (a) for a time sufficient to obtain
degradation of the mRNA transcript of CA2, thereby inhibiting expression of the CA2 in the cell.

The present disclosure also provides, in some aspects, a method of inhibiting expression
of CA2 in a cell, the method comprising:

(a) contacting the cell with the dsSRNA agent described herein, or a pharmaceutical
composition described herein; and

(b)  maintaining the cell produced in step (a) for a time sufficient to reduce levels of
CA2 mRNA, CAZ2 protein, or both of CA2 mRNA and protein, thereby inhibiting expression of
the CA2 in the cell.

The present disclosure also provides, in some aspects, a method of inhibiting expression of
CA2 in an ocular cell or tissue, the method comprising:

(a) contacting the cell or tissue with a dsSRNA agent that binds CA2; and

(b)  maintaining the cell or tissue produced in step (a) for a time sufficient to reduce
levels of CA2 mRNA, CA2 protein, or both of CA2 mRNA and protein, thereby inhibiting
expression of CA2 in the cell or tissue.

The present disclosure also provides, in some aspects, a method of treating a subject
diagnosed with a CA2-associated disorder comprising administering to the subject a
therapeutically effective amount of the dsSRNA agent described herein or a pharmaceutical
composition described herein, thereby treating the disorder.

In any of the aspects herein, e.g., the compositions and methods above, any of the
embodiments herein (e.g., below) may apply.

In some embodiments, the coding strand of human CA2 has the sequence of SEQ ID NO:
1. In some embodiments, the non-coding strand of human CA2 has the sequence of SEQ ID NO:
2.
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In some embodiments, the sense strand comprises a nucleotide sequence comprising at
least 15 contiguous nucleotides, with 0, or 1, 2, or 3 mismatches, of the corresponding portion of
the nucleotide sequence of SEQ ID NO: 1.

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

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

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

In some embodiments, the portion of the sense strand is a portion within a sense strand in
any one of Tables 3-10.

In some embodiments, the portion of the antisense strand is a portion within an antisense
strand in any one of Tables 3-10.

In some embodiments, the antisense strand comprises a nucleotide sequence comprising
at least 15 contiguous nucleotides, with O, 1, 2, or 3 mismatches, from one of the antisense

sequences listed in any one of Tables 3-10. In some embodiments, the sense strand comprises a
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nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches,
from a sense sequence listed in any one of Tables 3-10 that corresponds to the antisense
sequence.

In some embodiments, the antisense strand comprises a nucleotide sequence comprising
at least 17 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one of the antisense
sequences listed in any one of Tables 3-10. In some embodiments, the sense strand comprises a
nucleotide sequence comprising at least 17 contiguous nucleotides, with 0, 1, 2, or 3 mismatches,
from a sense sequence listed in any one of Tables 3-10 that corresponds to the antisense
sequence.

In some embodiments, the antisense strand comprises a nucleotide sequence comprising
at least 19 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one of the antisense
sequences listed in any one of Tables 3-10. In some embodiments, the sense strand comprises a
nucleotide sequence comprising at least 19 contiguous nucleotides, with 0, 1, 2, or 3 mismatches,
from a sense sequence listed in any one of Tables 3-10 that corresponds to the antisense
sequence.

In some embodiments, the antisense strand comprises a nucleotide sequence comprising
at least 21 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one of the antisense
sequences listed in any one of Tables 3-10. In some embodiments, the sense strand comprises a
nucleotide sequence comprising at least 21 contiguous nucleotides, with 0, 1, 2, or 3 mismatches,
from a sense sequence listed in any one of Tables 3-10 that corresponds to the antisense
sequence.

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

In some embodiments, at least one of the sense strand and the antisense strand is
conjugated to one or more lipophilic moieties. In some embodiments, the lipophilic moiety is
conjugated to one or more positions in the double stranded region of the dsSRNA agent. In some
embodiments, the lipophilic moiety is conjugated via a linker or carrier. In some embodiments,
lipophilicity of the lipophilic moiety, measured by logKow, exceeds 0. In some embodiments,
In some embodiments, the hydrophobicity of the double-stranded RNAi agent, measured by the

unbound fraction in a plasma protein binding assay of the double-stranded RNA1 agent, exceeds
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0.2. In some embodiments, the plasma protein binding assay is an electrophoretic mobility shift
assay using human serum albumin protein.

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

In some embodiments, at least one of the modified nucleotides is selected from the group
consisting of a deoxy-nucleotide, a 3’-terminal deoxythimidine (dT) nucleotide, a 2'-O-methyl
modified nucleotide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, a locked
nucleotide, an unlocked nucleotide, a conformationally restricted nucleotide, a constrained ethyl
nucleotide, an abasic nucleotide, a 2’-amino-modified nucleotide, a 2’-O-allyl-modified
nucleotide, 2’-C-alkyl-modified nucleotide, a 2’-methoxyethyl modified nucleotide, a 2’-O-
alkyl-modified nucleotide, a morpholino nucleotide, a phosphoramidate, a non-natural base
comprising nucleotide, a tetrahydropyran modified nucleotide, a 1,5-anhydrohexitol modified
nucleotide, a cyclohexenyl modified nucleotide, a nucleotide comprising a phosphorothioate
group, a nucleotide comprising a methylphosphonate group, a nucleotide comprising a 5’-
phosphate, a nucleotide comprising a 5’-phosphate mimic, a glycol modified nucleotide, and a 2-
O-(N-methylacetamide) modified nucleotide; and combinations thereof. In some embodiments,
no more than five of the sense strand nucleotides and not more than five of the nucleotides of the
antisense strand include modifications other than 2'-O-methyl modified nucleotide, a 2'-fluoro
modified nucleotide, a 2'-deoxy-modified nucleotide, unlocked nucleic acids (UNA) or glycerol
nucleic acid (GNA).

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

In some embodiments, each strand is no more than 30 nucleotides in length. In some
embodiments, at least one strand comprises a 3’ overhang of at least 1 nucleotide. In some
embodiments, at least one strand comprises a 3’ overhang of at least 2 nucleotides. In some

embodiments, at least one strand comprises a 3’ overhang of 2 nucleotides.
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In some embodiments, the double stranded region is 15-30 nucleotide pairs in length. In
some embodiments, the double stranded region is 17-23 nucleotide pairs in length. In some
embodiments, the double stranded region is 17-25 nucleotide pairs in length. In some
embodiments, the double stranded region is 23-27 nucleotide pairs in length. In some
embodiments, the double stranded region is 19-21 nucleotide pairs in length. In some
embodiments, the double stranded region is 21-23 nucleotide pairs in length. In some
embodiments, each strand has 19-30 nucleotides. In some embodiments, each strand has 19-23
nucleotides. In some embodiments, each strand has 21-23 nucleotides.

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

In some embodiments, the phosphorothioate or methylphosphonate internucleotide
linkage is at the 5’-terminus of one strand. In some embodiments, the strand is the antisense
strand. In some embodiments, the strand is the sense strand.

In some embodiments, each of the 5’- and 3’-terminus of one strand comprises a
phosphorothioate or methylphosphonate internucleotide linkage. In some embodiments, the
strand is the antisense strand.

In some embodiments, the base pair at the 1 position of the 5'-end of the antisense strand
of the duplex is an AU base pair.

In some embodiments, the sense strand has a total of 21 nucleotides and the antisense
strand has a total of 23 nucleotides. In some embodiments, one or more lipophilic moieties are
conjugated to one or more internal positions on at least one strand. In some embodiments, the
one or more lipophilic moieties are conjugated to one or more internal positions on at least one
strand via a linker or carrier.

In some embodiments conjugating a lipophilic moiety to one or more internal positions
on at least one strand of the double-stranded iRNA agent provides surprisingly good results for
in vivo intravitreal delivery of the double-stranded iRNAs, resulting in efficient entry into ocular
tissues. Examples and synthesis of lipophilic moieties are listed in PCT application number

PCT/US2019/031170 which is hereby incorporated by reference in its entirety.
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In some embodiments, the internal positions include all positions except the terminal two
positions from each end of the at least one strand. In some embodiments, the internal positions
include all positions except the terminal three positions from each end of the at least one strand.
In some embodiments, the internal positions exclude a cleavage site region of the sense strand.
In some embodiments, the internal positions include all positions except positions 9-12, counting
from the 5’-end of the sense strand. In some embodiments, the internal positions include all
positions except positions 11-13, counting from the 3’-end of the sense strand. In some
embodiments, the internal positions exclude a cleavage site region of the antisense strand. In
some embodiments, the internal positions include all positions except positions 12-14, counting
from the 5’-end of the antisense strand. In some embodiments, the internal positions include all
positions except positions 11-13 on the sense strand, counting from the 3’-end, and positions 12-
14 on the antisense strand, counting from the 5’-end.

In some embodiments, the one or more lipophilic moieties are conjugated to one or more
of the internal positions selected from the group consisting of positions 4-8 and 13-18 on the
sense strand, and positions 6-10 and 15-18 on the antisense strand, counting from the 5’end of
each strand. In some embodiments, the one or more lipophilic moieties are conjugated to one or
more of the internal positions selected from the group consisting of positions 5, 6, 7, 15, and 17
on the sense strand, and positions 15 and 17 on the antisense strand, counting from the 5’-end of
each strand.

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

In some embodiments, the sense strand is 21 nucleotides in length, the antisense strand is 23
nucleotides in length, and the lipophilic moiety is conjugated to position 21, position 20, position
15, position 1, position 7, position 6, or position 2 of the sense strand or position 16 of the
antisense strand. In some embodiments, the lipophilic moiety is conjugated to position 21,
position 20, position 15, position 1, or position 7 of the sense strand. In some embodiments, the
lipophilic moiety is conjugated to position 21, position 20, or position 15 of the sense strand. In
some embodiments, the lipophilic moiety is conjugated to position 20 or position 15 of the sense
strand. In some embodiments, the lipophilic moiety is conjugated to position 16 of the antisense

strand. In some embodiments, the lipophilic moiety is conjugated to position 6, counting from
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the 5’-end of the sense strand. In one embodiment, the saturated or unsaturated C16
hydrocarbon chain is conjugated to position 6, counting from the 5’-end of the strand

In some embodiments, the lipophilic moiety is an aliphatic, alicyclic, or polyalicyclic
compound. In some embodiments, the lipophilic moiety is selected from the group consisting of
lipid, cholesterol, retinoic acid, cholic acid, adamantane acetic acid, 1-pyrene butyric acid,
dihydrotestosterone, 1,3-bis-O(hexadecyl)glycerol, geranyloxyhexyanol, hexadecylglycerol,
borneol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid, O3-
(oleoyl)lithocholic acid, O3-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine. Suitable
lipophilic moieties also include those containing a saturated or unsaturated C4-C30 hydrocarbon
chain (e.g., C4-C30 alkyl or alkenyl), and an optional functional group selected from the group
consisting of hydroxyl, amine, carboxylic acid, sulfonate, phosphate, thiol, azide, and alkyne.
The functional groups are useful to attach the lipophilic moiety to the iRNA agent. In some
embodiments, the lipophilic moiety contains a saturated or unsaturated C6-C18 hydrocarbon
chain (e.g., a linear C6-C18 alkyl or alkenyl). In one embodiment, the lipophilic moiety contains
a saturated or unsaturated C16 hydrocarbon chain (e.g., a linear C16 alkyl or alkenyl).

In some embodiments, the lipophilic moiety 1s a C6-C30 acid (e.g., hexanoic acid,
heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, undecanoic acid, dodcanoic acid,
tridecanoic acid, tetradecanoic acid, pentadecanoic acid, hexadecanoic acid, heptadecanoic acid,
octadecanoic acid, oleic acid, linoleic acid, arachidonic acid, cis-4,7,10,13,16,19-docosahexanoic
acid, vitamin A, vitamin E, cholesterol etc.) or a C6-C30 alcohol (e.g., hexanol, heptanol,
octanol, nonanol, decanol, undecanol, dodcanol, tridecanol, tetradecanol, pentadecanol,
hexadecanol, heptadecanol, octadecanol, oleyl alcohol, linoleyl alcohol, arachidonic alcohol, cis-
4,7,10,13,16,19-docosahexanol, retinol, vitamin E, cholesterol etc.).

In one embodiment, the ligand is conjugated at the 2’-position of a nucleotide or
modified nucleotide within the sense or antisense strand. For example, a C16 ligand may be

conjugated as shown in the following structure:
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where * denotes a bond to an adjacent nucleotide, and B is a nucleobase or a nucleobase
analog, optionally where B is adenine, guanine, cytosine, thymine or uracil.

In some embodiments, the lipophilic moiety is conjugated via a carrier that replaces one
or more nucleotide(s) in the internal position(s) or the double stranded region. In some
embodiments, the carrier s a cyclic group selected from the group consisting of pyrrolidinyl,
pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl,
[1,3]dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl,
quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl; or is an acyclic moiety based on a
serinol backbone or a diethanolamine backbone.

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

In some embodiments, the lipophilic moiety is conjugated to a nucleobase, sugar moiety,
or internucleosidic linkage.

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

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

In some embodiments, the dSRNA agent further comprises a targeting ligand, e.g., a

ligand that targets an ocular tissue. In some embodiments, the ocular tissue is ciliary epithelium,
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an optic nerve, a trabecular meshwork, a juxtacanalicular tissue, a ganglion (e.g., including a
retinal ganglion), episcleral veins or a Schlemm’s canal (e.g., including an endothelial cell).

In some embodiments, the ligand is conjugated to the sense strand. In some
embodiments, the ligand is conjugated to the 3’ end or the 5° end of the sense strand. In some
embodiments, the ligand is conjugated to the 3° end of the sense strand.

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

tetravalent branched linker. In some embodiments, the ligand is

Ho O
0 H H
HO O\/\/\[rN\/\/N

o) o) o)
Ho °H
o C
HO O\/\/\"/N/\/\N o
AcHN 5 H H

In some embodiments, the dsSRNA agent is conjugated to the ligand as shown in the following

schematic

N
o
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o
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2

wherein X is O or S. In some embodiments, the X is O.
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In some embodiments, the dSRNA agent further comprises a terminal, chiral modification
occurring at the first internucleotide linkage at the 3’ end of the antisense strand, having the
linkage phosphorus atom in Sp configuration, a terminal, chiral modification occurring at the
first internucleotide linkage at the 5° end of the antisense strand, having the linkage phosphorus
atom in Rp configuration, and a terminal, chiral modification occurring at the first
internucleotide linkage at the 5 end of the sense strand, having the linkage phosphorus atom in
either Rp configuration or Sp configuration.

In some embodiments, the dSRNA agent further comprises a terminal, chiral modification
occurring at the first and second internucleotide linkages at the 3” end of the antisense strand,
having the linkage phosphorus atom in Sp configuration, a terminal, chiral modification
occurring at the first internucleotide linkage at the 5° end of the antisense strand, having the
linkage phosphorus atom in Rp configuration, and a terminal, chiral modification occurring at
the first internucleotide linkage at the 5° end of the sense strand, having the linkage phosphorus
atom in either Rp or Sp configuration.

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

In some embodiments, the dsSRNA agent further comprises a terminal, chiral modification
occurring at the first, and second internucleotide linkages at the 3° end of the antisense strand,
having the linkage phosphorus atom in Sp configuration, a terminal, chiral modification
occurring at the third internucleotide linkages at the 3” end of the antisense strand, having the
linkage phosphorus atom in Rp configuration, a terminal, chiral modification occurring at the
first internucleotide linkage at the 5” end of the antisense strand, having the linkage phosphorus
atom in Rp configuration, and a terminal, chiral modification occurring at the first
internucleotide linkage at the 5” end of the sense strand, having the linkage phosphorus atom in

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

In some embodiments, the dsSRNA agent further comprises a phosphate or phosphate
mimic at the 5’-end of the antisense strand. In some embodiments, the phosphate mimicis a 5’-
vinyl phosphonate (VP).

In various embodiments of the aforementioned dsRNA agents, the dSRNA agent targets a
hotspot region of an mRNA encoding CA2.

In another aspect, the present invention provides a dsSRNA agent that targets a hotspot
region of a carbonic anhydrase 2 (CA2) mRNA.

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

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

In some embodiments (e.g., embodiments of the methods described herein), the cell is
within a subject. In some embodiments, the subject is a human. In some embodiments, the level
of CA2 mRNA is inhibited by at least 50%. In some embodiments, the level of CA2 protein is
inhibited by at least 50%. In some embodiments, the expression of CA2 is inhibited by at least
50%. In some embodiments, inhibiting expression of CA2 decreases the CA2 protein level in a
biological sample (e.g., an optic nerve sample) from the subject by at least 30%, 40%, 50%,
60%, 70%, 80%, 90%, or 95%. In some embodiments, inhibiting expression of CA2 gene
decreases the CA2 mRNA level in a biological sample (e.g., an optic nerve sample) from the
subject by at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95%.

In some embodiments, the subject has been diagnosed with a CA2-associated disorder.
In some embodiments, the subject meets at least one diagnostic criterion for a CA2-associated
disorder. In some embodiments, the CA2 associated disorder is glaucoma or conditions

associated with glaucoma.
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In some embodiments, the ocular cell or tissue is a ciliary epithelium cell, an optic nerve
cell, a trabecular meshwork cell, a Schlemm’s canal cell (e.g., including an endothelial cell), a
juxtacanalicular tissue cell, a ciliary muscle cell, a retinal cell, an astrocyte, a pericyte, a Miller
cell, a ganglion cell (e.g., including a retinal ganglion cell), an endothelial cell, a photoreceptor
cell, a retinal blood vessel (e.g., including endothelial cells and vascular smooth muscle cells),
episcleral veins or choroid tissue, e.g., a choroid vessel.

In some embodiments, the CA2-associated disorder is glaucoma and/or conditions
associated with glaucoma.

In some embodiments, treating comprises amelioration of at least one sign or symptom of
the disorder. In some embodiments, the at least one sign or symptom includes a measure of one
or more of intraocular pressure, vision loss, optic nerve damage, ocular inflammation, visual
acuity, or presence, level, or activity of CA2 (e.g., CA2 gene, CA2 mRNA, or CA2 protein).

In some embodiments, a level of the CA2 that is higher than a reference level is
indicative that the subject has glaucoma or a glaucoma associated condition. In some
embodiments, treating comprises prevention of progression of the disorder. In some
embodiments, the treating comprises one or more of (a) inhibiting or reducing intraocular
pressure; (b) inhibiting or reducing the expression or activity of CA2; (¢) decreasing the amount
of aqueous humor; (d) inhibiting or reducing optic nerve damage; or (e) inhibiting or reducing
retinal ganglion cell death.

In some embodiments, the treating results in at least a 30% mean reduction from baseline
of CA2 mRNA in the cell or tissue. In some embodiments, the treating results in at least a 60%
mean reduction from baseline of CA2 mRNA in the cell or tissue. In some embodiments, the
treating results in at least a 90% mean reduction from baseline of CA2 mRNA in the cell or
tissue.

In some embodiments, after treatment the subject experiences at least an 8-week duration
of knockdown following a single dose of dSRNA as assessed by CA2 protein in, for example, the
ciliary epithelium. In some embodiments, treating results in at least a 12-week duration of
knockdown following a single dose of dsSRNA as assessed by CA2 protein in, for example, the
ciliary epithelium. In some embodiments, treating results in at least a 16-week duration of
knockdown following a single dose of dsSRNA as assessed by CA2 protein in, for example, the

ciliary epithelium.
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In some embodiments, the subject is human.

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

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

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

In some embodiments, a method described herein further comprises measuring a level of
CA2 (e.g., CA2 gene, CA2 mRNA, or CA2 protein) in the subject. In some embodiments,
measuring the level of CA2 in the subject comprises measuring the level of CA2 protein in a
biological sample from the subject (e.g., a ciliary epithelium sample). In some embodiments, a
method described herein further comprises performing a blood test, an imaging test, a tonometry
test or a ciliary epithelium biopsy.

In some embodiments, a method described herein further comprises measuring a level of
CA2 (e.g., CA2 gene, CA2 mRNA, or CA2 protein) in the subject prior to treatment with the
dsRNA agent or the pharmaceutical composition. In some embodiments, upon determination
that a subject has a level of CA2 that is greater than a reference level, the dSRNA agent or the
pharmaceutical composition is administered to the subject. In some embodiments, measuring a
level of CA2 in the subject is performed after treatment with the dsSRNA agent or the
pharmaceutical composition.

In some embodiments, a method described herein further comprises treating the subject
with a therapy suitable for treatment or prevention of a CA2-associated disorder, e.g., glaucoma,
wherein the therapy comprises medication to reduce intraocular pressure, laser treatment, surgery
or trabeculectomy. In some embodiments, a method described herein further comprises
administering to the subject an additional agent suitable for treatment or prevention of a CA2-

associated disorder. In some embodiments, the additional agent comprises a prostaglandin
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analog, a beta blocker, an alpha-adrenergic agonist, a carbonic anhydrase inhibitor, or an anti-
CA2 agent.

In some embodiments, the anti-CA2 agent comprises an anti-CA2 antibody or antigen-
binding fragment thereof (e.g., an anti-CA2 antibody molecule).

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

incorporated by reference in their entirety.

The details of various embodiments of the disclosure are set forth in the description
below. Other features, objects, and advantages of the disclosure will be apparent from the

description and the drawings, and from the claims.

DETAILED DESCRIPTION

iRNA directs the sequence-specific degradation of mRNA through a process known as
RNA interference (RNA1). Described herein are iRNAs and methods of using them for
modulating (e.g., inhibiting) the expression of CA2. Also provided are compositions and
methods for treatment of disorders related to CA2 expression, such as glaucoma or conditions
associated with glaucoma.

Human CA2, also known as carbonic anhydrase 2, is a metalloenzyme encoded by the
CAZ2 gene. CA2 catalyzes the interconversion between carbon dioxide and bicarbonate. CA2 is
expressed by a variety of tissues including tissues of the eye, such as, ciliary epithelium, corneal
epithelium, Miller cells, the lens, non-pigmented iris epithelium, retinal pigment epithelium, and
pigmented and non-pigmented epithelium of the ciliary processes.

Without wishing to be bound by theory, CA2 may exacerbate the pathogenesis of
glaucoma, e.g., by increasing intraocular pressure. CA2 appears to be the main CA form
expressed in human ciliary epithelium which is responsible for producing aqueous humor.
Carbonic anhydrase inhibitors have been shown to reduce aqueous humor production by up to
40% and thereby reduce intraocular pressure in the eye.

The following description discloses how to make and use compositions containing
iRNAs to modulate (e.g., inhibit) the expression of CA2, as well as compositions and methods
for treating disorders related to expression of CA2.

In some aspects, pharmaceutical compositions containing CA2 iRNA and a

pharmaceutically acceptable carrier, methods of using the compositions to inhibit expression of
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CAZ2, and methods of using the pharmaceutical compositions to treat disorders related to

expression of CA2 (e.g., glaucoma or conditions associated with glaucoma) are featured herein.

L Definitions

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

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

The term “at least” prior to a number or series of numbers is understood to include the
number adjacent to the term “at least”, and all subsequent numbers or integers that could
logically be included, as clear from context. For example, the number of nucleotides in a
nucleic acid molecule must be an integer. For example, “at least 17 nucleotides of a
20-nucleotide nucleic acid molecule” means that 17, 18, 19, or 20 nucleotides have the
indicated property. When at least is present before a series of numbers or a range, it is
understood that “at least” can modify each of the numbers in the series or range.

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

As used herein, “up to” as in “up to 10” is understood as up to and including 10, i.e.,
0,1,2,3,4,5,6,7,8,9, or 10.

Ranges provided herein are understood to include all individual integer values and all

subranges within the ranges.

2% <C 2%

The terms “activate,” “enhance,” “up-regulate the expression of,” “increase the
expression of,” and the like, in so far as they refer to a CA2 gene, herein refer to the at least
partial activation of the expression of a CA2 gene, as manifested by an increase in the amount of

CA2 mRNA, which may be isolated from or detected in a first cell or group of cells in which a
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CAZ2 gene is transcribed and which has or have been treated such that the expression of a CA2
gene is increased, as compared to a second cell or group of cells substantially identical to the first
cell or group of cells but which has or have not been so treated (control cells).

In some embodiments, expression of a CA2 gene is activated by at least about 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, or 50% by administration of an iRNA as described herein. In
some embodiments, a CA2 gene is activated by at least about 60%, 70%, or 80% by
administration of an iRNA featured in the disclosure. In some embodiments, expression of a
CA2 gene is activated by at least about 85%, 90%, or 95% or more by administration of an iRNA
as described herein. In some embodiments, the CA2 gene expression is increased by at least 1-
fold, at least 2-fold, at least 5-fold, at least 10-fold, at least 50-fold, at least 100-fold, at least S00-
fold, at least 1000-fold or more in cells treated with an iIRNA as described herein compared to
the expression in an untreated cell. Activation of expression by small dsSRNAs is described, for
example, in Li et al., 2006 Proc. Natl. Acad. Sci. U.S.A. 103:17337-42, and in US2007/0111963
and US2005/226848, each of which is incorporated herein by reference.

The terms “silence,” “inhibit expression of,” “down-regulate expression of,” “suppress
expression of,” and the like, in so far as they refer to CA2, herein refer to the at least partial
suppression of the expression of CA2, as assessed, e.g., based on CA2 mRNA expression, CA2
protein expression, or another parameter functionally linked to CA2 expression. For example,
inhibition of CA2 expression may be manifested by a reduction of the amount of CA2 mRNA
which may be isolated from or detected in a first cell or group of cells in which CA2 is
transcribed and which has or have been treated such that the expression of CA2 is inhibited, as
compared to a control. The control may be a second cell or group of cells substantially identical
to the first cell or group of cells, except that the second cell or group of cells have not been so
treated (control cells). The degree of inhibition is usually expressed as a percentage of a control
level, e.g.,

(mRNA in control cells) - (mRNA in treated cells)
(mRNA 1n control cells)

¢ 100%

Alternatively, the degree of inhibition may be given in terms of a reduction of a
parameter that is functionally linked to CA2 expression, e.g., the amount of protein encoded by a
CA2 gene. The reduction of a parameter functionally linked to CA2 expression may similarly be

expressed as a percentage of a control level. In principle, CA2 silencing may be determined in
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any cell expressing CA2, either constitutively or by genomic engineering, and by any appropriate
assay.

For example, in certain instances, expression of CA2 is suppressed by at least about 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% by administration of an iRNA disclosed herein.
In some embodiments, CA2 is suppressed by at least about 60%, 65%, 70%, 75%, or 80% by
administration of an iRNA disclosed herein. In some embodiments, CA2 is suppressed by at
least about 85%, 90%, 95%, 98%, 99%, or more by administration of an iRNA as described
herein.

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

As used herein, the term “region of complementarity” refers to the region on the
antisense strand that is substantially complementary to a sequence, for example a target
sequence, as defined herein. Where the region of complementarity is not fully complementary to
the target sequence, the mismatches may be in the internal or terminal regions of the molecule.
In some embodiments, the region of complementarity comprises O, 1, or 2 mismatches.

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

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

As used herein, and unless otherwise indicated, the term “complementary,” when used to
describe a first nucleotide sequence in relation to a second nucleotide sequence, refers to the
ability of an oligonucleotide or polynucleotide comprising the first nucleotide sequence to
hybridize and form a duplex structure under certain conditions with an oligonucleotide or
polynucleotide comprising the second nucleotide sequence, as will be understood by the skilled
person. Such conditions can be, for example, “stringent conditions”, including but not limited to,
400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 50°C or 70°C for 12-16 hours followed by
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washing. As used herein, “stringent conditions” or “stringent hybridization conditions” refers to
conditions under which an antisense compound will hybridize to its target sequence, but to a
minimal number of other sequences. Stringent conditions are sequence-dependent and will be
different in different circumstances, and “stringent conditions” under which antisense
compounds hybridize to a target sequence are determined by the nature and composition of the
antisense compounds and the assays in which they are being investigated. Other conditions, such
as physiologically relevant conditions as may be encountered inside an organism, can apply. The
skilled person will be able to determine the set of conditions most appropriate for a test of
complementarity of two sequences in accordance with the ultimate application of the hybridized
nucleotides.

Complementary sequences within an iRNA, e.g., within a dsSRNA as described herein,
include base-pairing of the oligonucleotide or polynucleotide comprising a first nucleotide
sequence to an oligonucleotide or polynucleotide comprising a second nucleotide sequence over
the entire length of one or both nucleotide sequences. Such sequences can be referred to as
“fully complementary” with respect to each other herein. However, where a first sequence is
referred to as “substantially complementary” with respect to a second sequence herein, the two
sequences can be fully complementary, or they may form one or more, but generally not more
than 5, 4, 3 or 2 mismatched base pairs upon hybridization for a duplex up to 30 base pairs. In
some embodiments, the “substantially complementary” sequences disclosed herein comprise a
contiguous nucleotide sequence which is at least about 80% complementary over its entire length
to the equivalent region of the target GPR146 sequence, such as about 85%, about 90%, about
91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or
about 99% complementary. However, where two oligonucleotides are designed to form, upon
hybridization, one or more single stranded overhangs, such overhangs shall not be regarded as
mismatches with regard to the determination of complementarity. For example, a dSRNA
comprising one oligonucleotide 21 nucleotides in length and another oligonucleotide 23
nucleotides in length, wherein the longer oligonucleotide comprises a sequence of 21 nucleotides
that is fully complementary to the shorter oligonucleotide, may yet be referred to as “fully
complementary” for the purposes described herein.

Complementary sequences, as used herein, may also include, or be formed entirely from,

non-Watson-Crick base pairs and/or base pairs formed from non-natural and modified
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nucleotides, in as far as the above requirements with respect to their ability to hybridize are
fulfilled. Such non-Watson-Crick base pairs includes, but are not limited to, G:U Wobble or
Hoogsteen base pairing.

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

As used herein, a polynucleotide that is “substantially complementary to at least part of”
a messenger RNA (mRNA) refers to a polynucleotide that is substantially complementary to a
contiguous portion of the mRNA of interest (e.g., an mRNA encoding a CA2 protein). For
example, a polynucleotide is complementary to at least a part of a CA2 mRNA if the sequence is
substantially complementary to a non-interrupted portion of an mRNA encoding CA2. The term
“complementarity” refers to the capacity for pairing between nucleobases of a first nucleic acid
and a second nucleic acid.

As used herein, the term “region of complementarity” refers to the region of one
nucleotide sequence agent that is substantially complementary to another sequence, e.g., the
region of a sense sequence and corresponding antisense sequence of a dSRNA, or the antisense
strand of an iIRNA and a target sequence, e.g., a CA2 nucleotide sequence, as defined herein.
Where the region of complementarity is not fully complementary to the target sequence, the
mismatches can be in the internal or terminal regions of the antisense strand of the iRNA.
Generally, the most tolerated mismatches are in the terminal regions, e.g., within 5, 4, 3, or 2
nucleotides of the 5’- or 3’-terminus of the iRNA agent.

“Contacting,” as used herein, includes directly contacting a cell, as well as indirectly
contacting a cell. For example, a cell within a subject may be contacted when a composition
comprising an iRNA is administered (e.g., intraocularly, topically, or intravenously) to the
subject.

“Introducing into a cell,” when referring to an iRNA, means facilitating or effecting
uptake or absorption into the cell. Absorption or uptake of an iRNA can occur through unaided
diffusive or active cellular processes, or by auxiliary agents or devices. The meaning of this term

is not limited to cells in vitro; an iRNA may also be "introduced into a cell,” wherein the cell is
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part of a living organism. In such an instance, introduction into the cell will include the delivery
to the organism. For example, for in vivo delivery, iRNA can be injected into a tissue site or
administered systemically. /n vivo delivery can also be by a B-glucan delivery system, such as
those described in U.S. Patent Nos. 5,032,401 and 5,607,677, and U.S. Publication No.
2005/0281781, which are hereby incorporated by reference in their entirety. /n vifro introduction
into a cell includes methods known in the art such as electroporation and lipofection. Further
approaches are described herein below or known in the art.  As used herein, a “disorder related

to CA2 expression,” a “disease related to CA2 expression,” a “pathological process related to

2 <« 29 <C

CA2 expression,” “a CA2-associated disorder,” “a CA2-associated disease,” or the like includes
any condition, disorder, or disease in which CA2 expression is altered (e.g., decreased or
increased relative to a reference level, e.g., a level characteristic of a non-diseased subject). In
some embodiments, CA2 expression is decreased. In some embodiments, CA2 expression is
increased. In some embodiments, the decrease or increase in CA2 expression is detectable in a
tissue sample from the subject (e.g., in an optic nerve sample). The decrease or increase may be
assessed relative the level observed in the same individual prior to the development of the
disorder or relative to other individual(s) who do not have the disorder. The decrease or increase
may be limited to a particular organ, tissue, or region of the body (e.g., the eye). CA2-associated
disorders include, but are not limited to, glaucoma or conditions associated with glaucoma.

The term “condition(s) associated with glaucoma,” as used herein, means any disease or
condition that is associated with an increase in intraocular pressure. Non-limiting examples of
conditions associated with glaucoma that are treatable using methods provided herein include
glaucoma, open-angle glaucoma, angle-closure glaucoma, ocular inflammation, systemic
inflammation, anterior uveitis, acute retinal necrosis, Sturge-Weber syndrome, Axenfeld-Rieger
syndrome, Marfan syndrome, homocystinuria, Weill-Marchesani syndrome, and autoimmune
diseases, such as juvenile rheumatoid arthritis and Marie-Strumpell ankylosing spondylitis.

The term “double-stranded RNA,” “dsRNA,” or “siRNA” as used herein, refers to an
iRNA that includes an RNA molecule or complex of molecules having a hybridized duplex
region that comprises two anti-parallel and substantially complementary nucleic acid strands,
which will be referred to as having “sense” and “antisense” orientations with respect to a target
RNA. The duplex region can be of any length that permits specific degradation of a desired

target RNA, e.g., through a RISC pathway, but will typically range from 9 to 36 base pairs in
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length, e.g., 15-30 base pairs in length. Considering a duplex between 9 and 36 base pairs, the
duplex can be any length in this range, for example, 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, or 36 and any sub-range therein
between, including, but not limited to 15-30 base pairs, 15-26 base pairs, 15-23 base pairs, 15-22
base pairs, 15-21 base pairs, 15-20 base pairs, 15-19 base pairs, 15-18 base pairs, 15-17 base
pairs, 18-30 base pairs, 18-26 base pairs, 18-23 base pairs, 18-22 base pairs, 18-21 base pairs,
18-20 base pairs, 19-30 base pairs, 19-26 base pairs, 19-23 base pairs, 19-22 base pairs, 19-21
base pairs, 19-20 base pairs, 20-30 base pairs, 20-26 base pairs, 20-25 base pairs, 20-24 base
pairs, 20-23 base pairs, 20-22 base pairs, 20-21 base pairs, 21-30 base pairs, 21-26 base pairs,
21-25 base pairs, 21-24 base pairs, 21-23 base pairs, or 21-22 base pairs. dSRNAs generated in
the cell by processing with Dicer and similar enzymes are generally in the range of 19-22 base
pairs in length. One strand of the duplex region of a dsDNA comprises a sequence that is
substantially complementary to a region of a target RNA. The two strands forming the duplex
structure can be from a single RNA molecule having at least one self-complementary region, or
can be formed from two or more separate RNA molecules. Where the duplex region is formed
from two strands of a single molecule, the molecule can have a duplex region separated by a
single stranded chain of nucleotides (herein referred to as a "hairpin loop") between the 3’-end of
one strand and the 5’-end of the respective other strand forming the duplex structure. The
hairpin loop can comprise at least one unpaired nucleotide; in some embodiments the hairpin
loop can comprise at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least
10, at least 20, at least 23 or more unpaired nucleotides. Where the two substantially
complementary strands of a dsSRNA are comprised by separate RNA molecules, those molecules
need not, but can be covalently connected. In some embodiments, the two strands are connected
covalently by means other than a hairpin loop, and the connecting structure is a linker.

In some embodiments, the iRNA agent may be a “single-stranded siRNA” that is
introduced into a cell or organism to inhibit a target mRNA. In some embodiments, single-
stranded RNA1 agents can bind to the RISC endonuclease Argonaute 2, which then cleaves the
target mRNA. The single-stranded siRNAs are generally 15-30 nucleotides and are optionally
chemically modified. The design and testing of single-stranded siRNAs are described in U.S.
Patent No. 8,101,348 and in Lima ez al., (2012) Cell 150: 883-894, the entire contents of each of

which are hereby incorporated herein by reference. Any of the antisense nucleotide sequences
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described herein (e.g., sequences provided in Tables 3-10) may be used as a single-stranded
siRNA as described herein and optionally as chemically modified, e.g., as described herein, e.g.,
by the methods described in Lima et al., (2012) Cell 150:883-894.

In some embodiments, an RNA interference agent includes a single stranded RNA that
interacts with a target RNA sequence to direct the cleavage of the target RNA. Without wishing
to be bound by theory, long double stranded RNA introduced into cells is broken down into
siRNA by a Type III endonuclease known as Dicer (Sharp et al., Genes Dev. 2001, 15:485).
Dicer, a ribonuclease-III-like enzyme, processes the dsSRNA into 19-23 base pair short interfering
RNAs with characteristic two base 3' overhangs (Bernstein, ez al., (2001) Nature 409:363). The
siRNAs are then incorporated into an RNA-induced silencing complex (RISC) where one or
more helicases unwind the siRNA duplex, enabling the complementary antisense strand to guide
target recognition (Nykanen, ef al., (2001) Cel/l 107:309). Upon binding to the appropriate target
mRNA, one or more endonucleases within the RISC cleaves the target to induce silencing
(Elbashir, ef al., (2001) Genes Dev. 15:188). Thus, in some embodiments, the disclosure relates
to a single stranded RNA that promotes the formation of a RISC complex to effect silencing of
the target gene.

“G,” “C.” “A,” “T” and “U” each generally stand for a nucleotide that contains guanine,
cytosine, adenine, thymidine and uracil as a base, respectively. However, it will be understood

29

that the terms “deoxyribonucleotide,” “ribonucleotide,” or “nucleotide” can also refer to a
modified nucleotide, as further detailed below, or a surrogate replacement moiety. The skilled
person is well aware that guanine, cytosine, adenine, and uracil may be replaced by other
moieties without substantially altering the base pairing properties of an oligonucleotide
comprising a nucleotide bearing such replacement moiety. For example, without limitation, a
nucleotide comprising inosine as its base may base pair with nucleotides containing adenine,
cytosine, or uracil. Hence, nucleotides containing uracil, guanine, or adenine may be replaced in
the nucleotide sequences of dsSRNA featured in the disclosure by a nucleotide containing, for
example, inosine. In another example, adenine and cytosine anywhere in the oligonucleotide can
be replaced with guanine and uracil, respectively to form G-U Wobble base pairing with the

target mMRNA. Sequences containing such replacement moieties are suitable for the

compositions and methods featured in the disclosure.
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As used herein, the term “iIRNA,” “RNAi”, “iRNA agent,” or “RNAi agent” or “RNAi
molecule” refers to an agent that contains RNA as that term is defined herein, and which
mediates the targeted cleavage of an RNA transcript, e.g., via an RNA-induced silencing
complex (RISC) pathway. In some embodiments, an iRNA as described herein effects inhibition
of CA2 expression, e.g., in a cell or mammal. Inhibition of CA2 expression may be assessed
based on a reduction in the level of CA2 mRNA or a reduction in the level of the CA2 protein.

The term "linker" or “linking group” means an organic moiety that connects two parts of
a compound, e.g., covalently attaches two parts of a compound.

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

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

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

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

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

Accordingly, conjugating the lipophilic moieties to the internal position(s) of the double-
stranded RNAi agent provides optimal hydrophobicity for the enhanced in vivo delivery of
siRNA.

The term “lipid nanoparticle” or “LNP” is a vesicle comprising a lipid layer
encapsulating a pharmaceutically active molecule, such as a nucleic acid molecule, e.g., a RNAi
agent or a plasmid from which a RNA1 agent is transcribed. LNPs are described in, for example,
U.S. Patent Nos. 6,858,225, 6,815,432, 8,158,601, and 8,058,069, the entire contents of which
are hereby incorporated herein by reference.

As used herein, the term “modulate the expression of,” refers to an at least partial
“inhibition” or partial “activation” of a gene (e.g., CA2 gene) expression in a cell treated with an
iRNA composition as described herein compared to the expression of the corresponding gene in
a control cell. A control cell includes an untreated cell, or a cell treated with a non-targeting
control iRNA.

The skilled artisan will recognize that the term “RNA molecule” or “ribonucleic acid
molecule” encompasses not only RNA molecules as expressed or found in nature, but also
analogs and derivatives of RNA comprising one or more ribonucleotide/ribonucleoside analogs
or derivatives as described herein or as known in the art. Strictly speaking, a “ribonucleoside”
includes a nucleoside base and a ribose sugar, and a “ribonucleotide” is a ribonucleoside with
one, two or three phosphate moieties or analogs thereof (e.g., phosphorothioate). However, the
terms “ribonucleoside” and “ribonucleotide” can be considered to be equivalent as used herein.
The RNA can be modified in the nucleobase structure, in the ribose structure, or in the ribose-
phosphate backbone structure, e.g., as described herein below. However, the molecules

comprising ribonucleoside analogs or derivatives must retain the ability to form a duplex. As
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non-limiting examples, an RNA molecule can also include at least one modified ribonucleoside
including but not limited to a 2'-O-methyl modified nucleoside, a nucleoside comprising a 5'
phosphorothioate group, a terminal nucleoside linked to a cholesteryl derivative or dodecanoic
acid bisdecylamide group, a locked nucleoside, an abasic nucleoside, an acyclic nucleoside, a
glycol nucleotide, a 2'-deoxy-2'-fluoro modified nucleoside, a 2'-amino-modified nucleoside, 2'-
alkyl-modified nucleoside, morpholino nucleoside, a phosphoramidate or a non-natural base
comprising nucleoside, or any combination thereof. Alternatively, or in combination, an RNA
molecule can comprise at least two modified ribonucleosides, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least 10, at least 15, at least 20 or more, up to the entire
length of the dsSRNA molecule. The modifications need not be the same for each of such a
plurality of modified ribonucleosides in an RNA molecule. In some embodiments, modified
RNAs contemplated for use in methods and compositions described herein are peptide nucleic
acids (PNAs) that have the ability to form the required duplex structure and that permit or
mediate the specific degradation of a target RNA, e.g., via a RISC pathway. For clarity, itis
understood that the term “iRNA” does not encompass a naturally occurring double stranded
DNA molecule or a 100% deoxynucleoside-containing DNA molecule.

In some aspects, a modified ribonucleoside includes a deoxyribonucleoside. In such an
instance, an iIRNA agent can comprise one or more deoxynucleosides, including, for example, a
deoxynucleoside overhang(s), or one or more deoxynucleosides within the double stranded
portion of a dsSRNA. In certain embodiments, the RNA molecule comprises a percentage of
deoxyribonucleosides of at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95% or higher (but not 100%) deoxyribonucleosides, e.g., in one or both strands.

As used herein, the term “nucleotide overhang” refers to at least one unpaired nucleotide
that protrudes from the duplex structure of an iRNA, e.g., a dsSRNA. For example, when a 3'-end
of one strand of a dSRNA extends beyond the 5'-end of the other strand, or vice versa, there is a
nucleotide overhang. A dsRNA can comprise an overhang of at least one nucleotide;
alternatively, the overhang can comprise at least two nucleotides, at least three nucleotides, at
least four nucleotides, or at least five nucleotides or more. A nucleotide overhang can comprise
or consist of a nucleotide/nucleoside analog, including a deoxynucleotide/nucleoside. The

overhang(s) may be on the sense strand, the antisense strand or any combination thereof.
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Furthermore, the nucleotide(s) of an overhang can be present on the 5' end, 3' end or both ends of
either an antisense or sense strand of a dSRNA.

In some embodiments, the antisense strand of a dSRNA has a 1-10 nucleotide overhang at
the 3° end and/or the 5 end. In some embodiments, the sense strand of a dsSRNA has a 1-10
nucleotide overhang at the 3’ end and/or the 5” end. In some embodiments, one or more of the
nucleotides in the overhang is replaced with a nucleoside thiophosphate.

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

29 ¢

used herein, “pharmacologically effective amount,” “therapeutically effective amount” or simply
“effective amount” refers to that amount of an agent (e.g., iIRNA) effective to produce the
intended pharmacological, therapeutic or preventive result. For example, in a method of treating
a disorder related to CA2 expression (e.g., glaucoma or conditions associated with glaucoma), an
effective amount includes an amount effective to reduce one or more symptoms associated with
the disorder, e.g., an amount effective to (a) inhibit or reduce intraocular pressure; (b) inhibit or
reduce the expression or activity of CA2; (¢) decrease the amount of aqueous humor; (d) inhibit
or reduce optic nerve damage; or (e) inhibit or reduce retinal ganglion cell death or an amount
effective to reduce the risk of developing conditions associated with the disorder. For example,
if a given clinical treatment is considered effective when there is at least a 10% reduction in a
measurable parameter associated with a disease or disorder, a therapeutically effective amount of
a drug for the treatment of that disease or disorder is the amount necessary to obtain at least a
10% reduction in that parameter. For example, a therapeutically effective amount of an iRNA
targeting CA2 can reduce a level of CA2 mRNA or a level of CA2 protein by any measurable
amount, e.g., by at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, or 95%.

The term “pharmaceutically acceptable carrier” refers to a carrier for administration of a
therapeutic agent. Such carriers include, but are not limited to, saline, buffered saline, dextrose,
water, glycerol, ethanol, and combinations thereof. The term specifically excludes cell culture
medium. For drugs administered orally, pharmaceutically acceptable carriers include, but are not
limited to pharmaceutically acceptable excipients such as inert diluents, disintegrating agents,
binding agents, lubricating agents, sweetening agents, flavoring agents, coloring agents and

preservatives. Suitable inert diluents include sodium and calcium carbonate, sodium and calcium
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phosphate, and lactose, while corn starch and alginic acid are suitable disintegrating agents.
Binding agents may include starch and gelatin, while the lubricating agent, if present, will
generally be magnesium stearate, stearic acid or talc. If desired, the tablets may be coated with a
material such as glyceryl monostearate or glyceryl distearate, to delay absorption in the
gastrointestinal tract. Agents included in drug formulations are described further herein below.

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

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

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

A “subject in need thereof” includes a subject having, suspected of having, or at risk of
developing a disorder related to CA2 expression, e.g., overexpression (e.g., glaucoma or
conditions associated with glaucoma). In some embodiments, the subject has, or is suspected of
having, a disorder related to CA2 expression or overexpression. In some embodiments, the
subject is at risk of developing a disorder related to CA2 expression or overexpression.

As used herein, “target sequence” refers to a contiguous portion of the nucleotide
sequence of an mMRNA molecule formed during the transcription of a gene, e.g., CA2, including
mRNA that is a product of RNA processing of a primary transcription product. The target
portion of the sequence will be at least long enough to serve as a substrate for iRNA-directed
cleavage at or near that portion. For example, the target sequence will generally be from 9-36

nucleotides in length, e.g., 15-30 nucleotides in length, including all sub-ranges therebetween.
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As non-limiting examples, the target sequence can be from 15-30 nucleotides, 15-26 nucleotides,
15-23 nucleotides, 15-22 nucleotides, 15-21 nucleotides, 15-20 nucleotides, 15-19 nucleotides,
15-18 nucleotides, 15-17 nucleotides, 18-30 nucleotides, 18-26 nucleotides, 18-23 nucleotides,
18-22 nucleotides, 18-21 nucleotides, 18-20 nucleotides, 19-30 nucleotides, 19-26 nucleotides,
19-23 nucleotides, 19-22 nucleotides, 19-21 nucleotides, 19-20 nucleotides, 20-30 nucleotides,
20-26 nucleotides, 20-25 nucleotides, 20-24 nucleotides, 20-23 nucleotides, 20-22 nucleotides,
20-21 nucleotides, 21-30 nucleotides, 21-26 nucleotides, 21-25 nucleotides, 21-24 nucleotides,
21-23 nucleotides, or 21-22 nucleotides.

As used herein, the phrases “therapeutically effective amount” and “prophylactically
effective amount” and the like refer to an amount that provides a therapeutic benefit in the
treatment, prevention, or management of any disorder or pathological process related to CA2
expression (e.g., glaucoma or conditions associated with glaucoma). The specific amount that is
therapeutically effective may vary depending on factors known in the art, such as, for example,
the type of disorder or pathological process, the patient’s history and age, the stage of the
disorder or pathological process, and the administration of other therapies.

2 <

In the context of the present disclosure, the terms “treat,” “treatment,” and the like mean
to prevent, delay, relieve or alleviate at least one symptom associated with a disorder related to
CA2 expression, or to slow or reverse the progression or anticipated progression of such a
disorder. For example, the methods featured herein, when employed to treat glaucoma or
conditions associated with glaucoma, may serve to reduce or prevent one or more symptoms of
glaucoma or conditions associated with glaucoma, as described herein, or to reduce the risk or
severity of associated conditions. Thus, unless the context clearly indicates otherwise, the terms

2% <«

“treat,” “treatment,” and the like are intended to encompass prophylaxis, e.g., prevention of
disorders and/or symptoms of disorders related to CA2 expression. Treatment can also mean
prolonging survival as compared to expected survival in the absence of treatment.

By “lower” in the context of a disease marker or symptom is meant any decrease, e.g., a
statistically or clinically significant decrease in such level. The decrease can be, for example, at
least 10%, at least 20%, at least 30%, at least 40%, at least 40%, at least 50%, at least 60%, at

least 70%, at least 80%, or at least 90%. The decrease can be down to a level accepted as within

the range of normal for an individual without such disorder.
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As used herein, “CA2” refers to “carbonic anhydrase 2” the corresponding mRNA (“CA2
mRNA”), or the corresponding protein (“CA2 protein”). The sequence of a human CA2 mRNA
transcript can be found at SEQ ID NO: 1.

The term “substituted” refers to the replacement of one or more hydrogen radicals in a
given structure with the radical of a specified substituent including, but not limited to: alkyl,
alkenyl, alkynyl, aryl, heterocyclyl, halo, thiol, alkylthio, arylthio, alkylthioalkyl, arylthioalkyl,
alkylsulfonyl, alkylsulfonylalkyl, arylsulfonylalkyl, alkoxy, aryloxy, aralkoxy, aminocarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, alkoxycarbonyl, aryloxycarbonyl, haloalkyl, amino,
trifluoromethyl, cyano, nitro, alkylamino, arylamino, alkylaminoalkyl, arylaminoalkyl,
aminoalkylamino, hydroxy, alkoxyalkyl, carboxyalkyl, alkoxycarbonylalkyl,
aminocarbonylalkyl, acyl, aralkoxycarbonyl, carboxylic acid, sulfonic acid, sulfonyl, phosphonic
acid, aryl, heteroaryl, heterocyclic, and aliphatic. It is understood that the substituent can be
further substituted.

The term “alkyl” refers to saturated and unsaturated non-aromatic hydrocarbon chains
that may be a straight chain or branched chain, containing the indicated number of carbon atoms
(these include without limitation propyl, allyl, or propargyl), which may be optionally inserted
with N, O, or S. For example, “(C1-C6) alkyl” means a radical having from 1 6 carbon atoms in
a linear or branched arrangement. “(C1-C6) alkyl” includes, for example, methyl, ethyl, propyl,
iso-propyl, n-butyl, tert-butyl, pentyl and hexyl. In certain embodiments, a lipophilic moiety of
the instant disclosure can include a C6-C18 alkyl hydrocarbon chain.

The term “alkylene” refers to an optionally substituted saturated aliphatic branched or
straight chain divalent hydrocarbon radical having the specified number of carbon atoms. For
example, “(C1-C6) alkylene” means a divalent saturated aliphatic radical having from 1-6 carbon
atoms in a linear arrangement, e.g., [(CH2)a] , where n is an integer from 1 to 6. “(C1-C6)
alkylene” includes methylene, ethylene, propylene, butylene, pentylene and hexylene.
Alternatively, “(C1-C6) alkylene” means a divalent saturated radical having from 1-6 carbon
atoms in a branched arrangement, for example: [(CH2CH2CH2CH2CH(CH3)],
[(CH2CH2CH2CH2C(CH3)2], [(CH2C(CHs)2:CH(CH3))], and the like. The term “alkylenedioxo”
refers to a divalent species of the structure —O—R—O—, in which R represents an alkylene.

The term “mercapto” refers to an —SH radical. The term “thioalkoxy” refers to an —S—

alkyl radical.
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The term “halo” refers to any radical of fluorine, chlorine, bromine or iodine. “Halogen”
and “halo” are used interchangeably herein.

As used herein, the term “cycloalkyl” means a saturated or unsaturated nonaromatic
hydrocarbon ring group having from 3 to 14 carbon atoms, unless otherwise specified. For
example, “(C3-C10) cycloalkyl” means a hydrocarbon radical of a (3-10)-membered saturated
aliphatic cyclic hydrocarbon ring. Examples of cycloalkyl groups include, but are not limited to,
cyclopropyl, methyl-cyclopropyl, 2,2-dimethyl-cyclobutyl, 2-ethyl-cyclopentyl, cyclohexyl, etc.
Cycloalkyls may include multiple spiro- or fused rings. Cycloalkyl groups are optionally mono-,
di-, tri-, tetra-, or penta-substituted on any position as permitted by normal valency.

As used herein, the term “alkenyl” refers to a non-aromatic hydrocarbon radical, straight
or branched, containing at least one carbon-carbon double bond, and having from 2 to 10 carbon
atoms unless otherwise specified. Up to five carbon-carbon double bonds may be present in such
groups. For example, “C2-C6” alkenyl is defined as an alkenyl radical having from 2 to 6 carbon
atoms. Examples of alkenyl groups include, but are not limited to, ethenyl, propenyl, butenyl,
and cyclohexenyl. The straight, branched, or cyclic portion of the alkenyl group may contain
double bonds and is optionally mono-, di-, tri-, tetra-, or penta-substituted on any position as
permitted by normal valency. The term “cycloalkenyl” means a monocyclic hydrocarbon group
having the specified number of carbon atoms and at least one carbon-carbon double bond.

As used herein, the term “alkynyl” refers to a hydrocarbon radical, straight or branched,
containing from 2 to 10 carbon atoms, unless otherwise specified, and containing at least one
carbon-carbon triple bond. Up to 5 carbon-carbon triple bonds may be present. Thus, “C2-C6
alkynyl” means an alkynyl radical having from 2 to 6 carbon atoms. Examples of alkynyl groups
include, but are not limited to, ethynyl, 2-propynyl, and 2-butynyl. The straight or branched
portion of the alkynyl group may contain triple bonds as permitted by normal valency, and may
be optionally mono-, di-, tri-, tetra-, or penta-substituted on any position as permitted by normal
valency.

As used herein, “alkoxyl” or “alkoxy” refers to an alkyl group as defined above with the
indicated number of carbon atoms attached through an oxygen bridge. For example, “(C1-
C3)alkoxy” includes methoxy, ethoxy and propoxy. For example, “(C1-C6)alkoxy”, is intended
to include C1, C2, C3, C4, CS5, and C6 alkoxy groups. For example, “(C1-C8)alkoxy”, is
intended to include C1, C2, C3, C4, C5, C6, C7, and C8 alkoxy groups. Examples of alkoxy
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include, but are not limited to, methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, s-butoxy, t-
butoxy, n-pentoxy, s-pentoxy, n-heptoxy, and n-octoxy. “Alkylthio” means an alkyl radical
attached through a sulfur linking atom. The terms “alkylamino” or “aminoalkyl”, means an alkyl
radical attached through an NH linkage. “Dialkylamino” means two alkyl radical attached
through a nitrogen linking atom. The amino groups may be unsubstituted, monosubstituted, or
di-substituted. In some embodiments, the two alkyl radicals are the same (e.g., N,N-
dimethylamino). In some embodiments, the two alkyl radicals are different (e.g., N-ethyl-N-
methylamino).

As used herein, “aryl” or “aromatic” means any stable monocyclic or polycyclic carbon
ring of up to 7 atoms in each ring, wherein at least one ring is aromatic. Examples of aryl groups
include, but are not limited to, phenyl, naphthyl, anthracenyl, tetrahydronaphthyl, indanyl, and
biphenyl. In cases where the aryl substituent is bicyclic and one ring is non-aromatic, it is
understood that attachment is via the aromatic ring. Aryl groups are optionally mono-, di-, tri-,
tetra-, or penta-substituted on any position as permitted by normal valency. The term “arylalkyl”
or the term “aralkyl” refers to alkyl substituted with an aryl. The term “arylalkoxy” refers to an
alkoxy substituted with aryl.

“Hetero” refers to the replacement of at least one carbon atom in a ring system with at
least one heteroatom selected from N, S and O. “Hetero” also refers to the replacement of at
least one carbon atom in an acyclic system. A hetero ring system or a hetero acyclic system may
have, for example, 1, 2 or 3 carbon atoms replaced by a heteroatom.

As used herein, the term “heteroaryl” represents a stable monocyclic or polycyclic ring of
up to 7 atoms in each ring, wherein at least one ring is aromatic and contains from 1 to 4
heteroatoms selected from the group consisting of O, N and S. Examples of heteroaryl groups
include, but are not limited to, acridinyl, carbazolyl, cinnolinyl, quinoxalinyl, pyrrazolyl, indolyl,
benzotriazolyl, furanyl, thienyl, benzothienyl, benzofuranyl, benzimidazolonyl, benzoxazolonyl,
quinolinyl, isoquinolinyl, dihydroisoindolonyl, imidazopyridinyl, isoindolonyl, indazolyl,
oxazolyl, oxadiazolyl, isoxazolyl, indolyl, pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyl,
pyrrolyl, tetrahydroquinoline. “Heteroaryl” is also understood to include the N-oxide derivative
of any nitrogen-containing heteroaryl. In cases where the heteroaryl substituent is bicyclic and

one ring is non-aromatic or contains no heteroatoms, it is understood that attachment is via the
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aromatic ring or via the heteroatom containing ring. Heteroaryl groups are optionally mono-, di-,
tri-, tetra-, or penta-substituted on any position as permitted by normal valency.

As used herein, the term “heterocycle,” “heterocyclic,” or “heterocyclyl” means a 3- to
14-membered aromatic or nonaromatic heterocycle containing from 1 to 4 heteroatoms selected
from the group consisting of O, N and S, including polycyclic groups. As used herein, the term
“heterocyclic” is also considered to be synonymous with the terms “heterocycle” and
“heterocyclyl” and is understood as also having the same definitions set forth herein.
“Heterocyclyl” includes the above mentioned heteroaryls, as well as dihydro and tetrahydro
analogs thereof. Examples of heterocyclyl groups include, but are not limited to, azetidinyl,
benzoimidazolyl, benzofuranyl, benzofurazanyl, benzopyrazolyl, benzotriazolyl,
benzothiophenyl, benzoxazolyl, carbazolyl, carbolinyl, cinnolinyl, furanyl, imidazolyl, indolinyl,
indolyl, indolazinyl, indazolyl, isobenzofuranyl, isoindolyl, isoquinolyl, isothiazolyl, isoxazolyl,
naphthpyridinyl, oxadiazolyl, oxooxazolidinyl, oxazolyl, oxazoline, oxopiperazinyl,
oxopyrrolidinyl, oxomorpholinyl, isoxazoline, oxetanyl, pyranyl, pyrazinyl, pyrazolyl,
pyridazinyl, pyridopyridinyl, pyridazinyl, pyridyl, pyridinonyl, pyrimidyl, pyrimidinonyl,
pyrrolyl, quinazolinyl, quinolyl, quinoxalinyl, tetrahydropyranyl, tetrahydrofuranyl,
tetrahydrothiopyranyl, tetrahydroisoquinolinyl, tetrazolyl, tetrazolopyridyl, thiadiazolyl,
thiazolyl, thienyl, triazolyl, 1,4-dioxanyl, hexahydroazepinyl, piperazinyl, piperidinyl, pyridin-2-
onyl, pyrrolidinyl, morpholinyl, thiomorpholinyl, dihydrobenzoimidazolyl, dihydrobenzofuranyl,
dihydrobenzothiophenyl, dihydrobenzoxazolyl, dihydrofuranyl, dihydroimidazolyl,
dihydroindolyl, dihydroisooxazolyl, dihydroisothiazolyl, dihydrooxadiazolyl, dihydrooxazolyl,
dihydropyrazinyl, dihydropyrazolyl, dihydropyridinyl, dihydropyrimidinyl, dihydropyrrolyl,
dihydroquinolinyl, dihydrotetrazolyl, dihydrothiadiazolyl, dihydrothiazolyl, dihydrothienyl,
dihydrotriazolyl, dihydroazetidinyl, dioxidothiomorpholinyl, methylenedioxybenzoyl,
tetrahydrofuranyl, and tetrahydrothienyl, and N-oxides thereof. Attachment of a heterocyclyl
substituent can occur via a carbon atom or via a heteroatom. Heterocyclyl groups are optionally
mono-, di-, tri-, tetra-, or penta-substituted on any position as permitted by normal valency.

“Heterocycloalkyl” refers to a cycloalkyl residue in which one to four of the carbons is
replaced by a heteroatom such as oxygen, nitrogen or sulfur. Examples of heterocycles whose
radicals are heterocyclyl groups include tetrahydropyran, morpholine, pyrrolidine, piperidine,

thiazolidine, oxazole, oxazoline, isoxazole, dioxane, tetrahydrofuran and the like.
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The term “heteroaryl” refers to an aromatic 5-8 membered monocyclic, 8-12 membered
bicyclic, or 11-14 membered tricyclic ring system having 1-3 heteroatoms if monocyclic, 1-6
heteroatoms if bicyclic, or 1-9 heteroatoms if tricyclic, said heteroatoms selected from O, N, or S
(e.g., carbon atoms and 1-3, 1-6, or 1-9 heteroatoms of N, O, or S if monocyclic, bicyclic, or
tricyclic, respectively), wherein 0, 1, 2, 3, or 4 atoms of each ring may be substituted by a
substituent. Examples of heteroaryl groups include pyridyl, furyl or furanyl, imidazolyl,
benzimidazolyl, pyrimidinyl, thiophenyl or thienyl, quinolinyl, indolyl, thiazolyl, and the like.
The term “heteroarylalkyl” or the term “heteroaralkyl” refers to an alkyl substituted with a
heteroaryl. The term “heteroarylalkoxy” refers to an alkoxy substituted with heteroaryl.

The term “cycloalkyl” as employed herein includes saturated and partially unsaturated
cyclic hydrocarbon groups having 3 to 12 carbons, for example, 3 to 8 carbons, and, for example,
3 to 6 carbons, wherein the cycloalkyl group additionally may be optionally substituted.
Cycloalkyl groups include, without limitation, cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, and cyclooctyl.

The term “acyl” refers to an alkylcarbonyl, cycloalkylcarbonyl, arylcarbonyl,
heterocyclylcarbonyl, or heteroarylcarbonyl substituent, any of which may be further substituted
by substituents.

As used herein, “keto” refers to any alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclyl, heteroaryl, or aryl group as defined herein attached through a carbonyl bridge.

Examples of keto groups include, but are not limited to, alkanoyl (e.g., acetyl, propionyl,
butanoyl, pentanoyl, hexanoyl), alkenoyl (e.g., acryloyl) alkynoyl (e.g., ethynoyl, propynoyl,
butynoyl, pentynoyl, hexynoyl), aryloyl (e.g., benzoyl), heteroaryloyl (e.g., pyrroloyl,
imidazoloyl, quinolinoyl, pyridinoyl).

As used herein, “alkoxycarbonyl” refers to any alkoxy group as defined above attached
through a carbonyl bridge (i.e., —C(0)O-alkyl). Examples of alkoxycarbonyl groups include,
but are not limited to, methoxycarbonyl, ethoxycarbonyl, iso-propoxycarbonyl, n-
propoxycarbonyl, t-butoxycarbonyl, benzyloxycarbonyl or n-pentoxycarbonyl.

As used herein, “aryloxycarbonyl” refers to any aryl group as defined herein attached
through an oxycarbonyl bridge (i.e., —C(0O)O-aryl). Examples of aryloxycarbonyl groups

include, but are not limited to, phenoxycarbonyl and naphthyloxycarbonyl.
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As used herein, “heteroaryloxycarbonyl” refers to any heteroaryl group as defined herein
attached through an oxycarbonyl bridge (i.e., —C(O)O-heteroaryl). Examples of
heteroaryloxycarbonyl groups include, but are not limited to, 2-pyridyloxycarbonyl, 2-
oxazolyloxycarbonyl, 4-thiazolyloxycarbonyl, or pyrimidinyloxycarbonyl.

The term “oxo” refers to an oxygen atom, which forms a carbonyl when attached to
carbon, an N-oxide when attached to nitrogen, and a sulfoxide or sulfone when attached to
sulfur.

The person of ordinary skill in the art would readily understand and appreciate that the
compounds and compositions disclosed herein may have certain atoms (e.g., N, O, or S atoms) in
a protonated or deprotonated state, depending upon the environment in which the compound or
composition is placed. Accordingly, as used herein, the structures disclosed herein envisage that
certain functional groups, such as, for example, OH, SH, or NH, may be protonated or
deprotonated. The disclosure herein is intended to cover the disclosed compounds and
compositions regardless of their state of protonation based on the pH of the environment, as

would be readily understood by the person of ordinary skill in the art.

IL. iRNA Agents

Described herein are iRNA agents that modulate (e.g., inhibit) the expression of CA2.

In some embodiments, the iIRNA agent activates the expression of CA2 in a cell or
mammal.

In some embodiments, the iIRNA agent includes double-stranded ribonucleic acid
(dsRNA) molecules for inhibiting the expression of CA2 in a cell or in a subject (e.g., in a
mammal, e.g., in a human), where the dsRNA includes an antisense strand having a region of
complementarity which is complementary to at least a part of an mRNA formed in the
expression of CA2, and where the region of complementarity is 30 nucleotides or less in length,
generally 19-24 nucleotides in length, and where the dsSRNA, upon contact with a cell expressing
CAZ2, inhibits the expression of CA2, e.g., by at least 10%, 20%, 30%, 40%, or 50% as compared
to a similar cell not contacted with the RNAi agent or an RNAi agent not complimentary to the
CAZ2 gene.

The modulation (e.g., inhibition) of expression of CA2 can be assayed by, for example, a

PCR or branched DNA (bDNA)-based method, or by a protein-based method, such as by
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Western blot. Expression of CA2 in cell culture, such as in COS cells, ARPE-19 cells, hTERT
RPE-1 cells, RPE-J cells, HeLa cells, primary hepatocytes, HepG2 cells, primary cultured cells
or in a biological sample from a subject can be assayed by measuring CA2 mRNA levels, such as
by bDNA or TagMan assay, or by measuring protein levels, such as by immunofluorescence
analysis, using, for example, Western Blotting or flow cytometric techniques.

A dsRNA typically includes two RNA strands that are sufficiently complementary to
hybridize to form a duplex structure under conditions in which the dsRNA will be used. One
strand of a dSRNA (the antisense strand) typically includes a region of complementarity that is
substantially complementary, or fully complementary, to a target sequence, derived from the
sequence of an mRNA formed during the expression of CA2. The other strand (the sense strand)
typically includes a region that is complementary to the antisense strand, such that the two
strands hybridize and form a duplex structure when combined under suitable conditions.
Generally, the duplex structure is between 15 and 30 inclusive, more generally between 18 and
25 inclusive, yet more generally between 19 and 24 inclusive, and most generally between 19
and 21 base pairs in length, inclusive. Similarly, the region of complementarity to the target
sequence is between 15 and 30 inclusive, more generally between 18 and 25 inclusive, yet more
generally between 19 and 24 inclusive, and most generally between 19 and 21 nucleotides in
length, inclusive.

In some embodiments, the dsSRNA is between 15 and 20 nucleotides in length, inclusive,
and in other embodiments, the dsSRNA is between 25 and 30 nucleotides in length, inclusive. As
the ordinarily skilled person will recognize, the targeted region of an RNA targeted for cleavage
will most often be part of a larger RNA molecule, often an mRNA molecule. Where relevant, a
“part” of an mRNA target is a contiguous sequence of an mRNA target of sufficient length to be
a substrate for RNAi-directed cleavage (i.e., cleavage through a RISC pathway). dsRNAs
having duplexes as short as 9 base pairs can, under some circumstances, mediate RN Ai-directed
RNA cleavage. Most often a target will be at least 15 nucleotides in length, e.g., 15-30
nucleotides in length.

One of skill in the art will also recognize that the duplex region is a primary functional
portion of a dsSRNA, e.g., a duplex region of 9 to 36, e.g., 15-30 base pairs. Thus, in some
embodiments, to the extent that it becomes processed to a functional duplex of e.g., 15-30 base

pairs that targets a desired RNA for cleavage, an RNA molecule or complex of RNA molecules

38



10

15

20

25

30

having a duplex region greater than 30 base pairs is a dSRNA. Thus, an ordinarily skilled artisan
will recognize that in some embodiments, then, an miRNA is a dSRNA. In some embodiments, a
dsRNA is not a naturally occurring miRNA. In some embodiments, an iRNA agent useful to
target CA2 expression is not generated in the target cell by cleavage of a larger dsSRNA.

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

In some embodiments, CA2 is a human CA2.

In specific embodiments, the dsSRNA comprises a sense strand that comprises or consists
of a sense sequence selected from the sense sequences provided in Tables 3-10 and an antisense
strand that comprises or consists of an antisense sequence selected from the antisense sequences
provided in Tables 3-10.

In some aspects, a dSRNA will include at least sense and antisense nucleotide sequences,
whereby the sense strand is selected from the sequences provided in Tables 3-10 and the
corresponding antisense strand is selected from the sequences provided in Tables 3-10.

In these aspects, one of the two sequences is complementary to the other of the two
sequences, with one of the sequences being substantially complementary to a sequence of an
mRNA generated by the expression of CA2. As such, a dsSRNA will include two
oligonucleotides, where one oligonucleotide is described as the sense strand, and the second
oligonucleotide is described as the corresponding antisense strand. As described elsewhere
herein and as known in the art, the complementary sequences of a dSRNA can also be contained
as self-complementary regions of a single nucleic acid molecule, as opposed to being on separate
oligonucleotides.

The skilled person is well aware that dSRNAs having a duplex structure of between 20
and 23, but specifically 21, base pairs have been hailed as particularly effective in inducing RNA
interference (Elbashir ef al., EMBO 2001, 20:6877-6888). However, others have found that
shorter or longer RNA duplex structures can be effective as well.

In the embodiments described above, by virtue of the nature of the oligonucleotide
sequences provided in Tables 3-10, dsSRNAs described herein can include at least one strand of a

length of minimally 19 nucleotides. It can be reasonably expected that shorter duplexes having
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one of the sequences of Tables 3-10 minus only a few nucleotides on one or both ends will be
similarly effective as compared to the dsSRNAs described above.

In some embodiments, the dsSRNA has a partial sequence of at least 15, 16, 17, 18, 19, 20,
or more contiguous nucleotides from one of the sequences of Tables 3-10.

In some embodiments, the dSRNA has an antisense sequence that comprises at least 15,
16, 17, 18, or 19 contiguous nucleotides of an antisense sequence provided in Tables 3-10 and a
sense sequence that comprises at least 15, 16, 17, 18, or 19 contiguous nucleotides of a
corresponding sense sequence provided in Tables 3-10.

In some embodiments, the dSRNA comprises an antisense sequence that comprises at
least 15, 16, 17, 18, 19, 20, 21, 22, or 23 contiguous nucleotides of an antisense sequence
provided in Tables 3-10 and a sense sequence that comprises at least 15, 16, 17, 18, 19, 20, or 21
contiguous nucleotides of a corresponding sense sequence provided in Tables 3-10.

In some such embodiments, the dsSRNA, although it comprises only a portion of the
sequences provided in Tables 3-10 is equally effective in inhibiting a level of CA2 expression as
is a dsSRNA that comprises the full-length sequences provided in Tables 3-10. In some
embodiments, the dsSRNA differs in its inhibition of a level of expression of CA2 by not more
than 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 % inhibition compared with a dSRNA comprising the
full sequence disclosed herein.

The iRNAs of Tables 3-10 were designed based on human CA2 sequence. Without
wishing to be bound by theory, CA2 sequence is conserved sufficiently between species such
that certain iRNAs designed based on a human sequence have activity against CA2 from
primates, such as cynomolgus monkey, and other species, including, for example, mouse, rat,
and rabbit.

Consequently, in some embodiments, an iRNA of Tables 3-10 decreases CA2 protein or
CA2 mRNA levels in a cell. In some embodiments, the cell is a rodent cell (e.g., a rat cell), or a
primate cell (e.g., a cynomolgus monkey cell or a human cell). In some embodiments, CA2
protein or CA2 mRNA levels are reduced by at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, or
95%. In some embodiments, the iRNA of Tables 3-10 that inhibits CA2 in a human cell has less
than 5, 4, 3, 2, or 1 mismatches to the corresponding portion of human CA2. In some
embodiments, the iRNA of Tables 3-10 that inhibits CA2 in a human cell has no mismatches to

the corresponding portion of human CA2.
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iRNAs designed based on rodent sequences can have utility, e.g., for inhibiting CA2 in
human cells, e.g., for therapeutic purposes, or for inhibiting CA2 in rodent cells, e.g., for
research characterizing CA2 in a rodent model.

In some embodiments, an iRNA described herein comprises an antisense strand
comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of a portion of
nucleotide sequence of SEQ ID NO: 2. In some embodiments, an iRNA described herein
comprises a sense strand comprising at least 15 contiguous nucleotides, with 0, or 1, 2, or 3
mismatches, of the corresponding portion of the nucleotide sequence of SEQ ID NO: 1. A human
CA2 mRNA may have the sequence of SEQ ID NO: 1 provided herein.

In some embodiments, an iRNA described herein includes at least 15 contiguous
nucleotides from one of the sequences provided in Tables 3-10, and may optionally be coupled to
additional nucleotide sequences taken from the region contiguous to the selected sequence in
CA2.

While a target sequence is generally 15-30 nucleotides in length, there is wide variation
in the suitability of particular sequences in this range for directing cleavage of any given target
RNA. Various software packages and the guidelines set out herein provide guidance for the
identification of optimal target sequences for any given gene target, but an empirical approach
can also be taken in which a “window” or “mask” of a given size (as a non-limiting example, 21
nucleotides) is literally or figuratively (including, e.g., in silico) placed on the target RNA
sequence to identify sequences in the size range that may serve as target sequences. By moving
the sequence “window” progressively one nucleotide upstream or downstream of an initial target
sequence location, the next potential target sequence can be identified, until the complete set of
possible sequences is identified for any given target size selected. This process, coupled with
systematic synthesis and testing of the identified sequences (using assays described herein or
known in the art) to identify those sequences that perform optimally can identify those RNA
sequences that, when targeted with an iIRNA agent, mediate the best inhibition of target gene
expression. Thus, it is contemplated that further optimization of inhibition efficiency can be
achieved by progressively “walking the window” one nucleotide upstream or downstream of the
given sequences to identify sequences with equal or better inhibition characteristics.

Further, it is contemplated that for any sequence identified, e.g., in Tables 3-10, further

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

In some embodiments, the disclosure provides an iRNA of any of Tables 3-10 that is un-
modified or un-conjugated. In some embodiments, an RNAi agent of the disclosure has a
nucleotide sequence as provided in any of Tables 3-10, but lacks one or more ligand or moiety
shown in the tables. A ligand or moiety (e.g., a lipophilic ligand or moiety) can be included in
any of the positions provided in the instant application.

An iRNA as described herein can contain one or more mismatches to the target sequence.
In some embodiments, an iRNA as described herein contains no more than 3 mismatches. In
some embodiments, when the antisense strand of the iIRNA contains mismatches to a target
sequence, the area of mismatch is not located in the center of the region of complementarity. In
some embodiments, when the antisense strand of the iRNA contains mismatches to the target
sequence, the mismatch is restricted to be within the last 5 nucleotides from either the 5” or 3°
end of the region of complementarity. For example, for a 23 nucleotide iRNA agent RNA strand
which is complementary to a region of CA2, the RNA strand generally does not contain any
mismatch within the central 13 nucleotides. The methods described herein, or methods known in
the art can be used to determine whether an iRNA containing a mismatch to a target sequence is
effective in inhibiting the expression of CA2. For example, Jackson et al. (Nat. Biotechnol.
2003;21: 635-637) described an expression profile study where the expression of a small set of
genes with sequence identity to the MAPK 14 siRNA only at 12—18 nt of the sense strand, was
down-regulated with similar kinetics to MAPK14. Similarly, Lin et al., (Nucleic Acids Res.
2005; 33(14): 4527-4535) using qPCR and reporter assays, showed that a 7 nt complementation
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between a siRNA and a target is sufficient to cause mRNA degradation of the target.
Consideration of the efficacy of iIRNAs with mismatches in inhibiting expression of CA2 is
important, especially if the particular region of complementarity in a CA2 gene is known to have
polymorphic sequence variation within the population.

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

According to certain aspects of the invention, an iRNA agent may be designed to target a
hotspot region of any of the target RNAs described herein, including any identified portions of a
target RNA (e.g., a particular exon). As used herein, a hotspot region may refer to an
approximately 19-200, 19-150, 19-100, 19-75, 19-50, 21-200, 21-150, 21-100, 21-75, 21-50, 50-
200, 50-150, 50-100, 50-75, 75-200, 75-150, 75-100, 100-200, or 100-150 nucleotide region of a
target RNA sequence for which targeting using RNAi agents provides an observably higher
probability of efficacious silencing relative to targeting other regions of the same target RNA.
According to certain aspects of the invention, a hotspot region may comprise a limited region of
the target RNA, and in some cases, a substantially limited region of the target, including for
example, less than half of the length of the target RNA, such as about 5%, 10%, 15%, 20%, 25%,
or 30% of the lenth of the target RNA. Conversely, the other regions against which a hotspot is
compared may cumulatively comprise at least a majority of the length of the target RNA. For
example, the other regions may cumulatively comprise at least about 60%, or at least about 70%,
or at least about 80%, or at least about 90%, or at least about 95% of the length of the target
RNA.
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Compared regions of the target RNA may be empirically evaluated for identification of
hotspots using efficacy data obtained from in vitro or in vivo screening assays. For example,
RNAI agents targeting various regions that span a target RNA may be compared for frequency of
efficacious iRNA agents (e.g., the amount by which target gene expression is inhibited, such as
measured by mRNA expression or protein expression) that bind each region. In general, a
hotspot can be recognized by observing clustering of multiple efficacious RNAi agents that bind
to a limited region of the RNA target. A hotspot may be sufficiently characterized as such by
observing efficacy of iRNA agents which cumulatively span at least about 60% of the target
region identified as a hotspot, such as about 70%, about 80%, about 90%, or about 95% or more
of the length of the region, including both ends of the region (i.e. at least about 60%, 70%, 80%,
90%, or 95% or more of the nucleotides within the region, including the nucleotides at each end
of the region, were targeted by an iRNA agent). According to some aspects of the invention, an
iRNA agent which demonstrates at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, or 95% inhibition over the region (e.g., no more than about 50%, 45%, 40%, 35%, 30%,
25%, 20%, 15%, 10%, or 5% mRNA remaining) may be identified as efficacious.

Amenibility to targeting of RNA regions may also be assessed using quantitative
comparison of inhibition measurements across different regions of a defined size (e.g, 25, 30, 40,
50, 60, 70, 80, 90, or 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 nts). For example,
an average level of inhibition may be determined for each region and the averages of each region
may be compared. The average level of inhibition within a hotspot region may be substantially
higher than the average of averages for all evaluated regions. According to some aspects, the
average level of inhibition in a hotspot region may be at least about 10%, 20%, 30%, 40%, or
50% higher than the average of averages. According to some aspects, the average level of
inhibition in a hotspot region may be at least about 1.0, 1.1, 1.2, 1.3,1.4,151.6,1.7,1.8. 1.9, or
2.0 standard deviations above the average of averages. The average level of inhibition may be
higher by a statistically significant (e.g., p <0.05) amount. According to some aspects, each
inhibition measurement within a hotspot region may be above a threshold amount (e.g., at or
below a threshold amount of mRNA remaining). According to some aspects, each inhibition
measurement within the region may be substantially higher than an average of all inhibition
measurements across all the measured regions. For example, each inhibition measurement in a

hotspot region may be at least about 10%, 20%, 30%, 40%, or 50% higher than the average of all
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inhibition measurements. According to some aspects, each inhibition measurement may be at
leastabout 1.0, 1.1,1.2,1.3,14,151.6,1.7,1.8.1.9, or 2.0 standard deviations above the
average of all inhibition measurements. Each inhibition measurement may be higher by a
statistically significant (e.g., p < 0.05) amount than the average of all inhibition measurements.
A standard for evaluating a hotspot may comprise various combinations of the above standards
where compatible (e.g., an average level of inhibition of at least about a first amount and having
no inhibition measurements below a threshold level of a second amount, lesser than the first
amount).

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

In various embodiments, a dSRNA agent of the present invention targets a hotspot region
of an mRNA encoding CA2.

In some embodiments, at least one end of a dsSRNA has a single-stranded nucleotide
overhang of 1 to 4, generally 1 or 2 nucleotides. In some embodiments, dsSRNAs having at least
one nucleotide overhang have superior inhibitory properties relative to their blunt-ended
counterparts. In some embodiments, the RNA of an iRNA (e.g., a dsSRNA) is chemically
modified to enhance stability or other beneficial characteristics. The nucleic acids featured in the
disclosure may be synthesized and/or modified by methods well established in the art, such as
those described in “Current protocols in nucleic acid chemistry,” Beaucage, S.L. et al. (Edrs.),
John Wiley & Sons, Inc., New York, NY, USA, which is hereby incorporated herein by
reference. Modifications include, for example, (a) end modifications, e.g., 5’ end modifications

(phosphorylation, conjugation, inverted linkages, efc.) 3’ end modifications (conjugation, DNA
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nucleotides, inverted linkages, efc.), (b) base modifications, e.g., replacement with stabilizing
bases, destabilizing bases, or bases that base pair with an expanded repertoire of partners,
removal of bases (abasic nucleotides), or conjugated bases, (c) sugar modifications (e.g., at the 2’
position or 4’ position, or having an acyclic sugar) or replacement of the sugar, as well as (d)
backbone modifications, including modification or replacement of the phosphodiester linkages.
Specific examples of RNA compounds useful in this disclosure include, but are not limited to,
RNAs containing modified backbones or no natural internucleoside linkages. RNAs having
modified backbones include, among others, those that do not have a phosphorus atom in the
backbone. For the purposes of this specification, and as sometimes referenced in the art,
modified RNAs that do not have a phosphorus atom in their internucleoside backbone can also
be considered to be oligonucleosides. In particular embodiments, the modified RNA will have a
phosphorus atom in its internucleoside backbone.

Modified RNA backbones include, for example, phosphorothioates, chiral
phosphorothioates, phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters, methyl
and other alkyl phosphonates including 3'-alkylene phosphonates and chiral phosphonates,
phosphinates, phosphoramidates including 3'-amino phosphoramidate and
aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkylphosphotriesters, and boranophosphates having normal 3'-5' linkages, 2'-5' linked
analogs of these, and those) having inverted polarity wherein the adjacent pairs of nucleoside
units are linked 3'-5' to 5'-3' or 2'-5' to 5'-2'. Various salts, mixed salts and free acid forms are
also included.

Representative U.S. patents that teach the preparation of the above phosphorus-
containing linkages include, but are not limited to, U.S. Pat. Nos. 3,687,808; 4,469,863;
4,476,301 5,023,243: 5,177,195; 5,188,897; 5,264,423: 5,276,019; 5,278,302; 5,286,717;
5,321,131, 5,399,676; 5,405,939; 5,453,496; 5,455,233; 5,466,677, 5,476,925; 5,519,126;
5,536,821: 5,541,316; 5,550,111: 5,563,253: 5,571,799; 5,587,361: 5,625,050; 6,028,188:
6,124.445: 6,160,109; 6,169,170; 6,172,209: 6, 239,265; 6,277,603; 6,326,199: 6,346,614
6,444,423: 6,531,590; 6,534,639; 6,608,035; 6,683,167; 6,858,715; 6,867,294; 6,878,805;
7,015,315; 7,041,816; 7,273,933; 7,321,029; and US Pat RE39464, each of which is herein

incorporated by reference.
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Modified RNA backbones that do not include a phosphorus atom therein have backbones
that are formed by short chain alkyl or cycloalkyl internucleoside linkages, mixed heteroatoms
and alkyl or cycloalkyl internucleoside linkages, or one or more short chain heteroatomic or
heterocyclic internucleoside linkages. These include those having morpholino linkages (formed
in part from the sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and
sulfone backbones; formacetyl and thioformacetyl backbones; methylene formacetyl and
thioformacetyl backbones; alkene containing backbones; sulfamate backbones; methyleneimino
and methylenehydrazino backbones; sulfonate and sulfonamide backbones; amide backbones;
and others having mixed N, O, S and CH2 component parts.

Representative U.S. patents that teach the preparation of the above oligonucleosides
include, but are not limited to, U.S. Pat. Nos. 5,034,506; 5,166,315; 5,185,444; 5,214,134;
5,216,141; 5,235,033; 5,64,562; 5,264,564: 5,405,938; 5.434.257; 5,466,677, 5,470,967
5,489,677; 5,541,307; 5,561,225: 5,596,086; 5,602,240; 5,608,046: 5,610,289: 5,618,704:
5,623,070, 5,663,312; 5,633,360; 5,677,437; and, 5,677,439, each of which is herein
incorporated by reference.

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

Some embodiments featured in the disclosure include RNAs with phosphorothioate
backbones and oligonucleosides with heteroatom backbones, and in particular --CH2--NH--CHa-,
--CH2--N(CH3)--O--CHz--[known as a methylene (methylimino) or MMI backbone], --CH2--O--
N(CHj3)--CHz--, --CH2--N(CHj3)--N(CH3)--CHz-- and --N(CH3)--CHz--CHz-- of the above-
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referenced U.S. Pat. No. 5,489,677, and the amide backbones of the above-referenced U.S. Pat.
No. 5,602,240. In some embodiments, the RNAs featured herein have morpholino backbone
structures of the above-referenced U.S. Pat. No. 5,034,506. The native phosphodiester backbone
can be represented as -O-P(O)(OH)-OCHza-.
Modified RNAs may also contain one or more substituted sugar moieties. The iRNAs,

e.g., dsRNAs, featured herein can include one of the following at the 2' position: OH; F; O-, S-,
or N-alkyl; O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl,
alkenyl and alkynyl may be substituted or unsubstituted Ci to Cio alkyl or Cz to Cio alkenyl and
alkynyl. Exemplary suitable modifications include O[(CH2)nO] mCH3, O(CH2)..OCH3,
O(CH2)uaNH2, O(CH2) nCH3, O(CH2)nONH2, and O(CH2)nON[(CH2)xCH3)]2, where n and m are
from 1 to about 10. In other embodiments, dsSRNAs include one of the following at the 2'
position: Ci to Cio lower alkyl, substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl,
SH, SCH3, OCN, Cl, Br, CN, CF3, OCF3, SOCH3, SO2CH3, ONO2, NO2, N3, NHa,
heterocycloalkyl, heterocycloalkaryl, aminoalkylamino, polyalkylamino, substituted silyl, an
RNA cleaving group, a reporter group, an intercalator, a group for improving the
pharmacokinetic properties of an iRNA, or a group for improving the pharmacodynamic
properties of an iRNA, and other substituents having similar properties. In some embodiments,
the modification includes a 2'-methoxyethoxy (2'-O--CH2CH20CH3, also known as 2'-O-(2-
methoxyethyl) or 2'-MOE) (Martin ef al., Helv. Chim. Acta, 1995, 78:486-504) i.e., an alkoxy-
alkoxy group. Another exemplary modification is 2'-dimethylaminooxyethoxy, i.e., a
O(CH2)20N(CH3s)2 group, also known as 2'-DMAQE, and 2'-dimethylaminoethoxyethoxy (also
known in the art as 2'-O-dimethylaminoethoxyethyl or 2'-DMAEQE), i.e., 2'-O--CH2--O--CHaz--
N(CHa)a.

In other embodiments, an iRNA agent comprises one or more (e.g., about 1,2, 3,4, 5,6, 7,
8, 9, 10, or more) acyclic nucleotides (or nucleosides). In certain embodiments, the sense strand
or the antisense strand, or both sense strand and antisense strand, include less than five acyclic
nucleotides per strand (e.g., four, three, two or one acyclic nucleotides per strand). The one or
more acyclic nucleotides can be found, for example, in the double-stranded region, of the sense
or antisense strand, or both strands; at the 5'-end, the 3'-end, both of the 5' and 3'-ends of the
sense or antisense strand, or both strands, of the iIRNA agent. In some embodiments, one or

more acyclic nucleotides are present at positions 1 to 8 of the sense or antisense strand, or both.
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In some embodiments, one or more acyclic nucleotides are found in the antisense strand at
positions 4 to 10 (e.g., positions 6-8) from the 5'-end of the antisense strand. In some
embodiments, the one or more acyclic nucleotides are found at one or both 3'-terminal overhangs
of the iRNA agent.

The term "acyclic nucleotide" or “acyclic nucleoside” as used herein refers to any
nucleotide or nucleoside having an acyclic sugar, e.g., an acyclic ribose. An exemplary acyclic
nucleotide or nucleoside can include a nucleobase, e.g., a naturally occurring or a modified
nucleobase (e.g., a nucleobase as described herein). In certain embodiments, a bond between
any of the ribose carbons (C1, C2, C3, C4, or C5), is independently or in combination absent
from the nucleotide. In some embodiments, the bond between C2-C3 carbons of the ribose ring
is absent, e.g., an acyclic 2’-3’-seco-nucleotide monomer. In other embodiments, the bond
between C1-C2, C3-C4, or C4-CS5 is absent (e.g., a 1’-2’, 3'-4' or 4’-5’-seco nucleotide
monomer). Exemplary acyclic nucleotides are disclosed in US 8,314,227, incorporated herein by
reference in its entirely. For example, an acyclic nucleotide can include any of monomers D-J in
Figures 1-2 of US 8,314,227. In some embodiments, the acyclic nucleotide includes the
following monomer:

3
2
>

O—I< O<|3ase
(.

o OH

- I
O—P=0

wherein Base is a nucleobase, e.g., a naturally occurring or a modified nucleobase (e.g., a
nucleobase as described herein).

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

In other embodiments, the iRNA agent includes one or more acyclic nucleotides and one
or more LNAs (e.g., an LNA as described herein). For example, one or more acyclic nucleotides
and/or one or more LNAs can be present in the sense strand, the antisense strand, or both. The
number of acyclic nucleotides in one strand can be the same or different from the number of
LNAs in the opposing strand. In certain embodiments, the sense strand and/or the antisense

strand comprises less than five LNAs (e.g., four, three, two or one LNAs) located in the double
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stranded region or a 3’-overhang. In other embodiments, one or two LNAs are located in the
double stranded region or the 3’-overhang of the sense strand. Alternatively, or in combination,
the sense strand and/or antisense strand comprises less than five acyclic nucleotides (e.g., four,
three, two or one acyclic nucleotides) in the double-stranded region or a 3’-overhang. In some
embodiments, the sense strand of the iIRNA agent comprises one or two LNAs in the 3’-overhang
of the sense strand, and one or two acyclic nucleotides in the double-stranded region of the
antisense strand (e.g., at positions 4 to 10 (e.g., positions 6-8) from the 5'-end of the antisense
strand) of the iIRNA agent.

In other embodiments, inclusion of one or more acyclic nucleotides (alone or in addition to
one or more LNAs) in the iRNA agent results in one or more (or all) of: (1) a reduction in an off-
target effect; (i1) a reduction in passenger strand participation in RNA{; (iii) an increase in
specificity of the guide strand for its target mRNA; (iv) a reduction in a microRNA off-target
effect; (v) an increase in stability; or (vi) an increase in resistance to degradation, of the iRNA
molecule.

Other modifications include 2'-methoxy (2'-OCH3), 2'-5 aminopropoxy (2'-
OCH2CH2CH2NH2) and 2'-fluoro (2'-F). Similar modifications may also be made at other
positions on the RNA of an iRNA, particularly the 3' position of the sugar on the 3' terminal
nucleotide or in 2'-5' linked dsRNAs and the 5' position of 5' terminal nucleotide. iRNAs may
also have sugar mimetics such as cyclobutyl moieties in place of the pentofuranosyl sugar.
Representative U.S. patents that teach the preparation of such modified sugar structures include,
but are not limited to, U.S. Pat. Nos. 4,981,957; 5,118,800; 5,319,080; 5,359,044; 5,393,878;
5,446,137; 5,466,786: 5,514,785: 5,519,134: 5,567,811; 5,576,427: 5,591,722: 5,597,909:
5,610,300; 5,627,053; 5,639,873; 5,646,265 5,658,873 5,670,633; and 5,700,920, certain of
which are commonly owned with the instant application, and each of which is herein
incorporated by reference.

An iRNA may also include nucleobase (often referred to in the art simply as “base”)
modifications or substitutions. As used herein, “unmodified” or “natural” nucleobases include
the purine bases adenine (A) and guanine (G), and the pyrimidine bases thymine (T), cytosine
(C) and uracil (U). Modified nucleobases include other synthetic and natural nucleobases such as
5-methylcytosine (5-me-C), S-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-

aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine, 2-propyl and other
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alkyl derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-
halouracil and cytosine, 5-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-
uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl anal other 8-
substituted adenines and guanines, 5-halo, particularly 5-bromo, 5-trifluoromethyl and other 5-
substituted uracils and cytosines, 7-methylguanine and 7-methyladenine, 8-azaguanine and 8-
azaadenine, 7-deazaguanine and 7-daazaadenine and 3-deazaguanine and 3-deazaadenine.

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

Representative U.S. patents that teach the preparation of certain of the above noted
modified nucleobases as well as other modified nucleobases include, but are not limited to, the
above noted U.S. Pat. No. 3,687,808, as well as U.S. Pat. Nos. 4,845,205; 5,130,302; 5,134,066;
5,175,273; 5,367,066; 5,432,272: 5,457,187; 5,459,255; 5,484.908: 5,502,177; 5,525,711;
5,552,540, 5,587,469, 5,594,121, 5,596,091; 5,614,617; 5,681,941; 6,015,886; 6,147,200;
6,166,197 6,222,025: 6,235,887 6,380,368; 6,528,640; 6,639,062 6,617,438; 7,045.610;
7,427,672, and 7,495,088, each of which is herein incorporated by reference, and U.S. Pat. No.
5,750,692, also herein incorporated by reference.

The RNA of an iRNA can also be modified to include one or more (e.g., about 1, 2, 3, 4,
5,6,7,8,9, 10, or more) bicyclic sugar moieties. A “bicyclic sugar” is a furanosyl ring modified

by the bridging of two atoms. A “bicyclic nucleoside” (“BNA”) is a nucleoside having a sugar
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moiety comprising a bridge connecting two carbon atoms of the sugar ring, thereby forming a
bicyclic ring system. In certain embodiments, the bridge connects the 4'-carbon and the 2'-
carbon of the sugar ring. Thus, in some embodiments an agent of the disclosure may include one
or more locked nucleic acids (LNAs) (also referred to herein as “locked nucleotides™). In some
embodiments, a locked nucleic acid is a nucleotide having a modified ribose moiety in which the
ribose moiety comprises an extra bridge connecting, e.g., the 2' and 4' carbons. This structure
effectively "locks" the ribose in the 3'-endo structural conformation. The addition of locked
nucleic acids to siRNAs has been shown to increase siRNA stability in serum, increase thermal
stability, and to reduce off-target effects (Elmen, J. ef al., (2005) Nucleic Acids Research
33(1):439-447; Mook, OR. et al., (2007) Mol Canc Ther 6(3):833-843; Grunweller, A. et al.,
(2003) Nucleic Acids Research 31(12):3185-3193).

Examples of bicyclic nucleosides for use in the polynucleotides of the disclosure include
without limitation nucleosides comprising a bridge between the 4’ and the 2' ribosyl ring atoms.
In certain embodiments, the antisense polynucleotide agents of the disclosure include one or
more bicyclic nucleosides comprising a 4’ to 2' bridge. Examples of such 4’ to 2’ bridged
bicyclic nucleosides, include but are not limited to 4'-(CH2)—0-2' (LNA); 4'-(CH2)—S-2'; 4'-
(CH2)2—0-2' (ENA); 4'-CH(CH3)—O0-2' (also referred to as “constrained ethyl” or “cEt”) and
4'-CH(CH20CH3)—0-2' (and analogs thereof; see, e.g., U.S. Pat. No. 7,399,845); 4'-
C(CH3)(CH3)—0-2' (and analogs thereof; see e.g., US Patent No. 8,278,283); 4'-CH,>—
N(OCHs)-2' (and analogs thereof; see e.g., US Patent No. 8,278,425); 4'-CH>—O—N(CHj3)-2'
(see, e.g., U.S. Patent Publication No. 2004/0171570); 4'-CH2—N(R)—O0-2', wherein R is H, Ci-
C12 alkyl, or a protecting group (see, e.g., U.S. Pat. No. 7,427,672); 4'-CH>—C(H)(CH3)-2' (see,
e.g., Chattopadhyaya ez al., J. Org. Chem., 2009, 74, 118-134); and 4'-CH>—C(=CH2)-2' (and
analogs thereof; see, e.g., US Patent No. 8,278,426). The contents of each of the foregoing are
incorporated herein by reference for the methods provided therein. Representative U.S. Patents
that teach the preparation of locked nucleic acids include, but are not limited to, the following:
U.S. Pat. Nos. 6,268,490; 6,670,461; 6,794,499; 6,998 484 7,053,207, 7,084,125 7,399,845,
and 8,314,227, each of which is herein incorporated by reference in its entirety. Exemplary
LNAs include but are not limited to, a 2', 4'-C methylene bicyclo nucleotide (see for example

Wengel et al., International PCT 5 Publication No. WO 00/66604 and WO 99/14226).
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Any of the foregoing bicyclic nucleosides can be prepared having one or more
stereochemical sugar configurations including for example a-L-ribofuranose and f-D-
ribofuranose (see WO 99/14226).

A RNAI agent of the disclosure can also be modified to include one or more constrained
ethyl nucleotides. As used herein, a "constrained ethyl nucleotide" or "cEt" is a locked nucleic
acid comprising a bicyclic sugar moiety comprising a 4'-CH(CH3)-0-2' bridge. In some
embodiments, a constrained ethyl nucleotide is in the S conformation referred to herein as “S-
cEt.”

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

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

In some embodiments, a RNAi agent of the disclosure comprises one or more monomers
that are UNA (unlocked nucleic acid) nucleotides. UNA is unlocked acyclic nucleic acid,
wherein any of the bonds of the sugar has been removed, forming an unlocked "sugar" residue.
In one example, UNA also encompasses monomer with bonds between C1'-C4' have been
removed (i.e. the covalent carbon-oxygen-carbon bond between the C1' and C4' carbons). In
another example, the C2'-C3' bond (i.e. the covalent carbon-carbon bond between the C2' and
C3' carbons) of the sugar has been removed (see Nuc. Acids Symp. Series, 52, 133-134 (2008)
and Fluiter et al., Mol. Biosyst., 2009, 10, 1039).

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

An RNAI agent of the disclosure may also include one or more “cyclohexene nucleic

acids” or (“CeNA”). CeNA are nucleotide analogs with a replacement of the furanose moiety of
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DNA by a cyclohexene ring. Incorporation of cylcohexenyl nucleosides in a DNA chain
increases the stability of a DNA/RNA hybrid. CeNA is stable against degradation in serum and a
CeNA/RNA hybrid is able to activate E. Coli RNase H, resulting in cleavage of the RNA strand.
(see Wang et al., Am. Chem. Soc. 2000, 122, 36, 8595-8602, hereby incorporated by reference).

In other embodiments, the iRNA agents include one or more (e.g., about 1,2, 3,4, 5,6, 7,
8,9, 10, or more) G-clamp nucleotides. A G-clamp nucleotide is a modified cytosine analog
wherein the modifications confer the ability to hydrogen bond both Watson-Crick and Hoogsteen
faces of a complementary guanine within a duplex, see for example Lin and Matteucci, 1998, J.
Am. Chem. Soc., 120, 8531-8532. A single G-clamp analog substitution within an
oligonucleotide can result in substantially enhanced helical thermal stability and mismatch
discrimination when hybridized to complementary oligonucleotides. The inclusion of such
nucleotides in the iRNA molecules can result in enhanced affinity and specificity to nucleic acid
targets, complementary sequences, or template strands.

Potentially stabilizing modifications to the ends of RNA molecules can include N-
(acetylaminocaproyl)-4-hydroxyprolinol (Hyp-C6-NHAc), N-(caproyl-4-hydroxyprolinol (Hyp-
C6), N-(acetyl-4-hydroxyprolinol (Hyp-NHACc), thymidine-2'-O-deoxythymidine (ether), N-
(aminocaproyl)-4-hydroxyprolinol (Hyp-C6-amino), 2-docosanoyl-uridine-3"- phosphate,
inverted base dT(idT) and others. Disclosure of this modification can be found in PCT
Publication No. WO 2011/005861.

Other modifications of a RNAi agent of the disclosure include a 5’ phosphate or 5’
phosphate mimic, e.g., a 5’-terminal phosphate or phosphate mimic on the antisense strand of a
RNAI1 agent. Suitable phosphate mimics are disclosed in, for example US 2012/0157511, the
contents of which are incorporated herein by reference for the methods provided therein. In one
embodiment, the double stranded RNA1 agent of the invention further comprises a 5’-phosphate
or a 5’-phosphate mimic at the 5’ nucleotide of the antisense strand. In another embodiment, the
double stranded RNAI agent further comprises a 5’-phosphate mimic at the 5’ nucleotide of the
antisense strand. In a specific embodiment, the 5’-phosphate mimic is a 5’-vinyl phosphonate
(5’-VP). In one embodiment, the phosphate mimic is a 5’-cyclopropyl phosphonate (VP). In
some embodiments, the 5’-end of the antisense strand of the double-stranded iRNA agent does

not contain a 5’-vinyl phosphonate (VP).
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In one embodiment, at least one of the modified nucleotides is selected from the group
consisting of a deoxy-nucleotide, a 2'-O-methyl modified nucleotide, a 2'-fluoro modified
nucleotide, a 2'-deoxy-modified nucleotide, a glycol modified nucleotide (GNA), e.g., Ggn, Cgn,
Tgn, or Agn, a nucleotide with a 2’ phosphate, e.g., G2p, C2p, A2p or U2p, and, a vinyl-
phosphonate nucleotide; and combinations thereof. In other embodiments, each of the duplexes
of Tables 5, 6, 8, and 10 may be particularly modified to provide another double-stranded iRNA
agent of the present disclosure. In one example, the 3’-terminus of each sense duplex may be
modified by removing the 3’-terminal L96 ligand and exchanging the two phosphodiester
internucleotide linkages between the three 3’-terminal nucleotides with phosphorothioate
internucleotide linkages. That is, the three 3’-terminal nucleotides (N) of a sense sequence of the
formula:

5’-N1-... -Nn-2Nn-1NnL96 3’
may be replaced with
5’-N1-... -Nn-2sNn-1sNn 3’.
That is, for example, AD-1559459, the sense sequence:
asgsaucgGfuGfCfCfgauuccugculL96
may be replaced with
asgsaucgGfuGfCfCfgauuccugscsu
while the antisense sequence remains unchanged to provide another double-stranded iRNA agent

of the present disclosure.

III.  iRNA Motifs

In certain aspects of the disclosure, the double-stranded RNAi agents of the disclosure
include agents with chemical modifications as disclosed, for example, in WO 2013/075035, the
contents of which are incorporated herein by reference for the methods provided therein. As
shown herein and in WO 2013/075035, a superior result may be obtained by introducing one or
more motifs of three identical modifications on three consecutive nucleotides into a sense strand
or antisense strand of an RNAi agent, particularly at or near the cleavage site. In some
embodiments, the sense strand and antisense strand of the RNAi agent may otherwise be
completely modified. The introduction of these motifs interrupts the modification pattern, if

present, of the sense or antisense strand. The RNAi agent may be optionally conjugated with a
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lipophilic moiety or ligand, e.g., a C16 moiety or ligand, for instance on the sense strand. The
RNAI1 agent may be optionally modified with a (S)-glycol nucleic acid (GNA) modification, for
instance on one or more residues of the antisense strand. The resulting RN A1 agents present
superior gene silencing activity.

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

5" np-Na~(X X X )i-Nb-Y Y Y -Nb-(Z Z Z )j-Na-nq 3' (I)

wherein:

1 and j are each independently O or 1;

p and q are each independently 0-6;

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

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

each np and nqindependently represent an overhang nucleotide;

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

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

In some embodiments, the Naand/or Nb comprise modifications of alternating pattern.

In some embodiments, the YYY motif occurs at or near the cleavage site of the sense
strand. For example, when the RNAi agent has a duplex region of 17-23 nucleotides in length,
the YY'Y motif can occur at or the vicinity of the cleavage site (e.g.: can occur at positions 6, 7,
8,7,8,9,8,9,10;9, 10, 11; 10, 11,12 or 11, 12, 13) of the sense strand, the count starting from
the 15 nucleotide, from the 5’-end; or optionally, the count starting at the 1st paired nucleotide
within the duplex region, from the 5’-end.

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

5' np-Na-YYY-Nb-ZZZ-Na-nq3' (Ib);

5' np-Na-XXX-Nbo-YYY-Na-nq3' (Ic); or

5' np-Na-XXX-No-YYY-No-ZZZ-Na-ng 3' (Id).
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When the sense strand is represented by formula (Ib), Nb represents an oligonucleotide
sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each Naindependently
can represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

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

When the sense strand is represented as formula (Id), each Nb independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. In some
embodiments, Nbis 0, 1, 2, 3, 4, 5 or 6. Each Nacan independently represent an oligonucleotide
sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

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

In other embodiments, 11s 0 and j is 0, and the sense strand may be represented by the
formula:

5'np-Na-YYY- Na-nq 3' (Ta).

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

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

5'ng-Na'-(Z’Z'Z")-No'-Y'Y'Y'-No'-(X' X' X")1-N'a-np’ 3' (Te)

wherein:
k and 1 are each independently O or 1;

p’ and q’ are each independently 0-6;

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

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

each np’ and nq’ independently represent an overhang nucleotide;

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

and
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XXX, Y’Y’Y’, and Z°Z’Z’ each independently represent one of three identical
modification on three consecutive nucleotides.

In some embodiments, the Na’ and/or Nv’ comprise modification of alternating pattern.

The Y’Y’Y’ motif occurs at or near the cleavage site of the antisense strand. For
example, when the RNAI agent has a duplex region of 17-23 nucleotides in length, the Y’Y’Y’
motif can occur at positions 9, 10, 11; 10, 11, 12; 11, 12, 13; 12, 13, 14; or 13, 14, 15 of the
antisense strand, with the count starting from the 1% nucleotide, from the 5’-end; or optionally,
the count starting at the 1% paired nucleotide within the duplex region, from the 5’- end. In some
embodiments, the Y’Y Y’ motif occurs at positions 11, 12, 13.

In some embodiments, Y'Y Y’ motif is all 2’-O-me modified nucleotides.

In on embodiment, kis 1 and1is 0, orkisOandlis 1, or both Sk and 1 are 1.

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

5'ng’-Na'-Z'Z'Z'-N'-Y'Y'Y'-Na'-np’ 3' (g);

5'nq’-Na-Y'Y'Y'-No'-X'X'X"-np’ 3' (Ih); or

5'ng’-Na'- Z'Z'Z'-Nv'-Y'Y'Y'-No'- X'X'X'-Na'-np’ 3' (Ii).

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

When the antisense strand is represented as formula (Ii), each Nbv” independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified
nucleotides. Each Na’ independently represents an oligonucleotide sequence comprising 2-20, 2-
15, or 2-10 modified nucleotides. In some embodiments, Nvis 0, 1,2, 3,4, 5 or 6.

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

5' np-Na-Y’Y’Y’- Na-ng' 3' (If).

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

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

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

In some embodiments, the sense strand of the RNAI1 agent may contain YYY motif
occurring at 9, 10 and 11 positions of the strand when the duplex region is 21 nt, the count
starting from the 1% nucleotide from the 5’-end, or optionally, the count starting at the 1% paired
nucleotide within the duplex region, from the 5’- end; and Y represents 2’-F modification. The
sense strand may additionally contain XXX motif or ZZZ motifs as wing modifications at the
opposite end of the duplex region; and XXX and ZZZ each independently represents a 2’-OMe
modification or 2’-F modification.

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

The sense strand represented by any one of the above formulas (Ia), (Ib), (Ic), and (Id)
forms a duplex with an antisense strand being represented by any one of formulas (If), (Ig), (Ih),
and (1), respectively.

Accordingly, certain RNAi agents for use in the methods of the disclosure may comprise
a sense strand and an antisense strand, each strand having 14 to 30 nucleotides, the RNAi duplex
represented by formula (I):

sense: 5" np -Na-(XXX)1 -Nb- YYY -Nb -(ZZZ)j-Na-nq 3'

antisense: 3' np’-Na’-(X’ X' X)k-Nb’-Y'Y'Y'-No’-(Z'Z'Z")1-Na’-nq’ 5' (I})

wherein,

i, ], k, and | are each independently O or 1;

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

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

each Nvand Np' independently represents an oligonucleotide sequence comprising 0-10

modified nucleotides;
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wherein

each np', np, nq, and nq, each of which may or may not be present independently
represents an overhang nucleotide; and

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

In some embodiments, 1is O andji1s 0; oriis 1 andji1s O; oriis O and ] is 1; or both 1 and
jare 0; or bothiandj are 1. In some embodiments, kis 0 and 1 is O; orkis 1 and 1is O; k is O and
lis 1; or both k and 1 are O; or both k and | are 1.

Exemplary combinations of the sense strand and antisense strand forming a RNAi1 duplex
include the formulas below:

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

3'np' -No- Y'Y'Y'-Na’ng’ 5' (Ik)

5'np-Na-Y Y Y -Nb -Z Z Z -Na-nq 3'

3'np -Na'- Y'Y'Y'-Nv'- Z'Z'Z'- Na’-nq’ 5' (II)

5'np-Na- X X X -No- Y Y'Y -Na-ng 3'

3' np -Na- X'X'X' -Nv'- Y'Y'Y'- Na’-ng’ 5' (Im)

5'np-Na- XX X-Nb-YYY-Nb-ZZ Z-Nang 3'

3' np -Na- X'X'X'-No'- Y'Y'Y'-Ny'- Z'Z'Z'-Na’-ng’ 5' (In)

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

When the RNAI agent is represented by formula (I1), each Ny independently represents an
oligonucleotide sequence comprising 1-10, 1-7, 1-5 or 1-4 modified nucleotides. Each Na
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the RNAI agent is represented as formula (Im), each Nv, Nb” independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified
nucleotides. Each Na independently represents an oligonucleotide sequence comprising 2-20, 2-
15, or 2-10 modified nucleotides.

When the RNAI agent is represented as formula (In), each Nb, Nb” independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified

nucleotides. Each Na, Na’ independently represents an oligonucleotide sequence comprising 2-
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20, 2-15, or 2-10 modified nucleotides. Each of Na, Na’, Nb and Nb” independently comprises
modifications of alternating pattern.

Each of X, Y and Z in formulas (), (Ik), (Il), (Im), and (In) may be the same or different
from each other.

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

When the RNAI agent is represented by formula (I1) or (In), at least one of the Z
nucleotides may form a base pair with one of the Z' nucleotides. Alternatively, at least two of
the Z nucleotides form base pairs with the corresponding Z' nucleotides; or all three of the Z
nucleotides all form base pairs with the corresponding Z' nucleotides.

When the RNA1 agent is represented as formula (Im) or (In), at least one of the X
nucleotides may form a base pair with one of the X' nucleotides. Alternatively, at least two of
the X nucleotides form base pairs with the corresponding X' nucleotides; or all three of the X
nucleotides all form base pairs with the corresponding X' nucleotides.

In some embodiments, the modification on the Y nucleotide is different than the
modification on the Y’ nucleotide, the modification on the Z nucleotide is different than the
modification on the Z’ nucleotide, and/or the modification on the X nucleotide is different than
the modification on the X’ nucleotide.

In some embodiments, when the RNAi agent is represented by formula (IIId), the Na
modifications are 2’-O-methyl or 2’-fluoro modifications. In some embodiments, when the
RNAI agent is represented by formula (In), the Namodifications are 2’-O-methyl or 2’-fluoro
modifications and np' >0 and at least one np' is linked to a neighboring nucleotide a via
phosphorothioate linkage. In some embodiments, when the RNAi agent is represented by
formula (In), the Namodifications are 2’-O-methyl or 2’-fluoro modifications, np' >0 and at least
one np' is linked to a neighboring nucleotide via phosphorothioate linkage, and the sense strand is
conjugated to one or more moieties or ligands (e.g., one or more lipophilic moieties, optionally
one or more C16 moieties, or one or more GalNAc moieties) attached through a bivalent or
trivalent branched linker. In some embodiments, when the RNA1 agent is represented by formula

(In), the Namodifications are 2’-O-methyl or 2’-fluoro modifications, np' >0 and at least one np'
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is linked to a neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at
least one phosphorothioate linkage, and the sense strand is conjugated to one or more moieties or
ligands (e.g., one or more lipophilic moieties, optionally one or more C16 moieties, or one or
more GalNAc moieties) attached through a bivalent or trivalent branched linker.

In some embodiments, when the RNAIi agent is represented by formula (Ik), the Na
modifications are 2’-O-methyl or 2’-fluoro modifications, np' >0 and at least one np' is linked to a
neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at least one
phosphorothioate linkage, and the sense strand is conjugated to one or more moieties or ligands
(e.g., one or more lipophilic moieties, optionally one or more C16 moieties, or one or more
GalNAc moieties) attached through a bivalent or trivalent branched linker.

In some embodiments, the RNAi agent is a multimer containing at least two duplexes
represented by formula (Ij), (Ik), (Il), (Im), and (In), wherein the duplexes are connected by a
linker. The linker can be cleavable or non-cleavable. Optionally, the multimer further comprises
a ligand. Each of the duplexes can target the same gene or two different genes; or each of the
duplexes can target same gene at two different target sites.

In some embodiments, the RNAi agent is a multimer containing three, four, five, six or
more duplexes represented by formula (Ij), (Ik), (Il), (Im), and (In), wherein the duplexes are
connected by a linker. The linker can be cleavable or non-cleavable. Optionally, the multimer
further comprises a ligand. Each of the duplexes can target the same gene or two different genes;
or each of the duplexes can target same gene at two different target sites.

In some embodiments, two RNAI agents represented by formula (Ij), (Ik), (II), (Im), and
(In) are linked to each other at the 5 end, and one or both of the 3’ ends and are optionally
conjugated to a ligand. Each of the agents can target the same gene or two different genes; or
each of the agents can target same gene at two different target sites.

Various publications describe multimeric RNAi agents that can be used in the methods of
the disclosure. Such publications include W02007/091269, W02010/141511, W0O2007/117686,
W02009/014887, and W02011/031520; and US 7858769, the contents of each of which are
hereby incorporated herein by reference for the methods provided therein. In certain
embodiments, the RNAi agents of the disclosure may include GalNAc ligands.

As described in more detail below, the RNAi agent that contains conjugations of one or

more carbohydrate moieties to a RNAi agent may improve one or more properties of the RNAi
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agent. In many cases, the carbohydrate moiety will be attached to a modified subunit of the
RNAI1 agent. For example, the ribose sugar of one or more ribonucleotide subunits of a dSRNA
agent can be replaced with another moiety, e.g., a non-carbohydrate (e.g., cyclic) carrier to which
is attached a carbohydrate ligand. A ribonucleotide subunit in which the ribose sugar of the
subunit has been so replaced is referred to herein as a ribose replacement modification subunit
(RRMS). A cyclic carrier may be a carbocyclic ring system, i.e., all ring atoms are carbon
atoms, or a heterocyclic ring system, i.e., one or more ring atoms may be a heteroatom, e.g.,
nitrogen, oxygen, sulfur. The cyclic carrier may be a monocyclic ring system, or may contain
two or more rings, e.g. fused rings. The cyclic carrier may be a fully saturated ring system, or it
may contain one or more double bonds.

The ligand may be attached to the polynucleotide via a carrier. The carriers include (1) at
least one “backbone attachment point,” such as two “backbone attachment points” and (ii) at
least one “tethering attachment point.” A “backbone attachment point” as used herein refers to a
functional group, e.g. a hydroxyl group, or generally, a bond available for, and that s suitable for
incorporation of the carrier into the backbone, e.g., the phosphate, or modified phosphate, e.g.,
sulfur containing, backbone, of a ribonucleic acid. A “tethering attachment point” (TAP) in
some embodiments refers to a constituent ring atom of the cyclic carrier, e.g., a carbon atom or a
heteroatom (distinct from an atom which provides a backbone attachment point), that connects a
selected moiety. The moiety can be, e.g., a carbohydrate, e.g. monosaccharide, disaccharide,
trisaccharide, tetrasaccharide, oligosaccharide, and polysaccharide. Optionally, the selected
moiety is connected by an intervening tether to the cyclic carrier. Thus, the cyclic carrier will
often include a functional group, e.g., an amino group, or generally, provide a bond, that is
suitable for incorporation or tethering of another chemical entity, e.g., a ligand to the constituent
ring.

The RNAI agents may be conjugated to a ligand via a carrier, wherein the carrier can be
cyclic group or acyclic group. The cyclic group can be selected from pyrrolidinyl, pyrazolinyl,
pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [1,3]dioxolane,
oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl,
pyridazinonyl, tetrahydrofuryl and and decalin. The acyclic group can be a serinol backbone or

diethanolamine backbone.
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In certain specific embodiments, the RNAi agent for use in the methods of the disclosure
is an agent selected from the group of agents listed in any one of Tables 3-10. These agents may
further comprise a ligand. The ligand can be attached to the sense strand, antisense strand or
both strands, at the 3’-end, 5’-end, or both ends. For instance, the ligand may be conjugated to

the sense strand, in particular, the 3’-end of the sense strand.

IV.  iRNA Conjugates

The iRNA agents disclosed herein can be in the form of conjugates. The conjugate may
be attached at any suitable location in the iRNA molecule, e.g., at the 3” end or the 5 end of the
sense or the antisense strand. The conjugates are optionally attached via a linker.

In some embodiments, an iIRNA agent described herein is chemically linked to one or
more ligands, moieties or conjugates, which may confer functionality, e.g., by affecting (e.g.,
enhancing) the activity, cellular distribution or cellular uptake of the iRNA. Such moieties
include but are not limited to lipid moieties such as a cholesterol moiety (Letsinger et al., Proc.
Natl. Acid. Sci. USA, 1989, 86: 6553-6556), cholic acid (Manoharan et al., Biorg. Med. Chem.
Let., 1994, 4:1053-1060), a thioether, e.g., beryl-S-tritylthiol (Manoharan et al., Ann. N.Y. Acad.
Sci., 1992, 660:306-309; Manoharan et al., Biorg. Med. Chem. Let., 1993, 3:2765-2770), a
thiocholesterol (Oberhauser et al., Nucl. Acids Res., 1992, 20:533-538), an aliphatic chain, e.g.,
dodecandiol or undecyl residues (Saison-Behmoaras et al., EMBO J, 1991, 10:1111-1118;
Kabanov et al., FEBS Lett., 1990, 259:327-330; Svinarchuk et al., Biochimie, 1993, 75:49-54), a
phospholipid, e.g., di-hexadecyl-rac-glycerol or triethyl-ammonium 1,2-di-O-hexadecyl-rac-
glycero-3-phosphonate (Manoharan et al., Tetrahedron Lett., 1995, 36:3651-3654; Shea et al.,
Nucl. Acids Res., 1990, 18:3777-3783), a polyamine or a polyethylene glycol chain (Manoharan
et al., Nucleosides & Nucleotides, 1995, 14:969-973), or adamantane acetic acid (Manoharan ef
al., Tetrahedron Lett., 1995, 36:3651-3654), a palmityl moiety (Mishra ef al., Biochim. Biophys.
Acta, 1995, 1264:229-237), or an octadecylamine or hexylamino-carbonyloxycholesterol moiety
(Crooke et al., J. Pharmacol. Exp. Ther., 1996, 277:923-937).

In some embodiments, a ligand alters the distribution, targeting or lifetime of an iRNA
agent into which it is incorporated. In some embodiments, a ligand provides an enhanced

affinity for a selected target, e.g., molecule, cell or cell type, compartment, e.g., a cellular or
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organ compartment, tissue, organ or region of the body, as, e.g., compared to a species absent
such a ligand. Typical ligands will not take part in duplex pairing in a duplexed nucleic acid.

Ligands can include a naturally occurring substance, such as a protein (e.g., human serum
albumin (HSA), low-density lipoprotein (LDL), or globulin); carbohydrate (e.g., a dextran,
pullulan, chitin, chitosan, inulin, cyclodextrin or hyaluronic acid); or a lipid. The ligand may
also be a recombinant or synthetic molecule, such as a synthetic polymer, e.g., a synthetic
polyamino acid. Examples of polyamino acids include polyamino acid is a polylysine (PLL),
poly L-aspartic acid, poly L-glutamic acid, styrene-maleic acid anhydride copolymer, poly(L-
lactide-co-glycolied) copolymer, divinyl ether-maleic anhydride copolymer, N-(2-
hydroxypropyl)methacrylamide copolymer (HMPA), polyethylene glycol (PEG), polyvinyl
alcohol (PVA), polyurethane, poly(2-ethylacryllic acid), N-isopropylacrylamide polymers, or
polyphosphazine. Examples of polyamines include: polyethylenimine, polylysine (PLL),
spermine, spermidine, polyamine, pseudopeptide-polyamine, peptidomimetic polyamine,
dendrimer polyamine, arginine, amidine, protamine, cationic lipid, cationic porphyrin,
quaternary salt of a polyamine, or an o helical peptide.

Ligands can also include targeting groups, e.g., a cell or tissue targeting agent, e.g., a
lectin, glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell type such as
an ocular cell. A targeting group can be a thyrotropin, melanotropin, lectin, glycoprotein,
surfactant protein A, Mucin carbohydrate, multivalent lactose, multivalent galactose, N-acetyl-
galactosamine, N-acetyl-gulucosamine multivalent mannose, multivalent fucose, glycosylated
polyaminoacids, multivalent galactose, transferrin, bisphosphonate, polyglutamate,
polyaspartate, a lipid, cholesterol, a steroid, bile acid, folate, vitamin B12, biotin, or an RGD
peptide or RGD peptide mimetic.

Other examples of ligands include dyes, intercalating agents (e.g. acridines), cross-linkers
(e.g. psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin), polycyclic aromatic
hydrocarbons (e.g., phenazine, dihydrophenazine), artificial endonucleases (e.g. EDTA),
lipophilic molecules, e.g., cholesterol, cholic acid, adamantane acetic acid, 1-pyrene butyric acid,
dihydrotestosterone, 1,3-Bis-O(hexadecyl)glycerol, geranyloxyhexyl group, hexadecylglycerol,
borneol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid,03-
(oleoyl)lithocholic acid, O3-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine)and peptide

conjugates (e.g., antennapedia peptide, Tat peptide), alkylating agents, phosphate, amino,
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mercapto, PEG (e.g., PEG-40K), mPEG, [mPEG]z, polyamino, alkyl, substituted alkyl,
radiolabeled markers, enzymes, haptens (e.g. biotin), transport/absorption facilitators (e.g.,
aspirin, vitamin E, folic acid), synthetic ribonucleases (e.g., imidazole, bisimidazole, histamine,
imidazole clusters, acridine-imidazole conjugates, Eu3+ complexes of tetraazamacrocycles),
dinitrophenyl, HRP, or AP.

Ligands can be proteins, e.g., glycoproteins, or peptides, e.g., molecules having a specific
affinity for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type such as
an ocular cell. Ligands may also include hormones and hormone receptors. They can also
include non-peptidic species, such as lipids, lectins, carbohydrates, vitamins, cofactors,
multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-acetyl-glucosamine
multivalent mannose, or multivalent fucose. The ligand can be, for example, a
lipopolysaccharide, an activator of p38 MAP kinase, or an activator of NF-kB.

The ligand can be a substance, e.g., a drug, which can increase the uptake of the iRNA
agent into the cell, for example, by disrupting the cell’s cytoskeleton, e.g., by disrupting the
cell’s microtubules, microfilaments, and/or intermediate filaments. The drug can be, for
example, taxon, vincristine, vinblastine, cytochalasin, nocodazole, japlakinolide, latrunculin A,
phalloidin, swinholide A, indanocine, or myoservin.

In some embodiments, a ligand attached to an iRNA as described herein acts as a
pharmacokinetic modulator (PK modulator). PK modulators include lipophiles, bile acids,
steroids, phospholipid analogues, peptides, protein binding agents, polyethylene glycol (PEG),
vitamins efc. Exemplary PK modulators include, but are not limited to, cholesterol, fatty acids,
cholic acid, lithocholic acid, dialkylglycerides, diacylglyceride, phospholipids, sphingolipids,
naproxen, ibuprofen, vitamin E, biotin efc. Oligonucleotides that comprise a number of
phosphorothioate linkages are also known to bind to serum protein, thus short oligonucleotides,
e.g., oligonucleotides of about 5 bases, 10 bases, 15 bases or 20 bases, comprising multiple of
phosphorothioate linkages in the backbone are also amenable to the present disclosure as ligands
(e.g. as PK modulating ligands). In addition, aptamers that bind serum components (e.g. serum
proteins) are also suitable for use as PK modulating ligands in the embodiments described
herein.

Ligand-conjugated oligonucleotides of the disclosure may be synthesized by the use of an

oligonucleotide that bears a pendant reactive functionality, such as that derived from the
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attachment of a linking molecule onto the oligonucleotide (described below). This reactive
oligonucleotide may be reacted directly with commercially available ligands, ligands that are
synthesized bearing any of a variety of protecting groups, or ligands that have a linking moiety
attached thereto.

The oligonucleotides used in the conjugates of the present disclosure may be
conveniently and routinely made through the well-known technique of solid-phase synthesis.
Equipment for such synthesis is sold by several vendors including, for example, Applied
Biosystems (Foster City, Calif.). Any other means for such synthesis known in the art may
additionally or alternatively be employed. It is also known to use similar techniques to prepare
other oligonucleotides, such as the phosphorothioates and alkylated derivatives.

In the ligand-conjugated oligonucleotides and ligand-molecule bearing sequence-specific
linked nucleosides of the present disclosure, the oligonucleotides and oligonucleosides may be
assembled on a suitable DNA synthesizer utilizing standard nucleotide or nucleoside precursors,
or nucleotide or nucleoside conjugate precursors that already bear the linking moiety, ligand-
nucleotide or nucleoside-conjugate precursors that already bear the ligand molecule, or non-
nucleoside ligand-bearing building blocks.

When using nucleotide-conjugate precursors that already bear a linking moiety, the
synthesis of the sequence-specific linked nucleosides is typically completed, and the ligand
molecule is then reacted with the linking moiety to form the ligand-conjugated oligonucleotide.
In some embodiments, the oligonucleotides or linked nucleosides of the present disclosure are
synthesized by an automated synthesizer using phosphoramidites derived from ligand-nucleoside
conjugates in addition to the standard phosphoramidites and non-standard phosphoramidites that

are commercially available and routinely used in oligonucleotide synthesis.

A. Lipophilic Moieties

In certain embodiments, the lipophilic moiety is an aliphatic, cyclic such as alicyclic, or
polycyclic such as polyalicyclic compound, such as a steroid (e.g., sterol) or a linear or branched
aliphatic hydrocarbon. The lipophilic moiety may generally comprise a hydrocarbon chain,
which may be cyclic or acyclic. The hydrocarbon chain may comprise various substituents or
one or more heteroatoms, such as an oxygen or nitrogen atom. Such lipophilic aliphatic moieties

include, without limitation, saturated or unsaturated Cs-Cso hydrocarbon (e.g., Cs-Cis
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hydrocarbon), saturated or unsaturated fatty acids, waxes (e.g., monohydric alcohol esters of
fatty acids and fatty diamides), terpenes (e.g., Cio terpenes, Cis sesquiterpenes, Cao diterpenes,
Cso triterpenes, and Cao tetraterpenes), and other polyalicyclic hydrocarbons. For instance, the
lipophilic moiety may contain a C4-C3o hydrocarbon chain (e.g., C4-Cso alkyl or alkenyl). In
some embodiments the lipophilic moiety contains a saturated or unsaturated Cs-Cis hydrocarbon
chain (e.g., alinear Cs-Cis alkyl or alkenyl). In some embodiments, the lipophilic moiety
contains a saturated or unsaturated C16 hydrocarbon chain (e.g., a linear C16 alkyl or alkenyl).

In some embodiments, the lipophilic moiety 1s a C6-C30 acid (e.g., hexanoic acid,
heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, undecanoic acid, dodcanoic acid,
tridecanoic acid, tetradecanoic acid, pentadecanoic acid, hexadecanoic acid, heptadecanoic acid,
octadecanoic acid, oleic acid, linoleic acid, arachidonic acid, cis-4,7,10,13,16,19-docosahexanoic
acid, vitamin A, vitamin E, cholesterol etc.) or a C6-C30 alcohol (e.g., hexanol, heptanol,
octanol, nonanol, decanol, undecanol, dodcanol, tridecanol, tetradecanol, pentadecanol,
hexadecanol, heptadecanol, octadecanol, oleyl alcohol, linoleyl alcohol, arachidonic alcohol, cis-
4,7,10,13,16,19-docosahexanol, retinol, vitamin E, cholesterol etc.).

The lipophilic moiety may be attached to the RNAi agent by any method known in the
art, including via a functional grouping already present in the lipophilic moiety or introduced
into the RNAI1 agent, such as a hydroxy group (e.g., —CO—CH>—OH). The functional groups
already present in the lipophilic moiety or introduced into the RNAi agent include, but are not
limited to, hydroxyl, amine, carboxylic acid, sulfonate, phosphate, thiol, azide, and alkyne.

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

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

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

In another embodiment, the lipophilic moiety is an aromatic moiety. In this context, the
term “aromatic” refers broadly to mono- and polyaromatic hydrocarbons. Aromatic groups
include, without limitation, Ce-C14 aryl moieties comprising one to three aromatic rings, which
may be optionally substituted; “aralkyl” or “arylalkyl” groups comprising an aryl group
covalently linked to an alkyl group, either of which may independently be optionally substituted
or unsubstituted; and “heteroaryl” groups. As used herein, the term “heteroaryl” refers to groups
having 5 to 14 ring atoms, preferably 5, 6, 9, or 10 ring atoms; having 6, 10, or 14z electrons
shared in a cyclic array, and having, in addition to carbon atoms, one to about three heteroatoms
selected from the group consisting of nitrogen (N), oxygen (O), and sulfur (S).

As employed herein, a “substituted” alkyl, cycloalkyl, aryl, heteroaryl, or heterocyclic
group is one having one to about four, preferably one to about three, more preferably one or two,
non-hydrogen substituents. Suitable substituents include, without limitation, halo, hydroxy,
nitro, haloalkyl, alkyl, alkaryl, aryl, aralkyl, alkoxy, aryloxy, amino, acylamino, alkylcarbamoy],
arylcarbamoyl, aminoalkyl, alkoxycarbonyl, carboxy, hydroxyalkyl, alkanesulfonyl,
arenesulfonyl, alkanesulfonamido, arenesulfonamido, aralkylsulfonamido, alkylcarbonyl,
acyloxy, cyano, and ureido groups.

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

In certain embodiments, the ligand is naproxen or a structural derivative of naproxen.
Procedures for the synthesis of naproxen can be found in U.S. Pat. No. 3,904,682 and U.S. Pat.

No. 4,009,197, which are hereby incorporated by reference in their entirety. Naproxen has the
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chemical name (5}-0-Methoxy-g~-methyl-2-naphthaleneacetic acid and the structure 1s

In certain embodiments, the ligand 1s thuprofen or a structural derivative of itbuprofen.
Procedures for the synthesis of ibuprofen can be found in US3,228 831, which 1s incorporated
herein by reference for the methods provided therein. The structure of ibuprofen 13
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Additional exemplary aralkyl groups are ilustrated 1 US 7,626,014, which s
incorporated herein by reference for the methods provided therein.

In another emmbodiment, suitable lipophilic moieties include lipid, cholesterol, retinoic
acid, cholic acid, adamantane acetic acid, 1-pyrene butyric acid, dibydrotestosterone, 1,3-bis~
Ohexadecylyglycerol, geranyloxyhexyanol, hexadecylglycerol, borneol, menthol, 13-
propanediol, heptadecyl group, palmitic acid, myristie acid, O3-(oleoyiflithocholic acid, O3-
{oleovlicholenic acid, ibuprofen, naproxen, dimethoxytrityl, or phenoxazine.

In certain embodiments, more than one lipophilic ruoiety can be incorporated into the
double-strand RNAI agent, particularly when the lipophilic moiety has a low lipophilicity or
hydrophobicity. In some embodiments, two or more lipophilic moteties are tincorporated into the
same strand of the double-strand RNAi agent. In some embodiments, each strand of the double-
strand RNAI agent has one or more hpophilic moteties incorporated. In some embodiments, two
or more lipophilic moieties are incorporated into the same position (i.e., the same nuclecbase,
same sugar moiety, or same internucieosidic linkage) of the double-strand RINA1 agent. This can
be achieved by, e.g,, conjugating the two or more lipophilic moieties via a carrier, or conjugating
the two or more lipophilic moteties via a branched linker, or conjugating the two or more
Hipophilic moieties via one or more linkers, with one or more linkers linking the hipophilic

moieties consecutively.
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The lipophilic motety may be conjugated to the RNA# agent via a direct attachment to the
ribosugar of the RNA1 agent. Alternatively, the lipophilic moiety may be conjugated to the
double-strand RNAj agent via a linker or a carrier.

In certain embodiments, the lipophilic moiety may be conjugated to the RNAI agent via
one or more linkers {tethers).

In some embodiments, the lipophilic moiety is conjugated to the double-stranded RNAi
agent via g linker containing an ether, thioether, urea, carhonate, amine, amide, malerrmde-
thicether, disulfide, phosphodiester, sulfonamide linkage, a product of a click reaction (e g, a

triazole from the azide-alkyne cycloaddition), or carbamate.

B. Lipid Comjugates

In some embodiments, the ligand is a tipid or lipid-based molecule. Such alipid or hipid-
based molecule can typically bind a serum protein, such as human serum albumin (HSA). An
HSA binding ligand allows for vascular distribution of the conjugate to a target tissue. For
gxample, the target tissue can be the eye. Other molecules that can bind HSA can also be used as
higands. For exarople, neproxin or aspirin can be used. A lipid or lipid-based ligand can (a)
increase resistance to degradation of the conjugate, (b} increase {argeting or transport into a
target cell or cell membrane, and/or (¢} can be used to adjust binding to a serum protein, e.g.,
HSA,

A hpid-based ligand can be used to modulate, e.g., control {(e.g., inhibit) the binding of
the conjugate to a target tissue. For example, a lipid or lipid-based higand that binds to HSA
more strongly will be less likely to be targeted to the kidney and therefore less likely to be
cleared from the body. A hpid or lipid-based ligand that binds to HSA less strongly can be used
to target the conjugate to the kidney.

In some embodiments, the lipid-based ligand binds H5A. For example, the higand can
bind HSA with a sufficient affinity such that distribution of the conjugate to a non-kidney tissue
13 enhanced. However, the affinity 18 typically not so strong that the HSA-ligand binding cannot
be reversed.

In some embodiments, the lipid-based ligand binds HSA weakly or not at all, such that
distribution of the conjugate to the kidney s enhanced. Other moteties that target to kidney cells

can also be used in place of or in addition to the lipid-based ligand.
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In another aspect, the ligand is a moiety, e.g., a vitamin, which is taken up by a target
cell, e.z., a proliferating cell. These are particularly useful for treating disorders characterized by
unwanted cell proliferation, e.g., of the malignant or non-malignaut type, e.g., cancer cells.
Exemplary vitamins include vitamin A, E, and K. Other exeraplary vitamins include B vitamin,
e.g., folic acid, B12, riboflavin, biotin, pyridoxal or other vitamins or nuttients taken up by

cancer cells. Also included are HSA and low-density lipoprotein {(LDL).

(. Celf Permeation Agents

In another aspect, the ligand is a cell-permeation agent, such as a helical cell-permeation
agent. In some embodiments, the agent is amphipathic. An exemplary agent is a peptide such as
tat or antennopedia. W the agent is a peptide, it can be moditied, including a peptidylmimetic,
wvertomers, non-peptide or pseudo-peptide linkages, and use of D-amino acids. The helical
agent is typically an a-helical agent, and can have a lipophilic and a lipophobic phase.

The ligand can be a peptide or peptidomimetic. A peptidomimetic (also referred to
herein as an oligopeptidomimetic) is a molecule capable of folding into a defined three-
dimensional structure similar to a natural peptide. The attachment of peptide and
peptidomimetics to 1IRNA agents can affect pharmacokinetic distribution of the iRNA, such as by
enhancing cellular recognition and absorption. The peptide or peptidomimetic motety can be
about 5-50 amino acids long, e.g, about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 30 amino acids long.

A peptide or peptidomimetic can be, for example, a cell permeation peptide, cationic
peptide, amphipathic peptide, or hydrophobic pepiide (e.g., consisting primarily of Tyr, Trp or
Phe). The peptide moiety can be a dendrimer peptide, constrained peptide or crosslinked
peptide. In another alternative, the peptide moiety can include a bydrophobic membrane
translocation sequence (MTS). An exemplary hydrophobic MTS-containing peptide is RFGF
having the amino acid sequence AAVALLPAVLLALLAP (SEQ ID NO: 3). An RFGF analogue
{e.g., anmnno actd sequence AALLPVLLAAP (SEQ ID NG: 4)) containing a hydrophobic MTS
can also be a targeting motety. The peptide moiety can be a “delivery” peptide, which can carry
large polar molecules including peptides, oligonucleotides, and protein across cell membranes.
For example, sequences from the HIV Tat protein (GRKKRRQRRRPPQ (SEQ 1D NO: 5) and
the Drosophila Antermapedia protein (RQIKIWFOQNRRMEKWEKK (SEQ ID NO: 6)) have been

found to be capable of functioning as delivery peptides. A peptide or peptidomimetic can be
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encoded by a random sequence of DNA, such as a peptide identified from a phage-display
fibrary, or one-bead-one-compound (OBOC) combinatorial library (Lam ef af, Nafure, 354:82-
84, 1991). Typically, the peptide or peptidomimetic tethered to a dsRNA agent via an
incorporated monomer unit is a cell targeting peptide such as an arginine-glycine-aspartic acid
(RGD)-peptide, or RGD mimic. A peptide motety can range i length from about S amino acids
to about 40 anuno acids. The peptide moieties can have a structural modification, such as to
wncrease stability or direct conformational properties. Any of the structural modifications
described below can be utilized.

An RGD peptide for use in the compositions and methods of the disclosure may be linear
or cychic, and may be modified, e.g., glyvcosylated or methylated, to facilitate targsting to a
specitic tissue(s). RGD-containming peptides and peptidomimetics may include D-amino acids, as
well as synthetic RGD miumics. In addition to RGD, ooe can use other moieties that target the
integrin ligand. In some embodiments, conjugates of this ligand target PECAM-1 or VEGF.

An RGD peptide motety can be used to target a particudar cell type, e.g., an ocular cell, a
tumor cell, such as an endothelial tumor cell or a breast cancer tumor cell (Zitzmann ef af |
Cancer Res., 62:5139-43, 20023, An RGD peptide can facilitate targeting of an dsRNA agent to
tumors of a vartety of other tissues, including the lung, kidney, spleen, or Hiver {Aoki ef g/,
Cancer Gene Therapy 8:783-787, 2001). Typically, the RGD peptide will facilitate targeting of
an iIRNA agent to the eye or kidney. The RGE peptide can be linear or cyclic, and can be
moditied, e.g., glycosylated or methylated to facilitate targeting to specific tissues. For example,
a glycosylated RGD peptide can deliver g IRNA agent to a tumor cell expressing oyl (Haubner
et al, Jour. Nucl. Med., 42:326-336, 2001).

A “cell permeation peptide” 1s capable of permeating a cell, e.g., a microbial cell; such as
a bacterial or fungal cell, or a mammalian cell, such as a human cell. A microbial cell-
permeating peptide can be, for example, an a-helical linear peptide {e.g., LL-37 or Ceropin P1), a
disulfide bond-containing peptide {e.g., o -defensin, B-defensin or bactenecin}, or a peptide
contatning only one or two dominating amino acids {e.g., PR-39 or indolicidin}. A cell
permeation peptide can also include a nuclear localization signal (NLK8). For example, a cell
permeation peptide can be a bipartite amphipathic peptide, such as MPG, which 15 derived from
the fusion peptide domain of HIV-1 gp41 and the NLS of SV40 large T antigen (Simeont ef g/
Nucl Acids Res. 31:2717-2724, 2003).
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D, Carbohydrate Conjugates and Ligands

In some embodiments of the compositions and methods of the disclosure, an IRNA
oligonucleotide further comprises a carbohydrate. The carbohydrate conjugated iRNA are
advantageous for the in vivo delivery of nucletc acids, as well as compositions suitable for
vivo therapeutic use, as described herein. As used herein, “carbohydrate” refers to a compound
which is either a carbohydrate per e made up of one or more monosaccharide units having at
feast 6 carbon atoms (which can be linear, branched or cyclicy with an oxygen, nitrogen or sulfur
atorn bonded to each carbon atom; or a compound having as a part thereof a carbohydrate motety
made up of one or more monosaccharide units each having at least six carbon atoms (which can
be Hnear, branched or cyclic), with an oxygen, mtrogen or sulfur atom bonded to each carbon
atom. Representative carbohydrates include the sugars (eono-, di~, tri- and oligosaccharides
containing from about 4, 3, 6, 7, 8, or 9 monosaccharide units), and polysaccharides such as
starches, glycogen, cellulose and polysacchande gums. Specific monosaccharides include CS§
and above {e.g., C5, Co, C7, or C8} sugars; di- and trisaccharides include sugars having two or
three monosaccharide units (e.g., C5, €6, C7, or C8).

In certain embodiments, the compositions and methods of the disclosure include a C16
ligand. In exemplary embodiments, the C16 ligand of the disclosure has the following structure
{exemplified here below for a uracil base, yet attachment of the C16 ligand 1s contemplated for a
nucleotide presenting any base (C, G, A, etc.) or possessing any other modification as presented
herein, provided that 2 ribo attachment is preserved) and 13 attached at the 27 position of the ribo

within a residue that s so modified:
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Chemical Formula: CosH43N,OgP
Exact Mass: 530.2757
Molecular Weight: 530.5913

As shown above, a C16 ligand-modified residue presents a straight chain atkyl at the 27~
ribo position of an exemplary residue (here, a Uracil) that is so modified.

In sore embodiments, a carbohydrate conjugate of a RNA1 agent of the 1nstant disclosure

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

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

10 In certain embodiments, the compositions and methods of the disclosure include a vinyl
phosponate (VP) modification of an RNA1 agent as described herein. In exemplary

embodiments, a vinyl phosphonate of the disclosure has the following structure:

ol
O70N
A vinyl phosponate of the instant disclosure may be attached to either the antisense or the
15 sense sirand of a dsRNA of the disclosure. In certain embodiments, a vinyl phosphonate of the
instant disclosure is attached to the antisense strand of a dsRNA, optionally at the 57 end of the
antisense strand of the dsRNA. The dsRNA agent can comprise a phosphorus~-containing group
at the 5’ -end of the sense strand or antisense strand. The 5 -end phosphorus-containing group can

be 5’-end phosphate (57-P), 57-end phosphorothioate {57-PR), 57-end phosphorodithioate (57-
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P82}, 5 -end vinylphosphonate (5°-VP}, 5"-end methviphosphonate (MePhas}, or 5'-deoxy-5"-C-
malonyl When the 5 -end phosphorus-containing group 18 57 -end vinylphosphonate (57-VP), the

@
G,

o

e
-

g \\
ey

1
-0
(P

§7-VP can be either 57-E-VP isomer (i e, trans-vinylphosphonate, TN, 5-2-VP

OH

. o . . O . -
isomer (i.e., cis-vinyiphosphonate, ™), or nuxtures thereof.

5 Vinyl phosphate modifications are also contemplated for the compositions and methods

of the mstant disclosure. An exemplary vinyl phosphate structure is:

CH =\ "
O—p=—0H
OH

In some embodiments, a carbohydrate conjugate comprises a monosaccharide. In some
embodiments, the monosaccharide is an N-acetylgalactosamine (GalNAc). GalNAc conjugates,
10 which comprise one or more N-acetylgalactosamine {GalNAc) denvatives, are described, for
example, in US. Patent No. 8,106,022, the entire content of which is hereby ncorporated herein
by reference. In some embodiments, the GalNAc conjugate serves as a ligand that targets the
iRNA to particular cells. In some embodiments, the GalNAc conjugate targets the iIRNA to liver
cells, e.g., by serving as a ligand for the astaloglycoprotein receptor of liver cells {e.g.,
15 hepatocytes).

In some embodiments, the carbohydrate conjugate comprises one or more GallNAc
dertvatives. The GalNA¢ derivatives may be attached via a Huker, e.g., a bivalent or tnivalent
branched linker. In some embodiments the GalNAc conjugate ts conjugated to the 37 end of the
sense strand. In some embodiments, the GalNAc¢ conjugate 15 conjugated to the iIRNA agent

20 {e.g., tothe 37 end of the sense strand) via a linker, e g, a linker as described herein.
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In some embodiments, the GallNAc conjugate 1s
HE M
a-«;m//;*\\yovf\Aﬂ/N\/\/“ 0

ACHN & T\
{OH
HO . 3
TN H H ,
HON 7=~ O Noor N s i
AcHN \/\V/\H/ \Tr -
0 O o
o
HO /«,r\\/o\/\/“ﬁ,/m”\v’\m’ 0
; I H

AcHN Formula 11

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

fimker as shown i the following schematic, wherein X 1s O or S:

e\ ! H
HO ,\,..»7‘-\}“0.\’,f\\/-’\\‘r N PN N /D P
ACHN z § (
HO <0H {E) e
RN ; N H I
HO A,_._"’r‘\\\/o\/"\\,f\}r N NP N N \f(/\\‘/c}\v/%—ﬁ N ‘\T‘('/A\\f'/-l\\\//
ACHN o s T o S,
Ho O J
N NP .
HO ~5«--""T\‘*\~\-~’() ‘\--/,\\-/,\\fr—* N e N /\.Q
AcHN R ! H

In some embodiracnts, the RNAI agent is conjugated to 196 as defined in Table 2 and

shown below:
trans-4-Hydroxypraiinel

. oy O
oH P X
s _ N
A o 0
HO e s o N GO N g e SR OF
oH AcHN 3 ‘\ 0 s Canjugation
O M7 : ‘N
V I :
Triants v RaIN . 9] O\ H 1
Trisntennary BailNAC < \\\\L-f»v\ o “ H . I T NP PN o
HOu\«r**‘;\»i\.ﬂ\_./\/-A-w N i
AcHN - d i o 0 ,
oy p v
;("\\\\ _,.-*‘(} /L . . i
NN O e (12 - Dianroboxylic Acid Tether
HO A IT\\\\’_/ RPN \‘f’\ ~ N O
\. ; 5 -
AcHN o H
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In some embodiments, a carbohydrate conjugate for use 1 the compositions and methods
of the disclosure is selected from the group consisting of:

HO\ OH
HQ 7 \VO\/’\\/’YNV’“\/N #0

AcHN \([%
| ]
oy Ao

| )
HO /T\\./O\/‘v’\nr'N\//\/’NY\wo\} ~
O O o

Ho O J
< :
HO /f,r\l/‘?)\/\v/\rr\s’\/\w 0

AcHN H H

O Formula 11
MO~ HO
HO \

3 O
QNJ/\Q’AVO\/\N
HO HO f
O -9
HO O
! i
Qv’\O”\JO\/\ M{"\\fO\/M
ﬁ o o’i
HC~., HO Y
HO \‘:L,.—Q

HO-

H

G o O~ N Q
M Formula HI,

O

HG
o
me;@,o\/\af\,ak

NHAC ~
o oM o

HO ~ C)\_/\Q/\«,f}"'J

MHAC Formula IV,

wo P

\
Q)
HO Beg

NHAC g

HO OH r
o G
HO N Sesg’

NHAC Formula V,
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Formula X1,
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Formula XII,
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O Formula XV,

O Formula XVI,

©Q Formula XV,
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HO~ Ot
MO i
LS PN 0 AH
(\Mkﬁ :
©  Formula XXI,
HO Gii
m@m
H (EJ 0

£ Formula XXII.
Another representative carbohydrate conjugate for use 1o the embodiments described

herein includes, but is not himited to,
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OH
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Formula XXII1,

when one of X or Y is an oligonucleotide, the other is a hydrogen.
In some embodiments, the carbohydrate conjugate further comprises one or more
5 additional ligands as described above, such as, but not Himited to, a PK modulator and/or a cell
permeation peptide.
In some embodiments, an 1BRNA of the disclosure 15 conjugated to a carbobydrate through
a linker. Non-limiting examples of iIRNA carbohydrate conjugates with linkers of the

compositions and methods of the disclosure include, but are not imited to,

AcHN ! O, o
Ho /OF & (Nj\,o
G b H 0o
/]A/Q NN O\/'i/ N 0
HO i
oo \/\/\( \{(\/ g

10 O
Formula XXIV,
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Q 2 H y = 1.15
HO 7 OV\/L“N\/WN)LD z = 1.20
5 AcHN )
Formula XXX,
when one of X or Y 1s an oligonucleotide, the other 1S a hydrogen.
E. Thermally Destabilizing Modifications
10 In certain embodiments, a dsSRNA molecule can be optimized for RNA interference by

incorporating thermally destabilizing modifications in the seed region of the antisense strand
{1.¢., at positions 2-9 of the 57~end of the antisense strand) 1o reduce or whibit off-target gene

sifencing. It has been discovered that dsRNAs with an antisense strand comprising at least one
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thermally destabilizing modification of the duplex within the first 9 nucleotide posttions,
counting from the 57 end, of the antisense strand have reduced off-target gene silencing activity.
Accordingly, in some embodiments, the antisense strand comprises at least one {e.g., one, two,
three, four, five, or more) thermally destabilizing medification of the duplex within the first 9
5 nucleotide positions of the 57 region of the antisense strand. In some embodiments, oue or more
thermally destabilizing modification(s} of the duplex is/are located in positions 2-9, or positions
4-8, from the 5'-end of the antisense strand. Tn some further embodiments, the thermally
destabilizing modification(s} of the duplex 1s/are located at position 6, 7, or 8 from the 5-end of
the antisense strand. In still some further embodiments, the thermally destabilizing modification
180 of the duplex s located at position 7 from the 5" -end of the antisense strand. The term
“thermally destabilizing modification(s)” includes moditication(s) that would result with a
dsRINA with a lower overall melting teraperature (Tm), such as a Tro with one, two, three, or
four degrees lower than the Tm of the dsRNA without having such modification(s}. In some
embodiments, the thermally destabilizing modification of the duplex is located at position 2, 3, 4,
15 5, or 9 from the 5 -end of the antisense strand.
The thermally destabilizing modifications can include, but are not limited to, abasic
modification; mismatch with the opposing nucleotide in the opposing strand; and sugar
modification such as 2’-deoxy moditication or acyclic nucleotide, e.g., unlocked nucleic acids

{UNA) or glycol nucleic acid (GNA).

20 Exemplified abasic modifications include, but are not limited to, the following:
‘\\ . ‘.\ R \
b o Lo o 4 0
p OW <mmt% k/O }’
. . N
; ; ;
* X 3 X R‘
R Rf \ R & N

o 9 0

Wherein R = H, Me, Ft or OMe; R’ = H, Me, Et or OMe; R” = H, Me, Et or OMe
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| Y QY
O O P .
o™~
ke

Mod2
; Mod3 Modd ModS
2-0Me Abasic . '
( Spacer) {3-OMe} {8'-Me) {Hyp-spacer)

X =0Me, F

wherein B 1s a medified or unmodified nucleobase.

Exemplified sugar modifications include, but are not himited to the following

0 o F
2'-deoxy unlocked nucleic acid glycol nusleic asid
R=H, OH, O-alkyl R=H, OH, O-alikyl
Q O..‘.:/ O B
R R
A ’JJ\NH R AR ‘#
v 1 1 R 6 R .
O_’,, " 4 O /O\ O —(')\R
& unlocked nucleic acid
? Rz H, OH, CHa, CH.CH;, O-alkyl, NH,, NHMe, NiMe, & R A
' R'=H, OH, CH,, CH.OH,, G-aliogd, NH,, NHMe, NMs, :
giyeot nuctsic acid R™=H, OH, CH,, CHCH,, G-alkyl, NH,, NHMe, NMe, R = H, methyl, ethyl
R= M, OM, O-alisyl R™=H, OH, CH,, CH,CH4, C-alkyl, NH,, NHMe, NMe,
5 R™ = H, OH, CHa, CHyCH,, Gealkyl, NH,, NHMe, NMe,

wherein B 1s a modified or unmodified nucleobase.

In sorne embodiments the thermally destabilizing modilication of the duplex is selected
from the group consisting of
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wherein B 18 a modified or unmodified nucleobase and the asterisk on each structure represents
either R, § or racemic.

The terrn "acychie nucleotide” refers to any nucleotide having an acyclic nbose sugar, for
example, where any of bonds between the ribose carbons {e.g, CU'-C2°, C27-C3°, C37-C4", C4’-
047, or C1’-047) 15 absent or at Jeast one of tthose carbons or oxygen {e.g, CU, €27, T3, (47,

or 04") are independently or in combination absent from the nucleotide. In some embodiments,

wdor oo
& O
W/ I
\ RT Rz
0 i
. . . WE'\!‘ J\ai'\l‘
acyclic nucleotide 15 ;
RS ‘
C "\_<———E
Eﬁ\ o e e . . P 1 9.
$ , wherein B is a modified or unmodified nuclecbase, R' and R- independently

b

are H, halogen, ORs, or alkyl; and R5 15 H, alkyl, cycloalkyl, arvi, aralleyl, heteroaryl or sugar).
The term “UNA” refers to unlocked acyclic nucleic acid, wherein any of the bonds of the sugar
has been removed, forming an unlocked "sugar” residue. In one example, UNA also
encompasses monomers with bonds between C1'-C4' being removed (1.e. the covalent carbon-
oxygen-carbon bond between the CH and C4' carbons}. In another example, the C2'-C3' bond

{1.e. the covalent carbon-carbon bond between the (2" and C3' carbons} of the sugar is removed
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{see Mikhailov et. al., Tetrahedron Letters, 26 (17); 2059 (1985); and Fluiter et al., Mol. Biosyst.,
10: 1039 (2009), which are hereby incorporated by reference in their entivety). The acyclic
derivative provides greater backbone flexibility without affecting the Watson-Crick pairings.
The acyelic nucleotide can be linked via 2°-5" or 3°-3" linkage.

The terms “ONA’ refers to glycol nucleic acid which is a polymer similar to DNA or RNA

but differing in the composition of its “backbone” 1n that is composed of repeating glycerol units

[

finked by phosphodiester bonds:

(R} - GNA

The thermally destabilizing modification of the duplex can be mismatches (1.e.,
noncomplementary base pairs) between the thermally destabilizing nucleotide and the opposing
nucleciide in the opposite strand within the dsRNA duplex. Exemplary mismatch base pairs
include GG, GA, GU, GT, AA AC CC,CU CT, UU T.T, UT, or a combination
thereof. Other mismatch base pairings known in the art are also amenable to the present
invention. A mismatch can occur between nucleotides that are erther naturally occurring
nucleotides or modified nucleotides, 1.2, the mismatch base pairing can occur between the
nuclecbases from respective nuclestides independent of the modifications on the ribose sugars of
the nucleotides. In certain embodiments, the dsRNA molecule contains at least one nucleobase
in the mismatch pairing that is a 2"-deoxy nucleobase; e.g., the 2°-deoxy nuclecbase is in the

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

complementary base on the target mRNA, such as:

g
HNT N o " | 0 0
w NP \N)k N NN . \ ~n 3
| o | T e . Y
el ko e N A
SN SNH N NH, ™ NH Sy
. N
o CD CD O O O
NT TN N oo SN 7N FN

More examples of abasic nucleotide, acyclic nucleotide modifications (including UNA
and GNA), and mismatch modifications have been described in detail in WO 2011/133876,
which 13 herewn 1ncorporated by reference 1o 1fs entirety.

The thermally destabilizing modifications may also include universal base with reduced

18 or abolished capability to form hydrogen bonds with the opposing bases, and phosphate
modifications.

In some embodiments, the thermally destabilizing modification of the duplex includes
nucleotides with non-canonical bases such as, but not limited to, nucleobase modifications with
impaired or completely abolished capability to form hydrogen bonds with bases in the opposite

15 strand. These nucleobase modifications have been evaluated for destabilization of the central
region of the dsRNA duplex as described in WO 2010/0011895, which is herein incorporated by

reference in s entirety. Exemplary nucleobase moditications are:
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In some embodiments, the thermally destabilizing modification of the duplex 1o the seed
region of the antisense strand includes one or more g-nuciectide complementary to the base on

the target mRNA| such as:
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wherein R is H, OH, OCH;, F, NH2, NHMe, NMez or O-alkyl.
Exemplary phosphate modifications known to decrease the thermal stability of dsRNA

duplexes compared to natural phosphodiester linkages are:

o 6 8 o o 0
Q:FfmSH Oﬂﬁ’"CHg O:E?'“CHQ“COQH Q:Ff“R D:FwaHnR O:??-"OnR
, ; 0 0 0 0
R = alkyl

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

As the skilled artisan will recognize, in view of the functional role of nucleobases is
defining specificity of a RNA1 agent of the disclosure, while nucleobase modifications can be
performed in the various manners as described herein, e.g., to introduce destabilizing

modifications into a RNA1 agent of the disclosure, e.g., for purpose of enhancing on-target effect
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relative to off-target effect, the range of modifications available and, 1n general, present upon
RINA1 agents of the disclosure tends to be much greater for non-nucleobase modifications, e.g.,
modifications to sugar groups or phosphate backbones of polyribonucleotides. Such
modifications are described in greater detail in other sections of the instant disclosure and are
expressly contemplated for RNA1 agents of the disclosure, either possessing native nuclecbases
or modified nucleobases as described above or elsewhere herein.

In addition to the antisense strand comprising & thermally destabilizing modification, the
dsRNA can also comprise one or more stabilizing modifications. For example, the dsRNA can
comprise at least two {e.g., two, three, four, five, six, seven, eight, nine, ten, or more} stabilizing
modifications. Without limitations, the stabilizing modifications all can be present in one strand.
in some embodiments, both the sense and the antisense strands comprise at least two stabilizing
modifications. The stabilizing modification can oceur on any nucleotide of the sense strand or
antisense strand. For instance, the stabilizing modification can occur on every nucleotide on the
sense strand or antisense strand, each stabilizing modification can ocour 1o an aliernating pattern
on the sense strand or antisense strand; or the sense strand or antisense strand comprises both
stabilizing modification in an alternating pattern. The alternating pattern of the stabilizing
modifications on the sense strand may be the same or different from the antisense strand, and the
alternating pattern of the stabilizing modifications on the sense strand can have a shift relative to
the alternating pattern of the stabilizing modifications on the antisense strand.

In sorme embodiments, the antisense strand comprises at least two {e.g., two, three, four,
five, six, seven, eight, nine, ten, or more) stabilizing modifications. Without iimitations, a
stabilizing modification in the antisense strand can be present at any positions.

In some embodiments, the antisense strand coraprises stabiliziog modifications at
positions 2, 6, 8, 9, 14, and 16 from the 3"-end. In some other embodiments, the antisense strand
comprises stabilizing modifications at positions 2, 6, 14, and 16 from the 5"-end. In stull some
other embodiments, the antisense strand comprises stabilizing modifications at positions 2, 14,
and 16 from the 5" -end.

In some embodiments, the antisense strand comprises at {east one stabilizing modification
adjacent to the destabilizing modification. For example, the stabilizing modification can be the
nucleotide at the 5”-end or the 37-¢ud of the destabilizing wodification, ée., at position -1 or +1

from the position of the destabilizing modification. In some embodiments, the antisense strand
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comprises a stabilizing modification at each of the 5’ -end and the 37-end of the destabilizing
modification, fe., positions -1 and +1 from the position of the destabilizing modification.

in some embodiments, the antisense strand comprises at least two stabilizing
modifications at the 3"-end of the destabilizing modification, 7.e., at positions +1 and +2 from the
position of the destabilizing modification.

In some embodiments, the sense strand comprises at least two {e.g,, two, three, four, five,
3iX, seven, eight, nine, ten or more) stabilizing modifications. Without Hrottations, a stabilizing
modification in the sense strand can be present at any positions. In some embodiments, the sense
strand comprises stabilizing modifications at positions 7, 10, and 11 from the 5’ -end. In some
other embaodiments, the sense strand comprises stabilizing modifications at positions 7, 9, 10,
and 11 from the 5-end. In some embodiments, the sense strand comprises stabilizing
modifications at positions epposite or comphimentary to positions 11, 12, and 15 of the antisense
strand, counting from the 5’-end of the antisense strand. In some other embodiments, the sense
strand comprises siabilizing modifications at positions opposite or complimentary to positions
11, 12, 13, and 15 of the antisense strand, counting from the 5'-end of the antisense strand. In
some embodiments, the sense strand comprises a block of two, three, or four stabilizing
modifications.

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

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

In some embodiments, the dsRNA of the disclosure comprises at feast four (e g, four,
five, six, seven, eight, nine, ten, or more} 2 -fluoro nucleotides. Without limitations, the 27-
fluoro nucleotides all can be present 1o one strand. Inn some embodiments, both the sense and the
antisense strands comprise at least two 2" -fluocre nucleotides. The 2°-fhuoro modification can
oceur on any nucleotide of the sense strand or antisense strand. For nstance, the 27-fluoro
modification can occur on every nucleotide on the sense strand or antisense strand; each 27~
fluoro modification can occur in an alternating pattern on the sense strand or antisense strand; or
the sense strand or avtisense strand coroprises both 27-fluoro modifications i an alternating

pattern. The alternating pattern of the 2"-fluoro modifications on the sense strand may be the
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same or different from the antisense strand, and the alternating pattern of the 2"-flucro
modifications on the sense strand can have a shift relative to the alternating pattern of the 27-
fluoro modifications on the antisense strand.

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

In sorme embodiments, the antisense strand comprises at feast one 2°-fluoro nuclectide
adjacent to the destabilizing modification. For example, the 2°-fluoro nucleotide can be the
nuclectide at the 5’-end or the 3'-end of the destabilizing modification, i.¢., at position -1 or +1
from the position of the destabilizing modification. In some embodiments, the antisense sirand
comprises a 2'-fluoro nucleotide at each of the 57-end and the 3"-end of the destabilizing
modification, f.e., positions -1 and +1 from the position of the destabilizing modification.

In some embodiments, the antisense strand comprises at least two 2’ -fluoro nucleotides at
the 37-end of the destabilizing modification, i.e., at positions +1 and +2 from the position of the
destabilizing modification.

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

sense strand comprises a block of two, three, or four 27-flnoro nucleotides.
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In some emboduments, the sense strand does not comprise 2 27-fluoro nuclectide in
position opposite or complimentary to the thermally destabilizing modification of the duplex in
the antisense strand.

In some embodiments, the dsRNA molecule of the disclosure comprises a 21 nucleotides
{nt} sense strand and a 23 sucleotides (nt) antisense, wherein the anfisense strand contains at
least one thermally destabilizing nuclectide, where the at least one thermally destabilizing
nucieotide occurs in the seed region of the antisense strand (i.e., at position 2-9 of the §7-end of
the antisense strand}, wherein one end of the dsRNA 1s blunt, while the other end is comprises a
2 nt overhang, and wherein the dsRNA optionally further has at least one {(e.g., one, two, three,
four, five, six, or all seven) of the following characteristics: (1) the antisense comprises 2, 3, 4, 5,
or 6 2’-tluoro modifications; (i1) the antisense comprises |, 2, 3, 4, or 5 phosphorothioate
wternucleotide linkages; (1t1) the sense strand 15 conjugated with a ligand; (iv) the seuse strand
comprises 2, 3, 4, or 5 2'-fluoro medifications; (v} the sense strand comprises 1,2, 3,4, or S
phosphorothioate internucleotide Hukages; (vi) the dsRNA comprises at least four 2°-fhuoro
modifications; and {vii} the dsSRNA comprises a blunt end at &-end of the antisense strand. In
certain embodiments, the 2 nt overhang is at the 37-end of the antisense strand.

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

As nucletc acids are polymers of subunits, many of the modifications occur at a position
which is repeated within a nucleic acid, e.g, a modification of a base, or a phosphate moiety, ora
nou-linking O of a phosphate moiety. In some cases, the modification will oceur at all of the
subject positions n the nucleic acid but in many cases it will not. By way of example, a
modification may only occur ata 3” or 87 terminal position, may only occur in a terminal region,
e.g., at a position on a terminal nucleotide or n the last 2, 3, 4, 5, or 10 nucleotides of a strand.
A modification may occur in a double strand region, a single strand region, orin both. A

modification may occur only in the double strand region of an RNA or may only occuriu a
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single strand region of an RNA. Z.g., a phosphorothioate modification at a non-linking O
position may only occur at one or both termini, may only occur in & terminal region, e.g., at g
position on a terminal nucleotide or in the last 2, 3, 4, 5, or 10 nuciectides of a strand, or may
occur in double strand and single strand regions, particularly at termini. The 57 end or ends can
be phosphorylated.

It may be possible, e.g, to enhance stability, to include particular bases in overhangs, or
to include modified nucleotides or nuclectide surrogates, in single strand overhangs, e.g., ina §’
or 37 overhang, or in both. fi.g., 1t can be desirable to include purine nucleotides in overhangs.
In some embodiments all or some of the basesin a 37 or 57 overhang may be modified, e.g., with
a modification described hergin. Modifications can include, e.g., the use of modifications at the
27 position of the ribose sugar with modifications that are known in the art, e.z., the use of
deoxyribonucleotides, 27-deoxy-2"-fluoro (2°-F) or 2-O-methyl modified instead of the
ribosugar of the nuclechase, and modifications in the phosphate group, .2, phoesphorothioate
modifications, Overhangs need not be homologous with the target sequence.

In some embodiments, each residue of the sense strand and antisense strand 18
independently modified with LNA, HNA, CeNA, 27-methoxyethyl, 2’- O-methyl, 2°-0-alivl, 2’-
C-allyl, 2’-deoxy, or 2’-flucro. The strands can contain more than one modification. In some
embodiments, each residue of the sense strand and antisense strand 1§ independently modified
with 27-O-methyl or 27 -fluoro, 1t 18 10 be understood that these modifications are in addition to
the at least one thermally destabilizing modification of the duplex present in the antisense strand.

At least two different modifications are typically present on the sense strand and
antisense strand. Those two modifications may be the 2'-deoxy, 27~ O-methyl, or 2’-fluoro
modifications, acvchic nucleotides or others. In sorme embodiments, the seose strand and
antisense strand each comprises two differently modified nucleotides selected from 27-O-methyi
or 2’-deoxy. In some embodiments, each residue of the sense strand and antisense strand 18
independently modified with 2'-O-methyl nucleotide, 2°-deoxy nucleotide, 2'-deoxy-2’-fluoro
nuclectide, 2'-O-N-methylacetamido (2'-0-NMA} nucieotide, a 2'-O-dimethylaninoethoxyethyl
{2'-0-DMAEQE) nucleotide, 2'-C-aminopropy! (2'-0-AP) nuclectide, or 2'-ara-F nuclectide.
Again, 1t 15 to be understood that these modifications are in addition to the at least one thermally

destabilizing modification of the duplex present in the antisense strand.
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In some embodiments, the dsRNA molecule of the disclosure comprises modifications of
an alternating pattern, particnlar in the B1, B2, B3, BU, B2, B3, B4’ regions. The term
“alternating motif” or “alternative pattern” as used herein refers to a motif having one or more
modifications, each modification occurring on alternating nucleotides of one strand. The
alternating nucleotide may vefer to one per every other nucleotide or one per every three
nucleotides, or a similar pattern. For example, if A, B and € each represent one type of
moditication to the nucieotide, the alternating motif can be “ABABABABABARB ..V
“AABBAABBAABE. " “AABAABAABAAB. " “AAABAAABAAAB. .
“AAABBBAAABBE. . or “TABCABCABCABC. [ etc.

The type of modifications contained in the alternating motif may be the same or different.
For example, if A, B, C, D each represent one type of modification on the nucleotide, the
alternating pattern, t.e., modifications on every other nucleotide, may be the same, but each of
the sense strand or antisense strand can be selected from several possibilities of modifications
within the alternating motif such as "TABABAB. 7, “ACACAC. " “BDBDBED. 7 or
“CDCDCD. )7 et

In some embodiments, the dsRNA molecule of the disclosure comprises the modification
pattern for the alternating motif on the sense strand relative to the modification pattern for the
alternating motif on the antisense strand 1s shifted. The shift may be such that the modified
group of nucleotides of the sense strand corresponds to a differently modified group of
nucleotides of the antisense strand and vice versa. For example, the sense strand when paired
with the antisense strand in the dsRNA duplex, the alternating motif o the sense strand may start
with “ABABAB” from 5°-3” of the strand and the alternating motif in the antisense strand may
start with “BABABA” from 37-5of the strand within the duplex region. As another example,
the alternating motif in the sense strand may start with “AABBAABB” from 5°-3” of the strand
and the alternating motf o the antisense strand may start with “BBAABBAA” from 3°-5of the
strand within the duplex region, so that there is a complete or partial shift of the modification
patterns between the sense strand and the antisense strand.

The dsRNA maolecule of the disclosure may further comprise at least one
phosphorothioate or methylphosphonate internucleotide linkage. The phosphorothioate or
methylphosphonate internucleotide linkage modification way oceur ou any nucleotide of the

sense strand or antisense sirand or both in any position of the sirand. For instance, the
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internucieotide linkage modification may occur on every nucleotide on the sense strand or
antisense strand; each mternucieotide linkage modification may occur in an alternating pattern on
the sense strand or antisense strand; or the sense sirand or antisense strand comprises both
internucleotide linkage modifications in an alternating pattern. The alternating pattern of the
internucleotide linkage modification on the sense strand may be the same or different from the
antisense strand, and the alternating pattern of the internucleotide linkage modification on the
sense strand may have a shif relative to the alternating patiern of the internucleotide linkage
modification on the antisense strand.

In some embodiments, the dsRNA molecule comprises the phosphorothioate or
methyiphosphonate internucleotide linkage wodification in the overhang region. For example,
the overhang region comprises two nuclectides having a phosphorothioate or methylphosphonate
wternucleotide linkage between the two nucleotides. Toternucleotide hinkage mwodifications also
may be made to link the overhang nuclectides with the terminal paired nuclectides within duplex
region. For exarple, at least 2, 3, 4, or all the overhang nucleotides ray be linked through
phosphorothicate or methylphosphonate internucleotide linkage, and opticnally, there may be
additional phosphorothicate or methylphosphonate internucleotide linkages linking the overhang
nucleotide with a paired nucleotide that is next to the overhang nucleotide. For instance, there
may be at least two phosphorothioate internucleotide linkages between the terminal three
nucleotides, in which two of the three nucleotides are overhang nucleotides, and the third s a
paired nucleotide next to the overhang nucleotide. In certain embodiments, these terminal three
nucleotides moay be at the 37-end of the antisense strand.

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

In sore embodiments, the antisense strand of the dsRNA molecule comprises two blocks

of two phosphorothicate or methyiphosphonate internucleotide Hinkages separated by 1, 2, 3, 4,
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5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, or 18 phosphate internucleotide linkages, wherein one
of the phosphorothicate or methylphosphonate internucleotide linkages is placed at any position
in the oligonucleotide sequence and the said antisense strand is paired with a sense strand
comprising any combination of phosphorothioate, methylphosphonate, and phosphate
internucleotide linkages or an antisense strand comprising etther phosphorothioate or
methyiphosphonate or phosphate linkage.

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

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

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

phosphate linkage.
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In some embodiments, the antisense strand of the dsBRNA molecule comprises two blocks
of six phosphorothioate or methviphosphonate internuclectide linkages separated by 1,2, 3, 4, 5,
6,7, 8,9, or 10 phosphate internucleotide linkages, wherein one of the phosphorothioate or
methyiphosphonate internuciectide linkages is placed at any position in the oligonucleotide
sequence and the said antisense strand 1s patred with a seose strand comprising any combination
of phosphorothicate, methylphosphonate, and phosphate internucleotide linkages or an antisense
strand comprising either phosphorothioate or methylphosphonate or phosphate hinkage.

in some embodiments, the antisense strand of the dsRNA molecule comprises two blocks
of seven phosphorothicate or methylphosphonate internucleotide linkages separated by 1, 2, 3, 4,
5, 6,7, or 8 phosphate internuclectide linkages, wheretn one of the phosphorothioate or
methyiphosphonate internucleotide linkages is placed at any position 1n the oligonuclectide
sequence and the said antisense strand 18 paired with a sense strand comprising any combination
of phosphorothioate, methylphosphonate, and phosphate internucleotide linkages or an antisense
strand comprising etther phosphorothioate or methylphosphonate or phosphate linkage.

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

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

In some embodiments, the dsRNA molecule of the disclosure further comprises one or
more phosphorothioate or roethylphosphonate internucleotide inkage modification withun

positions 1-10 of the termini position(s) of the sense or antisense strand. For example, at least 2,
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3,4,5,6,7,8,9 or 10 nucleotides may be linked through phosphorothicate or
methyiphosphonate internucleotide Hinkage at one end or both ends of the sense or antisense
strand.

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

In sorue embodiments, the dsRNA molecule of the disclosure further comprises one to
five phosphorothioate or methylphosphonate internuclectide linkage modification{(s} within
position 1-5 and ove to five phosphorothioate or methylphosphonate internucleotide linkage
modification{s} within position 18-23 of the sense strand {counting from the 5"-end}, and one to
five phosphorothioate or methylphosphonate internucleotide linkage modification at positions 1
and 2 and one to five within positions 18-23 of the antisense strand {counting from the 5"-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification within position 1-3 and one
phosphorothioate or methylphosphonate internucleotide linkage modification within position 18-
23 of the sense strand {(counting from the 5'-end), and one phosphorothicate internuclectide
linkage modification at positions 1 and 2 and two phosphorothicate or methylphosphonate
internucleotide linkage modifications within positions 18-23 of the antiseuse strand {counting
from the 5 -end).

In sorme embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate tnternucleotide Hnkage modifications within position -3 and one
phosphorothioate internucleotide Hnkage modification within position 18-23 of the sense strand
{counting from the 5’-end}, and one phosphorothicate internuciectide linkage modification at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within

positions 18-23 of the antisense strand (counting from the 57-end).
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In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothicate internuclectide linkage modifications within position 1-5 and two
phosphorothioate internucleotide linkage modifications within position 18-23 of the sense strand
{counting from the 3’-end), and one phospherothicate internuclectide linkage modification at
positions | and 2 and two phosphorothioate internucleotide linkage moditications within
positions 18-23 of the antisense strand (counting from the 5 -end}.

In some embodimuents, the dsSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide inkage modifications within position 1-5 and two
phosphorothioate internucleotide Hnkage modifications within position 18-23 of the sense strand
{counting from the 5’-end}, and one phosphorothicate internuclectide linkage modification at
positions | and 2 and one phosphorothioate internucleotide linkage modification within positions
18-23 of the antisense strand {counting from the 5”-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide hnkage modification within position 1-3 and one
phosphorothicate internuclectide linkage modification within position 18-23 of the sense strand
{counting from the 5°-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothicate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 57-end).

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

In sorme embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate tnternucleotide Hnkage modification within position 1-5 {counting from the §’-
end} of the sense strand, and two phosphorothioate internucleotide hinkage modifications at
positions 1 and 2 and one phosphorothicate internuclectide linkage modification within positions
18-23 of the antisense strand {counting from the 5 -end).

In sore embodiments, the dsRNA molecule of the disclosure further comprises two

phosphorothioate internucleotide linkage modifications within position 1-3 {counting from the
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5 -end} of the sense strand, and one phosphorothioate 1nternucleotide linkage modification at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand {counting from the 5”-end).

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

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothicate internucleotide linkage modifications within position 1-5 and one
phosphorothioate internucleotide hinkage modification within position 18-23 of the sense strand
{counting from the 5"-end}, and two phosphorothicate internucleotide linkage modifications at
positions | and 2 and two phosphorothioate internucleotide linkage moditications within
positions 18-23 of the antisense strand (counting from the 5"-end}.

In some erabodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide Hinkage modifications within position 1-5 and one
phosphorothioate internucleotide hnkage modification within position 18-23 of the sense strand
{counting from the 5’-end}, and one phosphorothicate internuciectide linkage modification at
positions | and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand {counting from the 5”-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide hnkage modifications at position 1 and 2, and two
phosphorothicate internucleotide Hinkage modifications at position 20 and 21 of the sense strand
{counting from the 5’-end}, and one phosphorothioate internucleotide linkage modification at
positions | and one at position 21 of the antisense strand {counting from the 5-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate intersucleotide inkage modification at position 1, and one phosphorothioate
internuciectide linkage modification at position 21 of the sense strand {counting from the -

end), and two phosphorothicate internucleotide linkage modifications at positions 1 and 2 and
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two phosphorothioate internucleotide linkage modifications at positions 20 and 21 the antisense
strand {counting from the 5-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphoerothioate internucleotide linkage modifications at position 1 and 2, and two
phosphorothioate internucleotide Hnkage modifications at position 21 and 22 of the sense strand
{counting from the 5’-end), and one phosphorothicate internuclectide linkage modification at
posttions 1 and one phosphorothioate tntermnucleotide linkage modification at position 21 of the
antisense strand (counting from the 5’-end}).

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate intersucleotide linkage modification at position 1, and one phosphorothioate
internuclectide linkage moditication at position 21 of the sense strand (counting from the 5°-
end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications at positions 21 and 22 the antisense
strand {counting froro the 5 -end).

In some embodiments, the dsRINA molecule of the disclosure further comprises two
phosphorothicate internuclectide linkage modifications at position | and 2, and two
phosphorothioate internucleotide Hinkage modifications at position 22 and 23 of the sense strand
{counting from the 5’-end}, and one phosphorothioate internucleotide linkage modification at
positions 1 and one phosphorothioate internucleotide linkage modification at position 21 of the
antisense strand (counting from the 5-end).

In sore embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification at position 1, and one phosphorothioate
internucleotide linkage modification at position 21 of the sense strand (counting from the §7-
end), and two phosphorothicate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications at positions 23 and 23 the antisense
strand {counting from the 5"-end).

In some embodiments, compound of the disclosure comprises a pattern of backbone
chiral centers. In some embodiments, a common pattern of backbone chiral centers comprises at
feast 5 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers corprises at least 6 internucleotidic linkages 1o the Sp

configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
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least 7 internucleotidic Hinkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers cornprises at least 8 internucleotidic linkages in the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
feast 9 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 10 internucleotidic linkages in the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
feast 11 nternucleotidic linkages 1o the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 12 internucleotidic linkages 1n the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
least 13 internucleotidic hinkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 14 internuclectidic linkages in the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
feast 15 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 16 internucleotidic hinkages in the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
ieast 17 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 18 internucleotidic linkages in the Sp
confignration. In some embodiments, a common pattern of backbone chiral centers corprises at
feast 19 internucleotidic hinkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers cornprises no more than § internucleotidic linkages in the Rp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises
no more than 7 internucleotidic linkages in the Rp configuration. In some embodiments, a
common patiern of backbone chiral centers comprises no more than 6 internucleotidic linkages
in the Rp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises no more than 5 mternucleotidic linkages m the Rp configuration. In some
embodiments, a common patters of backbone chiral centers comprises 0o more than 4
internucieotidic linkages 1n the Rp configuration. In some embodiments, a cornmon pattern of
backbone chiral centers comprises no more than 3 internucleotidic linkages in the Rp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises
no more than 2 interoucleotidic linkages in the Rp covfiguration. In some embodiments, a

common pattern of backbone chiral centers comprises no more than | internucleotidic linkages
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in the Rp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises no more than 8 internucieotidic inkages which are not chiral {as a non-limiting
example, a phosphodiester). In some embodiments, a common pattern of backbone chiral
centers comprises no more than 7 internucleotidic linkages which are not chiral. In some
embodiments, a common pattern of backboue chiral centers comprises no more than 6
internuclectidic linkages which are not chiral. In some embodiments, a common pattern of
backbone chiral centers comprises no more than S internucleotidic linkages which are not chiral,
In some embodiments, a common pattern of backbone chiral centers comprises no more than 4
internucleotidic linkages which are not chiral. In some embodiments, a common pattern of
backbone chiral centers comprises no more than 3 internucleotidic linkages which are not chiral.
In some embodiments, a common pattern of backbone chiral centers comprises no more than 2
wternucleotidic linkages which are not chiral. 1o some embodirnents, a common pattern of
backbone chiral centers comprises no more than 1 internucleotidic linkages which are not chiral.
In some embodiments, a conumon paitern of backbone chiral centers comprises at least 10
internuclectidic linkages in the Sp configuration, and no more than 8 internucteotidic linkages
which are not chiral. In some embodiments, a cornmon pattern of backbone chiral centers
comprises at least 11 internucleotidic linkages in the Sp configuration, and no more than 7
internucleotidic linkages which are not chiral. In some embodiments, a common pattern of
backbone chiral centers comprises at least 12 internucleotidic linkages 1n the Sp configuration,
and no more than 6 internucleotidic linkages which are not chiral. In some embodiments, a
common pattern of backbone chiral centers comprises at least 13 internucleotidic hinkages in the
Sp configuration, and no more than 6 internuclestidic linkages which are not chiral. In some
ermabodiments, a common pattern of backbone chiral centers comprises at least 14
internuclectidic linkages in the Sp configuration, and no more than 3 internucleotidic linkages
which are not chiral. In some embodiments, a coramon pattern of backbone chiral centers
comprises af least 15 internuclectidic linkages in the Sp configuration, and no more than 4
internucieotidic linkages which are not chural. In some embodiments, the internucleotidic
linkages in the Sp configuration are optionally contiguous or not contiguous. In some
embodiments, the internuclectidic linkages in the Rp configuration are optionally contiguous or
not contiguous. In some embodiments, the internucieotidic linkages which are not chiral are

opticnally contiguous or not contiguous.
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In some embodiments, compound of the disclosure comprises ablock is a
stereochemisity block. Tn some embodiments, a block is an Rp block in that each
internucieotidic linkage of the block 13 Rp. In some embodiments, a §”-block is an Rp block. In
some embodiments, a 3’-block is an Rp block. In some embodiments, a biock is an Sp block in
that each internucleotidic linkage of the block is Sp. 1o some embodiments, a 5'-block 1s an Sp
biock. In some embodiments, a 37-block is an Sp block. In some embediments, provided
oligonucleotides comprise both Rp and Sp blocks. In some embodiments, provided
oligonucleotides comprise one or more Rp but no Sp blocks. In some embodiments, provided
oligonuclectides comprise one or more Sp but no Rp blocks. In some embodiments, provided
oligonucleotides comprise one or more PO blocks wherein each imternuclectidic inkage in a
natural phosphate linkage.

In sorve embodiments, compound of the disclosure comprises a S™-block s an Sp block
wherein each sugar moiety comprises a 2°-F modification. In some embodiments, a 5™-block is
an Sp block wherein each of internucleotidic linkage 1s a modified internucleotidic linkage and
each sugar moiety comprises a 2°-F modification. In some embodiments, a §”-block 1s an Sp
block wherein each of internucleotidic linkage is a phosphorothioate linkage and each sugar
motety comprises a 2'-F modification. In some embodiments, a 5’ -block comprises 4 or more
nucleoside units. In some embodiments, a 5’-block comprises 5 or more nucleoside units. In
some embodiments, a 5" -block comprises 6 or more nucleoside units. In some embodiments, 3
§’-block comprises 7 or more nucleoside units. In some embodiments, a 37-block is an Sp block
wherein each sugar moiety comprises a 2°-F modification. In some ervbodiments, a 37-block is
an Sp block wherein each of internuclectidic linkage is a modified internuclectidic linkage and
each sugar motety comprises a 2°-F modification. In some embodiments, a 37-block is an Sp
block wherein each of internuclectidic linkage 15 a phosphorothicate linkage and each sugar
motety comprises a 2'-F modification. In some embodiments, a 37-block comprises 4 or more
nucleoside units. In some embodiments, a 3'-block comprises 5 or more nucleoside units, In
some embodiments, a 37-block comprises 6 or more nucleoside units. In some embodiments, a
37 -block comprises 7 or more nucleoside units.

In some embodiments, compound of the disclosure comprises a type of nucleoside in a
region of an oligonucleotide 13 followed by a specific type of tnternucleotidic linkage, e.g.,

natural phosphate linkage, medified internuclectidic linkage, Rp chiral internucleotidic linkage,
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Sp chiral interoucleotidic linkage, etc. 1n some embodiments, A 1s followed by Sp. In some
embodiments, A is followed by Rp. In some embodiments, A 1s followed by natural phosphate
finkage (PO}, In some embodiments, U is followed by Sp. In some embodiments, U 1s followed
by Rp. In some embediments, U is followed by natural phosphate linkage (PO). In some
embodiments, C is followed by Sp. In some embodiments, C is followed by Rp. In some
embodiments, C 1s followed by natural phosphate linkage (PO). In some embodiments, G is
followed by Sp. In some embodiments, G s followed by Rp. In some embodiments, G1s
followed by natural phosphate linkage (PO). In some embodiments, C and U are followed by
Sp. In some embodiments, C and U are followed by Rp. In some embodiments, C and U are
followed by natural phosphate linkage (PO}, In some embodiments, A and (3 are followed by
Sp. In some embodiments, A and G are followed by Rp.

In some erbodiments, the dsRNA molecule of the disclosure comprises mismatch{es)
with the target, within the duplex, or combinations thereof. The mismatch can occur in the
overhang region or the duplex region. The base pair can be ravked on the basis of their
propensity to promote dissociation or melting (e.g., on the free energy of association or
dissociation of a particular pairing, the simplest approach is to examine the pairs on an individual
patr basis, though next neighbor or similar analysis can also be used). In terms of promoting
dissociation: AU is preferred over G:C; G:U 1s preferred over G:C; and 1.C is preferred over
G.C (I=inosine). Mismaiches, e.g., non-cancnical or other than canonical pairings (as described
elsewhere herein) are preferred over canomical (AT, A:U, G:C) pairings; and pairings which
wnclude a universal base are preferred over canonical pairings,

In some embodiments, the dsRNA molecule of the disclosure comprises at [east one of
the first 1, 2, 3, 4, or S base parrs within the duplex regions from the 5°- end of the antisense
strand can be chosen independently from the group of: AU, G:U, I.C, and mismatched pairs,
e.g., non-canonical or other than canonical pairings or pairings which include a universal base, to
promote the dissociation of the antisense strand at the 5 -end of the duplex.

In some embodiments, the nucleotide at the | position within the duplex region from the
5 -end in the antisense strand s selected from the group consisting of A, dA, dU, U, and dT.
Alternatively, at least one of the first 1, 2 or 3 base pair within the duplex region from the 5°- end
of the avtisense strand 15 an AU base pair. For exarople, the first base pair within the duplex

region from the 53"~ end of the antisense strand is an AL base pair.
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It was found that tntroducing 4" -modified or 5-modified nucleotide to the 3'-end of 2
phosphodiester (PO), phosphorathicate (PS), or phosphoradithioate (P82} linkage of a
dinucleotide af any position of single stranded or double stranded oligonucleotide can exert steric
effect to the internuclectide linkage and, hence, protecting or stabilizing it against nucleases.

In some embodiments, 5" -modified nucleoside 15 introduced at the 37-end of a
dinucleotide at any position of single stranded or double stranded siRNA. For instance, a 57~
alkylated nucleoside may be introduced at the 37-end of a dinucleotide at any position of single
stranded or double stranded siRNA. The allyl group at the 57 position of the ribose sugar can be
racemic or chirally pure R or § isomer. An exemplary 5 -alkylated nucleoside is 5 -methyl
nucleoside. The 5-methyl can be etther racemic or chirally pure X or S isomer.

In some embodiments, 4’ -modified nucleoside 1s introduced at the 37 -end of a
dinucleotide at any position of single stranded or double stranded siRNA. For instance, a 4'-
alkylated nucleoside may be introduced at the 3’-end of a dinucleotide at any position of single
stranded or double stranded siRNA, The alkyl group at the 47 position of the tibose sugar can be
racenic or chirally pure X or § isomer. An exemplary 4’-alkylated nucleoside is 4"-methyl
nucleoside. The 4’-methyl can be either racemic or chirally pure R or Sisomer. Alternatively, a
4’ -O-alkviated nucleoside may be introduced at the 37-end of a dinucleotide at anvy position of
single stranded or double stranded siRNA. The 47-O-alkyl of the ribose sugar can be racemic or
chirally pure R or Sisomer. An exemplary 4°-Calkylated nucleoside 15 4'-O-methyl nucleoside,
The 4 -O-methyl can be etther racemic or chirally pure R or § 1somer.

In sore embodiments, S'-alkylated nucteoside 18 introduced at any position on the sense
strand or antisense strand of a dsRNA, and such modification maintains or improves potency of
the dsRNA. The 5 -alkyl can be ether racemic ot churally pure X or Sisomer An exemplary 5~
alkylated nucleoside is §”-methy! nucleoside. The 5”-methyl can be either racemic or chirally
pure R or S 1somer.

In some embodiments, 4'-alkylated nucleoside is introduced at any position on the sense
strand or anfisense strand of a dsRNA, and such modification maintains or improves potency of
the dsRNA. The 47-alky! can be either racemic or chirally pure X or Sisomer. An exemplary 4~
alkylated nucleoside is 4”-methyl nucleoside. The 4’-methyl can be either racemic or chirally

pure & or S isomer.
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In some emboduments, 4'-(2-alkylated nucleoside is introduced at any position on the
sense strand or antisense sirand of a dsRNA, and such modification maintains or improves
potency of the dsSRNA. The 57-alkyl can be etther racemic or chirally pure R or S isomer. Ap
exemplary 4’-O-alkylated nucleoside is 4'-O-methyl nuclecside. The 4’-O-methyl can be either
racemic or chirally pore &8 or § tsomer.

In some embodiments, the dsRINA molecule of the disclosure can comprise 2°-5 linkage

€]

{with 2’-H, 2’-0OH, and 2’-OMe and with P=0 or P=S). For example, the 2°-5" linkages
modifications can be used to promote nuclease resistance or to inhibit binding of the sense to the
antisense strand, or can be used at the 57 end of the sense strand to avoid sense strand activation
by RISC.

In another embodiment, the dsRNA molecule of the disclosure can comprise L sugars
{e.g., L ribose, L-arabinose with 2°-H, 2°-0H and 27-OMe). For example, these L sugars
modifications can be used to promote nuclease resistance or to inhibit binding of the sense to the
antisense strand, or can be used at the S7 end of the sense strand to avod sense strand activation
by RISC.

Various publications describe multimeric siRNA which can all be used with the dsRNA
of the disclosure. Such publications include W{2007/091269, US 7858769, W(2010/141511,
WO2007/117686, WO2009/014887 and WO2011/031520 which are hereby incorporated by
their entirely.

In sorme embodiments dsRNA molecules of the disclosure are 57 phosphorvlated or
wnctude a phosphoryl analog at the 57 prime terrotnus. 5'-phosphate modifications include those
which are compatible with RISC mediated gene silencing. Suitable modifications include: §'-
monophosphate ((HOp(CP-0-5"); S'-diphosphate ((HOWOWP-C-PHO N O)-0-57); 5
triphosphate ((HO(OWP-O-(HOWOWP-O-P(HO Y O)-0-5"); S'-guanosine cap (7-methylated or
non-methylated) (Tm-G-0-5'-(HOWOP-O-(HOYOWP-O-P(HONO)-0-5"; S'-adenosine cap
{Appp}, and any modified or unmodified nucleotide cap structure (N-O-5'-(HOXOWP-0O-
(HOXOWP-O-P(HOKO)-0-5Y; S-moncthiophosphate {phosphorothioate, (HOR{S)P-0-57; 5'-
monodithiophosphate (phosphoradithioate; (HOWHSHSIP-0-5Y), 5'-phosphorothiolate
{({HO2(O)P-S-5"; any additional combination of oxygen/sulfur replaced monophosphate,
diphosphate and triphosphates (e.g. S'-alpha-thiotriphosphate, 3'-gamma-thiotriphosphate, etc ),

5'-phosphoramidates ((HOR{O)P-NH-5', (HO}NH: {O)P-0-59, '-alkylphosphonates
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{R=alkyl=methyl, ethvl, 1sopropyl, propyl, etc,, e.g. RB{OH}O}-0-5"-, S-alkenylphosphonates
{1.e. vinyl, substituted vinyl), (OH(O)P-5'-CH2-), §'-alkvietherphosphonates
{(R=alkylether=methoxymethyl (MeOCH2-), ethoxymethyl, etc., e.g. RB(OH YO }-0-5"-}. In one

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

F. Linkers

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

Linkers typically comprise a direct bond or an atom such as oxygen or sulfur, a unit such
as NRB, C(O), C{OWNH, SO, SOz, SO2NH or a chain of atoms, such as, but not limited to,
substituted or unsubstituted alkyi, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, arylalkyl, arylalkenyl, arylalkyuyl, heteroarylalkyl, heteroarylatkenyl,
hetercarvlalkynyl, heterocyclylalkyl, heterocyclylalkenyl, heterccyelylalkynyi, aryl, heteroaryl,
heteroeyelyl, eyeloalkyl, cvcloalkenyl, alkylarylalkyl, alkylarylatkenyl, alkylarylalkynyl,
alkenylarylaltkyl, alkenylarvlalkenyl, alkenylarylalkynyl, alkynylarvlalkyl, alkynylarylalkenyi,
alkynylarylaltkynyl, alloytheteroarviatkyl, alkviheteroarylatkenyl, alkytheteroaryvialkynyl,
alkenviheteroarylalkyl, alkenylheteroarylatkenyl, alkenylhetercarylaltkynyl,
alkynviheteroarylatkyl, atkynylheteroarylalkenyl, alkynylheteroarylalkynyl,
alkylheterocyclylalkyl, alkylheterocyclylalkenyl, alkylhererocyelylatiynyl,
alkenytheterocyclylalkyl alkenyiheterocyclylatkenyl, alkenylheterocyclylalkynyl,
atkyunytbeterocyclylalkyl, alkynylheterocyclylalkenyl, alkynyltheterocyclylaliyuyl, alkylaryl,
alkenviaryl, alkynylaryl, alkyiheteroaryl, alkenylhetercaryl, alkynylhereroaryl, which one or
more methylenes can be interrupted or terminated by O, §, S{O), SOz, N(RE), C{(), substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyelic; where R8 1s hydrogen, acyl, aliphatic or substituted aliphatic. In some
embodiments, the linker is between about 1-24 atoms, 2-24, 3-24, 4-24, 5-24, 6-24, 6-18, 7-18,
8-18 atoms, 7-17, 8-17. 6-16, 7-16, or §-10 atoms.

In some embodiments, 3 dsRNA of the disclosure 1s conjugated to a bivalent or trivalent
branched Hnker selected from the group of structures shown in any of formula (XXXI) -

(XXXIV):
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Formula XXXV

q2A, q2B, g3A, q3B, ¢d4A, q4B, ¢5A, g5B and ¢5C represent independently for each

occurrence 0-20 and wherein the repeating unit can be the same or different;
PZA PZB P3 P3B P4A P4-B PSA PSB PEC 1‘2% '[25 TBA TBB T/’%A T%B Tfi-A TSB TﬁC are
each independently for each occurrence absent, CO, NH, O, §, OC(0), NHC(O), CHy, CHyNH

or CHa{J,

QM QPR Q7 OB QM O, 074, Q%) °C are independently for each occurrence

absent, alkylene, substituted alkylene wheremn one or more methylenes can be interrupted or

terminated by one or more of G, 8, S(0), SO, NRYN), CR y=CR™), C=C or C(O);

R¥A RM R R R R R™ R R are each independently for each occurrence

absent, NH, Q. 8, CHz, C(0)0, C(OWNH, NHCHRIC(O), -C(O)-CHR)-NH-, CO, CH=N-0,

o
0 —

HO g3 58
N e NpY o
N /TN

N \\/ 3 H 9 3 5

S
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RN N o heterocyelyl;
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LA LIS LA L LA L 15 18 and LC represent the ligand; 7.e. each independently

for each occurrence a monosacchande (such as GalNAc), disaccharide, trisacchande,

tetrasaccharide, oligosaccharide, or polysaccharide; and R? is H or amino acid side chain.

Trivalent conjugating GallNAc dertvatives are particularly useful for use with RNAI agents for
5  inhibiting the expression of a target gene, such as those of formula (XXXVY:

Formula XXXV

PSA_{‘}S A__‘RS A I THAL BA
A 3A
q
PSB“QSB “RSB }? T8 ¢ 58
4

PiC—QiC—Rsc TG, 5C

wherein L7, 175 and L represent a monosaccharide, such as GalNAg derivative.
Examples of suitable bivalent and trivalent branched linker groups conjugating GalNAc

10 derivatives include, but are not imited to, the structures recited above as formulas [, VI, X1, X,

and XHL

A cleavable linking group is one which 1s sutficiently stable outside the cell, but which
upon entry into a target cell is cleaved to release the two parts the linker is holding together. Ina
some embodiments, the cleavable linking group is cleaved at least about 10 times, 20, times, 30

15 tmes, 40 times, 30 tmes, 60 times, 70 times, 80 times, 90 times or more, or at least about 100
times faster in a target cell or under a first reference condition {which can, e.g., be selected to
mimic or represent intracellular conditions) than in the blood of a subject, or under a second
reference condition (which can, e.g,, be selected to mimic or represent conditions found i the
biood or serum).

20 Cleavable linking groups are susceptible 1o cleavage agents, e.g., pH, redox potential or
the presence of degradative molecules. Generally, cleavage agents are more prevalent or found
at higher levels or activities inside cells than in serum or blood. Exaruples of such degradative
agents include: redox agents which are selected for particular substrates or which have no
subsirate specificity, including, e.g., oxidative or reductive enzymes or reductive agents such as

25  mercaptans, present in cells, that can degrade a redox cleavable hinking group by reduction;

esterases; endosomes or agents that can create an acidic environment, e.g., those that resultina
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pH of five or lower; enzymes that can hydrolyze or degrade an acid cleavable linking group by
acting as a general acid, pepiidases (which can be substrate specific), and phosphatases.

A cleavable linkage group, such as a disulfide bond can be susceptible to pH. The pH of
human serum is 7.4, while the average intracellular pH is slightly lower, ranging from about 7.1-
7.3. Eondosomes have a wore acidic pH, in the range of 5.5-6 0, and lysosomes have an even
more acidic pH at around 5.0. Some linkers will have a cleavable linking group that 1s cleaved at
a suitable pH, thereby releasing a cationic hpd from the ligand inside the cell, or into the desired
compartment of the cell.

A hnker can include a cleavable linking group that is cleavable by a particular enzyme.
The type of cleavable hnking group incorporated into a linker can depend on the cell to be
targeted.

In general, the suttability of a candidate cleavable linking group can be evaluated by
testing the ability of a degradative agent (or condition) to cleave the candidate linking group. It
will also be desirable to also test the candidate cleavable hoking group for the ability to resist
cleavage in the bloed or when in contact with other non-target tissue. Thus, one can determine
the relative susceptibility to cleavage between a first and a second condition, where the first is
selected to be indicative of cleavage tn a target cell and the second 1s selected 1o be indicative of
cleavage in other tissues or biological fluids, e.g., blood or serum. The evaluations can be
carried out in cell free systems, in cells, in cell culture, in organ or tissue culture, or in whole
animals. It can be useful to make initial evaluations in cell-free or culture conditions and to
coufirm by further evaluations in whole animals. In some embodiments, usetul candidate
compounds are cleaved at least about 2, 4, 10, 20, 30, 40, 50, 60, 70, 80, 90, or about 100 times
faster in the cell {or under in vifro conditions selected to mimic intracellular conditions) as
compared to blood or serum {or under i vitro conditions selected to mimic extracellular

conditions).

i. Redox cleavable linking groups
In some embodiments, a cleavable hinking group is a redox cleavable linking group that is
cleaved upon reduction or oxidation. An example of reductively cleavable linking group is a
disulphide linking group (-5-5-). To deterroine it a candidate cleavable Huking group s a

suitable “reductively cleavable linking group,” or for example is suitable for use with a particular
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iIRNA motety and particular targeting agent one can look to methods described herein. For
example, g candidate can be evaluated by incubation with dithiothreitol (DTT), or other reducing
agent using reagents know in the art, which mimic the rate of cleavage which would be observed
inacell, e.g, atarget cell. The candidates can also be evaluated under conditions which are
selected to mimic blood or serum conditions. In one, candidate compounds are cleaved by at
most about 10% in the blood. In other embodiments, useful candidate compounds are degraded
at least about 2, 4, 10, 20, 30, 40, 50, 60, 70, 80, 90, or about 100 times faster in the cell {or
under in vifro conditions selected to mimic intracellular conditions) as compared to blood {or
under i vifro conditions selected to mimic extraceliular conditions). The rate of cleavage of
candidate compounds can be determined using standard enzyme kinetics assays under conditions
chosen to numic intraceliular media and compared to conditions chosen to nimic extracellular

media,

if. Phosphate-based cleavable linking groups

In some embodiments, a cleavable linker comprises a phosphate-based cleavable linking
group. A phosphate-based cleavable linking group is cleaved by agents that degrade or
hydrolyze the phosphate group. An example of an agent that cleaves phosphate groups in cells
are enzymes such as phosphatases in cells. Examples of phosphate-based linking groups are -O-
P(OXORK)-0O-, -O0-P(SHORK}-O-, -O-P(SHERK)-O-, -S-P{OYORK)-C-, -O-P(OHORK)-S-, -8~
PO} ORk)-S-, -O-P(S)ORK)-S-, -S-P(S){ORK)-O-, -O-P{O}RK)-O-, -O-P(S)Rk}-O-, -8-
POYRK)-O-, -S-PSHRK)-O-, -S-PLONRK)-S-, -0-P(SY RE)}-S-. In some embodiments,
phosphate-based linking groups are -O-F{OYCH)-O-, -O-P(SHOH}-O-, -O-P(S¥SH}-O-, -5~
POXOH)O-, -O-PIOYOH)-8-, ~S-P{O}OH}-S-, -O-P(SYOH}-S-, -S-P(SYOH}-O-, ~0-
POYNH)-O-, -O-P(SHH}-O-, -S-P{OYH}-O, -8-P(S}H-O-, -5-P(O}H}-S-, -O-P(SKH)-8~-,
wherein Rk at each occurrence can be, independently, C1-C20 alkyl, C1-C20 haloalkyl, C6-Ci0
aryl, or C7-C12 aralkyl. In some embodiments, a phosphate-based linking group is -O-
P{OYOH)-O- These candidates can be evaluated using methods analogous to those deseribed

above.
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ifi. Acid cleavable linking groups

in some embodiments, a cleavable linker comprises an acid cleavable linking group. An
acid cleavable linking group is a linking group that is cleaved under acidic conditions. In some
embodiments acid cleavable linking groups are cleaved in an acidic environment with a pH of
about 6.5 or lower {e.g,, about 6.0, 5.75, 5.5, 5.25, 5.0, or lower), or by agents such as enzymes
that can act as a general acid. Ina cell, specific low pH organelles, such as endosomes and
fysosomes can provide a cleaving environment for acid cleavable linking groups. Examples of
acid cleavable linking groups include but are not limited to hydrazones, esters, and esters of
amino acids. Acid cleavable groups can have the general formula -C=NN-, C{0)3, or -OC(O).
in some embodiments, the carbon attached to the oxygen of the ester (the alkoxy group) is an
aryl group, substituted alkyl group, or tertiary alkyl group such as dimethyl pentyl or t-butyl.

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

iv. Lster-based cleavable iinking groups
In some embodiments, a cleavable linker comprises an ester-based cleavable linking
group. An ester-based cleavable linking group is cleaved by enzymes such as esterases and
amidases in cells. Examples of ester-based cleavable linking groups include but are not limited
to esters of alkylene, alkenylene and alkynylene groups. Ester cleavable linking groups have the
general formula ~-C(0)O-, or -OC(0)-. These candidates can be evaluated using methods

analogous to those described above.

v. Peptide-based cleavable linking groups

In some embodiments, a cleavable linker comprises a peptide-based cleavable linking
group. A peptide-based cleavable linking group 1s cleaved by enzymes such as peptidases and
proteases w cells. Peptide-based cleavablie linking groups are peptide bonds formed between
aminge acids to vield oligopeptides {e.g., dipeptides, tripeptides efe ) and polypeptides. Peptide-
based cleavable groups do not include the amide group (-C{O)NH-). The amide group can be
formed between any alkylene, alkenylene or alkynelene. A peptide bond is a special type of
amide bond formed between amino acids o yield peptides and proteins. The peptide-based

cleavage group is generaily limited to the peptide bond {i.¢., the amide bond) formed between
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amino acids yielding peptides and proteins and does not include the entire amide functional
group. Peptide-based cleavable linking groups have the general formula —
NHCHRAC(ONHCHREC(D)-, where R* and RY are the R groups of the two adjacent amino
acids. These candidates can be evaluated using methods analogous to those described above.
Representative U.S. patents that teach the preparation of RNA conjugates include, but are not
limited to, U.S. Pat. Nos. 4,828,979, 4,948 882 5.218,105: 5,525,465; 5,541,313: 5,545,730;
5.552.538: 5,578,717, 5,580,731 5.591,584: 5,109,124: 5,118,802 5,138,045 5,414,077,
5,486 603 5.512,430: 5 578.718: 5,608,046, 4,587.044; 4.605,735; 4.667,025: 4,762,779
4,789,737, 4,824,941, 4,835,263; 4,876,335, 4,904,582; 4,958,013, 5,082,830; 5,112.963;
5,214,136; 5,082.830: 5,112,963, 5,214,136; 5,245,022 5,254,469, 5,258,506 5,262,536:
5,272,250 5.292.873: 5.317.098: 5,371,241, 5,391.723; 5.416.203, 5.451 463: 5,510 475;
512,667 5.514.785: 5.565.552: 5,567.810: 5.574,142: 5.585.481: 5,587.371: 5,595,726:
5.597.696: 5,500 023: 5,590,028 and 5,688,941; 6,294, 664: 6 320.017: 6,576,752, 6,783,931

2

31

2

6,900,297, 7,037,646, 8,106,022, the entire contents of each of which 13 herein incorporated by
reference.

It 15 not necessary for all positions in a given compound to be uniformly modified, and in
fact mors than one of the aforementioned modifications may be incorporated in a single
compound or even at a single nucleoside within an 1IRNA. The present disclosure also mcludes
iRNA compounds that are chimerie compounds.

“Chimeric” 1IRNA compounds, or “chimeras,” in the context of the present disclosure, are
RNA compounds, e.g., dsRNAs, that contain two or more chemically distinet regions, each
made up of at least one monomer unit, i.e., a nucleotide in the case of a dsRNA compound.
These :RNAs typically contain at least one region wherein the RNA 18 modified 50 as to confer
upon the iIRNA increased resistance to nuclease degradation, increased cellular uptake, and/or
increased binding affinity for the target nucleic acid. An additional region of the iRNA may
serve as a substrate for enzymes capable of cleaving RNADNA or RNARNA hybrids. By way
of example, RNase H 1s a cellular endonuclease which cleaves the RNA strand of an RNADNA
duplex. Activation of RNase H, therefore, results in cleavage of the RNA target, thereby greatly
enhancing the efficiency of iIRNA inhibition of gene expression. Consequently, comparable
results can often be obtained with shorter iIRNAs when chimeric dsRNAs are used, compared to

phosphorothioate deoxy dsRNAs hybridizing to the same target region. Cleavage of the RNA
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target can be routingly detected by gel electrophoresis and, if necessary, associated nucleic acid
hybridization technigues known in the art.

In certain instances, the RNA of an iRNA can be modified by a non-ligand group. A
number of non-ligand molecules have been conjugated to iIRNAs in order to enhance the activity,
cellular distribution or cellular uptake of the iRNA, and procedures for performing such
conjugations are available in the scientific literature. Such non-ligand moieties have included
fipid moteties, such as cholesterol (Kubo, T. ef af,, Biochem. Biophys. Res. Comm., 2007,
365(1).54-61, Letsinger et ol Proc. Netl Acad. Sci. US4, 1989, 86:6553), cholic acid
{(Mancharan ef ol , Bioorg. Med Chem. Lett., 1994, 4:1053), a thioether, e g, hexyl-S-tritylthiol
{Manoharan ef ol , Ao N.Y. Acad Sci., 1992, 660.306; Manocharan et ol | Bioorg. Med. Chem.
Let 1993, 3:2765), a thiocholesterol (Oberhauser ef of |, Nucl Acids Res., 1992, 20:5333) an
aliphatic chain, e.g., dodecandiol or undecyl residues (Saison-Behmoaras ef af | FMBO J., 1991,
10:111; Kabanov ef af | FEBS Left. | 1990, 259:327; Svinarchuk e7 ¢ | Biochimie, 1993, 75:49), a
phospholipid, e.g., di-hexadecyl-rac-glycerol or trigthylarmmonium 1,2-di-O-hexadecyl-rac-

glycero-3-H-phosphonate (Mancharan ef ol | Tetrahedron Lett.) 1995, 36:3651; Sheaer al., Nucl

Acids Res., 1990, 18:3777), a polyamine or a polyethylene glycol chain (Manoharan ef of
Nucleosides & Nucleotides, 1995, 14:969), or adamantane acetic acid (Mancharan ef a/,,
Tetrahedron Lett, 1995, 36:3651), a palmutyl motety (Mishra ef af , Biochim. Biophys. Acta,
1995, 1264:229), or an octadecylamine or hexylamino-carbonyl-oxycholesterol maoiety (Crooke

L]
i
I

et ol J. Pharmacol Exp. Ther., 1996, 277:923). Representative United States patents that teach
the preparation of such RNA conjugates have been listed above. Typical conjugation protocols
involve the synthesis of an RNAs bearing an anunolinker at one or more positions of the
sequence. The amino group 18 then reacted with the molecule being conjugated using
appropriate coupling or activating reagents. The conjugation reaction may be performed either
with the RNA still bound to the solid support or following cleavage of the RNA in solution

phase. Purification of the RNA conjugate by HPLC typically affords the pure conjugate.

V. Delivery of iRNA
The delivery of an 1RNA 1o a subject in need thereof can be achieved in a number of
different ways. fn vivo delivery can be performed directly by administering a composition

comprising an iIRNA| e.g. a dsRNA, t0 a subject. Alternatively, delivery can be performed
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indirectly by administering one or more vectors that encode and direct the expression of the

tRNA. These alternatives are discussed further below.

A Direct delivery

In general, any method of delivering a nucleic acid molecule can be adapted for use with
an iIRNA (see e.g.,, Akhtar S. and Julian RL. (1992) Trends Cell. Biol. 2(5):139-144 and
W94/02595, which are incorporated herein by reference in their entireties). However, there are
three factors that are important to consider in order to successfully deliver an iRNA molecule in
vivo: {a} biological stability of the delivered molecule, (2) preventing non-specific effects, and
{3) accumulation of the delivered molecule 1n the target tissue. The noun-specific effects of an
iRNA can be mimmized by local administration, for example by direct injection or implantation
1010 4 tissue {as a nou-Hmuting exarmple, the eye) or topically administering the preparation.
Local administration to a treatment site maximizes local concentration of the agent, limits the
exposure of the agent to systemic tissues that may otherwise be harmed by the agent or that may
degrade the agent, and permits a lower total dose of the iIRNA molecule to be administered.
Several studies have shown successful knockdown of gene products when an iIRNA s
administered locally. For example, intraccular delivery of a dsRNA by intravitreal injection in
cynomolgus monkeys (Tolentino, MJ | e7 af (2004) Refing 24:132-138) and subretinal injections
in mice (Reich, 81, ef af (2003} Mol Vis. 9:210-216) were both shown to prevent
neovascularization in an experimental model of age-related macular degeneration. In addition,
direct intraturoral injection of a dsRNA in mice reduces tumor volume (Pille, I, e o/ (2005)
Mol Ther.11:267-274) and can prolong survival of tumor-bearing mice (Kim, W, ef af (2006}
Mol Ther. 14:343-350; L, S, ef o (2007} Muol. Ther. 15:515-523). RNA interference has also
shown success with local delivery to the CNS by direct injection {Dorn, G, ef af. (2004) Nucleic
Acids 32:049; Tan, PH, ef of (2005} Gene Ther. 12:59-606; Malamura, H., e7 of (2002) BAC
Newrosci, 3:18, Shishkina, GT ., ef of (2004 Newroscience 129:521-528; Thakker, ER ., er o/
(2004} Proc. Natl. Acad. Sci. US4, 100:17270-17275; Akaneya, Y., ef af (2005} J.
Newrophysiol. 93:594-602) and to the lungs by intranasal administration (Howard, KA, er o/
{2006} Mol Ther. 14:476-484; Zhang, X, ef al (2004) ). Biol Chem. 279:10677-10684; Bitko,
V., el af (2005) Nat. Med. 11:50-55). For administering an 1RNA systemically for the treatment

of a disease, the RNA can be modified or alternatively delivered using a drug delivery system;
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both methods act to prevent the rapid degradation of the dsRNA by endo-~ and exo-nucleases in
Vive.

Modification of the RNA or the pharmaceutical carrier can also permit targeting of the
iRNA composition to the target tissue and avoid undesirable off-target effects. iIRNA molecules
can be modified by chemical conjugation to other groups, e.g.. a lipid or carbohydrate group as
described herein. Such conjugates can be used to target iIRNA to particular cells, e.g., liver cells
e.g., hepatocytes. For example, GalNAc conjugates or liptd {e.g., LNP) formulations can be used
to target IRNA to particular cells, e.g., liver cells, e.g., hepatocytes.

iRNA molecules can also be modified by chemical conjugation to lipophilic groups such
as cholesterol to enhance cellular uptake and prevent degradation. For example, an iRNA
directed against ApoB conjugated to a hipophilic cholesterol moiety was injected systemically
ot mice and resulted in knockdown of apoB mRNA in both the Hiver and jejunum (Soutschek,
3., et af (2004} Narure 432:173-178). Conjugation of an iIRNA to an aptamer has been shown to
inhibit tumor growth and mediate tumor regression in a mouse model of prostate cancer
{McNamara, JO., et of (2000) Nat. Biotechnol. 24:1005-1015). In an alternative embodiment,
the IRNA can be delivered using drug delivery systems such as a nanoparticle, a dendrimer, a
polymer, liposomes, or a cationic delivery system. Posttively charged cationic delivery systems
facilitate binding of an 1IRNA molecule (negatively charged) and also enhance interactions at the
negatively charged cell membrane to permit efficient uptake of an IRNA by the cell. Cationic
ipids, dendrimers, or polymers can either be bound to an iRNA or induced to form a vesicle or
micelle (see e.g, Kim SH., e of (2008} Journad of Controlled Release 129(2):107-116) that
encases an iIRNA. The formation of vesicles or micelles further prevents degradation of the
iRNA when administered systemucally. Methods for maling and administering cationic- iIRNA
complexes are well within the abilities of one skilled in the art (see .z, Sorensen, DR, efal
{20034 Mol Biol 327.761-766; Verma, UN | ef af (2003} Clin, Cancer Res. 9:1291-1300;
Arncld, AS er o (2007) /. Hypertfens. 25.197-205, which are incorporated herein by reference in
their entirety ). Some non-limiting examples of drug delivery systems useful for systemic
delivery of IRNAs include DOTAP {Sorensen, DR, ez af (2003}, supra; Verma, UN., ef of
{2003}, supra), Oligofectamine, "solid nucleic acid lipid particles” (Zimmermann, TS, ef of
{2000} Nature 441:111-114), cardiolipin (Chien, PY ., ef af (2005) Cancer Gene Ther. 12:321-~

328; Pal, A, er af (2003} Inf J. Oncol. 26:1087-1091), polyethyleneimine (Bonnet ME, er of
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{2008} Pharm. Res. Aug 10 Epub abead of print; Aigner, A (2000} .1 Biomed. Biotechnol.
71659}, Arg-Gly-Asp (RGD) peptides (Liu, 8. {2006) Mol. Pharm. 3:472-487), and
polyamidoamines (Tomalia, DA, ef af (2007) Biochem. Soc. Trans. 35:61-67, Yoo, H, et af
(1999} Pharm. Res. 16:1799-1804). In some embodiments, an iRNA forms a complex with
cyclodextan for systemic administration. Methods for administration and pharmaceutical
compositions of IRNAs and cycledextrins can be found in U.S. Patent No. 7,427,605, which 1s

herein 1ncorporated by reference 1n 1ts entitety.

B. Vector encoded iRNAs

In another aspect, iIRNA targeting CAZ2 can be expressed from transcription units 1nserted
into DNA or RNA vectors {see¢, e.g., Couture, A, er af ) TIG. (1996, 12:5-10; Skallern, A et of
International PCT Publication No. W0 00/22113, Conrad, International PCT Publication No.
WO 00/22114, and Conrad, U.S. Pat. No. 6,054,299). Expression can be transient {on the order
of hours to weeks) or sustained (weeks to months ot longer), depending upon the specific
construct used and the target tissue or cell type. These transgenes can be introduced as a linear
construct, a circular plasmid, or a viral vector, which can be an integrating or non-integrating
vector. The transgene can also be constructed to permit it to be inherited as an extrachromosomal
plasmid (Gassroann, ef of., Proc. Natl. Acad. Sci. US4 (1995 92:1292).

The individual strand or strands of an iRNA can be transcribed from a promoter on an
expression vector, Where two separate strands are to be expressed to generate, for example, a
dsRINA, two separate expression vectors can be co-infroduced {e.g., by transfection or infection)
into a target cell. Alternatively, each individual strand of a dsRNA can be transcribed by
promoters both of which are located on the same expression plasmid. o somwe embodiments, a
dsRNA is expressed as an inverted repeat joined by a linker polynucleotide sequence such that
the dsRNA has a stem and loop structure.

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

nucleic acid segment. Delivery of iRNA expressing vectors can be systemic, such as by
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intravenous or intramuscular administration, by administration to target cells ex-planted from the
patient followed by reintroduction into the patient, or by any other means that allows for
wntroduction into a desired target cell.

An 1RNA expression plasmid can be transfected into a target cell as a complex with a
cationic lipid carrier (e.g., Oligofectamine) or a non-cationic lipid-based carrier {e.g.,
Transit-TKO™). Multiple lipid transfections for IRNA-mediated knockdowns targeting
difterent regions of a target RNA over a period of a week or more are also contemplated by the
disciosure. Successtul introduction of vectors into host cells can be monitored using various
known methods. For example, transient transfection can be signaled with a reporter, such as a
fluorescent marker, such as Green Fluorescent Protein (GFP}. Stable transfection of cells ex vivo
can be ensured using markers that provide the transfected cell with resistance to specific
environmental factors {e.g.. antibiotics and drugs), such as hygromycin B resistance.

Viral vector systemss which can be utilized with the methods and compositions described
herein include, but are not limited to, {a) adenovirus vectors; (b) retrovirus vectors, including but
not limited to lentiviral vectors, moloney murine leukemia virus, efe ; {c} adeno- associated virus
vectory, (d) herpes simplex virus vectors; (e} SV40 vectors; () polyoma virus vectors;

(2} papilloma virus vectors; (h) picornavirus vectors, (1) pox virus vectors such as an orthopox,
e.g., VACCITA VITUS vectors or avipox, e.g. canary pox or fowl pox; and (7} a helper-dependent or
gutless adenovirus. Replication-defective viruses can also be advantageous. Different vectors
will or will not become incorporated mto the cells” genome. The constructs can include viral
sequences for transfection, if desired. Alternatively, the construct may be incorporated into
vectors capable of episomal replication, e.g EPV and EBV vectors. Constructs for the
recombinant expression of an IRNA will generally require regulatory elements, e.g., promoters,
enhancers, efc., to ensure the expression of the iRNA in target cells. Other aspects to consider
for vectors and constructs are further described below.

Yectors useftl] for the delivery of an i(RNA will include regulatory elements (promoter,
enhancer, efc ) sufficient tor expression of the iRNA in the desired target cell or tissue. The
regulatory elements can be chosen to provide either constitutive or regulated/inducible
expression.

Expression of the itRNA can be precisely regulated, for example, by using an indacible

regulatory sequence that is sensitive to certain physiological reguiators, e.g., circulating glucose
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levels, or hormones (Bocherty ef af, 1994, FASES . 8:20-24). Such inducible expression
systems, suitable for the control of dsRNA expression in cells or in mammals include, for
example, regulation by ecdysone, by esirogen, progesterone, tetracycline, chemical inducers of
dimerization, and isopropyl-3-D1-thicgalactopyranoside (IPTG). A person skilled in the art
would be able to choose the appropriate regulatory/promoter sequence based on the intended use
of the IRNA transgene.

In a specific embodiment, viral vectors that contain nucleic acid sequences encoding an
tRNA can be used. For example, a retroviral vector can be used (see Miller ef of | Meth.
Enzymol 217:581-599 (1993}). These retroviral vectors contain the components necessary for
the correct packaging of the viral genome and mtegration into the host cell DNA. The nucleic
acid sequences encoding an 1IRNA are cloned into one or more vectors, which facilitates delivery
of the nucleic acid into a patient. More detai! about retroviral vectors can be found, for example,
in Boesen e o, Biotherapy 6:291-302 {1994), which describes the use of a retroviral vector to
deliver the mdrl gene to hernatopotetic stern cells in order to make the stem cells more resisiant
to chemotherapy. Other references illustrating the use of retroviral vectors in gene therapy are:
Clowes efal | J. Clin. Invest. 93.644-651 (1994}, Kiem et af | Biood 8§3:1467-1473 (1994);
Salmons and Gunzberg, Human Gene Therapy 4:129-141 (1993); and Grossman and Wilson,
Curr. Opin. in Genetics and Devel 3:110-114 {1993). Lentiviral vectors contemplated for use
include, for example, the HIV based vectors described in U.S. Patent Nos. 6,143,520, 5,665,557,
and 5,981,276, which are herein incorporated by reference.

Adenoviruses are also conternplated for use in delivery of iIRNAg, Adenoviruses are
espectally attractive vehicles, e.g., for delivering genes to respiratory epithelia. Adenoviruses
naturally mfect respiratory epithelia where they cause a mild disease. Other targets for
adenovirus-based delivery systems are liver, the central nervous system, endothelial cells, and
muscle. Adenoviruses have the advantage of being capable of infecting non-dividing cells.
Kozarsky and Wilson, Current Opinion in Genetics and Development 3:499-503 (1993 ) present
a review of adenovirus-based gene therapy. Bout ef al., Human Gene Therapy 5:3-10 (1994}
demonstrated the use of adenovirus vectors o transfer genes to the respiratory epithelia of rhesus
monkeys. Other instances of the use of adenoviruses in gene therapy can be found in Rosenfeld
ef af., Science 252:431-434 (1991); Rosenfeld ef af | Cell 68:143-155 (1992); Mastrangeli ef of
J Clin, Invest, 91:225-234 (1993, PCT Publication W(094/12649; and Wang, ef o, Gene
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Therapy 2775783 (1995). A suitable AV vector for expressing an iRNA featured in the
disclosure, a method for constructing the recombinant AV vector, and a method for delivering
the vector into target cells, are described wn Xia H et ol (2002), Nai. Sistech. 20: 1006-1010.

Use of Adenc-associated virus (AAV) vectors is also contemplated (Walsh ef ol Proc.
Soc. Fxp. Biol Med. 204:289-300 (1993}, U8, Pat. No. 5,436,146). In some embodiments, the
iRINA can be expressed as two separate, complementary single-stranded RINA molecules from a
recombinant AAY vector having, for example, either the U or H1 RNA promoters, or the
cytomegalovirus {(CMV) promoter. Suitable AAY vectors for expressing the dsRINA featured in
the disclosure, methods for constructing the recombinant AV vector, and methods for delivering
the vectors into target cells are described 10 Samulski R et al. (1987), J. Virol 61: 3096-3101;
Fisher K Jer af. (1996), J. Virol, 70: 520-5332; Samulski R er o/ (1989), J Virol 63: 3822-3826;
UK Pat No. 5,252,479, US. Pat No. 5,139,941, International Patent Application No. WO
94/1378%; and International Patent Application No. WO 93/24641, the entire disclosures of
which are herein incorporated by reference,

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

The tropism of viral vectors can be modified by psendotyping the vectors with envelope
proteins or other surface antigens from other viruses, or by substituting different viral capsid
proteins, as appropriate. For example, lentiviral vectors can be pseudotyped with surface proteins
from vesicular stomatitis virys {VSV), rabies, Ebola, Mokola, and the like, AAV vectors can be
made to target different cells by enginesring the vectors to express different capsid protein
serotypes, see, e.g., Rabinowitz I et of (2002, J Virol 76.791-801, the entire disclosure of
which is herein incorporated by reference.

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

produce the gene delivery system.
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Vi, Pharmaceutical compositions containing iRNA

In sore embodiments, the disclosure provides pharmaceutical compositions containing
an iIRNA, as described herein, and a pharmaceutically acceptable carrier. The pharmaceutical
composition containing the iIRNA is useful for treating a disease or disorder related to the
expression ot activity of CA2 (e.g., glaucoma or conditions associated with glaucomwa). Such
pharmaceutical compositions are formulated based on the mode of delivery. in some
embodiments, compositions can be formulated for localized delivery, e.g., by intraocular
delivery {e.g, intravitreal admimstration, e.g., infravitreal injection; transscleral administration,
e.g., transscleral injection; subconjunctival administration, e.g., subconjunctival injection;
retrobulbar administration, e.g, retrobulbar injection; intracameral administration, e.g.,
intracameral injection; or subretinal administration, e.g , subretinal injection). In other
embodiments, compositions can be formulated for topical delivery. Inanother example,
compositions can be formulated for systemic administration via parenteral delivery, e.g., by
intravenous (IV) delivery. Tn some embodiments, a composition provided herein{e.g,, a
composition comprising a GalNAc conjugate or an LNP formulation) is formulated for
intravenous delivery.

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

The effect of a single dose on CA2 levels can be long lasting, such that subsequent doses
are administered at not more than 3, 4, or 3-day indervals, or at not more than 1,2, 3, 4, 12, 24, or

36-week intervals.
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The skilled artisan will appreciate that certain factors may wnfluence the dosage and
timing required to effectively treat a subject, including but not limited to the severity of the
disease or disorder, previous treatments, the general health and/or age of the subject, and other
diseases present. Moreover, treatment of a subject with a therapeutically effective amount of a
composition can include a single treatment or a series of treatments. Estimates of effective
dosages and i vive half-lives for the individual itRNAs encompassed by the disclosure can be
made using conventional methodologies or on the basis of in vivo testing using a suitable animal
model.

A suitable animal model, e.g,, a mouse or a cynomolgus monkey, e.g., an animal
containing a transgene expressing human CAZ2, can be used to determine the therapeutically
effective dose and/or an effective dosage regimen administration of CAZ siRNA.

The present disclosure also cludes pharmaceutical compositions and formulations that
inctude the IRNA compounds featured herein. The pharmaceutical compositions of the present
disclosure may be admimstered tn a number of ways depending upon whether local or systemic
treatment is desired and upon the area to be treated. Admunistration may be local {e.g., by
intraocular injection), topical {e.g., by an eye drop solution), or parenteral. Parenteral
administration includes intravenous, intraarterial, subcutangous, intraperitoneal or intramuscular
injection or infusion; subdermal, e.g., via an implanted device; or intracranial, e.g., by
intraparenchymal, intrathecal, or intraventricular administration.

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

complexes thereto, in particular to cationic liposomes. Alternatively, IRNAs may be complexad
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to lipids, 1 particular to cationic lipids. Suitable fatty acids and esters include but are not limited
to arachidonic acid, oleic acid, eicosancic acid, lauric acid, caprylic acid, capric acid, myristic
acid, palmitic acid, stearic acid, linoleic acid, hnolenic acid, dicaprate, tricaprate, monoolein,
dilaurin, glyceryl I-monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine, an
acylcholine, or a Ciao alkyl ester {e.g.. 1sopropylroyristate IPM}), monoglyceride, diglyceride ot
pharmaceutically acceptable salt thereof. Topical formulations are described in detail in U S.

Patent No. 6,747,014, which 1s incorporated herein by reference.

A, Liposomal formulations

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

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

In order to traverse tutact marsroalian skin, lipid vesicles must pass through a series of
fine pores, each with a diameter less than 50 nm, under the influence of a suttable transdermal
gradient. Therefore, 1t 15 desirable to use a liposome which 15 highly deformable and able to pass
through such fine pores.

Further advantages of liposomes include; iposomes obtained from natural phospholipids
are biocompatible and biodegradable; liposomes can incorporate a wide range of water and hipid
soluble drags; liposomes can protect encapsulated drugs in their internal compartments trom
metabolism and degradation {Rosoft, in Plurmacentical Dosage Forms, Lieberman, Rieger and
Banker (Eds )}, 1988, Marcel Dekker, Inc, New York, N.Y. volume 1, p. 245). Important
cousiderations in the preparation of liposome formulations are the lipid surface charge, vesicle

size and the agueous volume of the liposomes.
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Liposomes are useful for the transfer and delivery of active ingredients to the site of
action. Because the liposomal membrane is structurally similar to biological membranes, when
fiposomes are applied to a tissue, the liposomes start fo merge with the cellular membranes and
as the merging of the liposome and cell progresses, the liposomal contents are emptied into the
cell where the active agent may act.

Liposomal formulations have been the focus of extensive investigation as the mode of
delivery for many drugs. There 1s growing evidence that for topical admimstration, liposomes
present several advantages over other formulations. Such advantages include reduced side-
effects related to high systemic absorption of the administered drug, increased accumulation of
the administered drug at the desired target, and the ability to administer a wide variety of drugs,
both hydrophilic and hydrophobic, mto the skin.

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

Liposores fall into two broad classes. Cationic liposomes are positively charged
liposomes which interact with the negatively charged DNA molecules to form a stable complex.
The positively charged DNA/liposome complex binds to the negatively charged cell surface and
is internalized in an endosome. Due to the acidic pH within the endosome, the liposomes are
ruptured, releasing their contents into the cell cytoplasm (Wang ef af , Biochem. Biophys. Res.
Commun., 1987, 147, 980-9385).

Liposomes which are pH-sensitive or negatively charged, entrap DNA rather than
complex with 1t. Since both the DNA and the lipid are sinularly charged, repulsion rather than
complex formation occurs. Nevertheless, some DNA 15 entrapped within the aqueous interior of
these liposomes. pH-sensitive liposomes have been used to deliver DNA encoding the thymidine
kinase gene to cell monolayers in culture. BExpression of the exogenous gene was detected in the
target cells (Zhou ef of |, Jowrnal of Controlled Refease, 1992, 19, 269-274}.

Oue major type of liposomal composition includes phospholipids other than naturally
derived phosphatidylcholine. Neutral liposome compositions, for example, can be formed from
dimyristoyl phosphatidyicholine (BMPC) or dipalmutoyl phosphatidyicholine (DPPC). Anionic

liposome compositions generally are formed from dimyristoyl phosphatidylglycerol, while
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anionic fusogenic liposomes are formed primarily from dioleoy! phosphatidylethanolamine
{DOPE). Another type of liposomal composition 18 formed from phosphatidyicholine (PC) such
as, for example, soybean PC, and egg PC. Another type 13 formed from mixtures of
phospholipid and/or phosphatidylcholine and/or cholesterol.

Several studies have assessed the topical delivery of liposomal drug formulations to the
skin. Application of liposomes containing interferon to guinea pig skin resulted 1n a reduction of
skin herpes sores while delivery of interferon via other means {e.2., as a solution or as an
emulsion} were ineffective (Weiner ef af | Journal of Drug Targeting, 1992, 2, 405-410},
Further, an additional study tested the efficacy of interferon administered as part of a liposomal
formulation to the administration of interferon using an aqueous system, and concluded that the

Hiposomal formulation was superior to aqueous administration (du Plessis ef of | Anniviral

Research, 1992, 18, 259-265).

Mon-ionic liposomal systems have also been examined to determine their utility 1n the
delivery of drugs to the skin, tn particular systems corprising non-ionic surfactant and
cholesterol. Non-ionic liposomal formulations comprising Novasome ™ I (glyceryl
dilaurate/cholesterol/polyoxvethylene-10-stearyl ether) and Novasome™ 11 {glyceryl
distearate/cholesterol/polyoxyethyiene-10-stearyl ether) were used to deliver cyclosporin-A into
the dermus of mouse skin. Results indicated that such non-1onic liposomal systems were
effective tn facilitating the deposition of cyclosporin-A into different layers of the skin (Hu e g/,
STP. Pharma Sci., 1994, 4 6, 4606).

Liposores also include “sterically stabilized” liposomes, a term which, as used herein,
refers to liposomes comprising one or more specialized lipids that, when incorporated into
Hiposomes, result in enhanced cirenlation hifetinnes relative to iposomes lacking such specialized
lipids. Examples of sterically stabilized liposomes are those in which part of the vesicle-forming
lipid portion of the Hiposome {A) comprises one or more glycolipids, such as
monosialoganglioside G, or (B} is derivatized with one or more hydrophilic polymers, such as
a polyethylene glyeol (PEG) motety. While not wishing to be bound by any particular theory, it
is thought tn the art that, at least for sterically stabilized liposomes containing gangliosides,
sphingomyelin, or PEG-derivatized lipids, the enhanced circulation halt-life of these sterically
stabilized liposomes derives from a reduced aptake into cells of the reticuloendothelial system

(RES) (Allen er af, FEBS Letters, 1987, 223, 42; Wu et al., Cancer Research, 1993, 53, 3765},

k]
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Various liposomes comprising one ot more giycolipids are known in the art,
Papahadjopoulos ef af. (dnn. NV, Acad. Sci., 1987, 507, 64} reported the ability of
monosialoganglioside (i, galactocerebroside sulfate and phosphatidylinositol to improve blood
half-lives of liposomes. These findings were expounded upon by Gabizon ef af. (Proc. Natl
Acad. Sci. US.A., 1988, 85, 69493 US Pat. No. 4,837,028 and WO 88/04924, both to Allen ef
e, disclose liposomes comprising (1) sphingomyelin and (2} the ganglioside Gmi or 2
galactocerchroside sulfate ester. U.S. Pat. No. 5,543,152 (Webb ef o ) discloses Hiposomes
comptising sphingomyelin. Liposomes comprising 1,2-sn~dimyristoylphosphatidyicholine are
disclosed in WO 97/13499 (Lim e o).

Many liposomes comprising lipids derivatized with one or more hydrophilic polymers,
and methods of preparation thereof, are known in the art. Sunamoto ef of (Bull. Chem. Soc.
Jpn., 1980, 53, 2778) described liposomes comprising a nonionic detergent, 2Ci2156, that
contains a PEG motety. Hium ef af. (FEBS Leti., 1984, 167, 79) noted that hydrophilic coating
of polystyrene particles with polymeric glycols results in significantly enhanced blood half-lives.
Synthetic phospholipids modified by the attachment of carboxylic groups of polyalkylene
glycols {e.g,, PEG) are described by Sears (U5, Pat. Nos. 4,426,330 and 4,534,899}, Klibanov
et al (FEBS Letr., 1990, 208, 235) described experiments demonstrating that liposomes
comprising phosphatidylethanolamine (PE) dertvatized with PEG or PEG stearate have
significant increases i blood ctreulation halt-lives. Blume er af. (Biochimica et Biophysica Acia,
1990, 1029, 91} extended such observations to other PEG-derivatized phospholipids, e.g., DSPE-
PEG, formed from the combination of distearoylphosphatidylethanolamine (DSPE) and PEG.
Liposomes having covalently bound PEG moiteties on their external surface are described in
European Patent No. EP 0445 131 B and WO 90/04384 to Fisher. Liposore compositions
contatning 1-20 mole percent of PE derivatized with PEG, and methods of use thereof, are
described by Woodle ef of (U.S. Pat. Nos. 5,013,556 and 5,356,633 ) and Martin ef o/ (U.3. Pat.
No. 5,213,804 and European Patent No, EP 0 496 813 B1}. Liposomes comprising a number of
other lipid-polymer conjugates are disclosed i WO 91/05545 and ULS. Pat. No. 5,225,212 (both
to Martin ef ol ) and 10 WO 9420073 (Zalipsky er o/ ). Liposomes comprising PEG-modified
ceraniide lipids are described in WO 96/10391 {Chot ez of). U5, Pat. No. 5,540,935 (Miyazaki ef
al yand U.S. Pat. No. 5,556,948 {Tagawa ef of ) describe PEG-containing liposomes that can be

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

Transtersomes are yet another type of liposornes, and are highly deformable lipid
aggregates which are attractive candidates for drug delivery vehicles. Transfersomes may be
described as lipid droplets which are so highly deformable that they are easily able to penetrate
through pores which are smaller than the droplet. Transfersomes are adaptable to the
environment in which they are used, e.g., they are self-optimizing (adaptive to the shape of pores
10 the skin), self-repaiting, frequently reach their targets without fragmenting, and often selt-
foading. To make transfersomes it is possible to add surface edge-activators, usually surfactants,
to a standard hiposomal composition. Transfersomes have been used to deliver serum atbumin to
the skin. The transfersome-mediated delivery of serum albumin has been shown to be as
effective as subcutaneous injection of a solution containing serum albumin,

Surfactants find wide application in formulations such as emulsions {including
microemulsions) and liposomes. The most common way of classitving and ranking the
properties of the many different types of surfactants, both natural and synthetic, is by the use of
the hydrophile/lipophile balance (HLB). The nature of the hydrophilic group (also known as the
"head") provides the most useful means for categorizing the different surfactants used in
formulations (Rieger, in Pharmaceuntical Dosage Forms, Marcel Dekker, Inc., New York, NY .,
1988, p. 285).

If the surfactant molecule 1s not ionized, it is classified as a nonionic surfactant. Nonionic
surfactants find wide application in pharmaceutical and cosmetic products and are usable over a
wide range of pH values. In general, their HLB values range from 2 1o about 18 depending on
their structure. Nontonic surfactants include nontonic esters such as ethylene glyeal esters,
propylene glycol esters, glyceryl esters, polyglyceryl esters, sorbitan esters, sucrose esters, and
ethoxylated esters. Nontonic alkanolamides and ethers such as fatty alcohol ethoxylates,

propoxylated alcohols, and ethoxylated/propoxylated block polyruers are also included n this
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class. The polyoxyethylene surfactants are the most popular members of the nonionic surfactant
class.

It the surfactant molecule carries a negative charge when it 1s dissolved or dispersed in
water, the surfactant is classified as anionic. Anionic surfactants include carboxylates such as
soaps, acyl lactylates, acyl amides of amino acids, esters of sulfuric acid such as alkyl sulfates
and ethoxylated alkyl sulfates, sulfonates such as alkyl benzene sulfonates, acyl isethionates,
acyl taurates and suitfosuccinates, and phosphates. The most important members of the antonic
surfactant class are the alkyl sulfates and the soaps.

If the surfactant molecule carries a positive charge when it 1s dissolved or dispersed in
water, the surfactant is classified as cationic. Cationic surfactants include quaternary ammoninm
salts and ethoxylated amines. The quaternary ammonium salts are the most used members of
this class.

If the surfactant molecule has the ability to carry either a positive or negative charge, the
surfactant 1s classified as amphoteric. Amphoteric surfactants include actvlic acid derivatives,
substituted alkylamides, N-alkylbetaines and phosphatides.

The use of surfactants in drug products, formulations and in emulsions has been reviewed

Rieger, in Pharmaceutical Dosage Forms, Marcel Dekker, Inc, New York, N.Y., 1988, p. 285}
£ 3 F

B. Nucleic acid lipid particles

In some embodiments, a CAZ dsRNA featured in the disclosure 1s fully encapsulated in
the lipid formulation, e.g., to form a SPLP, pSPLE, SNALP, or other nucleic acid-lipid particle.
SNALPs and SPLPs typically contain a cationic lipid, a non-cationic lipid, and a lipid that
prevents aggregation of the particle (e.g., a PEG-hipid conjugate). SNALPs and SPLPs are
extremely useful for systemic applications, as they exhibit extended circulation lifetimes
following intravenous {1.v.} injection and accumulate at distal sites {e.g., sites physically
separated from the administration site). SPLPs include “pSPLP,” which include an encapsulated
condensing agent-nucleic acid complex as set forth in PCT Publication No. WO 00/03683. The
particles of the present disclosure typically have a mean diameter of about 50 nm to about 150
nm, more typically about 60 nm to about 130 nm, more typically about 70 nim to about 110 nm,
most typically about 70 nm to about 90 nm, and are substantially nontoxic. In addition, the

nucleic acids when present in the nucleic acid- Hpid particles of the present disclosure are
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resistant tn agueous solution to degradation with a nuclease. Nucleic acid-lipid particles and
their method of preparation are disclosed in, e.g., U.S. Patent Nos. 5,976,567; 5,981,501
6,534,484; 6,586,410, 6,815,432; and PCT Publication No. WO 96/40964.

In some embodiments, the lipid to drug ratic (mass/mass ratio} {e.g., lipid to dsRNA
ratio} will be 1 the range of from about 1:1 to about 50:1, from about 1:1 to about 251, from
about 3.1 to about 15:1, from about 4:1 to about 10:1, from about 5:1 to about 9:1, or about 6:1
to about 9:1.

The cationic lipid may be, for example, N, N-dioleyi-N N-dimethylammonium chloride
(DODAC), N N-distearyi-N, N-dimethylammontum bromide (DDAB), N-{I-(2,3-
dioleoyloxy ypropylI-N, N, N-trimethylammonium chloride (BOTAP), N~1 -(2,3-
dioleyioxy)propyl}-N N N-trimethylammoniom chloride (DOTMA), N N-dimethyl-2 3-
dioleyloxyypropylamine (DODMA), 1.2-Dilinoleyloxy-N N-dimethylaminopropane
{DLinDMA}, 1 2-Dilinolenyloxy-N N-dimethviaminopropane {BLenDMA}, 1,2~
Dilinoleyicarbamoyloxy-3-dimethylaminopropane (DLn-C-DAP), 1,2-Dilinoleyoxy-3-
{dimethylamino)acetoxypropane (BLin-BDAC), 1,2-Dilinoleyoxy-3-morpholinopropane (DLin-
MA), 1,2-Dilincleoyl-3-dimethylaminopropane (DLinDAP), 1,2-Dilinoleylthio-3-
dimethylaminopropane {DLin-5-DMA), 1-Linoleoyl-2-lincleyloxy-3-dimethylaminopropane
{DLin-2-DMAP), 1,2-Dilinoleyloxy-3-trimethvlaminopropane chloride salt (DLin-TMA.Cl},
1,2-Dilinoleoyl-3-trimethylaminopropane chloride salt (2Lin-TAP.CL), 1,2-Dilinoleyloxy-3-{N-
methylpiperazinojpropane (DLin-MPZ), or 3-(N N-Dilinoleylamino)- 1 2-propanediol (DLinAP),
3-(NN-Dioleviamino}-1.2-propanedio (DOAP), 1,2-Dilinolevioxo-3-(2-NN-
dimethylaminojethoxypropane {DLin-EG-DMA}, 1. 2-Dilinclenyloxy-IN,N-
dimethylaminopropane (DLinDMA), 2,2-Dilinoleyl-4-dimethylanunomethyl-{ 1,3 ]-dioxolane
{(DLin-K-DMA) or analogs thereof, (3aR,5s,6a8)-N, N-dimethyi-2,2-di({97, 127 }-octadeca-9,12~
dienyljtetrabydro-3aH-cyclopentald}[ 1,3 Jdioxol-5-amine (ALN100}, (62,97, 287 317)-
heptatriaconta-0,9,28 31-tetraen- 19-vl 4-(dimethylaminobutanoate (MC3), 1,1-(2-(4-(2-((2-
{bis(2-hydroxydedecyhaminojethvh )} 2-hydroxydodecylamino)ethylpiperazin-1-
ylethylazanediyldidodecan-2-of (Tech (31}, or a mixture thereof. The cationic lipid may
comprise from about 20 mol % to about 50 mol % or about 40 mol % of the total lipid present in

the particle.
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In some embodiments, the compound 2,2-Dilinoleyi-d-dimethylaminoethyi-[13}-
dioxolane can be used to prepare lipid-siRNA nanoparticles. Synthesis of 2,2-Dilinoleyl-4-
dimethylaminoethyi-[1,3]-dioxclane 1s described in United States provisional patent application
number 61/107,998 filed on October 23, 2008, which is herein incorporated by reference.

In some embodiments, the lipid-siRNA particle includes 40% 2, 2-Dilinoleyl-4-
dimethylaminoethyl-{1 3}-dioxelane: 10% DSPC: 40% Cholesterol: 10% PEG-C-DOMG {mole
percent) with a particle size of 63.0 4 20 nm and a 0.027 siRNA/Lipid Ratio.

The non-cationic lipid may be an aniouic lipid or a neutral lipid including, but not limited
to, distearoylphosphatidylcholine (DSPC), dioleoyiphosphatidyicholine (DOPC),
dipalmitoviphosphatidylcholine (DPPC), dioleoylphosphatidylalycerol (DOPG),
dipalmitoyiphosphatidylglycerol (DPPG), dioleoyi-phosphatidylethanolamine (DOPE),
palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoylphosphatidylethanolamine (POPE),
dioleovl- phosphatidylethanolamine 4-(N-maleimidomethyl)-cyclohexane-l- carboxylate (DOPE-
mal), dipalmitoy! phosphatidy! ethanolamine (DPPE), dimynistoylphosphoethanolamine
{DMPE), distearoyl-phosphatidyi-ethanolamine (DSPE), 16-O-monomethyl PE, 16-O-dimethy!
PE, 18-1 -trans PE, | ~stearoyl-2-oleoyl- phosphatidyethanolamine (SOPE), cholestercl, or a
mixture thereof. The non-cationic lipid may be from about 5 mol % to about 90 ol %, about 10
mol %, or about 58 mol % if cholesterol 1s included, of the total lipid present in the particle.

The conjugated lipid that inhibits aggregation of particles may be, for example, a
polyethyleneglycol (PEG-hpid including, without linutation, a PEG-diacylglycerol (DAG), a
PEG-dialkyloxypropyl (DAA), 8 PEG-phospholipid, a PEG-ceramide (Cer), or a mixture thereof,
The PEG-DAA conjugate may be, for example, a PEG-dilauryloxypropyl {Ci2), a PEG-
dimyristyloxypropyl (Cis), a PEG-dipalmityloxypropyl (Cie), or a PEG- distearviogypropyl
{Clr). The conjugated lipid that prevents aggregation of particies may be from 0 mol % to about
20 mol % or about 2 mol % of the total lipid present in the particle

In some embodiments, the nucleic acid-liptd particle further includes cholestercl at, e.g.,
about 10 mol % to about 60 mol % or about 48 mol % of the total hipid present n the particle.

In some embodiments, the iIRNA is formulated in a lipid nanoparticie (LNP).
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INPOI

In some embodiments, the lipidoid NDO8-4HCH (MW 1487} (see U S, Patent Application
No. 12/056,230, filed 3/26/2008, which is herein incorporated by reference}, Cholesterol (Sigma-
Aldrich), and PEG-Ceramide C16 {Avanti Polar Lipids) can be used to prepare lipid-dsRNA
nanoparticles (e.g., LNPOT particles). Stock solutions of each n ethavol can be prepared as
follows: ND98, 133 mg/ml; Cholesterol, 25 mg/mi, PEG-Ceramide C16, 100 mg/ml. The NDOE,
Cholesterol, and PEG-Ceramide C16 stock solutions can then be combived ina, eg, 42:48:10
molar ratio. The combined lipid solution can be mixed with agquecus dsRNA {e.g., in sodium
acetate pH 3) such that the final ethanol concentration 1s about 35-45% and the final sodium
acetate concentration is about 100-300 mM. Lipid-dsRNA nanoparticles typically form
spontaneously upon mixing. Depending on the desired particle size distribution, the resultant
nanoparticle mixture can be extruded through a polycarbonate membrane {e.g., 100 nro cut-off)
using, for example, a thermobarrel extruder, such as Lipex Extruder (Northern Lipids, Inc). In
some cases, the extrusion step can be omitted. Ethanol removal and simultaneous buffer
exchange can be accomplished by, for example, dialysis or tangential flow filtration. Buffer can
be exchanged with, for example, phosphate buffered saline (PBS) at about pH 7, e.g., about pH

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

ENPOT formulations are described, e.g, i International Application Publication
No. WO 2008/042973, which is hereby incorporated by reference.

Additional exemplary hpid-dsRNA formulations are provided in the following Table 1.
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Cationic Lipid

cationic lipid/mon-cationic
lipid/chelesterol/ PEG-lipid conjurate
Lipid:siRNA ratio

1 2-Bilinclenyloxy-N,N-

DLinDBMA/DPPC/Cholesterol/ PEG-
¢BMA

SNALP | ' -
dimethylaminopropane {DLinDMA) (STUT.1/34410.4)
bipidisiRNA ~ 711
XTC/DPPC/Cholestero/PEG-cDMA
2.2-Dilincleyi-4-dinmethylaminoetivl-
5-X1C ] o 5T1/7.3/534401.4
{1,3]-dipxolane (XTC) o
fipid:siRNA ~ 711
N . ‘ XTCDEPC/Cholesteral PEG-DMG
2.2-Bitinolevi-d-dimethylaminoethyl- 4
LNPGS ) 57.5/7.3/31.5/3.5
{1,3]-dioxolane (XTC) S
Hipid: stRNA ~ 611
XTCDSPC/Cholesterol/PEG-DMG
) 2 2-Dilinolevl-4-dimethylaminoethyl- _
ENPGE | 51.571.5/31.5/35
{1,3]~dioxolane (XTC)
Hpid:siRNA ~ 11:1
XTCDSPC/Cholesterol/PEG-DMG
2. 2-Difinoleyl-4-dimethylaminocthyl-
LNPGT 6U/7.531/E3,
{1.3}-dioxolane (XTO) o
tipid:siRNA ~6:1
. o . , XTC/DSPC/Cholesterol/PEG-DMG
2.2-Dlinoleyi-4-direthylaminoethyl-
LNPOS B 60/7.5/31/1.5,
{1,3}-dioxolane (XTC) o
bipad:siBNA ~ 11
XTCBSPC/Cholesterol PEG-DMG
2.2-Dilinoleyi-4-dimethyiaminocthyl-
LNPGO . N S50/10/38.5/1 3
{1,3}-dioxolane (XTC) o
Lipid:siRNA 101
{34k 55.6a85)-N N-dimethy]-2.2-
di{((9Z, 12 Zyoctadeca-9 12~ ALNIOO/DSPC/ Cholestero PEG-DMG
LNPIO | dienvDietrabydro-3aH- S0/10/38.5/1.5
cyclopentafd]|1,3dioxol-5-amine Lipid:siRNA 10:1
{ALN1GO)
(62,982,287 31Z)-heptatriaconta- MC-3/DSPC/Cholestero/PEG-DMG
LNPID | 6,928 3 tetracn-19-v1 4- S0/10/38.5/1.5

(dimcthylamino)butanoate (M3}

LipidistRNA 10:1
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LNP{2

L2422 ~(bis{2~

hydroxydodecy Damino yethy1(2-
hydroxydodacy Danine yethy Dpiperazin-
-vhethylazanedivhdidodecan-2-0l
(C12-200)

C12-200/08PC/Cholesterol/PEG-DMG
50/10/38.5/1 .5
LipidisiRNA 10:1

LNPI3

XTC

XTCMSPLChol/PEG-DMG
S50/106/38.5/1.5
Lipid:siRNA: 3311

LNPI4

MC3

MC3/DSPCACOVPEG-DMG
40/15/40/5
Lipid:siRNA: 111

LNPIS

MC3

MC3/DEPC/IChol/PEG-DSG/GalNAC-
PEG-DSG

S0/10/35/4.5/0.5

LipidisiBNA: 1111

LNPl6

MC3

MC3DSPC/Chel/PEG-DMG
50/10/38.5/1.5

Lipid:siRNA: 7:1

LNPY7

MC3

MC3/DSPC/Chol/PEG-DSG
50/106/38.5/1.5
LipidsiRNA: 101

LNP1&

M3

MC3/DSPC/Chol/PEG-DMG
S50/1G/38.5/1.5
Lipid:siRNA: 12:1

LNPiO

MC3

MC3/DSPC/Chol/PEG-DMG
50/10/35/5
Liptd:siRNA: #:1

LNP20

MC3

MC3/DSPC/IChol/PEG-DPG
50/16/38.5/1.5
Lipid:siBNA: 1011

LNP21

12-200

C12-200/D3PC/Chol/PEG-DSG
S0/10/38.5/1.5

LipidisiRNA: 701

LNP22

xIC

XTC/DEPC/IChol/PEG-DSG
S0/10/38.5/1.5
Lipid:siRNA: 1011
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DRPC: distearoyiphosphatidylicholine
DPPC: dipalmitoyiphosphatidyvicholine

PEG-DMG:  PEG-didimyristoy] glycerol {C14-PEG, or PEG-C14) (PEG with avg mol wt of
2000)

PEG-DSG: PEG-distyry] glycerol (C18-PEG, or PEG-C18) (PEG with avg mol wt of 2000}
PEG-cDMA: PEG-carbamoyl-1, 2-dimyristyloxypropylamine (PEG with avg mol wt of 2000}

SNALP (1,2-Bxlinolenyloxy-N N-dimethylaminopropane (BLinDMA}) comprising
formulations are described in International Publication No. W(O2009/127060, filed April 15,
2009, which s hereby incorporated by reference.

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

MC3 comprising formulations are described, e g, in U.S. Provisional Serial No.

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

ALNY-100 comprising formulations are described, 2.g., International patent applicaticn
number PCT/US09/63933 filed on November 10, 2009, which 1s hereby incorporated by
reference.

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

2010, which are hereby incorporated by reference.
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C. Synthesis of cationic lipids

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

“Alkyl” means a straight chain or branched, noncyclic or eyclic, saturated aliphatic
hiydrocarbon containing from | to 24 carbon atoms. Representative saturated straight chain
alkyls include methyi, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, and the like, while saturated
branched alkyls include isopropyl, sec-butyl, 1sobutyl, rer-butyl, isopentyl, and the like.
Representative saturated cyclic alkyls include eyclopropyl, evclobutyl, cyclopentyl, cyclohexyl,
and the hike; while unsaturated cyehic alkyls include cvclopentenyt and cyclohexenyl, and the
fike.

“Alkenyl” wmeans an alkyl, as defined above, containing at least one double bond between
adjacent carbon atoms. Alkenyls include both ¢is and trans isomers. Representative straight
chain and branched alkenyls include ethylenyl, propylenyl, T-butenyl, 2-butenyl, isobutylenyl, 1-
pentenyl, 2-pentenyl, 3-methyl-1-butenyl, Z-methyl-2-butenvyl, 2 3-dimethyl-Z-butenyl, and the
fike,

“Alkynyl” means any alky! or alkenyl, as defined above, which additionally contains at
least one triple bond between adjacent carbons. Representative straight chain and branched
alkynyis include acetylenyl, propynyl, 1-butynyl, 2-butynvl, 1-pentynyl, 2-pentyayl, 3-methyl-1
butynyl, and the hike.

“Acyl” means any atkyl, alkenyl, or alkynyl wherein the carbon at the point of attachment
is substituted with an oxo group, as defined below. For example, -C(=Qjalkyl, -C(=0alkenyl,
and -C{=OYalkynyl are acyl groups.

“Heterocycle” means a 5- to 7-membered monocyclic, or 7- 1o 10-membered bicyclic,
heterocyelic ring which is erther saturated, unsaturated, or aromatic, and which contains from 1
or 2 heteroatoms independently selected from nitrogen, oxygen and sulfur, and wheretn the
nitrogen and sulfur heteroatoms may be optionally oxidized, and the nitrogen hetercatom may be
optionally quaternized, inchading bicyehic rings in which any of the above heterocycles are fused
to a benzene ring. The heterocycle may be attached via any heteroatom or carbon atom.
Heterocycles include heteroaryls as defined below. Heterocycles include morpholinyd,

pyrrolidinonyl, pyrrolidinyl, piperidinyl, piperizynyl, hyvdantoinyl, valerolactamyl, oxiranyl,
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oxetanyl, tetrahvdrofuranyl, tetrahydropyranyl, tetrahydropyridinyd, tetrabydroprimidinyt,
tetrahydrothiophenyl, tetrahydrothiopyranyl, tetrahydropyrimidinyl, tetrahydrothiophenyl

tetrahydrothiopyranyl, and the like.

The terms “optionally substituted alkyl”, “optionally substituted alkeny!”, “optionally
substituted altkynyl”, “optionally substituted acyl”, and “optionally substituted heterocycle”
means that, when substituted, at least one hydrogen atom is replaced with a substituent. In the
case of an oxo substituent (=0} two hydrogen atoms are replaced. 1o this regard, substifuents
inctude oxo, halogen, heterocyele, -UN, -

OR®, -NR*RY, -NR¥*C(=0)R! -NR*SO:R?, -C(=0)R*, -C(=0)0R", -C(=0)NR'RY, -S0:R"*

and -SONR*RY, whereinn s 0, 1 or 2, RY and RY are the same or different and independently
hiydrogen, alkyvl or heterocycle, and each of said alkyl and heterocycle substituents may be
further substituted with one or more of oxo, halogen, -OH, -CN, alkyl, -OR",

heterocycle, -NRRY -NR*C(=0RY -NR*SORY -C{=0R° -C(=00R" -C(=NR'RY, -50R"
and ~SONR*RY,

“Halogen” means thuoro, chloro, bromo and 1odo.

In sorme embodiments, the methods featured in the disclosure may require the use of

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

Jor example, PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, Green, T.W. e7 af ) Wiley-

Interscience, New York City, 1999). Briefly, protecting groups within the context of this
disclosure are any group that reduces or elinunates unwanted reactivity of a functional group. A
protecting group can be added to a functional group to mask its reactivity during certain
reactions and then removed to reveal the original functional group. In some embodiments an
“alcohol protecting group” 1s used. An “alcohol protecting group™ s any group which decreases
or eliminates unwanted reactivity of an alcohol functional group. Protecting groups can be

added and removed using techrigues well known in the art.

Syuthesis of Formula A
In some embodiments, nucleic acid-lipid particles featured in the disclosure are

formulated using a cationic lipid of formula A:
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Rs
A
N'—"R,g

4
O_ .0
/K
R‘: Rz

where R1 and R2 are independently alkyl, alkenyl or alkynyl. each can be optionally substituted,

k3

and R3 and R4 are independently lower alkyl or R3 and R4 can be taken together to form an
optionally substiteied heterocyclic ring. In some embodiments, the cationic Hipid is XTC (2,2-
Dilinoleyl-d-dimethylaminoethyl-[1.3}-dioxolane). In general, the lipid of formula A above may
be made by the following Reaction Schemes 1 or 2, wherein all substituents are as defined above

unless indicated otherwise.

Scheme 1

Br
O ' S
7 \\OH o R NHRR?
» ) 4
R’ R §

¥

; 0
pt 3
/ r
3 REX / RE
R o R ’ I
5 R3“f+
2 ¥ . 1
o~ - R
>Z/_\Rﬂ X 0
RE’,
Formula A © >L

Lipid A, where Ry and R; are independently alkyl, alkenvi or alkynyl, each can be
optionally substituted, and Rs and Ry are independently lower alkyl or Rs and Ry can be taken
together to form an optionally substituted heterocyclic ring, can be prepared according to
Scheme 1. Ketone 1 and bromide 2 can be purchased or prepared according to methods known
to those of ordinary skill 1o the arf. Reaction of 1 and 2 vields ketal 3. Treatment of ketal 3 with

amine 4 yields lipids of formula A. The lipids of formula A can be converted to the
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corresponding ammonium salt with an organic salt of formula 5, where X 15 anton counter ion
selected from halogen, hydroxide, phosphate, sulfate, or the like.

Scheme 2

Brig—R;, + RQMCN H S 0:<R2

X
Ry Ry
Alternatively, the ketone 1 starting material can be prepared according to Scheme 2.
(rignard reagent 6 and cyanide 7 can be purchased or prepared according to methods known 0
those of ordinary skill in the art, Reaction of 6 and 7 yields ketone 1. Conversion of ketone 1 to

the corresponding lipids of forroula A 1s as desciibed in Scheme L

Svuthesis of M(3:

Preparation of DLin-M-C3-DMA (ie., (67,972.287,317)-heptatriaconta-6.9,28,31-
tetracn-19-y1 4-(dimethylaminoybutanoate) was as follows. A solution of (67,97.287.317)-
heptatriaconta-0,9.28, 31 -tetraen-19-0l (.33 ¢), 4-N,N-dimethylaminobutyric acid hydrochloride
(0.51 g}, 4-N N-cimethylaminopyridine (0.61g) and {-cthy}-3-(3-
dumethylaminopropyhcarbodiimide hydrochlonide (8.53 g) in dichloromethane (5 mL) was
stirred at room temperature overnight. The solution was washed with dilute hydrochloric acid
followed by dilute agueous sodium bicarbonate. The organic fractions were dried over
anhydrous magnesium sulphate, filtered and the solvent removed on a rotovap. The residue was

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

colorless ol (0.54 g).

Synthesis of ALNY-100:

5 Syuthesis of ketal 519 [ALNY-100] was performed vsing the following scheme 3:
NHEoc NHMe NCrzMe
LAH g Ctz 0Su, NEf, E
e S
544 516
NMO, 0sQ4
NChzMe §§Csze

OH

o 5174

5178

PTSA

.
MaChzn®

:‘V’:GZN\\\‘
Synthesis of 515:
To a stirred suspension of LiAIH4 (3.74 g, 0.09852 mol) in 200 ml anhydrous THF in a
180 two neck RBE (1L}, was added a solution of 514 (10g, (.04926mol) 1n 70 mL of THF slowly at §
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0C under nitrogen atmosphere. After complete addition, reaction mixture was warmed (o room
temperature and then heated to reflux for 4 h, Progress of the reaction was monitored by TLC.
After completion of reaction (by TLC) the mixture was cooled to 0 0C and quenched with
careful addition of saturated Na2S04 solution. Reaction mixture was stirred for 4 h at room
temperature and filtered off. Restdue was washed well with THF . The filtrate and washings
were mixed and diluted with 400 mL dioxane and 26 mL conc. HCl and stirred for 20 minutes at
room temperature. The volatilities were stripped off under vacuum to furnish the hydrochlonide
salt of 515 as a white solid. Yield: 7.12 ¢ TH-NMR (BMSQ, 400MHz}: 0= 9.34 (broad, 2H},
5.68 (s, 2H), 3.74 (m, 1H), 2.66-2.60 (m, 2H}, 2.50-2.45 (m, SH).

Synthesis of S16:

To a stirred solution of compound 515 in 100 wmb dry DOM 1 & 250 mL two neck RBF,
was added NEf3 (372 mb, 0.2669 mol) and cooled to © 0C under nitrogen atmosphere. After a
stow addition of N-(benzyloxy-carbonyloxy}-succinimide (20 g, 0.08007 mol) o 50 b dry
DCM, reaction mixture was allowed to warm to room temperature. After completion of the
reaction (2-3 h by TLC) mixture was washed successively with IN HCI solution (1 x 100 mL)
and saturated NaHCO3 solution (1 x S0 mL). The organic laver was then dried over anhyd.
Na2804 and the solvent was evaporated to give crude material which was purified by silica gel
column chromatography to get S16 as sticky mass. Yield: 11g (89%). TH-NMR (CDB{I3,
A00MHz): & = 7.36-7.27(m, SH), 5.69 (s, ZH), 5.12 (s, 2H), 4.96 (br., 1H)2.74 (s, 3H), 2.60(m,
7H), 2.30-2.25(m, 7H). LC-MS [M+H] -232.3 (96.94%),

Syuthesis of 317A and 517B:

The cyclopentene 516 (5 g, 0.02164 mol) was dissolved in a solution of 220 mL acetone
and water {10:1) 1n a single neck 500 mL RBF and to 1t was added N-methyl morpholine-N-
oxide {7.6 g, 0.06492 mol} followed by 4.2 mL of 7.6% solution of (004 (0.275 ¢, 0.00108 mol)
in tert-butanol at room temperature. After completion of the reaction {(~ 3 ), the mixture was
quenched with addition of solid NaZ803 and resulting mixture was stirred for 1.5 h at room
temperature. Reaction nuxture was diluted with DCM (300 mL} and washed with water (2 x 100
mi.} followed by saturated NaHCO3 (1 x 50 mL) solution, water (1 x 30 mL) and finally with

brine {(1x 50 mL}. Organic phase was dried over an. Na2804 and solvent was removed in
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vacuum. Silica gel column chromatographic purification of the crude matesial was afforded a
mixture of diastereomers, which were separated by prep HPLC. Yield: - 6 g crude

517A - Peak-1 {white solid), 5.13 g (96%). 1H-NMR (DMSO, 400MHz): 5= 7.39-
7.31(m, $H), 3.04(s, 2H), 4.78-4.73 (m, 1H), 4.48-4.47(d, 2H), 3.94-3 93(m, 2H), 2.71(s, 3H),
1 72- 1.67(rn, 4H). LC-MS - [M+H]-266.3, [M+NH4 +]-283.5 present, HPLC-97.86%.

Stereochemistry confirmed by X-ray.

Synthesis of §18:

Using a procedure analogous to that described for the synthesis of compound 503,
compound 518 {1.2 g, 41%) was obtained as a colorless oll. TH-NMR (CDCI3, 400MHz): 6=
7.35-7.33(m, 4H), 7.30-7.27(m, 1H), 5.37-5.27(m, SH), 5 12(s, ZH}, 4.75(m, 1H), 4.58-
4.57(m.2H), 2.78-2.74(m, 7H), 2.06-2.00(m,8H), 1.96-1.91(m, 2H), 1.62(m, 4H), 1 48(m, 2H),
{.37-1.25(br m, 36H), 0.87(m, 6H). HPLC-98.65%.

General Procedure for the Synthesis of Compound 519

A solution of compound 518 {1 eq) in hexane (15 mL) was added in a drop-wise fashion
to an ice-cold solution of LAH in THF {1 M, 2 eq). After complete addition, the mixture was
heated at 40°C over (.5 h then cooled again on an ice bath. The mixture was carefuily
hydrolyzed with saturated aqueous Na2S04 then filtered through celite and reduced to an ail.
Column chromatography provided the pure 519 (1.3 g, 68%) which was obtained as a colorless
il I3CNMR = 1302, 1301 (x2), 127.9 (x3), 112.3, 793 64.4, 447, 38.3,354, 31.5,29.9
(x2), 29,7, 29.6 (x2), 29.5 (x3), 29.3 (x2), 272 (<3), 25.6, 24.5, 23.3, 226, 14 1: Flectrospray MS
{+ve): Molecular weight for C44HEONOZ (M + Hpt Cale. 654.6, Found 654.6.

Formulations prepared by either the standard or extrusion-free method can be
characterized in similar manners. For example, formulations are typically characterized by
visual inspection. They should be whitish transtucent solutions free from aggregates or
sediment. Particle size and particle size distribution of lipid-nanoparticles can be measured by
light scattering using, for example, a Malvern Zetasizer Nano 25 (Malvern, USA}. Particles
should be about 20-300 nm, such as 40-100 nm in size. The particle size distribution should be
unimoedal. The total dsRINA concentration in the formulation, as well as the entrapped fraction,
is estimated using a dye exclusion assay. A sample of the formulated dsSRNA can be incubated

with an RNA-binding dye, such as Ribogreen {Molecular Probes) in the presence or absence of a
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formulation disrupting surfactant, e.g., 0.5% Triton-X100. The total dsRNA in the formulation
can be determined by the signal from the sample containing the surfactant, relative to a standard
curve. The entrapped fraction is determived by subtracting the “free” dsRNA content {as
measured by the signal in the absence of surfactant) from the total dsRNA content. Percent
entrapped dsRNA 13 typically >85%. For SNALP formulation, the particle size ts at least 30 nm,
at least 40 nm, at least 50 nm, at least 60 nm, at least 70 nm, at least 80 nm, at least 90 nm, at
ieast 100 nro, at feast 110 nm, and at least 120 om. The suitable range 15 typically about at least
50 nm to about at least 110 nm, about at least 60 nm to about at least 100 nm, or about at Jeast
80 nm to about at least 90 nm.

Compositions and formulations for oral administration include powders or granules,
microparticulates, nanoparticulates, suspensions or solutions in water or non-aqueous media,
capsules, gel capsules, sachets, tablets or minutablets. Thickeners, flavoring agents, diluents,
emulsifiers, dispersing aids or binders may be desirable. [n some embodiments, oral
formulations are those m which dsRNAs featured 1o the disclosure are adminisiered in
conjunction with one or more penetration enhancers surfactants and chelators. Suitable
surfactants include fatty acids and/or esters or salts thereof, bile acids and/or salts thereof,
Suitable bile acids/salts include chenodeoxycholic acid (CIDCA) and
ursodeoxychenodeoxycholic acid (UDCA), cholic acid, dehydrocholic acid, deoxycholic acid,
glucholic acid, glycholic acid, glycodeoxycholic acid, taurocholic acid, taurodeoxycholic acid,
sodium tauro-24,25-dihydro-tusidate and sodium glycodihydrotusidate. Suitable fatty acids
wnctude arachidonic acid, undecanoic acid, oleic acid, fauric acid, caprylic acid, capric acid,
myristic acid, palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate,
monoolein, dilaunin, glyceryl l-monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine,
an acyicholine, or a monoglyceride, a diglyceride or a pharmaceutically acceptable salt thereof
{e.z., sodium}. In some embodiments, combinations of penetration enhancers are used, for
example, fatty acids/salts in combination with bile acids/salts. Oune exemplary combination is the
sodium salt of lauric acid, capric acid and UDCA. Further penetration enhancers include
polvoxyethylene-9-laury! ether, polyoxyethylene-20-cetyl ether. DsRNAs featured in the
disclosure may be delivered orally, in granular form including sprayed dried particles, or
complexed to form micro or nanoparticles. DsRNA complexing agents include poly-amino acids;

polyimines; polyacrylates; polyalkylacrylates, polyoxethanes, polyalkylcyancacrylates;
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cationized gelatins, albumins, starches, acrylates, polyethvieneglycols (PEG) and starches;
polyatkyleyanoacrylates; DEAE-derivatized polvimines, pollulans, celluloses and starches.
Suitable complexing agents include chitosan, N-trimethylchitosan, poly-L-lysine, polyhistidine,
polyornithine, polyspermines, protamine, polyvinylpyridine,
polythiodiethylaminomethylethylene P(TDAE), polyaminostyrene (e.g.. p-amino},
poly{methylcvanoacrylate}, poly(ethylcyancacrylate), poly{butylcyanoacrylate),
poly(isobutylcyanoacrylate), poly{(ischexylcynaoacrylate), DEAE-methacrylate, DEAE-
hexylacivlate, DEAE-acrylamide, DEAE-albumin and DEAE-dextran, polymethylacrylate,
polyhexylacrylate, poly(D,L-lactic acid), poly(DL-lactic-co-glycolic acid (PLGA), alginate, and
polvethyleneglycol (PEG). Oral formulations for dsRNAs and their preparation are described 1n
detail in U8, Patent 6,887,900, US Pubin. No. 20030027780, and U8 Patent No. 6,747,014,
each of which is incorporated herein by reference.

Compositions and formulations for parenteral, intraparenchymal {into the brain},
intrathecal, wtravitreal, subretinal, transscleral, subconjnnctival, retrobulbar, intracameral,
intraventricular, or intrahepatic administration may include sternile aqueous solutions which may
also contain buffers, diluents and other suitable additives such as, but not limited to, penetration
enhancers, carrier compounds and other pharmaceutically acceptable carriers or excipients.

Pharmaceutical corpositions of the present disclosure include, but are not limtted to,
solutions, emulsions, and liposome-~containing formulations. These compositions may be
generated from a variety of components that include, but are not limited to, preformed hquids,
self~emulsitying solids and self-emulsifying semisolids.

The pharmaceutical formulations featured in the present disclosure, which may
conveniently be presented in unit dosage form, may be prepared according to conventional
technigues well known in the pharmaceutical industry. Such techniques include the step of
bringing into association the active ingredients with the pharmaceutical carrier(s) or excipient(s}.
In general, the formulations are prepared by uniformly and intimately bringing into assoctation
the active ingredients with hiquid carriers or finely divided solid carriers or both, and then, if
necessary, shaping the product.

The compositions featured in the present disclosure may be formulated into any of many
possible dosage forms such as, but not limited to, tablets, capsules, gel capsules, igud syrups,

soft gels, suppositories, and enemas. The compositions may also be formulated as suspensions
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in aqueocus, non-aquecus or mixed media. Aqueous suspensions may further contain substances
which increase the viscosity of the suspension including, for example, sodium

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

D). Additionad Formulations
i. Emulsions

The compositions of the present disclosure may be prepared and formulated as
emulsions. Emulsions are typically heterogeneous systems of one liquid dispersed in another in
the form of droplets usually exceeding 0. Lum in diameter (see ¢.g., Ansel's Pharmaceutical
Dosage Forms and Drug Delivery Systems, Allen, LV, Popovich NG, and Ansel HC., 2004,
Lippincott Williams & Wilkans (8th ed ), New York, NY; Idson, in Pharmacentical Dosage
Forms, Licberman, Rieger and Banker (Eds ), 1988, Marcel Dekker, Tnc, New York, NY |
volume 1, p. 199; Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
{(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y ., Volume 1, p. 245, Block in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds ), 1988, Marcel Dekker, Inc., New York,
NY, volume 2, p. 335; Higuchi ef o/, in Remington's Pharmaceutical Sciences, Mack
Publishing Co,, Easton, Pa., 1985, p. 301}, Emulsions are often biphasic systems comprising two
immiscible liguid phases intimately mixed and dispersed with each other. In general, enlsions
may be of etther the water-in-0il (w/o} or the oil-in-water (o/w) variety. When an agueous phase
is tinely divided into and dispersed as minute droplets into a bulk oily phase, the resuiting
composition is called a water-in-otl (w/0) emulsion. Alternatively, when an oily phase is finely
divided into and dispersed as minute droplets into a bulk agueous phase, the resulting
composttion is called an ol-in-water (o/w} emuision. Emulsions may contaim additional
components in addition to the dispersed phases, and the active drug which may be present as a
solution 1n etther the aqueocus phase, oily phase or itself as a separate phase. Pharmaceutical
excipients such as emulsifiers, stabilizers, dyes, and anti-oxidants may also be present in
emulsions as needed. Pharmaceutical emulsions may also be multiple emulsions that are
comprised of more than two phases such as, for example, in the case of oil-in-water-in-oil
{o/w/o} and water-in-oil-in-water {w/o/w) emulsions. Such complex formulations often provide
certain advantages that simple binary emulsions do not. Maltiple emulsions 1o which idividual

oil droplets of an o/w emulsion enclose small water droplets constitute a w/o/w emulision.
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Likewise, a system of oil droplets enclosed in globules of water stabilized in an aily continuous
phase provides an o/w/o emulsion.

Emulsions are characterized by little or no thermodynamic stability. Often, the dispersed
or discontinmous phase of the emulsion is well dispersed into the external or continuous phase
and maintained in this form through the means of emulsifiers or the viscosity of the formulation.
Fither of the phases of the emulsion may be a semisolid or a solid, as is the case of emulsion-
style ointroent bases and creams. Other means of stabiiizing emulsions entail the use of
emulsifiers that may be tncorporated into either phase of the emulsion. Emulsifiers may broadly
be classified into four categories: synthetic surfactants, naturally occurring emulsifiers,
absorption bases, and finely dispersed solids (see e.g., Ansel's Pharmaceuntical Dosage Forms
and Drug Delivery Systems, Allen, LV, Popovich NG., and Ansel HC.| 2004, Lippincott
Williams & Witkins (8th ed ), New York, NY; Idson, 1o Pharmaceutical Dosage Forms,
Lieberman, Rieger and Banker {(Eds }, 1988, Marcel Delker, Inc,, New York, NY . volume 1, p.
199).

Svnthetic surfactants, also known as surface active agents, have found wide applicability
in the formulation of emulsions and have been reviewed in the literature (see ¢.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LY., Popovich NG, and
Ansel HC., 2004, Lippincott Williams & Wilkans (8th ed ), New York, NY; Rieger, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker,
inc., New York, NY , volume |, p. 285; Idson, in Pharmacentical Dosage Forms, Licberman,
Rieger and Banker (Eds)), Marcel Dekker, Inc, New York, N Y., 1988, volume 1, p. 199).
Surfactants are typically amphiphilic and comprise a hydrophilic and a hydrophobic portion.
The ratio of the hydrophilic to the hydrophobic nature of the surfactant has been termed the
hydrophile/lipophile balance (HLB) and is a valuable tool in categorizing and selecting
surfactants in the preparation of formulations. Surfactants may be classified into different
classes based on the nature of the hydrophilic group: nonionic, anionic, cationic and amphoteric
{see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LY,
Popovich NG, and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed. }, New York, NY
Rieger, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel

Dekker, Inc,, New York, NY., volume 1, p. 285).
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Naturally occurring emulsifiers used in emulsion formulations include lanolin, beeswax,
phosphatides, lecithin and acacia. Absorption bases possess hydrophilic properties such that they
can soak up water to form w/o emulsions vet retain their semisolid consistencies, such as
anhydrous lanolin and hydrophilic petrolatum. Finely divided solids have also been used as good
emulsifiers especially in combination with surfactants and in viscous preparations. These include
polar inorganic solids, such as heavy metal hydroxides, nonswelling clays such as bentonite,
attapulgite, hectorite, kaolin, montmoriflonite, colloidal aluminum silicate and colloidal
magnesium aluminum silicate, pigments and nonpolar solids such as carbon or glyceryl
tristearate.

A large variety of non-emulsifying materials are also included in emulsion formulations
and contribute to the properties of emulsions. These include fats, oils, waxes, fatty acids, fatty
alcohols, fatty esters, humectants, hydrophilic colloids, preservatives and antioxidants (Block, in
FPharmaceuntical Dosage Forms, Lieberman, Rieger and Banker (Hds.), 1988, Marcel Dekker,
Inc, New York, N.Y., volume 1, p. 335, Idson, in Pharmacentical Dosage Forms, Licberman,
Rieger and Banker (Eds.}, 1988, Marcel Delcker, Inc, New York, NY , volume 1, p. 199},

Hydrophilic colloids or hydrocolloids include naturally occurring gumos and synthetic
polymers such as polysaccharides (for example, acacia, agar, alginic acid, carrageenan, guar
gum, karava gurn, and tragacanth), cellulose dervatives (for example, carboxymethyleellulose
and carboxypropylceilulose), and synthetic polymers {for example, carbomers, cellulose ethers,
and carboxyvinyl polymers). These disperse or swell 1 water to form colloidal solutions that
stabilize eroulsions by forming strong interfacial films arcund the dispersed-phase droplets and
by increasing the viscosity of the external phase.

Since emulsions often contain a number of ingredients such as carbohydrates, proteins,
sterols and phosphatides that may readily support the growth of microbes, these formulations
often incorporate preservatives. Comumonly used preservatives included in emulsion
formulations inchude methyl paraben, propyl paraben, quaternary ammonium salts,
henzalkonium chloride, esters of p-hydroxybenzoic acid, and boric acid. Antioxidants are also
commonly added to emulsion formulations to prevent deterioration of the formulation.
Antioxidants used may be free radical scavengers such as tocopherols, alkyl gallates, butylated
hydroxyanisole, butylated hydroxytoluene, or reducing agents such as ascorbic acid and sodium

metabisulfite, and antioxidant synergists such as citric acid, tartaric acid, and lecithin.
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The application of emulsion formulations via dermatological, oral and parenteral routes
and methods for their manufactore have been reviewed in the literature {(see 2.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LY., Popovich NG, and
Ansel HC , 2004, Lippincott Williams & Wilkins (8th ed.}, New York, NY; Idson, in
Fharmaceuticad Dosage Forms, Licherman, Rieger and Banker (Eds.), 1988, Marcel Dekker,
{nc, New York, N.Y, volume 1, p. 199). Emulsion formulations for oral delivery have been
very widely used because of ease of formulation, as well as etficacy from an absorption and
bioavailability standpoint {see e.g,, Ansel's Pharmaceutical Dosage ['orms and Dvug Delivery
Systems, Allen, LV, Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th
ed.}, New York, NY; Rosoff, in Pharmaceuticad Dosage Forms, Lieberman, Rieger and Banker
{(Eds ), 1988, Marcel Dekker, Inc, New York, NY, volume 1, p. 2453, ldson, in Pharmaceutical
Dosage Forms, Lieherman, Rieger and Banker (Eds ), 1988, Marcel Dekker, Inc., New York,
N.Y., volume 1, p. 199). Mineral-oil base laxatives, oti-soluble vitamins and high fat nutritive
preparations are among the materials that have commonly been administered orally as ofw
emulsions.

it. Microemulisions

In some embodiments of the present disclosure, the compositions of iIRNAs and nucleic
acids are formulated as microemulsions. A microemulston may be defined as a system of water,
oil and amphiphile which 13 a single optically 1sotropic and thermodynarically stable hiquid
solution {see e.g., Aunsel's Pharmacentical Dosage Forms and Drag Delivery Systems, Allen
LV, Popovich NG, and Ansel HC | 2004, Lippincott Williams & Wilkins (8th ed.), New York,
NY; Rosoft, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988,
Marcel Dekker, Inc., New York, N.Y ., volume 1, p. 245). Typically, microemulsions are
systems that are prepared by first dispersing an oil in an aqueous surfactant solution and then
adding a sufficient amount of a fourth component, generally an intermediate chatn-fength alcohol
to form a transparent system. Therefore, microemulsions have also been deseribed as
thermodynamically stable, isotopically clear dispersions of two immiscible hiquids that are
stabilized by interfacial films of surface-active molecules {(Leung and Shah, in: Confroffed
Release of Drugs: Polymers and Aggregate Systems, Rosoff, M., Ed, 1985, VCH Publishers,
New York, pages 183-215). Microemulsions commonly are prepared via a combination of three

to five coroponents that include oil, water, surfactant, cosurfactant and electrolyte. Whether the

151
SUBSTITUTE SHEET (RULE 26)



10

15

30

WO 2022/251629 PCT/US2022/031337

microemulsion is of the water-in-oif (w/o) or an cil-in-water {(o/w} type 18 dependent on the
properties of the oil and surfactant used and on the structure and georetric packing of the polar
heads and hydrocarbon tails of the surfactant molecules {Schott, 1n Remington's Pharmaceuntical
Sciences, Mack Publishing Co., Easton, Pa., 1985, p. 271).

The phenomenological approach utilizing phase diagrams has been extensively studied
and has yielded a comprehensive knowledge, to one skilled in the art, of how to formulate
microemulsions (see e.g., Aunsel's Pharmaceniical Dosage Forms and Drug Delivery Svstems,
Allen, LV, Popovich NG, and Ansel HC |, 2004, Lippincott Williams & Wilkins (&th ed ), New
York, NY: Rosoff, in Pharmacentical Dosage Forms, Lieberman, Rieger and Banker (Eds.).
1988, Marcel Delkker, Inc., New York, N Y, volume 1, p. 245; Block, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds ), 1988, Marcel Dekker, Inc., New York,
NY, volume 1, p. 335) Compared to conventional emulsions, microemulsions offer the
advantage of sclubilizing water-insoluble drugs in a formulation of thermodynamically stable
droplets that are formed spontaneously.

Surfactants used in the preparation of microemulsions include, but are not fimited to,
onic surfactants, non-ionic surfactants, Brij 96, polyoxyethylene oleyl ethers, polvglycerol fatty
acid esters, tetraglycerol monolaurate (ML310}, tetraglycerol monooleate (M3310),
hexaglycerol monooleate (PO310), hexaglycerol pentaoleate (PO500), decaglyeerol monocaprate
{MCAT50), decaglycerol monooleate (MQ750}, decaglycerol sequioieate {(SO750}, decaglycerol
decaoleate (DAD750), alone or in combination with cosurfactants. The cosurfactant, usually a
short-chain alcohol such as ethavol, [-propanol, and 1-butanol, serves to increase the interfacial
fluidity by penetrating into the surfactant film and consequently creating a disordered film
because of the void space generated among surfactant molecules. Microemulsions may,
however, be prepared without the use of cosurfactants and alcohol-free self-emulsitying
microemulsion systems are known in the art. The aqueous phase may typically be, but 1s not
fumited to, water, an aqueous solution of the drug, glycercl, PEG300, PEG400, polyglyeerols,
propylene glycols, and derivatives of ethylene glyeol. The ol phase may mclude, but is not
Himited to, materials such as Captex 300, Captex 355, Capmul MUM, fatty acid esters, medium
chain {(C8-C12) mono, di, and tri-glycerides, polyoxyethylated glyceryl fatty acid esters, fatty
alcohols, polyglycolized glyeerides, saturated polyglycolized C8-C10 glycerides, vegetable oils

and silicone il
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Microemulsions are particularly of mnterest from the standpoint of drug solubilization and
the enhanced absorption of drugs. Lipid based microemulsions (both o/w and w/o} have been
proposed to enhance the oral bioavatlability of drugs, including peptides {see 2.g., U.S. Patent
Nos. 6,191,105; 7,063,860, 7,070,802; 7,157,099; Constantinides ef af | Pharmaceuntical
Hesearch, 1994, 11, 1385-1390; Ritschel, Meth. Find fixp. Clin. Fharmacol., 1993, 13, 205),
Microemulsions afford advantages of improved drug sclubilization, protection of drug from
enzymatic hydrolysis, possible enhancement of drug absorption due to surfactant-induced
alterations in membrane flwdity and permeability, ease of preparation, ease of oral
administration over solid dosage forms, improved clinical potency, and decreased toxicity (see
e.g., U.8. Patent Nos. 6,191,105, 7,063,860; 7,070,802, 7,157,099; Constantinides ef af
Pharmacentical Research, 1994, 11, 1385, Ho et al | J. Pharm. Sci., 1996, 85, 138-143). Often
microemulsions may form spontanecusly when their components are brought together at ambient
temperature. This may be particularly advantageous when formulating thermolabile drugs,
peptides or iIRNAs, Microemulsions have also been effective n the transdermal delivery of
active components in both cosmetic and pharmaceutical applications. It is expected that the
microentulsion compositions and formulations of the present disclosure will facilitate the
increased systemic absorption of 1IRNASs and nucleic actds from the gastrointestinal tract, as well
as improve the local cellular uptake of 1RNAs and nucleic acids,

Microemulsions of the present disclosure may also contain additional components and
additives such as sorbitan monostearate (Gnill 3), Labrasol, and penetration enhancers to improve
the properties of the formulation and to enbance the absorption of the iIRNAs and nucleic acids of
the present disclosure. Penetration enhancers used in the microemulsions of the present
disclosure may be classified as belonging to one of five broad categories--surfactants, fatty acids,
bile salts, chelating agents, and non-chelating non-surfactants (Lee ef a/., Crifical Reviews in
Therapentic Drug Carrier Systems, 1991, p. 92). Each of these classes has been discussed

above,

ifi. Penetration Fnhancers
In some embodiments, the present disclosure employs various penetration enhancers to
effect the efficient delivery of nucleic acids, particularly 1IRNAs, o the skin of animals. Most

drugs are present in solution in both ionized and nonionized forms. However, usually only lipid
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soluble or lipophilic drugs readily cross cell membranes. It has been discovered that even non-
fipophilic drugs may cross cell membranes if the membrane 1o be crossed is treated with a
penetration enhancer. In addition to aiding the diffusion of non-lipophilic drugs across cell
membranes, penetration enhancers also enhance the permeability of lipophilic drugs.

Penetration enhancers may be classified as belonging to one of five broad categories, i.e,
surfactants, fatty acids, bile salts, chelating agents, and nen-chelating non-surfactants {see e.g.,
Malrsten, M. Surfactants and polymers w drag delivery, Informa Health Care, New York, NY,
2002; Lee ef af, Critical Reviews in Therapeutic Drug Carvier Systems, 1991, p.92). Each of the
above-mentioned classes of penetration enhancers are described below in greater detail.

Surfactants: In connection with the present disclosure, surfactants {or "surface-active
agents") are chemical entities which, when dissolved in an agueous solution, reduce the surface
tension of the solution or the nterfacial tension between the aqueous solution and another liquid,
with the result that absorption of itRNAs through the mucosa is enhanced. In addition to bile
salis and fatty acids, these penetration enhancers include, for example, sodium faoryl suifate,
polyoxyethylene-9-lauryl ether and polvoxyethylene-20-cetyl ether) (see e.g., Malmsten, M.
Surfactants and polymers in drug delivery, Informa Health Care, New York, NY, 2002; Lee er
al., Critical Reviews in Therapeutic Dvug Carvier Systems, 1991, p.92); and perflucrochemical
emulsions, such as FC-43. Takahashi et af | J Pharm. Pharmacol | 1988, 40, 252).

Fatty acids: Various fatty acids and their derivatives which act as penetration enhancers
include, for example, oleic acid, fauric acid, capric acid {n-decanoic acid), mynistic acid, palmitic
acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein {1-roonooleoyl-
rac-glycerol), dilaurin, caprylic acid, arachidonic acid, glycerol 1-monocaprate, 1-
dodecylazacycloheptan-Z-one, acylearnitines, acylcholines, Ciao alkyl esters thereof (e.g.,
methyl, isopropyl and t-butyl), and mono- and di-glycerides thereof (i.e., oleate, laurate, caprate,
myristate, palmitate, stearate, linoleate, efc.} (see e.g, Toutton, E | ef of. Enhancement in Drug
Delivery, CRC Press, Danvers, MA, 2000; Lee ef o/, Critical Reviews in Therapeutic Drug
Carrier Systems, 1991, p.92; Muranishy, Crifical Reviews in Therapeutic Drug Carrier Systems,
1990, 7, 1-33; Bl Harirt ef af |, J Pharm. Pharmacol |, 1992, 44, 651-054),

Bile salis: The physiological role of bile includes the facilitation of dispersion and
absorption of lipids and fai-soluble vitamins (see e.g., Malmsten, M. Surfactants and polymers in

drug delivery, Informa Health Care, New York, NY, 2002, Brunton, Chapter 38 in: Goodman &
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Gilman's The Pharmacoiogical Basis of Therapeutics, 9th Bd., Hardman ef o/ Eds,, McGraw-
Hill, New York, 1996, pp. 934-933). Various natural bile salts, and their synthetic derivatives,
act as penetration enhancers. Thus, the term "bile salts” includes any of the naturally occurring
components of bile as well as any of their synthetic derivatives. Suitable bile salts include, for
exariple, cholic acid {or 1ts pharmaceutically acceptable sodium salt, sodium cholate),
dehvdrocholic acid {sodium dehydrocholate), deoxycholic acid {sodium deoxycholate), glucholic
acid (sodium glucholate), glycholic acid (sodium glycocholate), glycodeoxycholic acid (sodium
glycodeoxycholate), taurocholic acid (sodium taurocholate}, taurodeoxycholic acid (sodium
taurodeoxycholate), chenodeoxycholic acid (sodium chenodeoxycholate), ursodeoxycholic acid
{UDCA), sodium tauro-24,25-dihvdro-fusidate {(STBHF), sodium glycodihydrofusidate and
polyoxyethylene-9-lauryl ether (POE) (vee e.g., Malmsten, M. Surfactants and polymers in drug
delivery, Informa Health Care, New York, NY, 2002; Lee ef al , Critical Reviews in Therapeutic
Drug Carrier Systems, 1991, page 92; Swinyard, Chapter 39 In: Remingfon's Pharmaceutical
Sciences, 18th Ed., Gennaro, ed., Mack Publishing Co., Easton, Pa., 1990, pages 782-783;
Muranishi, Crifical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Yamamoto ef
al ., J Pharm. Exp. Ther. 1992, 263, 1S; Yamashita ¢ of | J Pharm. Sci., 1990, 79, 579-583),
Chelating Agents: Chelating agents, as used in connection with the present disclosure,
can be defined as compounds that remove metallic 1ons from solution by forming complexes
therewith, with the result that absorption of iIRNAs through the mucosa 1s enhanced. With
regards to their use as penetration enhancers in the present disclosure, chelating agents have the
added advantage of also serving as DNase inhibitors, as most characterized DNA nucleases
require a divalent metal 1on for catalysis and are thus inhibited by chelating agents (Jarrett, J.
Chromaiogr., 1993, 618, 315-339). Surtable chelating agents include but are not himited to
disodium ethylenediaminetetraacetate (EDTA), citric acid, salicylates {e.g, sodium salicylate, 5-
methoxysalicylate and homovanilate), N-acyl dertvatives of collagen, laureth-9 and N-amino
acyl dertvatives of B-diketones (enamines)(see e.g., Katdare, A ef al, Excipient development jor
pharmaceutical, biotechnofogy, and drug delivery, CRC Press, Danvers, MA, 2006; Lee ef of
Critical Reviews in Therapeutic Drug Carvier Systems, 1991, page 92; Muranishi, Crifical
Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Buur ef af | J. Control Rel., 1990,

14, 43-51).
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Non-chelating non-surfacionts: As used herein, non-chelating non-surfactant penetration
enhancing compounds can be defined as compounds that demonstrate insignificant activity as
chelating agents or as surfactants but that nonetheless enhance absorption of iRNAs through the
alimentary mucoesa {see e.g., Muranishi, Crifical Reviews in Therapeutic Drug Carrier Systems,
1990, 7, 1-33). This class of penetration enhancers wnclude, for example, unsaturated cyclic
ureas, 1-alkyl- and 1-alkenyiazacyclo-alkanone derivatives (Lee e7 of | Crifical Reviews in
Therapeutic Drug Carrier Systems, 1991, page 92); and non-sterordal anti-inflammatory agents
sach as diclofenac sodium, indomethacin and phenylbutazone (Yamashita ef o/, .1 Pharm.
Fharmacol., 1987, 39, 621-6206).

Agents that enhance uptake of iRNAs at the cellular level may also be added to the
pharmaceutical and other compositions of the present disclosure. For example, cationic lipids,
such as lipofectin (Junichi ef af, U S Pat. No. 5,705,188), cationic glycerol derivatives, and
polycationic molecules, such as polylysine (Lollo er of | PCT Application WG 97/30731), are
also known to enhance the cellular uptake of dsRNAs. Examples of commercially available
transfection reagents include, for example Lipofectamine™ (Invitrogen; Carishad, CA},
Lipofectamine 20007™ {Invitrogen; Carlsbad, CA), 293fectin™ {(Invitrogen; Carlsbad, CA),
Cellfectin™ {Invitrogen; Carlsbad, CA}), DMRIE-C™ (Invitrogen; Carlsbad, CA), FreeStyle™
MAX (Tnvitrogen; Carlsbad, CA), Lipofectarnine™ 2000 CD (Invitrogen; Carlsbad, CA),
Lipofectamine™ {lnvitrogen; Carlsbad, CA}, RNAIMAX (Invitrogen; Carlsbad, CA),
Oligofectamine™ (Invitrogen; Carlsbad, CA), Optifect™ (Invitrogen; Carlsbad, CA), X-
tremeGENE (2 Transfection Reagent (Roche; Grenzacherstrasse, Switzetland), DOTAP
Liposomal Transfection Reagent {Grenzacherstrasse, Switzerland), DOSPER Liposomal
Transtection Reagent {Grenzacherstrasse, Switzerland), or Fugene (Grenzachersirasse,
Switzeriand), Transfectam® Reagent (Promega; Madison, WI), TransFast™ Transfection
Reagent (Promega; Madison, W1}, TB(™-20 Reagent (Promega; Madison, W1}, TH™-50
Reagent (Promega; Madison, Wi}, DreamFect™ (07 Biosciences, Marseille, France},
EcoTransfect (02 Biosciences; Marseille, France), TransPass® D1 Transfection Reagent (New
England Biolabs; Ipswich, MA, USA}), LyoVec™/LipoGen™ (Invivogen; San Diego, CA,
USA), PerFectin Transfection Reagent {Genlantis; San Diego, CA, USA), NeurcPORTER
Transfection Reagent (Genlantis, San Diego, CA, USA), GenePORTER Transfection reagent

{(Genlantis; San Diego, CA, USA), GenePORTER 2 Transfection reagent (Genlantis; San Diego,
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CA, USA), Cytofectin Transfection Reagent (Genlantis; San Diego, CA, USA}, BaculoPORTER
Transfection Reagent (Genlantis; San Diego, CA, USA), TroganPORTER™ transfection
Reagent (Genlantis, San Diego, CA, USA ), RiboFect (Bioline;, Taunton, MA, USA}, PlasFect
(Bioline; Taunton, MA, USA), UniFECTOR (B-Bridge International, Mountain View, CA,
USA), SureFECTOR (B-Bridge International; Mountain View, CA, USA), or HiFect™ (B-
Bridge International, Mountain View, CA, USA), among others.

{ther agents roay be utilized to enhance the penetration of the administered nucletc acids,
including glycols such as ethylene glycol and propylene glyeol, pyrrols such as 2-pyrrol, azones,

and terpenes such as limonene and menthone,

. Carriers

Certain compositions of the present disclosure also incorporate carrier compounds i the
formulation. As used herein, “carrier compound” can refer {0 a nucleic acid, or analog thereof,
which is inert (V.2 does not possess biclogical activity per se) but 1s recognized as a nucleie acid
by in vivo processes that reduce the bicavailability of a nucleic acid having biological activity by,
for exaniple, degrading the biologically active nucleic actd or promoting its removal from
cireulation. The coadministration of a nucleic acid and a carrier compound, typically with an
excess of the latter substance, can result in a substantial reduction of the amount of nucleic acid
recovered in the liver, kidney or other extractreulatory reservoirs, presumably due to competition
between the carrier compound and the nucleic acid for a common receptor. For example, the
recovery of a partially phosphorothicate dsRNA 1 hepatic tissue can be reduced when it is
coadministered with polyinosinic acid, dextran sulfate, polycytidic acid or 4-acetamido-
Asothiocyano-stitbene-2, 2'~disulfonic acid (Miyao ef gl DsRNA Res. Dev., 19955, 115121,

Takakura ef al., DsRNA & Nucl Acid Drug Dev., 1996, 6, 177-183).

v. Lxcipiens
In contrast to a carrier compound, a pharmaceutical carrier or excipient may comprise,
e.g., a pharmaceutically acceptable solvent, suspending agent or any other pharmacologically
inert vehicle for delivering one or more nucleic acids to an animal. The excipient may be liquid
or solid and 1s selected, with the planved manner of administration 10 mund, so as to provide for

the desired bulk, consistency, efc., when combined with a nucleic acid and the other components

157
SUBSTITUTE SHEET (RULE 26)



10

15

WO 2022/251629 PCT/US2022/031337

of a given pharmaceutical composition. Typical pharmaceutical carriers include, but are not
fimited to, binding agents {e.g,, pregelatinized maize starch, polyvinylpyrrolidone or
hydroxypropyl methylcetlulose, etc ), fillers {e.g., lactose and other sugars, microcrystatling
cellulose, pectin, gelatin, calcium sulfate, ethyl cellulose, polvacrylates or calcium hydrogen
phosphate, efc.); lubricants (e.g., magnesium siearate, talc, silica, colloidal silicou dioxide,
stearic acid, metallic stearates, hydrogenated vegetable oils, corn starch, polyethylene glycols,
sodium benzoate, sodium acetate, efc ), disintegrants {e.g., starch, sodium starch glycolate, eéc ),
and wetting agents {e.g., sodium lauryl sulphate, efc).

Pharmaceutically acceptable organic or inorganic excipients suitable for non-parenteral
administration which do not deleteriously react with nucleic acids can also be used to formulate
the compositions of the present disclosure. Suitable pharmaceutically acceptable carners
wctude, but are not limited to, water, salt solutions, alcohols, polyethylene glycols, gelatin,
factose, amylose, magnesium stearate, talc, silicic acid, viscous paraffin,
hydroxymethyleeltulose, polyvinylpyrrolidone and the like,

Formulations for topical administration of nucleic acids may include sterile and non-
stertle aqueous solutions, non-aqueous solutions in common solvents such as alcohols, or
solutions of the nucleic acids in Haquid or solid ol bases. The solutions may also contain buffers,
diluents and other suitable additives. Pharmaceutically acceptable organic or morganic excipients
suttable for non-parenteral administration which do not deleteriousty react with nucleic acids can
be used.

Suitable pharmaceutically acceptable excipients include, but are not Himited to, water, salt
solutions, alcohol, polyethylene glycols, gelatin, lactose, amylose, magnesium stearate, talc,

stlicic acid, viscous paraffin, bydroxymethyicellulose, polyvinylpyrrolidone and the like.

vi. Other Components
The compositions of the present disclosure may additionally contain other adjunct
components conventionally found 1 pharmaceutical compositions, e.g,, at their art-established
usage levels. Thus, for example, the compositions may contain additional, compatible,
pharmaceutically-active materials such as, for example, antipruritics, astringents, local
anesthetics or anti-inflammatory agents, or may coutain additional materials useful in physically

formulating various dosage forms of the compositions of the present disclosure, such as dyes,
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flavoring agents, preservatives, antioxidants, opacifiers, thickening agents and stabilizers.
However, such materials, when added, should not unduly mnterfere with the biological activities
of the components of the compositions of the present disclosure. The formulations can be
sterilized and, if desired, mixed with auxiliary agenis, e.g., lubricants, preservatives, stabilizers,
wetting agents, emulsifiers, salts for influencing osmotic pressure, bufters, colorings, flavorings
and/or aromatic substances and the like which do not deleteriously interact with the nucleic
acid(s) of the formulation.

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

In some embodiments, pharmaceutical compositions featured in the disclosure include
{a) one or more 1IRNA compounds and (b) one or more biologic agents which function by a non-
RNAi mechanism. Examples of such biclogic agents include agents that interfere with an
interaction of CAZ and at least ove CAZ binding partner,

Toxicity and therapeutic efficacy of such compounds can be deternuned by standard
pharmaceutical procedures in cell cultures or experimental animals, e.g, for determining the
LD50 (the dose lethal to 50% of the population) and the ED50 (the dose therapeutically effective
in 50% of the population). The dose ratio between toxic and therapeutic etfects s the therapentic
index and it can be expressed as the ratio LDS/EDSC. Compounds that exhibit high therapeutic
indices are typical.

The data obtained from cell culture assays and animal studies can be used in formulating
a range of dosage for use in humans. The dosage of compositions featured in the disclosure lies
generally within a range of circulating concenirations that nclude the EDSO with Iittle or no
toxicity. The dosage may vary within this range depending upon the dosage form employed and
the route of administration utilized. For any compound used 1n the methods featured in the
disclosure, the therapeutically effective dose can be estimated nitially from cell culture assays.
A dose may be formulated 1n animal models to achieve a circulating plasma concentration range
of the compound or, when appropriate, of the polypeptide product of a target sequence {e.g.,
achieving a decreased concentration of the polypeptide) that includes the IC50 (i.¢., the
concentration of the test compound which achieves a half~-maximal mbubition of symptoms) as

determined in cell culture. Such information can be used to more accurately determine useful

o
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doses in humans. Levels in plasma may be measured, for example, by high performance hiqud
chromatography.

In addition to their administration, as discussed above, the i1RNAs featured in the
disclosure can be administered in combination with other known agents effective in treatment of
diseases or disorders related to CA2 expression {(e.g., glaucoma or conditions associated with

glancoma}. In any event, the administering physician can adjust the amount and timing of 1IRNA

administration on the basis of results observed using standard measures of efficacy known 1 the

art or described herein.

Y1l Methods of treating disorders related to expression of CA2

The present disclosure relates to the use of an IRNA targeting CAZ to wnhubit CA2
expression and/or to treat a disease, disorder, or pathological process that is related to CAZ2
expression {(e.g., glancoma or conditions associated with glaucomay.

In some aspects, a method of treatment of g disorder related to expression of CAZ 18
provided, the method comprising administering an iIRNA {e.g, a dsRNA) disclosed hereinto a
subject in need thereof. In some embodiments, the iIRNA inhibits (decreases) CAZ expression,

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

related to CAZ expression, e.g,, glaucoma or conditions associated with glaucoma.

A. Glaucoma or Cenditions Associated with Glancoma

In sorue embodiments, the disorder related to CA2 expression s glavcoma ot conditions
associated with glaucoma. Non-limiting examples of glaucoma or conditions associated with
glaucora that are treatable using the methods described herein imclude glaucoma, open-angle
glaucoma, angle-closure glaucoma, ocular inflammation, systemic inflammation, anterior yveitis,
acute retinal necrosis, Sturge-Weber syndrome, Axenteld-Rieger syndrome, Marfan syndrome,
homocystinuria, Wetll-Marchesani syndrome, and autoimmune diseases, such as juvenile
rheumatoid arthritis and Marie-Strompell ankylosing spondylitis.

Chinical and pathological features of glaucoma or conditions associated with glaucoma
include, but are not limited to, intraocular pressure, vision foss, a reduction in visual acuity {e.g.,
characterized by Hloating spots, blurriness around the edges or center of field of vision (e.g,,

scotomay), ocular inflammation, and/or optic nerve damage.
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In some embodiments, the subject with glaucoma or conditions associated with glaucoma
13 less than 18 years old. In some embodiments, the subject with glancoma or conditions
associated with glaucoma is an adult. In some embodiments, the subject has, or 15 identified as
having, elevated levels of CA2 mRNA or protein relative to a reference level (e.g, a level of
CAZ2 that is greater than a reference level ).

In some embodiments, the glaucoma or conditions associated with glaucoma is
diagnosed using analysis of a sample from the subject (e.g., a cihiary epithelium sample). In
some embodiments, the sample 1s analyzed using a method selected from one or more of’
fluorescent in sity hybridization (FISH), immunchistochemistry, CAZ immunoassay, electron
microscopy, laser microdissection, and mass spectrometry. o some embodiments, glavcoma or
conditions associated with glaucoma 15 diagnosed using any suitable diagnostic test or technique,
e.g., tonometry, pachymetry, evaluation of the retina, gonioscopy, angiography {e.g., fluorescein
angiography or indocyanine green angiography), electroretinography, ultrasonography, optical
coherence tomography (OCT), computed tornography {CT) and magnetic resonance imaging
{MRI), color vision testing, visual field testing, slit-lamp examination, ophthalmoscopy, and
physical examination {e.g., to assess visual acuity {e.g., by fundoscopy or optical coherence

tomography (OCT)).

B. Combination Therapies

In sorme embodiments, an IRNA {e.g., a dsRNA) disclosed herein is administered in
combination with a secoud therapy {e.g., one or more additional therapies) known 1o be effective
in treating a disorder related to CA2 expression {e.g., glaucoma} or a symptom of such a
disorder. The 1RNA may be administered before, after, or concurrent with the second therapy.
in some embodiments, the iIRNA is administered before the second therapy. In some
embodiments, the tRNA 1s admimstered after the second therapy. In some embodiments, the
iRNA is administered concurrent with the second therapy.

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

In some embodiments, the second therapy is a non-IRNA therapeutic agent that is

effective to treat the disorder or symptoms of the disorder.
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In some emboduments, the iRNA 15 administered tn conjunction with a therapy.
Exemplary combination therapies include, but are not limited to, medication to reduce
intraccular pressure, laser treatment, surgery or trabeculectomy. In some embodiments, the
additional therapeutic agent comprises a prostaglandin analog, a beta blocker, an alpha-
adrenergic agonist, a carbonic ashydrase whibitor, ot an anti-CAZ2 agent.

In some embodiments, the additional therapeutic is a prostaglandin analog. In some
embodiments, the prostaglandin analog comprises Bimatoprost (Lumigan®), Latanoprost
{Xalatan®), Tafluprost (Zioptan™), latanoprostene bunod (Vyzulta™) or Travoprost {Travatan
Z®).

In some embodiments, the additional therapeutic agent is a beta blocker. In some
embodiments, the beta blocker comprises Betaxolol (Betoptic 3&) or Timolol {Betimol®,
Timoptic).

In some embodiments, the additional therapeutic agent is an alpha-adrenergic agonist. In
some embodiments, the slpha-adrenergic agonist comprises brimonidine (Alphagan®P) or
apraclomidine (Iopidine®).

In some embodiments, the additional therapeutic agent is a carbonic anhydrase inhibitor,
In some embodiments, the carbonic anhydrase inhibitor comprises dorzolamide (Trusopt®),
brinzolamide (Azopt®), acetazolanide (Diamox) or methazolamide (Neptazane®),

In some embodiments, the anti-CAZ agent 1s an antibody molecule. In some

embodiments the antibody 1s a monoclonal antibody.

(. Administration dosages, routes, and fiming

A subject {e.g,, a human subject, e.g, a patient) can be admimstered a therapeutic amount
of IRNA. The therapeutic amount can be, e.g.,, 0.05-50 mg/kg.

In sorme embodiments, the 1IRNA 1s formulated for delivery to a target organ, e.g., to the
eve.

In some embodiments, the iIRNA 1s formulated as a lipid formulation, e.g., an LNP
formulation as described herein. In some such embodiments, the therapeutic amount 13 0.05-5
mg'ke dsRNA. In some embodiments, the lipid formulation, e g., LINP formulation, 1s

administered wtravenously.

162
SUBSTITUTE SHEET (RULE 26)



10

15

WO 2022/251629 PCT/US2022/031337

In some embodiments, the iIRNA is 1o the form of a GalNAc conjugate e.g., as described
herein. In some such embodiments, the therapeutic amount is 6.5-50 mg dsRNA. In some
embodiments, the e.g., GalNAC conjugate is administered subcutaneously.

In some embodiments, the iRNA s in the form of a C16 conjugate e.g., as described
herein.

In certain embodiments, subjects can be administered a therapeutic amount of dsRNA|
such as about 0.01 mg/kg to about 200 rag/kg. In other embodiments, subjects can be
administered a therapeutic amount of dsRNA, such as about 0.01 mg/kg to about 500 mg/kg. In
yet other embodiments, subjects can be admimstered a therapeutic amount of dsRNA of about
500 mg/kg or more.

In sorme embodiments, the admimstration 1s repeated, for example, on a regular basis,
such as, daily, biweekly (i.e | every two weeks) for cue month, two months, three months, four
months, six months or longer. After an initial treatment regimen, the treatments can be
administered on a less frequent basis. For example, after administration biweekly for three
months, administration can be repeated once per month, for six months or a year or fonger.

In some embodiments, the IRNA agent i3 administered in two or more doses.  In some
embodiments, the mumber or amount of subsequent doses is dependent on the achievement of a
desired etfect, e.g,, to {(a) inhibit or reduce intraocular pressure; (b} inhibit or reduce the
expression or activity of CAZ; {(c) decrease the amount of aqueous humor; {(d) inhibit or reduce
optic nerve damage; or {¢) inhibit or reduce retinal ganglion cell death, or the achievement of a
therapeutic or prophylactic effect, e.g., reduction or prevention of one or more symptoms
associated with the disorder.

In some embodiments, the iIRNA agent 13 administered according to a schedule. For
exampie, the iIRNA agent may be administered once per week, twice per week, three times per
week, four times per week, or five times per week. In some embodiments, the schedule involves
regularly spaced administrations, e.g., hourly, every four hours, every six hours, every eight
hours, every twelve hours, daily, every 2 days, every 3 days, every 4 days, every 5 days, weekly,
biweekly, or monthly. In some embodiments, the IRNA agent is administered at the frequency
required to achieve a desired effect.

In sore embodiments, the schedule involves closely spaced admimstrations followed by

a longer period of time during which the agent is not administered. For example, the schedule
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may tovolve an initial set of doses that are administered in a refatively short period of time {e.g.,
about every 6 hours, about every 12 hours, about every 24 hours, about every 48 hours, or about
every 72 hours) followed by a longer time period {e.g,, about T week, about 2 weeks, about 3
weeks, about 4 weeks, about § weeks, about 6 weeks, about 7 weeks, or about & weeks) during
which the iIRNA agent 1s not admiuistered. In some embodiments, the tRNA agent 1s initially
administered hourly and is later administered at a longer interval {e. g, daily, weekly, brweekly,
or mouthly). In some embodiments, the iIRNA agent is inttially administered datly and s later
administered at a longer interval {e.g., weekly, biweekly, or monthly). In certain embodiments,
the longer interval increases over time or 18 determined based on the achievement of a desired
effect.

Betore administration of a full dose of the IRNA| patients can be administered a smaller
dose, such as a 5% infusion dose, and monitored for adverse effects, such as an allergic reaction,
or for elevated lipid levels or blood pressure. In another example, the patient can be monitored

for unwanted effects.

VI, Methods for modulating expression of CAZ

In some aspects, the disclosure provides a method for modulating {e.g.. inhibiting or
activating) the expression of CA2, ez, it a cell, 10 a tissue, or in a subject. In some
embodiments, the cell or tissue is ex vive, in vitro, or in vive. o some embodiments, the cell or
tissue 1s in the eye {e.g,, a ciliary epithelium cell, an optic nerve cell, a trabecular meshwork cell,
a Schlerur’s canal cell {e.g., including an endothelial cell), a juxtacanalicalar tissue cell, a
ciliary muscle cell, a retinal cell, an astrocyte, a pericyte, a Miller cell, a ganglion cell (e.g.,
including a retinal ganglion cell), an endothelial cell, a photoreceptor cell, a retinal blood vessel
{e.g., including endothelial cells and vascular smooth muscle cells), episcleral veins or choroid
tissue, .42, a choroid vessel). In some embodiments, the cell or tissue 15 1n a subject {e.g, a
maminal, such as, for example, a human). In some embodiments, the subject {e.g., the buman} is
at risk, or 15 diagnosed with a disorder related to expression of CAZ expression, as described
herein.

In some embodiments, the method includes contacting the cell with an iRNA as described
heretn, 1 an amount effective to decrease the expression of CA2 in the cell. Tn sorve

embodiments, contacting a cell with an RINAI agent includes contacting a cell in vitro with the
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RINA1 agent or contacting a cell in vivo with the RNA1 agent. In some embodiments, the RNAj
agent 18 put into physical contact with the cell by the individual performing the method, or the
RNAj agent may be put into a situation that will permit or canse it to subsequently come into
contact with the cell. Contacting a cell in vitro may be done, for example, by incubating the cell
with the RNA1 agent. Contacting a cell 1o vivo may be done, for example, by injecting the RNA1
agent into or near the tissue where the cell is located, or by injecting the RNA1 agent into ancther
area, e.g., ocular tissue. For example, the RNAt agent roay contatn or be coupled to a ligand,
e.g., a lipophilic motety or moieties as described below and further detailed, e g, o
PCT/US2019/031170 which is incorporated herein by reference in its entirety, including the
passages therein describing lipophilic moteties, that directs or otherwise stabilizes the RNAs
agent at a site of interest. Combinations of in vitro and in vivo methods of contacting are also
possible. For example, a cell may also be contacted in vitro with an RNAi agent and
subsequently transplanted into a subject.

The expression of CAZ2 may be assessed based on the level of expression of CAZ mRNA,
CA2 protein, or the level of another parameter functionally linked to the level of expression of
CA2 1o some embodiments, the expression of CA2 is mnhibited by at least 5%, at least 10%, at
feast 15%, at least 20%, at least 25%, at feast 30%, at least 35%, at least 40%, at least 45%, at
least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
feast 83%, at least 90%, or at least 95%. lu some embodiments, the iIRNA has an ICso in the
range of 0.001-0.01 nM, 0.001-0.10 nM, 0.001-1.0 oM, 0.001-10 nM, 0.01-0.05 oM, 0.01-0.50
M, §.02-0.60 nM, 0.01-1.0nM, 0.01-1.5 oM, 0.01-10 nM. The ICso value roay be normalized
relative to an appropriate control value, e.g,, the ICso of a non-targeting iIRNA.

In some embodiments, the method 1uclodes infroducing wto the cell or tissue an 1RNA as
described herein and maintaining the cell or tissue for a time sufficient to obtain degradation of
the mRNA transcript of CAZ, thereby inhibiting the expression of CAZ i the cell or tissue.

In some embodiments, the method includes administering a composition described
herein, e g., a composition comprising an 1RNA that binds CAZ2, to the mammal such that
expression of the target CA2 1s decreased, such as for an extended duration, e.g., at least two,
three, four days or more, e.g., one week, two weeks, three weeks, or four weeks or longer. In
some emboduments, the decrease n expression of CAZ2 is detectable within 1 hour, 2 bours, 4

hours, 8 hours, 12 hours, or 24 hours of the first administration.
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In some embodiments, the method includes admimstering a composition as described
herein to a mammal such that expression of the target CAZ is increased by e.g., at least 10%
compared to an untreated animal. In some embodiments, the activation of CAZ occurs over an
extended duration, e.g., at least two, three, four days or more, e.g., one week, two weeks, three
weeks, four weeks, or more. Without wishing to be bound by theory, an iRNA can activate CA2
expression by stabilizing the CA2 mRNA transcript, interacting with a promoter in the genome,
or nhibiting an whibitor of CA2 expression.

The iRNAs useful for the methods and compositions featured in the disclosure
specifically target RNAs (primary or processed) of CA2, Compositions and methods for
inhibiting the expression of CAZ2 using iRNAs can be prepared and performed as described
elsewhere herein.

In some embodiments, the method includes administering a compesition containing an
iRNA, where the iRNA includes a nucleotide sequence that is complementary to at least a part of
an RNA transcript of CAZ2 of the subject, e.g, the mammal, e.g., the human, 1o be reated. The
composition may be administered by any appropriate means known in the art including, but not
Himited to ocular {e.g., intraccular), topical, and intravenous administration,

In certain embodiments, the composition is administered intraocularly {e.g., by
intravitreal administration, ¢ g, intravitreal injection; transscleral administration, e.g.,
transscleral injection; subconjunctival administration, e.g., subconjunctival injection; retrobulbar
administration, e.g, retrobulbar injection; intracameral administration, e g, intracameral
wjection; or subretinal administration, e.g., subretinal injection. In other embodinents, the
composition 15 administered topically. In other embodiments, the composition is admunistered
by intravenous tufusion or injection.

In certain embodiments, the compaosition is administered by intravenous infusion or
injection. In some such embodiments, the composttion comprises a lipid formulated siRNA
{e.g., an LNP formulation, such as an LNP11 formulation) for intravenous infusion,

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. Although methods and materials similar or equivalent to those described herein can be
used 1 the practice or testing of the iIRNAs and methods featured in the disclosure, suitable

methods and materials are described below. All publications, patent applications, patents, and
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other references mentioned heretn are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will control. In addition, the materials,

methods, and examples are itustrative only and not intended to be limiting,

Specific Embodiments

In an embodiment the disclosure provides a double stranded ribovucleic acid (dsRNA}
agent for inhibiting expression of carbonic anhydrase 2 ({CA2), wherein the dsRNA agent
comprises a sense strand and an antisense strand forming a double stranded region, wherein the
sense strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with
0, 1, 2, or 3 mismatches, of a portion of a coding strand of human CAZ and the antisense strand
comprises a nuclectide sequence comprising at feast 15 contiguous nucleotides, with 0, 1, 2, 0t 3
mismatches, of the corresponding portion of a non-coding strand of human CAZ such that the
seuse strand is complementary to the at least 15 contiguous nucleotides in the antisense strand.

In some embodiments the disclosure provides a double stranded ribonucleic acid
{dsRNA} agent for inlubiting expression of carbonic anhydrase 2 (CAZ2), wherein the dsRNA
agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with €, 1, 2, or 3 mismaiches, of a portion of a coding strand of human CAZ and the
antisense strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides,
with G, 1, 2, or 3 mismaiches, of the corresponding portion of a non-coding strand of human CA2
such that the sense strand is complementary to the at least 15 contiguous nucleotides in the
antisense strand wherein the dsRNA agent comprises at least one modified nucleotide.

In some embodiments the coding strand of human CAZ comprises the sequence SEQ ID
NO: 1 In some embodiments the non~-coding strand of human CAZ comprises the sequence of
SEGIDNG: 2

In some embodiments the double stranded ribonucieic acid (dsRNA) agent for inhibiting
expression of CAZ2 comprises a sense strand and an antisense strand forming a double stranded
region, wherein the antisense strand comprises a nuciectide sequence comprising at least 15

contiguous nucleotides, with 0, 1, 2, or 3 nusmatches, of a portion of nucleotide sequence of
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SEQ ID NO: 2 such that the sense strand 1s complementary to the at feast 15 contiguous
nucleotides in the antisense strand.

In some embodiments the double stranded ribonucieic acid (dsRNA) agent for inhibiting
expression of CAZ comprises a sense strand and an antisense strand forming a double stranded
region, wheretn the seuse strand comprises a nucleotide sequence comprising at least 15
contiguous nucleotides, with @, or 1, 2, or 3 mismatches, of the corresponding portion of the
nucieotide sequence of SEQ ID NO: 1.

in some embodiments the dsRNA agent comprises a sense strand and an antisense strand,
wherein the antisense strand comprises a nucleotide sequence comprising at least 17 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, of a portion of nuclectide sequence of SEQ 1D NO: 2
such that the sense strand 15 complementary to the at least 17 contiguous nucleotides in the

antisense strand.

In some embodiments the dsSRNA agent comprises a sense strand and an antisense strand,
wherein the sense strand comprises a nucieotide sequence comprising at least 17 contiguous
nycleotides, with 0, or 1, 2, or 3 mismatches, of the corresponding portion of the nucleotide
sequence of SEQ D NO: 1.

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

In some embodiments the sense strand comprises a nucleotide sequence comprising at
least 19 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of the corresponding portion of
the nucleotide sequence of SEQ ID NG: L

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

antisense strand.
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In some embodiments the sense strand of the dsRNA agent comprises a nucleotide
sequence comprising at least 21 contiguous nucleotides, with 0, or 1, 2, or 3 mismatches, of the
corresponding portion of the nucleotide sequence of SEQ ID NG 1

In some embodiments the portion of the sense strand of the dsRNA agent is a portion
within a sense strand 1o any one of Tables 3-10. In some embodiments the portion of the
antisense strand of the dsRINA agent is a portion within an antisense strand in any one of Tables
3-10,

in some embodiments the antisense strand of the dsRNA agent comprises a nucleotide
sequence comprising at least 13 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one
of the antisense sequences listed in any one of Tables 3-10.

In sorme embodiments the sense strand of the dsRNA agent comprises a nuclectide
sequence comprising at least 15 contiguous nucieotides, with 0, 1, 2, or 3 musmatches, from a
sense sequence listed in any one of Tables 3-10 that corresponds to the antisense sequence.

In some embodiments the antisense strand of the dsRNA agent comprises a nucleotide
sequence comprising at least 17 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one
of the antisense sequences listed in any one of Tables 3-10.

In some embodiments the sense strand of the dsRNA agent comprises a nucleotide
sequence comprising at least 17 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from a
sense sequence listed in any one of Tables 3-10 that corresponds to the antisense sequence.

In some embodiments the antisense strand of the dsRNA agent comprises a nucleotide sequence
comprising at least 19 contiguous nucleotides, with 0,1, 2, or 3 mismatches, from one of the
antisense sequences listed in any one of Tables 3-10.

In some embodiments the sense strand of the dsRNA agent comprises a nucleotide
sequence comprising at least 19 contiguous nucleotides, with 0, 1, 2, or 3 nmusmatches, from a
sense sequence listed in any one of Tables 3-10 that corresponds to the antisense sequence.

In some embodiments the antisense strand of the dsRNA agent comprises a nucleotide
sequence comprising at least 21 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one
of the antisense sequences listed in any one of Tables 3-10.

In some embodiments the sense strand of the dsRNA agent comprises a nucleotide
sequence comprising at least 21 contiguous nucleotides, with 0, 1, 2, or 3 nusmatches, from a

sense sequence fisted in any one of Tables 3-10 that corresponds to the antisense sequence,
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In some embodiments the sense strand of the dsRNA agent is at least 23 nuclectides in
fength, e g, 23-30 nucleotides in length.

in some embodiments at least one of the sense strand and the antisense strand of the
dsRINA agent is conjugated to one or more lipophilic moieties.

In some embodiments the lipophilic motety is conjugated to one or more positions n the
double stranded region of the dsRNA agent. In some embodiments the lipophilic moiety is
conjugated via a linker or carrier,

In some embodiments the lipophilicity of the lipophilic moiety, measured by logKow,
gxceeds 0.

In some embodiments the hydrophobicity of the double-stranded RNA1 agent, measured
by the unbound fraction in a plasma protein binding assay of the double-stranded RNA1 agent,
exceeds 0.2,

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

In a particular embodiment the dsRNA agent comprises at least one modified nucleciide.

In some embodiments no more than five of the sense strand nucleotides and not more
than five of the nucleotides of the antisense strand of the dsRNA agent are unmodified
nucleotides.

In some embodiments all of the nucleotides of the sense strand and all of the nuclectides
of the antisense strand of the dsRNA agent comprise a modification.

In sore embodiments at least one of the modified nucleotides of the dsBNA agent is
selected from the group consisting of a deoxy-nuclestide, a 3’ -terminal deoxythimiding (dT)
nucleotide, a 2-0O-methyl modified nucleotide, a 2'-fluoro modified nucleotide, a 2'-deoxy-
modified nucleotide, a locked nucleotide, an unlocked nucleotide, a conformationally restricted
nucleotide, a constrained ethyl nucleotide, an abasic nucleotide, a 27 -amino-modified nucleotide,
a 2'~O-allvi-modified nucleotide, 2°-C-alkyb-maodified nucleotide, a 2"-methoxvethyl modified
nuclectide, a 2°-O-alkyl-modified nucleotide, a morpholine nucleotide, a phosphoramidate, a
non-natural base comprising nucleotide, a tetrahydropyran modified nucleotide, a 1,5-
anhydrohexitol modified nucleotide, a cyclohexenyl moditied nucleotide, a nucleotide
comprising a phosphorothioate group, a nucleotide comprising a methylphosphonate group, a

nuclectide comprising a 5’ -phosphate, a nucleotide comprising a 5 -phosphate mimic, a glycol
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modified nucleotide, and a 2-O-(N-methylacetamide} modified nucleotide; and combinations
thereof,

In some embodiments no more than five of the sense strand nuclectides and not more
than five of the nucleotides of the antisense strand of the dsRNA agent include modifications
other than 2-O-methyl modified nuclectide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified
nucleotide, unlocked nucleic acids (UNA} or glycerol nucleic acid (GNA).

In soroe embodiments the dsRNA agent comprises a non-nucleotide spacer {(wherein
opticnally the non-nucleotide spacer comprises a C3-Co alkyl) between two of the contiguous
nuclectides of the sense strand or between two of the contiguous nucleotides of the antisense
strand.

In some embodiments each strand of the dsRNA agent is no more than 30 nucleotides in

tength.

In some embodiments at least one strand of the dsRNA agent comprises a 37 overhang of
at least 1 nucleotide.

In some embodiments at least one strand of the dsRNA agent comprises a 37 overhang of
at least 2 nucleotides.

In some embodiments the double stranded region of the dsRNA agent is 15-30 nucleotide
pairs in length. In some embodiments the double stranded region of the dsRNA agent 13 17-23
nucleotide pairs in length. In some embodiments the double stranded region of the dsRNA agent
18 17-25 nucleotide pairs in length. In some embodiments the double stranded region of the
dsRINA agent 1s 23-27 nucleotide pairs in length.  1n some embodiments the double stranded
region of the dsRNA agent 15 19-21 nucleotide pairs in length. Tn some erobodiments the double
stranded region is 21-23 nucleotide pairs in length. In some embodiments the positions in the
double stranded region exclude a cleavage site region of the sense strand of the dsRNA agent.

In some embodiments each strand of the dsSRNA agent has 19-30 nucleotides. In some
embodiments each strand of the dsRNA agent has 19-23 nucleotides. In some embodiments each
strand of the dsRNA agent has 21-23 nucleotides.

In some embodiments the dsRNA agent comprises at least one phosphorothioate or
methylphosphonate internucleotide linkage. To sowe embodiments the phosphorothioate ot

methyiphosphonate internuciectide linkage is at the 3 -terminus of one strand of the dsRNA
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agent. In some embodiments the phosphorothicate or methyiphosphonate internucleotide
linkage s at the 37 -terminus of the antisense strand of the dsRNA agent. In some embodiments
the phosphorothioate or methylphosphonate internucleotide linkage is at the 3"-terminus of the
sense strand of the dsRINA agent. In some embodiments the phosphorothioate or
methylphosphonate tnternucieotide linkage s at the $™-tetminus of one strand of the dsRNA
agent. In some embodiments the phosphorothicate or methylphosphonate internucleotide linkage
15 at the §'-terminus of the antisense strand of the dsRNA agent. In some embodiments the
phosphorothioate or methylphosphonate internucleotide linkage is at the 5" -terminus of the sense
strand of the dsRNA agent. In some embodiments the 5'- and 3" -terminus of one strand of the
dsRNA agent comprises a phosphorothioate or methylphosphonate internucleotide hinkage.

In sorme embodiments the 5°- and 3" -terminus of the antisense strand of the dsRNA agent
comprises a phosphorothioate or methyiphosphonate internucleotide inkage.

In some embodiments the base pair at the 1 position of the 5-end of the antisense strand
of the duplex 15 an AUl base pair.

In sore embodiments the sense strand of the dsRNA agent has a total of 21 nucleotides
and the antisense strand has a total of 23 nucleotides.

In some embodiments one or more lipophilic moieties are conjugated to oue or more
internal positions on at feast one strand of the dsRNA agent. In some embodiments one or more
lipophilic moieties are conjugated to one or more internal positions on at least one strand of the
dsRNA agent via a linker or carrier. In some embodiments the internal positions include all
positions except the terminal two positions from each end of at least one strand of the dsRNA
agent. In some embodiments the internal positions wnclude all positions except the termunal three
positions from each end of the at least one strand of the dsRNA agent. In some embodiments the
wternal positions exclude a cleavage site tegion of the sense strand of the dsRNA agent.

In some embodiments the internal positions include all positions except positions 9-12,
counting from the 5 -end of the sense strand of the dsRNA agent.

In some embodiments the internal positions tnclude all positions except positions 11-13,
counting from the 37-end of the sense strand of the dsRNA agent.

in some embodiments the internal positions exclude a cleavage site region of the

antisense strand of the dsRNA agent.
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In some embodiments the internal positions tnclude all positions except positions 12-14,
counting from the 5 -end of the antisense strand of the dsRNA agent.

in some embodiments the internal positions include all posttions except positions 11-13
on the sense strand of the dsRNA agent, counting from the 3"-end, and positions 12-14 on the
antisense strand of the dsRNA agent, counting from the 5"-end.

In some embodiments the lipophilic moieties are conjugated to one or more of the
wnternal positions selected from the group conststing of positions 4-8 and 13-18 on the sense
strand, and positions 6-10 and 15-18 on the antisense strand, counting from the 5’end of each
strand of the dsRNA agent.

In some embodiments the lipophilic moteties are conjugated to one or more of the
internal positions selected from the group consisting of positions 5,6, 7, 15, and 17 on the sense
strand, and positions 15 and 17 on the antisense strand, counting from the 5" -end of each strand

of the dsRNA agent.

In some embodiments the sense strand is 21 nucleotides in length, the antisense strand is
23 nucleotides in length, and the lipophilic moiety 1s conjugated to position 21, position 20,
position 15, position 1, position 7, position 6, or position 2 of the sense strand or position 16 of
the antisense strand of the dsRNA agent.

In some embodiments the lipophilic moiety is conjugated to position 21, position 20,
position 15, position |, or position 7 of the sense strand of the dsRNA agent.

In sorue embodiments the lipophilic moiety 1s conjugated to postiion 21, position 20, or
position 15 of the sense strand of the dsRNA agent.
In some embodiments the hpophilic motety 18 conjugated to position 20 or position 15 of the
sense strand of the dsRNA agent.
in some embodiments the Hpophilic motety 15 conjugated to position 16 of the antisense strand of
the dsRNA agent.

In some embodiments the hipophilic molety 1s conjugated to posttion 6, counting from the
5-end of the sense strand of the dsRNA agent.

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

compound.

173
SUBSTITUTE SHEET (RULE 26)



10

15

WO 2022/251629 PCT/US2022/031337

In some embodiments the lipophilic motety is selected from the group consisting of lipid,
cholesterol, retinoic acid, cholic acid, adamantane acetic acid, T-pyrene butyric acid,
dibydrotestosterone, 1,3-bis-Othexadecyl)glycerol, geranvloxyhexyanol, hexadecyiglycerol,
borneol, menthol, 1,3-propanediol, heptadecy! group, palmitic acid, myristic acid, 03-
{oleayDliithocholic acid, O3-(oleoylicholenic acid, dimethoxytrityl, or phenoxazine.

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

In some embodiments the lipophilic moiety contains a saturated or unsaturated C6-C18
hydrocarbon chain.

In sorme embodiments the lipophilic molety contains a saturated or unsaturated C16
hydrocarbon chain.

In some embodiments the lipophilic moiety is conjugated via a carrier that replaces one

or more nucleotide(s} in the internal posttion(s} or the double stranded region,

In some embodiments the carrier 15 a cyclic group selected from the group consisting of
pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl,
[1,3}dioxolanyl, oxazolidinyl, 1soxazolidinyl, morpholinyl, thiazolidinyl, 1sothiazolidinyl,
quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl; or is an acyclic motety based on a
serinol backbone or a diethanolamine backbone.

In sorue embodiments the lipophilic motety 1s conjugated to the double-stranded IRNA
agent via a linker containing an ether, thicether, urea, carbonate, aming, amide, maleimide-
thioether, disulfide, phosphodiester, sulfonamide hokage, a product of a click reaction, or
carbamate.

In sorme embodiments the lipophilic moiety 1s conjugated to a nucleobase, sugar moiety,
or internucleosidic linkage.

In some embodiments the lipophilic motety 15 conjugated via a bio-cleavable linker
selected from the group consisting of BNA, RNA, disulfide, amide, functionalized
monosaccharides or oligosaccharides of galactosamine, glucosamine, glucose, galactose,

wanuose, and combinations thereof,
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In some embodiments the 37 end of the sense strand of the dsRNA agent s protected via
an end cap which is a eyclic group having an amine, said cychic group being selected from the
group consisting of pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidiny],
piperidinyl, piperazinyl, [1,3]dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl,
isothiazolidinyl, quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl.

In some embodiments the dsRNA agent further comprising a targeting ligand, e g, a
figand that targets an ocular tissue or a liver tissue. In some embodiments the ligand 15
conjugated to the sense strand of the dsRNA agent. In some embodiments the ligand is
conjugated to the 37 end or the 57 end of the sense strand of the dsRNA agent. In some
embodiments the ligand is conjugated to the 37 end of the sense strand of the dsRNA agent.

In sorme embodiments the dsRNA agent further comprising a ligand that targets an ocular

tissue wherein the ocular tissue 15 ciliary eptthelium, an optic nerve, a trabecular meshwork, a

juxtacanalicular tissue, a ganglion (e g, including a retinal ganghion}, episcleral veins ora

Schlemm’s canal (e g, including an endothelial cell).

In some embodiments the targeting ligand of the dsRNA agent comprises N-
acetylgalactosamine (GalNAc), In some embodiments the targeting ligand of the dsRNA agent is
one or more GalNAc conjugates or one or more or GalNAc derivatives. In some embodiments
the GalNAc conjugates or one or more GalNAc derivatives are attached through a monovalent
linker, or a bivalent, irivalent, or tetravalent branched linker.

In some ernbodiments the targeting higand of the dsRNA agent is
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In some embodunents the dsRNA agent is conjugated to the ligand as shown in the

following schematic
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wherein X 1s O or 8.

5 In some embodiments the dsRNA agent further comprises a terminal, chiral modification
occurring at the first internucleotide linkage at the 3° end of the antisense strand, having the
linkage phosphorus atom in Sp configuration, a terminal, chiral modification occurning at the
first internucleotide linkage at the 3° end of the antisense strand, having the linkage phosphorus
atom in Rp configuration, and a terminal, chiral modification occurring at the first

10 internucleotide linkage at the 5° end of the sense strand, having the linkage phosphorus atom in
either Rp configuration or Sp configuration.

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

15 occurring at the first internuclectide linkage at the 5 end of the antisense strand, having the
linkage phosphorus atom in Rp configuration; and a terminal, chiral modification ocourring at
the first internucleotide linkage at the 57 end of the sense strand, having the linkage phosphorus

atom in either Rp or Sp contiguration.
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In some embodiments the dsRNA agent further comprises a terminal, chiral modification
oceurring at the first, second and third internncleotide linkages at the 37 end of the antisense
strand, having the hinkage phosphorus atom in Sp configuration; a terminal, chiral modification
occurring at the first internuclectide linkage at the 5 end of the antisense strand, having the
linkage phosphorus atom in Rp configuration; and a terminal, chiral modification occurring at
the first internucleotide linkage at the 57 end of the sense strand, having the linkage phosphorus
atom tn either Rp or Sp contiguration.

in some embodiments the dsRNA agent further comprises a terminal, chiral modification
oceurring at the first, and second internucleotide linkages at the 3° end of the antisense strand,
having the linkage phosphorus atom in Sp configuration; a terminal, chiral modification
oceurring at the third internucleotide linkages at the 37 end of the antisense strand, having the
inkage phosphorus atom 1n Rp configuration; a terminal, chiral modification occurring at the
first internuclectide linkage at the 5 end of the antisense strand, having the linkage phosphorus
atoro in Rp configuration; and a terminal, chiral modification occurring at the first
internuclectide linkage at the 57 end of the sense sirand, having the linkage phosphorus atom in
either Rp or Sp configuration,

in some embodiments the dsRNA agent further comprises a terminal, chiral modification
occurring at the first, and second internucleotide linkages at the 37 end of the antisense strand,
having the linkage phosphorus atom in Sp configuration; a terminal, chiral modification
occurring at the first, and second mternucleotide linkages at the 57 end of the antisense strand,
having the linkage phosphorus atom n Rp configuration; and a terminal, chiral modification
occurting at the first internuclectide linkage at the 5 end of the sense strand, having the linkage
phosphorus atom n either Rp or Sp configuration.

In some embodiments the dsRNA agent further comprises a phosphate or phosphate
mimic at the 5”-end of the antisense strand. In some embodiments the phosphate numicis a 57~
viny! phosphonate {VP),

In some embodiments the disclosure provides a cell containing the dsRNA agent of any
one of the preceding embodiments.

In some embodiments the cell containing the dsRINA agent is a human ocular cell, eg., (a
cihary epithelium cell, an optic nerve cell, a trabecular wmeshwork cell, a Schierom’s canal cell

(e.g., including an endothelial cell), a juxtacanalicular tissue cell, a ciliary muscle celi, a retinal
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cell, an astrocyte, a pericyte, a Milller cell, a ganglion cell (¢ 2., including a retinal ganglion cell),
an endothelial cell, a photoreceptor cell, a retinal blood vessel {e.g, including endothelial cells
and vascular smooth muscle cells), episcleral veins or choroid tissue, €.g., a choroid vessel)
comprising a reduced level of CAZ mRNA or a level of CA2 protein as compared to an
otherwise similar untreated cell, wherein optionally the fevel (s reduced by at least 10%, 15%,

20%. 25%, 30%, 35%, 40%, 45%, S0%, 55%, 60%, 65%, T0%, 75%, 80%. 85%, 90%, or 95%.

M e 3

In soroe embodiments the human cell containing the dsRINA agent is produced by a
process comprising contacting a human cell with the dsRNA agent of any one of preceding
embodiments.

In some embodiments the disclosure provides a pharmaceutical composition for
inhibiting expression of CAZ, comprising the dsRNA agent of any one of preceding
embodiments.

In a particular embodiment the disclosure provides a pharmaceutical composition
comprising the dsRNA agent of any one of preceding embodiments and a lipid formulation,

In some embodiments the disclosure provides a method of nhibiting expression of CA2
in g cell, the method comprising:

{a}  contacting the cell with the dsRNA agent of any one of preceding embodiments or
a pharmaceutical composition comprising the dsRNA agent of any one of preceding
erabodiments; and

(b}  maintaining the cell produced in step {(a) for a time sufficient to obtain

degradation of the mRNA transcript of CAZ, thereby inhibiting expression of CAZ in the cell,

In other embodiments the disclosure provides a method of mbubiting expression of CAZ2
in a cell, the method comprising:

{a} contacting the cell with the dsRNA agent of any one of preceding embodiments
or a pharmaceutical composition comprising the dsRNA agent of any one of preceding
embodiments; and

(b}  maintaining the cell produced in step (a) for a time sufficient to reduce levels of
CA2 mRNA, CAZ protein, or both of CA2 mRNA and protein, thereby inhibiting expression of

CAZ in the cell.
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In some emboduments the disclosure provides a method of inhibiting expression of CA2
in 4 cell wherein the cell 1s within a subject.

in some embodiments the disclosure provides a method of inhibiting expression of CAZ
in a cell, wherein the cell is within a human subject.

In some embodiments the disclosure provides a method of inhibittng expression of CA2
in a cell wherein the level of CAZ mRNA is inhibited by at least 50%.

In sorve embodiments the disclosure provides a method of inhibiting expression of CAZ2
i a cell wherein the level of CAZ2 protein 13 inhibited by at least 50%.

In some embodiments the disclosure provides a method of inhibiting expression of CA2
in a cell wherein inhibiting expression of CA2 decreases a CA2 protetn level in a biclogical
sample {e.g., a ciliary epithelium sample) from the subject by at least 30%, 40%, 50%, 60%,
T0%, 80%, 30%, or 93%.

In particular embodiments the disclosure provides a method of inhibiting expression of
CAZ in & cell wherein the subject has been diagnosed with a CAZ-associated disorder, e.g.,
glaucoma.

In sorme embodiments the method of inhibiting expression of CAZ2 in an ocular cell or
tiSsie Comprises

{a}  contacting the cell or tissue with a dsRNA agent that binds CAZ; and

(b)  maintaining the cell or tissue produced in siep (2} for a time sufficient to reduce
levels of CAZ mRNA, CAZ protein, or both of CA2 mRNA and protein, thereby inhibiting
expression of CAZ in the cell or tissue. o sore erabodiments the ocular cell or tissue comprises
a ciliary epithelium cell, an optic nerve cell, a trabecular meshwork cell, a Schlemm’s canal cell
{e.g., ncluding an endothehal cell), a juxtacanalicular tissue cell, a cihiary muscle cell, a retinal
cell, an astrocyte, a pericyte, a Miiller cell, a ganglion cell {e.g., including a retinal ganglion cell),
an endothelial cell, a photoreceptor cell, a retinal blood vessel {e.g, including endothelial cells
and vascular smooth muscle cells), episcleral veins or choroid fissue, €.2., a choroid vessel.

In some embodiments the disclosure provides a method of treating a subject diagnosed
with a CA2-associated disorder comprising administering 1o the subject a therapeutically
effective amount of the dsRNA agent of any one of preceding embodiments or a pharmaceutical

composition thereof, thereby treating the disorder. In some embodiments the disclosure provides
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a method of treating a subject diagnosed with 2 CAZ-associated disorder wherein the CA2-
associated disorder 15 glaucoma or a glaucoma associated condition.

In particular embodiments the disclosure provides a method of treating a subject
diagnosed with a CAZ-associated disorder wherein treating comprises amelioration of at least
one sign or symptom of the disorder. In particular embodiments the disclosure provides a method
of treating a subject diagnosed with a CAZ-associated disorder where treating comprises
prevention of progression of the disorder. In some embodiments the treating comprises one or
more of (a} inhibiting or reducing intraccular pressure; (b} inhibiting or reducing the expression
or activity of CAZ; (¢} decreasing the amount of agueous humor; (d) inhibiting or reducing optic
nerve damage; {e) inhibiting or reducing retinal ganglion cell death; (f) medication to reduce
intraocular pressure; {g) laser treatment; (h} surgery; (1) or trabeculectomy.

In some embodiments the disclosure provides a method of treating a subject diagnosed
with glaucoma wherein at least one sign or symptom of glavcoma comprises a measure of one or
more of intraocular pressure, vision loss, optic nerve damage, ocular inflammation, visual acuity,
or presence, level, or activity of CAZ {e.g, CAZ gene, CAZ mRNA, or CA2 protein).

In particular embodiments the disclosure provides a method of treating a subject
diagnosed with a CAZ-associated disorder wherein the treating results in at feast a 30% mean
reduction from baseline of CAZ mRNA in a ciliary epithelium cell, an optic nerve cell, a
trabecular meshwork cell, a Schlemmy’s canal cell (e.g., including an endothelial cell), a
juxtacanalicular tissue cell, a ciliary muscle cell, retinal pigment epitheliurn (RPE), a retinal cell,
an asirocyie, a pericyte, 2 Miller cell, a ganglion cell (e.g, including a retinal ganglion cell}, an
endothelial cell, a photoreceptor cell, a retinal blood vessel {e.g., including endothelial cells and

vascular smooth muscle cells), episcleral veins or choroid fissue, e g, a choroid vessel.

In sorme embodiments the disclosure provides a method of treating a subject diagnosed
with a CAZ-associated disorder wherein the treating results in at least a 60% mean reduction
from baseline of CA2 mRNA 1n the cthiary epithelium cell, optic nerve cell, trabecular meshwork
cell, Schiemm’s canal cell (e g, including an endothehal cell}, juxtacanalicular tissue cell, ciliary
muscle cell, retinal pigment epithelium (RPE), retinal cell, astrocyte, pericyte, Miller cell,

ganglion cell {e.g, including retinal ganglion cell), endothelial cell, photoreceptor cell, retinal
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blood vessel (e.g., including endothelial cells and vascular smooth muscle cells), episcleral veins
ar choroid tissue, e.g., choroid vessel,

in other embodiments the disclosure provides a method of treating a subject diagnosed
with a CAZ-associated disorder wherein the treating results in at least a 90% mean reduction
from baseline of CA2Z mRNA 1n the ciliary epithelium cell, optic nerve cell, trabecular meshwork
cell, Schiemm’s canal cell (e g, including an endothelial cell), juxtacanalicular tissue cell, ciliary
muscle cell, retinal pigment epithelium (RPE), retinal cell, astrocyte, pericyte, Milller cell,
ganglion cell {e.g, including retinal ganglion cell), endothelial cell, photoreceptor cell, retinal
blood vessel {e.g., including endothelial cells and vascular smooth muscle cells), episcleral veins
or choroid tissue, e.g., choroid vessel,

In sorme embodiments the disclosure provides a method of treating a subject diagnosed
with a CAZ-associated disorder wherein after treatment the subject experiences at least an 8-
week duration of knockdown following a single dose of dsRNA as assessed by CAZ2 protein in
the ciliary epithelium,

In particular embodiments the disclosure provides a method of treating a subject
diagnosed with g CA2-associated disorder wherein treating results in at least a 12-week duration
of knockdown following a single dose of dsRNA as assessed by CA2 protein in the ciliary
epithelium.

In particular embodiments the disclosure provides a method of treating a subject
diagnosed with a CA2-assoctated disorder wherein treating results in at least a 16-week duration
of koockdown following a single dose of dsRNA as assessed by CAZ2 protein in the cihiary
epitheliuny.

In some emboduments the disclosure provides a method of treating a subject diagnosed

with a CA2-associated disorder wherein the subject is human.

In some emboduments the disclosure provides a method of treating a subject diagnosed
with a CAZ2-associated disorder wherein the dsRNA agent is adrinistered at a dose of about
0.01 mg/kg to about 50 mg/kg. In some embodiments the disclosure provides a method of
treating a subject diagnosed with a CAZ-associated disorder wherein the dsRNA agent is
administered to the subject intraccularly, intravenously, or topically. In some embodiments the

intraocular adnunistration comprises intravitreal administration {e.g., intravitreal injection),
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transscleral administration {e.g., transscleral injection), subconjunctival administration {e.g.,
subconjunctival injection), retrobulbar administration {e.g., retrobulbar injection}, intracameral
administration {e.g., intracameral injection), or subretinal administration {e.g., subretinal
injection).

In some embodunents the method of treating a subject diagnosed with a CAZ2-associated
disorder further comprising measuring level of CAZ {e.g., CAZ gene, CA2Z mRNA  or CAZ
protein} in the subject.

In some embodiments measuring the level of CAZ in the subject comprises measuning the
level of CAZ gene, CAZ protemn or CAZ mRNA in a biological sample from the subject (e.g., a
cifiary epithelium sample). In some embodiments measuring level of CA2 (e.g., CAZ gene, CA2
mRNA, or CAZ protein) in the subject is performed prior to treatment with the dsRNA agent or
the pharmaceutical composition. In other embodiments measuring level of CAZ {e.g., CA2 gene,
CAZ mRNA, or CA2 protein) in the subject is performed after treatment with the dsRNA agent
or the pharmaceutical composition. In some embodiments upon determination that & subject has
alevel of CAZ {e.g, CAZ gene, CAZ mRNA, or CA2 protein} that is greater than a reference
level, the dsRNA agent or the pharmaceutical composition 1s administered to the subject. In
some embodiments, measuring level of CA2 (e.g, CAZ gene, CA2 mRNA, or CAZ protein} in
the subject 1s performed after treatment with the dsRNA agent or the pharmaceutical
compostiion,

In sorme embodiments the disclosure provides a method of treating a subject diagnosed
with a CAZ-associated disorder further comprising performing a blood test, an imaging test, a
tonometry test or a ciliary epithelium biopsy.

In some emboduments the disclosure provides a method of treating a subject diagnosed
with a CA2-associated disorder, the method further comprising administering to the subject an
additional agent and/or therapy suitable for treatment or prevention of an CAZ-associated
disorder. In some embodiments the additional agent and/or therapy comprises one or more of a
prostaglandin analog, a beta blocker, an alpha-adrenergic agonist, a carbonic anhydrase inhibitor,

or an anti-CAZ2 agent.
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EXAMPLES
Example 1, CAZ siRNA

Nucieic acid sequences provided herein are represented using standard nomenclature.

See the abbreviations of Table 2.

Table 2. Abbreviations of nucleotide monomers used in nucleic acid sequence representation

1t will be understood that these monomers, when present in an oligonucleotide, are mutually

linked by 5'-3'-phosphodiester bonds.

Abbreviation Nucleotide(s}

A Adenosine-3 -phosphate

Ab beta-L-adenosine-3 -phosphate

Abs beta-L-adenosine-3 -phosphorothioate
Af 2’ -fluoroadenosine-3 -phosphate

Afs 2 -fluoroadenosine-3 -phosphorothioate
(Ahd) 2-O-hexadecvl-adenosine-3'-phosphate
{Ahds} 2'-{)-hexadecyl-adenosine-3'-phosphorothioate
AS adenosine-3 -phosphorothioate

(A2p} adenosine-2 -phosphate

{AZps) adenosine-2 -phosphorothioate

C cytidine-3 " -phosphate

Ch beta-L-cytidine-3'-phosphate

Chs beta-L-cytdine-3'-phosphorothicate

Cf 2’ -fluorocytidine-3’~phosphate

Cis 2 -fluorocyiidine-3’-phosphorothioate
(Chd) 2'-O-hexadecyi-cytidine-3'-phosphate
(Chds} 2'-O-hexadecyl-cytidine-3'-phosphorothioate
(s cytidine-3’-phosphorothioate

(C2p) cytidine-2 -phosphate

{C2ps) ¢ytiding-2 -phosphorothioate

G guanosine-3 -phosphate

Gh beta-L-guanosine-3 -phosphate

bs beta-L-guanosine-3' -phosphorothioate
Gf 2 -fluoroguanocsine-3 -phosphate

s 2’ -fluoroguanosine-3 -phosphorothicate
(Ghd) 2'-O-hexadecyl-guanosine-3'-phosphate
{Ghds) 2'-(J-hexadecyi-guanosine-3'-phosphorothicate
Gs guanosine-3 -phosphorothicate

{G2p) guanosine-2 -phosphate

(G2ps) guanosine-2 -phosphorothicate

T S’-methyluriding-3’ -phosphate
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Th beta-L-thymidine-3'-phosphate

Ths beta-L-thyvmidine-3'-phosphorothioate

Tf 2 -fluoro-S-methylundine-3 -phosphate

Tfs 2 -fluoro-3-methyviuridine-3 -phosphorothioate

Tan thvmidine-glyeol nucleic acid (GNA) S-Isomer

Agn adenosine- glycol nucleic acid {GNA} S-Isomer

Cen cytidine-glycol nucleic acid {GNA) S-Isomer

Gen guanosine-glycol nucleic acid (GNA) S-Isomer

Ts S-methyluridine-3’-phosphorothioate

U Undine-3 -phosphate

Ub beta-L-uridine-3 -phosphate

Ubs beta-L-uridine-3 -phosphorothioate

Uf 2’ -fluoroundine-~3’-phosphaie

Ufs 2 -fluorouriding -3 -phosphorothicate

(Uhd) 2-O-hexadecvl-uridine-3'-phosphate

{Uhds) 2'-O-hexadecyl-uriding-3'-phosphorothioate

Us uridine -3 -phosphorothioate

{U2p) uridine-2 -phosphate

(Ulps) uridine-2 -phosphorothioate

N any nucleotide (G, A, C. T or U}

VP Vinyl phosphonate

a 2-O-methyladenosine-3 ~-phosphate

as 2'-O-methyladenosine-3’- phosphorothicate

C 2-C-methyleytidine-3 -phosphate

cs 2'-O~methyicytidine-3'- phosphorothicate

4 2-C-methylguanosine-3’-phosphate

o8 2'-O-methyiguanosine-3'- phosphorothioate

t 2’ -O-methyl-5-methyluridine-3’-phosphate

{s 2’-O-methyi-5-methylundine-3’ -phosphorothicate

i 2'-O-methylunidine-3’-phosphate

us 2-O-methvioridine-3 -phosphorothioate

dA 2 -deoxyadenosine-3 -phosphate

dAs 2 -deoxvadenosine-3 -phosphorothioate

dC 2 -deoxyoytidine-3 ~-phosphate

dCs 2 -deoxveviidine-3 -phosphorothicate

di 2 -deoxyguanosine-3 -phosphate

dGs 2 -deoxyeuanosine-3 -phosphorothioate

dT 2'-gdeoxythymidine

dTs 2 -deoxythymidine-3 -phosphorothicate

du 2 -deoxyuridine

<» phosphorothioate linkage

Los! N-{tris{GalNAc-alkyl }amidodecanoyl}]-4-hydroxyprolinol
Hyp-{GalNAc-alky1)3

{Aeo) 2’-O-methoxyethyladenosine-3 -phosphate

(Aeos) 27-O-methoxyethyladenosine-3 -phosphorothicate
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{Geo) 2’-O-methoxvethylouanosine-3 ~phos phate
(Geos) 27 -O-methoxyethylguanosine-3’ - phosphorothioate
{Teo) 2’ -O-methoxyethyl-S-methyloridine-3 -phosphate
(Teos) 2 -O-methoxyethyi-5~-methyluridine-3 - phosphorothicate
{m5Ce0} 2’ -O-methoxyethyl-S-methyleytidine-3-phosphate
(mS5Ceos) 27 -O-methoxyethyl-5-methyleytidine-3"- phosphorothioate

"The chemical structure of 1.96 is as follows:
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Experimental Methods

Bioinformatics

10 Transcripts

trans-d-Hydroxyproline!

siRNAs targeting the human CAZ, “carbonic anhydrase 27 (human: NCBI refseqlDD

NM_060067.3; NCBI GenelD: 760) were generated.

The human NM_000067.3 REFSEQ

mRNA, version 1, has a length of 1562 bases. Pairs of oligos were generated using

biotnformatic methods and ranked, and exemplary pairs of oligos are shown in Tables 3 and 4,

Unmodified sequences are presented in Tables 3, 4, 7,

were destgned for C16 modification and the oligos in

modification.

Tables 7 and 8, and Tables 9 and 10, Modified sequer

and 9. The oligos in Tables 3, 5, and ©

Tables 4 and & were designed for GalNAg

Site of

Caonjugatior

1ces are presented in Tables 5, 6, 8, and 10,

It is to be understood that, throughout the application, a duplex name without a decimal is

20 equivalent to a duplex name with a decimal which me

duplex. For example, AD-1560600 is equivalentto A

SiRNA Synthesis

siRNAs were synthesized and annealed using

‘185

rely references the batch number of the

D-1560600.1.

routine methods known in the art,
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Briefly, sitRNA sequences were synthesized at 1 umol scale on a Mermade 192
synthesizer {BicAutomation} using the solid support mediated phosphoramidite chemistry. The
solid support was controlled pore glass (300 A) loaded with custom GalNA¢ Hgand or universal
solid support {AM biochemical). Ancillary synthesis reagents, 2°-F and 2'-0-Methy! RNA and
deoxy phosphoramidites were obtained from Thermo-Fisher (Milwaukee, W) and Hongene
{China}. 2'F 27-0O-Methyl, GNA (glycol nucleic acids), 3'phosphate and other modifications
were infroduced using the corresponding phosphoramidites. Synthesis of 37 GalNAc conjugated
single strands was performed on a GalNA¢ modified CPG support. Costom CPG universal solid
support was used for the synthesis of antisense single strands. Coupling time for all
phosphoramidites (100 mM 10 acetonitnile) was § minutes employing 5-Ethylthio-1H-tetrazole
(ETT) as activator {0.6 M 1n acetonitrile). Phosphorothioate linkages were generated using a 50
mM solution of 3-{((Dimethylamino-methylidene} amino)-3H-1,2 4-dithiazole-3-thione (DDTT,
obtained from Chemgenes (Wilmington, MA, USA)) in anhydrous acetonitrile/pynidine (1:1
vivy. Oxidation time was 3 minutes. All sequences were synthesized with final removal of the
DMT group ("DMT off”).

Upon completion of the solid phase synthesis, oligoribonucleotides were cleaved from
the solid support and deprotected 10 sealed 96 deep well plates using 200 ul. Aqueous
Methylamine reagents at 60°C for 20 minutes. For sequences containing 2° ribo residues {27-0OH)
that are protected with a tert-butyl dimethy! silyl (TBDMS) group, a second step deprotection
was performed using TEA 3HF (triethylamine trihydro fluoride) reagent. To the methylamine
deprotection solution, 200 pL of dimethy! sulfoxide (DMSQO) and 300 uL TEA 3HF reagent was
added and the solution was incubated for additional 20 minutes at 60°C. At the end of cleavage
and deprotection step, the synthesis plate was allowed to come to room temperature and was
precipitated by addition of 1wl of acetontile: ethanol mixture (9:1). The plates were cooled at -
80 °( for 2 hours, supernatant decanted carefully with the aid of a multi-channel pipette. The
oligonucleotide pellet was re-suspended 11 20mM NaQ Ac butter and were desalted using a S mL
HiTrap size exclusion column (GE Healtheare) on an AKTA Purifier System equipped with an
A9035 autosampler and a Frac 950 fraction collector. Desalted samples were collected in 96-well
plates. Samples from each sequence were analyzed by LC-MS to confirm the identity, UV (260

nm} for quantification and a selected set of samples by IEX chromatography to determine purity.

186
SUBSTITUTE SHEET (RULE 26)



WO 2022/251629 PCT/US2022/031337

Annealing of single strands was performed on a Tecan liquud handiing robot. Equimolar
mixture of sense and antisense single strands were combined and annealed in 96 well plates.
After combining the complementary single strands, the S6-well plate was sealed tightly and
heated 1n an oven at 100°C for 10 minutes and allowed to come slowly to room temperature over
a period 2-3 hours. The concentration of each duplex was normalized to 10 uM 1n 1X PBS and

then submitted for in viro screening assays.

Table 3. Unmodified Sense and Antisense Strand Sequences of CA2 dsRNA Agents for
16 Madification

SEQ | Rangein Range in
Duplex | Sense Sequence i NM G009 | Antisense Sequence | SEQID | NM 080
Name Ftod NO: | 67.3 Ste¥ Nk §67.3
AD- AGAUCGGUGCC | 7 32-532 UGCAGGAAUCGG | 142 30-32
15360600 | GAUUCCUGCA CACCGAUCUGG
AD- CGCGACCAUGU | 8 £9-89 UAGUGAUGGGAC | 143 67-89
1360617 | CCCAUCACUA AUGGUCGCGCU
AD- GUACGGCAAAC |9 §3-113 UGUCCGUUGUGY | 144 91-113
AD- CAAACACAACG | 10 99-119 UGCUCAGGUCCG | 145 G7-119
1560628 | GACCUGAGCA VUUGUGUUUGCC
AD- GGACCUGAGCA | 1T 109-129 | UUUAUGCCAGUG | 146 107-12%
1560638 | CUGGCAUAAA CUCAGGUCCGU
AD- GAGCACUGGCA | 12 115-135 UAAGUCCUUAUG | 147 113-135
1560644 | UAAGGACUUA CCAGUGCUCAG
AD- GUUGACAUCGA | 13 166-186 UGUAUGAGUGUC | 148 164-186
1560655 | CACUCAUACA GAUGUCAACAG
AD- ACACUCAUACA | 14 176-196 | UAUACUUGGCUG | 149 174-196
1560665 | GCCAAGUAUA UAUGAGUGUCG
AD- UACAGCCAAGU | 15 183-203 UAAGGGUCAUAC | 150 181-203
1560672 | AUGACCCUUA UUGGCUGUAUG
AD- CAAGUAUGACC | 16 189-209 | UUCAGGGAAGGG | 151 187-209
1360678 | CUUCCCUGAA UCAUACUUGGL
AD- UGUCUGUUUCC | 17 215-238 UUUGAUCAUAGG | 152 213-235
1260684 | UAUGAUCAAA AAACAGACAGG
AD- CCUAUGAUCAA | IR 224-244 UGGAAGUUGCUU | 153 222-244
1560693 | GCAACUUCCA GAUCAUAGGAA
AD- CAAGCAACUUC | 19 232-252 | VAUCCUCAGGGA | 154 230252
1360701 | CCUGAGGAUA AGUUGCUUGAU
AD- CCCUGAGGAUC | 20 242.262 UVAUUGUUGAGGA | 155 240-262
1560711 | CUCAACAALIA UCCUCAGGGAA
AD- UCCUCAACAAU | 21 251-271 UAGCAUGACCAU | 156 249271
1560720 | GGUCAUGCUA UGUUGAGGAUC
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SEQ} | Rangein Range in
Buplex | Sense Seguence 3 NM 0000 | Antisense Sequence | SEQID | NM 000
Name el NO: {673 St d NG 867.3
AD- ACAAUGGUCAU | 22 257277 | UGUUGAAAGCAU | 157 255-27
1560726 | GCUUUCAACA GACCAUUGUUG
AD- AUGCUUUCAAC | 23 266-286 | UAAACUCCACGU | 158 264-286
1360735 | GUGGAGUUUA UGAAAGCAUGA
AD- AACGUGGAGUU | 24 274-294 L UGAGUCAUCAAA | 159 272-294
1560745 | UGAUGACUCA CUCCACGUUGA
AD- UGAUGACUCUC | 75 285-305 UCUUUGUCCUGA | 160 283-305
15360752 | AGGACAAAGA GAGUCAUCAAA
AD- UCUCAGGACAA | 26 203312 | UAGCACUGCUUU | 16 290-312
1560759 | AGCAGUGCUA GUCCUGAGAGU
AD- GACAAAGCAGU | 27 298-318 | UCCCUUGAGCAC | 162 296-318
1560765 | GCUCAAGGGA UGCUUUGUCCU
AD- UGGCACUUACA | 28 330-350 | UGAAUCAAUCUG | 163 328-350
1560777 | GAUUGAUUCA UAAGUGCCAUC
AD- UUACAGAUUGA | 29 336-356 | UGAAACUGAAUC | 164 334-336
1360783 | UUCAGUUUCA AAUCUGUAAGU
AD- AUUCAGUUUCA | 30 346-366 | UCAGUGAAAGUG | 165 344-364
1360792 | CUUUCACUGA AAACUGAAUCA
AD- UCACUUGAUGG | 31 370-390 | UGAACCUUGUCC | 166 368-390
1560798 | ACAAGGUUCA AUCAAGUGAAC
AD- GAUGGACAAGG | 32 376-396 | UBUGCUCUGAACC | 167 374-396
1360804 | UUCAGAGCAA UUGUCCAUCAA
AD- CAAGGUUCAGA | 33 382402 | UACAGUAUGCUC | 168 380-402
1560810 | GCAUACUGUA UGAACCUUGUC
AD- UCAGAGCAUAC | 34 388-408 | UUUJAUCCACAGU | 169 356-408
1360816 | UGUGGAUAAA AUGCUCUGAAC
AD- AAGAAAUVAUGC | 35 409-429 | UAGUUCUGCAGC | 170 407-429
1560837 | UGCAGAACUA AUAUUUCUUUU
AD- UAUGCUGCAGA | 36 415-435 | UAAGUGAAGUUC | 171 413-435
1560845 | ACUUCACUUA UGCAGCAUAUY
AD- GCAGAACUUCA | 37 421-441 UUGAACCAAGUG | 172 419-441%
1360851 | CUUGGUUCAA AAGUUCUGCAG
AD- CUUCACUUGGU | 38 817-837 | UUUCCAGUGAAC | 173
15360843 | UCACUGGAAA CAAGUGAAGUU
AD- VUUGGGAAAGC | 39 463-483 | UUGCUGCACAGC | 174 461-483
1360862 | UGUGCAGCAA UUUCCCAAAAU
AD- GUGCAGCAACC | 40 475-495 | UAGUCCAUCAGG | 173 473-493
1560874 | UGAUGGACUA UUGCUGCACAG
AD- CAACCUGAUGG | 4 481-501 | DACGGCCAGUCC | 178 479501
1360880 | ACUGGCCGUA AUCAGGUUGCU
AD- CUGGCCGUUCY | 42 493-513 | UAAAAUACCUAG | 177 491513
1560892 | AGGUAUUUUA AACGGCCAGUC
AD- UGAAGGUUGGC | 43 513-335  { UUUUAGCGCUGC | 178 §13-335
1560895 | AGCGCUAAAA CAACCUUCAAA
AD- GCAGCGCUAAA | 44 324-544  { UAAGGCCCGGUU | 179 522-544
1560904 | CCGGGCCUUA UAGCGCUGCCA
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SEQ} | Rangein Range in
Buplex | Sense Seguence 3 NM 0000 | Antisense Sequence | SEQID | NM 000
Name el NO: {673 St d NG 867.3
AD- CCGGGUCUUCA | 45 533-335 | UACAACUUUCUG | 180 533-334
1560915 | GAAAGUUGUA AAGGCCCGGUU
AD- CUUCAGAAAGU | 46 541-561 UACAUCAACAAC | 181 339-561
1360921 | UGUUGAUGUA UUUCUGAAGGC
AD- GUUGUUGAUGU | 47 550-370 | UGAAUCCAGCAC | 182 548-370
1560930 | GCUGGAUUCA AUCAACAACUU
AD- GCUGGAUUCCA | 48 361-531 UUUGUUUUAAUG | 183 359-581
15360941 | UUAAAACAAA GAAUCCAGCAC
AD- UCCAUUAAAAC | 49 568-388 | UUUGCCCUUUGU | 184 566-588
1560948 | AAAGGGCAAA UUUAAUGGAAU
AD- AAAACAAAGGES | SO 574-594 | UGCACUCUUGCC | 185 §72-594
1560954 | CAAGAGUGCA CUUUGUUUUAA
AD- GGCAAGAGUGC | 31 383603 | UGUGAAGUCAGC | 186 381-603
1560963 | UGACUUCACA ACUCUUGCCCY
AD- GUGCUGACUUC | 52 590-610 | UGAAGUUAGUGA | 187 588-610
1360970 | ACUAACUUCA AGUCAGCACUC
AD- ACUUCACUAALC | 33 596-616 | UAGGAUCGAAGU | IR 394-616
1360976 | UUCGAUCCUA UAGUGAAGUCA
AD- CGAUCCUCGUG | 54 609-629 | UGAAGGAGGCCA | 189 607-629
1560989 | GCCUCCUUCA CGAGGAUCGAA
AD- UCGUGGCCUCC | 55 615-635 | UAUUCAGGAAGG | 190 613-635
1360996 | UUCCUGAAUA AGGCCACGAGG
AD- CCUCCUUCCUG | 56 62t-641 | UCCAAGGAUUCA | 191 619-641
1561002 | AAUCCUUGGA GGAAGGAGGCC
AD- CCUGAAUCCUY | 57 628-648 | UCAGUAAUCCAA | 192 626648
15361009 | GGAUUACUGA GOAUUCAGGAA
AD- UCCUUGGAUUA | 58 634-654 | UUAGGUCCAGUA | 193 632-654
1561015 | CUGGACCUAA AUCCAAGGAUU
AD- CCUACCCAGGC | 89 630-670 | UGGUCAGUGAGC | 194 648-670
1561031 | UCACUGACCA CUGGGUAGGUC
AD- CCUCUUCUGGA | 60 676-696 | UGUCACACAUUC | 195 674-696
1361037 | AUGUGUGACA CAGAAGAGGAG
AD- UGGAAUGUGUG | 61 683-703 | UAAUCCAGGUCA | 196 681-703
1561043 | ACCUGGAUUA CACAUUCCAGA
AD- UGUGACCUGGA | 62 690-710  § UUGAGCACAAUC | 197 688-710
1361050 | UUGUGCUCAA CAGGUCACACA
AD- CUGGAUUGUGC | 63 696-716 | UGUUCCUUGAGC | 198 694-716
1561056 | UCAAGGAACA ACAAUCCAGGY
AD- CUCAAGGAACC | o4 706-726 | UACGCUGAUGGG | 199 704-726
1361066 | CAUCAGCGUA VUCCUUGAGCA
AD- GAACCCAUCAG | 65 712-732  { UCUGCUGACGCU | 200 710-732
1561072 | CGUCAGCAGA GAUGGGUUCCU
AD- AGAACUGAUGE | 66 719739 | UAGUUGUCCACC | 201 717-739
1475424 | UGGACAACUA AUCAGUUCUUC
AD- CGAGCAGGUGU | 67 732-752 | UGGAAUUUCAAC | 202 730-752
1561092 | UGAAAUUCCA ACCUGCUCGCY
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SEQ} | Rangein Range in
Buplex | Sense Seguence 3 NM 0000 | Antisense Sequence | SEQID | NM 000
Name el NO: {673 St d NG 867.3
AD- GGUGUUGAAAU | 68 738-758 | UGUUUACGGAAU | 203 736-738
1561100 | UCCGUAAACA UUCAACACCUG
AD- GAAAUUCCGUA | 19 744-764 | UAGUUAAGUUUA | 204 742-764
1361106 | AACUUAACUA CGGAAUUUCAA
AD- CCGUAAACUUA | 70 750-770 | UCAUUGAAGUUA | 203 T48-770
1561112 | ACUUCAAUGA AGUUUACGGAA
AD- GAGGGUGAACC | T 772-792 VAGUUCUUCOGG | 206 770-792
1361116 | CGAAGAACUA UUCACCCUCCC
AD- GAACCCGAAGA | T2 778-798 | UACCAUCAGUUC | 207 T76-798
1561122 | ACUGAUGGUA UUCGGGUUCAC
AD- AUGGUGGACAA | 73 793-813 | UGGGCGCCAGUU | 208 791-813
1561130 | CUGGCGCCCA GUCCACCAUCA
AD- CCAGCUCAGCC | 74 811-831 UUUCUUCAGUGG | 209 809-831
1561146 | ACUGAAGAAA CUGAGCUGGEC
AD- CAGCCACUGAA |75 817-837 | UUGCCUGUUCUU | 210 815-837
1361152 | GAACAGGCAA CAGUGGCUGAG
AD- CUGAAGAACAG | 76 823-843 UUUGAUUUGCCY | 211 821-843
1561158 | GUAAAUCAAA GUUCUUCAGUG
AD- UCACUGGAACA | 77 828-848 | UCAUAUUUGGUG | 212 826-848
1446763 | CCAAAUAUGA UUCCAGUGAAC
AD- GGCAAAUCAAA | T8 §33-853 UGAAGGAAGCUU | 213 831-853
1361168 | GCUUCCUUCA UGAUUUGCCUG
AD- CAAAGCUUCCU | 79 840-360 | UCUUAUUUGAAG | 214 838-860
1561175 | UCAAAUAAGA GAAGCUUUGAU
AD- UUCCUUCAAAU | 80 546-866 | UGACCAUCUUAU | 215 844-866
15361181 | AAGAUGGUCA UUGAAGGAAGC
AD- AUAAGAUGGUC | & 855-875 UAGACUAUGGGA | 216 853-875
1561190 | CCAUAGUCUA CCAUCUUAUUU
AD- UGGUCCCAUAG | 82 ¥01-881 | UGGAUACAGACU | 217 859-881
1561196 | UCUGUAUCCA AUGGGACCAUC
AD- AUAGUCUGUAU | 83 868-88¢ VAUUAUUUGGAU | 21% 866-88%
1361203 | CCAAAUAAUA ACAGACUAUGG
AD- GUAUCCAAAUA | 84 875-895 | UAAGAUUCAUUA | 219 873-895
1361210 | AUGAAUCUUA UUUGGAUACAG
AD- AUAAUGAAUCU | 85 $83-903 UAACACCCGAAG | 220 881-903
1361218 | UCGGGUGULA AUUCAUUAUUL
AD- AUCUUCGGGUG | 86 890-010 | UAAAGGGAAACA | 221 888-019
1561225 | UUUCCCUUUA CCCGAAGAUUC
AD- GOGUGUUUCCC | 87 #96-916 | UUUAGCUAAAGG | 222 894-916
1361231 | UUUAGCUAAA GAAACACCCGA
AD- CCCUUUAGCUA | 8 904-924 | UAUCUGUGCUUA | 223 902-924
1561239 | AGCACAGAUA GCUAAAGGGAA
AD- AGCUAAGCACA | 89 910-930 | UAGGUAGAUCUG | 224 908-930
1561245 | GAUCUACCUA UGCUUAGCUAA
AD- CAGAUCUACCU | 90 819-939 | UAAAUCACCAAG | 225 917-939
1561254 | UGGUGAUULA GUAGAUCUGUG
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SEQ} | Rangein Range in
Buplex | Sense Seguence 3 NM 0000 | Antisense Sequence | SEQID | NM 000
Name el NO: {673 St d NG 867.3
AD- ACCULGGUGAU | 91 926-046 | UAGGGUCCAAAU | 226 924-946
1561261 | UUGGACCCUA CACCAAGGUAG
AD- UUGGACCCUGG | 92 937-957 { UACAAAGCAACC | 227 935-957
1361272 | UUGCUUUGLA AGGGUCCAAAU
AD- CUGGUUGCUUY | 93 944-964 | UACUAGACACAA | 228 942-964
1561279 | GUGUCUAGLA AGCAACCAGGG
AD- GCUUUGUGUCU | 94 930-970 UUAGAAAACUAG | 229 943-970
1361285 | AGUUUUCUAA ACACAAAGCAA
AD- CUAGUUUUCHA | 95 859-979 | UUGAAGGGUCUA | 230 957-979
1561294 | GACCCUUCAA GAAAACUAGAC
AD- VUCUAGACCCH | 96 965-985 | UAAGAGAUGAAG | 231 963-985
1561300 | UCAUCUCUUA GGUCUAGAAAA
AD- ACCCUUCAUCU | 97 871-991 UUCAAGUAAGAG | 132 969-991
1561306 | CUUACIUUGAA AUGAAGGGUCU
AD- AUCUCUUACUU | 98 §78-998 | UAAGUCUAUCAA | 233 $76-998
1361313 | GAUAGACUUA GUAAGAGAUGA
AD- UACUUGAUAGA | 9 984-1004 | UAUUAGUAAGUC | 234 982-1004
1361319 | CUUACUAAUA UAUCAAGUAAG
AD- CUUACUAAUAA | 100 | 9951015 | UCUUCACAUUUL | 233 993-1015
1561327 | AAUGUGAAGA AUUAGUAAGUC
AD- AAAAUGUGAAG | 101 | 1004- UUGGUCUAGUCU | 236 1002~
15361336 | ACUAGACCAA 1024 UCACAUUUUAU 1024
AD- UGAAGACUAGA | 102 | 1010- UGACAAUUGGUC | 237 1008-
1561342 | CCAAUUGUCA 1030 UVAGUCUUCACA 1030
AD- VAGACCAAUUG | 163 | 1017- UCAAGCAUGACA | 238 1315~
1361349 | UCAUGCUUGA 1037 AUUGGUCUAGL 1037
AD- UCAUGCUUGAC | 164 | 1028~ UVAGCAGUUGUGU | 239 1026-
1561360 | ACAACUGCUA 1048 CAAGCAUGACA 1048
AD- UUGACACAACU | 105 | 1034- UAGCCACAGCAG | 240 1032~
1561366 | GCUGUGGCUA 1054 VUGUGUCAAGC 1054
AD- CUGUGGCUGGU | 106 | 1046- UAAAGCACCAAC | 241 1044-
1361378 | UGGUGCUUUA 1066 CAGUCACAGCA 1066
AD- CUGGUUGGUGT | 107 | 1052- UAUAAACAAAGC | 242 1050-
1561384 | UUUGUUUAUA 1072 ACCAACCAGCC 1072
AD- GGUGCUUUGUU | 108 | 1058- UACUACCAUAAA | 243 1056~
1361390 | UAUGGUAGUA 1078 CAAAGCACCAA 1078
AD- UUGUUUAUGGU | 109 | 1064- UAAAACUACUAC | 244 1062~
1561396 | AGUAGUUUUA 1084 CAUAAACAAAG 1084
AD- UGGUAGUAGUU | 1O | 1071- UUUACAGAAAAA | 245 1369~
1361402 | UUUCUGUAAA 1091 CUACUACCAUA 1091
AD- UAGUUUUUCUG | 111 | 1077- VUCUGUGUUACA | 246 1075~
1561408 | UAACACAGAA 1097 GAAAAACUACU 1097
AD- UUCUGUAACAC | 112 | 1083- UCUAUAUUCUGU | 247 1081~
1561414 | AGAAUAUAGA 1103 GUUACAGAAAA 1103
AD- CACAGAAUAUA | 113 | 1091~ UUUCUUAUCCUA | 248 1089-
1561422 | GGAUAAGAAA 11 UAUUCUGUGUU 1

191

SUBSTITUTE SHEET (RULE 26)




WO 2022/251629

PCT/US2022/031337

SEQ} | Rangein Range in

Buplex | Sense Seguence 3 NM 0000 | Antisense Sequence | SEQID | NM 000
Name el NO: {673 St d NG 867.3
AD- AGAAUAAAGUA | 114 | 1114~ UAAGUCAAGGUA | 249 1112~
1561433 | CCUUGACUUA 1134 CUUUAUUCUUA 1134
AD- CUUGACULUGU | 115 | 1126~ UVAUGCUGUGAAC | 250 1124-
1361444 | UCACAGCAUA 1146 AAAGUCAAGGL 1146
AD- UUUGUUCACAG | 116 | 1132- UCCCUACAUGCH | 251 1130~
1561450 | CAUGUAGGGA 1152 GUGAACAAAGU 1152
AD- CACAGCAUGUA | 117 1138~ UUCAUCACCCUA | 252 1136-
1361456 | GGGUGAUGAA 1158 CAUGCUGUGAA 1158
AD- UAGGGUGAUGA | 118 | 1147- VUGUGAGUGCUC | 253 £145-
1561465 | GCACUCACAA 1167 AUCACCCUACA 1167
AD- GAUGAGCACUC | 119 | 1153- UAACAAUUGUGA | 254 5~
1561471 | ACAAUUGULA 1173 GUGCUCAUCAC 1173
AD- ACUCACAAUUG | 120 | 1160~ UUUUAGUCAACA | 255 1158-
1561478 | UUGACUAAAA 1180 AUUGUGAGUGC 1180
AD- UUGACUAAAAU | 121 | 1171- UAAAAGCAGCAU | 256 1169-
1361489 | GCUGCUULUUA 1191 UUUAGUCAACA 1191
AD- AUGCUGCUUUU | 122 | 1i80- UCUAUGUUUUAA | 257 1178-
1361498 | AAAACAUAGA 1200 AAGCAGCAUUU 1200
AD- CUUUUAAAACA | 123 | 1186 UACUUUCCUAUG | 258 1184~
1561504 | UAGGAAAGUA 1206 UUUUAAAAGCA 1206
AD- CAUAGGAAAGU | 124 | 1195- VAACCAUUCUAC | 259 H93-
1361513 | AGAAUGGUUA 1215 UUUCCUAUGUY 1215
AD- AGUAGAAUGGU | 125 | 1203- UUUGCACUCAAC | 260 1201-
1561521 | UGAGUGCAAA 1223 CAUUCUACUUY 1223
AD- AUGGUUGAGUG | 126 | 1209- UAUGGAUUUGCA | 261 1207~
1361327 | CAAAUCCAUA 1229 CUCAACCAUUC 1229
AD- AGUGCAAAUCC | 127 | 1216~ UUUGUGCUAUGG | 262 214-
1561534 | AUAGCACAAA 1236 AUUUGCACUCA 1236
AD- UCCAUAGCACA | 128 | 1224- UAAUUUAUCUUG | 263 1222-
1561542 | AGAUAAAUUA 1244 UGCUAUGGAUU 1244
AD- CAAGAUAAAUU | 129 | 1233- UAACUAGCUCAA | 264 1231-
1361351 | GAGCUAGUUA 1253 UUUAUCUUGUG 1233
AD- GAGCUAGUUAA | 130 | 1244~ UUGAUUUGCCUY | 265 1242~
1361362 | GGCAAAUCAA 1264 AACUAGCUCAA 1264
AD- UAAGGCAAAUC | 131 | 1252- VAUUUUACCUGA | 266 1250~
1361570 | AGGUAAAAUA 1272 UUUGCCUUAAC 1272
AD- AGGUAAAAUAG | 132 | 1263~ UGAAUCAUGACYU | 267 1261~
1561581 | UCAUGAUUCA 1283 AUUUUACCUGA 1283
AD- GUCAUGAUUCU | 133 | 1273- UACAUUACAUAG | 268 1271~
1361391 | AUGUAAUGUA 1293 AAUCAUGACUA 1293
AD- UAUGUAAUGUA | 134 | 1283- UUUUCUGGUUUA | 269 1281~
1561601 | AACCAGAAAA 1303 CAUUACAUAGA 1303
AD- UCAUGAUUUCA | 135 | 1313- UAUAACAUCUUG | 270 1311~
1561613 | AGAUGUUAUA 1333 AAAUCAUGAAC 1333
AD- CUUUUGAAUUA | 136 | 1411~ VAUAUCUCUGUA | 271 1449-
1561651 | CAGAGAUAUA 1431 AUUCAAAAGUC 1431
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SEQ} | Rangein Range in
Buplex | Sense Seguence 3 NM 0000 | Antisense Sequence | SEQID | NM 000
Name el NO: {673 St d NG 867.3
AD- UUAGAGUUGUG | 137 | 1463- UACUCUGUAUCA | 272 1461-
1561679 | AUACAGAGUA 1483 CAACUCUAAUU 1483
AD- UACAGAGUAUA | 138 | 1475- UGAAUGGAAAUA {273 1473-
1361686 | UUUCCAUUCA 1493 UVACUCUGUAUC 1495
AD- AUAUUUCCAUY | 139 | 1483- VUAUUGUCUGAA | 274 1481~
1561694 | CAGACAAUAA 1503 UGGAAAUAUAC 1503
AD- UUCAGACAAUA | 140 1492~ UGUUAUGAUAUA | 275 1490-
1361703 | UAUCAUAACA 1512 UUGUCUGAAUG 1512
AD- UUGUGAUACAG | 141 | 1835- UAAAUAUACUCH | 276 £1833-
1447598 | AGUAUAUUUA 1855 GUAUCACAACU 18535

Table 4. Unmodified Sense and Antisense Strand Seguences of CAZ dsRNA Agents for
GalNAc Medification

SE{} Range in Range in
Duplex | Sense Sequence i MM 000 | Antisense Sequence | SEQID | NM_006
Name Swd NG: 067.3 ol NO: 067.3
AD- AGAUCGGUGCC | 2717 32-52 AGCAGGAAUCGG | 412 30-52
1559459 | GAUUCCUGCU CACCGAUCUGG
AD- CGCGACCAUGYU | 278 69-89 AAGUGAUGGGAC | 413 67-89
15359476 | CCCAUCACUU AUGGUCGCGCU
AD- GUACGGCAAAC | 279 93-113 AGUCCGUUGUGU | 414 91-113
1559481 | ACAACGGACU VUGCCGUACCC
AD- CAAACACAACG | 280 99-119 AGCUCAGGUCCG | 413 97-119
1559487 | GACCUGAGCU UUGUGUUUGCC
AD- GGACCUGAGCA | 281 109-129 | AUUAUGCCAGUG | 416 107-129
1359497 | CUGGCAUAAU CUCAGGUCCGU
AD- GAGCACUGGCA | 282 115-135 1 AAAGUCCUUAUG | 417 113-135
15359503 | UAAGGACUUU CCAGUGCUCAG
AD- GUUGACAUCGA | 283 166-186 | AGUAUGAGUGUC | 418 164-186
1559514 | CACUCAUACU GAUGUCAACAG
AD- ACACUCAUACA | 284 176-196 | AAUACUUGGCUG | 419 174-196
1559524 | GCCAAGUAUU UAUGAGUGUCG
AD- UACAGCCAAGU | 283 183-203 | AAAGGGUCAUAC | 420 151203
1339331 | AUGACCCUUU UUGGCUGUAUG
AD- CAAGUAUGACC | 286 189-209 | AUCAGGGAAGGE | 421 187-209
1559837 | CUUCCCUGAU UCAUACUUGGC
AD- UGUCUGUUUCC | 287 215-235 | AUUGAUCAUAGG | 422 213-238
1559543 | UAUGAUCAAU AAACAGACAGE
AD- CCUAUGAUCAA | 288 224244 1 AGGAAGUUGCUU | 423 222-244
1559552 | GCAACUUCCU GAUCAUAGGAA
AD- CAAGCAACUUC | 289 232-252  { AAUCCUCAGGGA | 424 230-252
1559560 | CCUGAGGAUU AGUUGCUUGAU
AD- CCCUGAGGAUC | 290 242-262 | AAUUGUUGAGGA | 425 240-262
1359570 | CUCAACAAUU UCCUCAGGGAA
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SEQ Range in Range in
Buplex | Sense Seguence 3 NM 000 | Antisense Sequence | SEQID | NM {60
Name el NO: 067.3 T NO: 867.3
AD- UCCUCAACAAL | 291 251-271 L AAGCAUGACCAU | 426 249-27
1559579 | GGUCAUGCUU UGUUGAGGAUC
AD- ACAAUGGUCAU | 292 257277 | AGUUGAAAGCAU | 427 255-277
13593835 | GCUUUCAACU GACCAUUGUUG
AD- AUGCUUUCAAC | 293 266-286¢  + AAAACUCCACGU | 428 264-286
1559304 | GUGGAGUUUL UGAAAGCAUGA
AD- AACGUGGAGUU | 294 274-294 1 AGAGUCAUCAAA | 429 2172-294
1359602 | UGAUGACUCY CUCCACGUUGA
AD- UGAUGACUCUC | 295 285305 | ACUUUGUCCUGA | 430 283-303
1559613 | AGGACAAAGU GAGUCAUCAAA
AD- UCUCAGGACAA | 296 292-312 | AAGCACUGCUUU | 431 204-312
1559620 | AGCAGUGCUY GUCCUGAGAGU
AD- GACAAAGCAGU | 297 298-318 | ACCCUUGAGCAC | 432 296-318
1559626 | GCUCAAGGGU UGCUUUGUCCU
AD- UGGCACUUACA | 29% 330-350 | AGAAUCAAUCUG | 433 328-330
1359638 | GAUUGAUUCU UAAGUGCCAUC
AD- UUACAGAUUGA | 299 336-336 | AGAAACUGAAUC | 434 334-356
1359644 | UUCAGUUUCY AAUCUGUAAGU
AD- AUUCAGUUUCA | 300 346-366 | ACAGUGAAAGUG | 435 344-366
15339634 | CUUUCACUGU AAACUGAAUCA
AD- UCACUUGAUGG | 301 370-390 | AGAACCUUGUCC | 436 368-390
1359660 | ACAAGGUUCU AUCAAGUGAAC
AD- GAUGGACAAGG | 302 376-396 | AUGCUCUGAACC | 437 374-396
1559666 | UUCAGAGCAU UUGUCCAUCAA
AD- CAAGGUUCAGA | 303 382-402 | AACAGUAUGCUC | 438 350~402
1359672 | GCAUACUGUU UGAACCUUGUC
AD- UCAGAGCAUAC | 304 388408 | AUUAUCCACAGU | 439 386-408
1559678 | UGUGGAUAAU AUGCUCUGAAC
AD- AAGAAAUAUGC | 305 409-429 | AAGUUCUGCAGC | 440 407429
1559699 | UGCAGAACUL AUAULUCUUUU
AD- UAUGCUGCAGA | 306 415-435 | AAAGUGAAGUUC | 441 413-435
1359705 | ACUUCACUUU UGCAGCAUAUU
AD- GCAGAACUUCA | 307 421-441 | AUGAACCAAGUG | 442 419-441
1359711 | CUUGGUUCAU AAGUUCUGCAG
AD- CUUCACUUGGU | 308 427-447 1 AUUCCAGUGAAC | 443 425-447
1359717 | UCACUGGAAU CAAGUGAAGUU
AD- UCACUGGAACA | 309 438-458 | ACAUVAUUUGGUG | 444 436-458
1559728 | CCAAAUAUGU UUCCAGUGAAC
AD- UUUGGGAAAGC | 310 463-485 | AUGCUGCACAGC | 445 461483
1359735 | UGUGCAGCAU UUUCCCAAAAU
AD- GUGCAGCAACC | 311 475-495 | AAGUCCAUCAGG | 446 473495
1559747 | UGAUGGACUU UUGCUGCACAG
AD- CAACCUGAUGG | 312 481-501 | AACGGCCAGUCC | 447 479501
1559753 | ACUGGCCGUU AUCAGGUUGCU
AD- SUGGCCGUUCY | 313 493513 | AAAAAUACCUAG | 448 491-513
1559765 | AGGUAUUULL AACGGCCAGUC
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SEQ Range in Range in
Buplex | Sense Seguence 3 NM 000 | Antisense Sequence | SEQID | NM {60
Name el NO: 067.3 T NO: 867.3
AD- UGAAGGUUGGC | 314 515-535 | AUUUAGCGCUGT | 449 513-334
1559768 | AGCGCUAAAU CAACCUUCAAA
AD- GCAGCGCUAAA | 315 524-344  { AAAGGCCCGGUU | 430 522-544
1359777 | CCGGGCCULY UAGCGCUGCCA
AD- CCGGGCCUUCA | 316 §33-355 | AACAACUUUCUG | 451 533-353
1559788 | GAAAGUUGUL AAGGCCCGGUY
AD- CUUCAGAAAGU | 317 341-561 { AACAUCAACAAC | 452 339-561
1359794 | UGUUGAUGUU UUUCUGAAGGC
AD- GUUGUUGAUGU | 318 S50-570 | AGAAUCCAGCAC | 453 548-570
1559803 | GCUGGAUUCU AUCAACAACUU
AD- GCUGGAUUCCA | 319 561-581 | AUUGUUUUAAUG | 454 §59-581
1559814 | UUAAAACAAU GAAUCCAGCAC
AD- UCCAUUAAAAC | 320 §68-388 | AUUGCCCUUUGU | 455 566-588
1559821 | AAAGGGCAAU UUUAAUGGAAU
AD- AAAACAAAGGS | 321 574-394 | AGCACUCUUGCC | 456 §72-594
1359827 | CAAGAGUGCU CUUUGUUUUAA
AD- GGCAAGAGUGC | 322 583-603 | AGUGAAGUCAGC | 437 381-603
1359836 | UGACUUCACU ACUCUUGCCCY
AD- GUGCUGACUUC | 323 590-610 | AGAAGUUAGUGA | 458 588-610
1559843 | ACUAACUUCY AGUCAGCACUC
AD- ACUUCACUAAC | 324 396-616 | AAGGAUCGAAGU | 459 §94-616
1359849 | UUCGAUCCUU UAGUGAAGUCA
AD- CGAUCCUCGUG | 325 609-629 | AGAAGGAGGCCA | 460 607-629
1559862 | GCCUCCUUCY CGAGGAUCGAA
AD- VUCGUGGCCUCC | 326 615-635 | AAUUCAGGAAGG | 461 613-635
1339868 | UUCCUGAAUL AGGCCACGAGG
AD- CCUCCUUCCUG | 327 621-641 | ACCAAGGAUUCA | 462 619-641
1559874 | AAUCCUUGGU GOAAGGAGGCC
AD- CCUGAAUCCUU | 328 628-648 | ACAGUAAUCCAA | 463 626-648
1559881 | GGAUUACUGU GGAUUCAGGAA
AD- UCCUUGGAUUA | 329 634-654 | AUAGGUCCAGUA | 464 632-654
1359887 | CUGGACCUAU AUCCAAGGAUU
AD- CCUACCCAGGC | 330 650-670 | AGGUCAGUGAGC | 465 648-670
1559903 | UCACUGACCU CUGGGUAGGUC
AD- CCUCUUCUGGA | 331 676-696 | AGUCACACAUUC | 466 6574-696
1359809 | AUGUGUGALU CAGAAGAGGAG
AD- UGGAAUGUGUG | 332 683-703 | AAAUCCAGGUCA | 467 681-703
1559916 | ACCUGGALUU CACAUUCCAGA
AD- UGUGACCUGGA | 333 690-710 | AUGAGCACAAUC | 468 688-710
1359923 | UUGUGCUCAD CAGGUCACACA
AD- CUGGAUUGUGC | 334 696716 | AGUUCCUUGAGC | 469 694-716
1559929 | UCAAGGAACU ACAAUCCAGGU
AD- CUCAAGGAACC | 335 706-726 | AACGCUGAUGGG | 470 T04-726
1559939 | CAUCAGCGUU UUCCUUGAGCA
AD- GAACCCAUCAG | 336 712-732 | ACUGCUGACGCU | 471 710-732
1559945 | CGUCAGCAGU GAUGGGUUCCU
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SEQ Range in Range in
Buplex | Sense Seguence 3 NM 000 | Antisense Sequence | SEQID | NM {60
Name el NO: 067.3 T NO: 867.3
AD- CGAGCAGGUGY | 337 732752 AGGAAUUUCAAC | 472 730-752
1559965 | UGAAAUUCCU ACCUGCUCGCU
AD- GGUGUUGAAAU | 338 738-738 | AGUUUACGGAAU | 473 736-758
1359971 | UCCGUAAACU UUCAACACCUG
AD- GAAAUUCCGUA | 339 744-764 | AAGUUAAGUUUA | 474 742-764
1559977 | AACUUAACUU CGGAAUUUCAA
AD- CCGUAAACUUA | 340 750-770  { ACAUUGAAGUUA | 4753 748-770
1359983 | ACUUCAAUGU AGUUUACGGAA
AD- GAGGGUGAACC | 341 772792 1 AAGUUCUUCGGG | 476 770-792
1559087 | CGAAGAACUU UUCACCCUCCC
AD- GAACCCGAAGA | 342 778-798 | AACCAUCAGUUC | 477 776-798
1559993 | ACUGAUGGUU UUCGGGUUCAC
AD- AGAACUGAUGG | 343 786-806 | AAGUUGUCCACC | 478 784-306
1560001 | UGGACAACUU AUCAGUUCUUC
AD- AUGGUGGACAA | 344 703-813 | AGGGCGCCAGUU | 479 791-813
1360008 | CUGGCGCCCU GUCCACCAUCA
AD- CCAGCUCAGCT | 345 811-831 | AUUCUUCAGUGG | 480 809-831
1360024 | ACUGAAGAAL CUGAGCUGGGL
AD- CAGUCACUGAA | 346 817-837 | AUGCCUGUUCUY | 481 815-837
1560030 | GAACAGGCAU CAGUGGCUGAG
AD- CUGAAGAACAG | 347 823-843 { AUUGAUUUGCCU | 482 §21-843
1360036 | GCAAAUCAAU GUUCUUCAGUG
AD- GGCAAAUCAAA | 348 833-833 | AGAAGGAAGCUU | 483 831-853
1560046 | GCUUCCUUCU UGAUUUGCCUG
AD- CAAAGCUUCCH | 349 840-860 | ACUUAUUUGAAG | 484 838-860
15360053 | UCAAAUAAGU GAAGCUUUGAU
AD- UUCCUUCAAAD | 350 346-866 | AGACCAUCUUAU | 485 844-866
1560059 | AAGAUGGUCU VUGAAGGAAGC
AD- AUAAGAUGGUC | 351 855-875 | AAGACUAUGGGA | 486 853-875
1560068 | CCAUAGUCUU CCAUCUUAUUY
AD- UGGUCCCAUAG | 352 861-881 | AGGAUACAGACU | 487 859-881
1360074 | UCUGUAUCCU AUGGGACCAUC
AD- AUAGUCUGUAU | 353 468-88%  + AAUUAUUUGGAU | 488 866-888
15360081 | CCAAAUAAUU ACAGACUAUGG
AD- GUAUCCAAAUA | 354 875-895 |+ AAAGAUUCAUUA | 489 §73-895
1360088 | AUGAAUCUUU UUUGGAUACAG
AD- AUAAUGAAUCU | 355 883-903 { AAACACCCGAAG | 490 881-003
1560096 | UCGGGUGULU AUUCAUUAUUY
AD- AUCUUCGGGUG | 356 R90-010 | AAAAGGGAAACA | 491 88§-910
1360103 | YUUCCCUUUU CCCGAAGAUUC
AD- GGGUGUUUCCC | 357 896-016 | AUUAGCUAAAGG | 492 894-916
1560109 | UJUAGCUAAU GAAACACCLGA
AD- CCCUUUAGCUA | 358 904-924 |+ AAUCUGUGCUUA | 493 902-924
1560117 | AGCACAGAUU GCUAAAGGGAA
AD- AGCUAAGCACA | 359 910-930 | AAGGUAGAUCUG | 494 908-930
1560123 | GAUCUACCUU UGCHUAGCUAA
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SEQ Range in Range in
Buplex | Sense Seguence 3 NM 000 | Antisense Sequence | SEQID | NM {60
Name el NO: 067.3 T NO: 867.3
AD- CAGAUCUACCY | 360 919-939 | AAAAUCACCAAG | 495 917-939
1560132 | UGGUGAUUUU GUAGAUCUGUG
AD- ACCUUGGUGAU | 361 926-946 | AAGGGUCCAAAU | 496 924-944
1360139 | UUGGACCCUU CACCAAGGUAG
AD- UUGGACCCUGG | 362 937-957 | AACAAAGCAACC | 497 935-957
1560150 | UUGCUDUGLU AGGGUCCAAAU
AD- CUGGUUGCUUU | 363 944-964 | AACUAGACACAA | 498 942-964
1360157 | GUGUCUAGUU AGCAACCAGGG
AD- GCUUUGUGUCH | 364 950-970 | AUAGAAAACUAG | 499 948-970
1560163 | AGUUUUCUAU ACACAAAGCAA
AD- CUAGUUUUCUA | 365 959-97% | AUGAAGGGUCUA | 500 957-979
1560172 | GACCCUUCAU GAAAACUAGAC
AD- UUCUAGACCCU | 366 965-985 | AAAGAGAUGAAG | 501 963-985
1560178 | UCAUCUCULU GGUCUAGAAAA
AD- ACCCUUCAUCTU | 367 971-991 | AUCAAGUAAGAG | 502 969-991
1360184 | CUUACUUGAU AUGAAGGGUCU
AD- AUCUCUUACUU | 368 978-098 | AAAGUCUAUCAA | 503 $76-99%
1360191 | GAUAGACUUU GUAAGAGAUGA
AD- UACUUGAUAGA | 369 984-1004 | AAUUAGUAAGUC | 504 982-1004
1560197 | CUUACUAAUU UAUCAAGUAAG
AD- CUUACUAAUAA | 370 995-1015 | ACUUCACAUUUU | 505 G03-1018
1360205 | AAUGUGAAGU AUUAGUAAGUC
AD- AAAAUGUGAAG | 371 1004~ AUGGUCUAGUCU | 506 1002-
1560214 | ACUAGACCAU 1024 UCACAUUUUAU 1024
AD- VGAAGACUAGA | 372 1010~ AGACAAUUGGUC | 507 1308~
15360220 | CCAAUUGUCU 1030 UAGUCUUCACA 1030
AD- UAGACCAAUUG | 373 1017~ ACAAGUAUGACA | 508 1015-
1560227 | UCAUGCUUGU 1037 AUUGGUCUAGU 10637
AD- UCAUGCUUGAC | 374 1028- AAGCAGUUGUGU | 509 1026-
1560238 | ACAACUGCUU 1048 CAAGCAUGACA 1048
AD- UUGACACAACY | 375 1034- AAGCCACAGCAG | 310 1032-
1360244 | GCUGUGGCUY 1054 UUGUGUCAAGC 1054
AD- CUGUGGCUGGU | 376 1046- AAAAGCACCAAC | 511 1044-
1560256 | UGGUGCUUUU 1066 CAGCCACAGCA 1066
AD- CUGGUUGGUGC | 377 1052~ AAUAAACAAAGC | 512 1050~
1360267 | UUUGUUUAUU 1072 ACCAACCAGCC 1072
AD- GGUGCUUUGUU | 378 1038~ AACUACCAUAAA | 513 1056~
1560268 | UAUGGUAGUU 1078 CAAAGCACCAA 1078
AD- UUGUUUAUGGU | 379 1064~ AAAAACUACUAC | 514 1362~
1360274 | AGUAGUUUUU 1084 CAUAAACAAAG 1084
AD- UGGUAGUAGUU | 380 1671~ AUUACAGAAAAA | 515 1069-
1560280 | UUUCUGUAAU 1001 CUACUACCAUA 1091
AD- VAGUUUUUCUG | 381 1077- AUCUGUGUUACA | 516 1075~
1560286 | UAACACAGAU 1097 GAAAAACUACU 1097
AD- UUCUGUAACAC | 382 1083~ ACUAUAUUCUGYU | 517 1081~
1560292 | AGAAUAUAGU 1103 GUUACAGAAAA 1103
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SEQ Range in Range in
Buplex | Sense Seguence 3 NM 000 | Antisense Sequence | SEQID | NM {60
Name el NO: 067.3 T NO: 867.3
AD- CACAGAAUAUA | 383 1091~ AUUCUUAUCCUA | 518 1089-
1560300 | GGAUAAGAAU 111 UAUUCUGUGUU 1111
AD- AGAAUAAAGUA | 384 1114~ AAAGUCAAGGUA | 519 112-
1360311 | CCUUGACUUU 1134 CUUUAUUCUUA 1134
AD- CUUGACUUUGY | 385 1126~ AAUGCUGUGAAC | 520 1124~
1560323 | UCACAGCAUU 1146 AAAGUCAAGGU 1146
AD- UUUGUUCACAG | 386 1132- ACCCUACAUGCU | 521 130-
1360329 | CAUGUAGGGU 1152 GUGAACAAAGU 1152
AD- CACAGCAUGUA | 387 1138~ AUCAUCACCCUA | 522 £136-
1560335 | GGGUGAUGAL 1158 CAUGCUGUGAA 1158
AD- VAGGGUGAUGA | 388 1147- AUGUGAGUGCUC | 523 1145~
1560344 | GCACUCACAU 1167 AUCACCCUACA 1167
AD- GAUGAGCACUC | 389 1133- AAACAAUUGUGA | 524 1151~
1560350 | ACAAUUGUUU 1173 GUGCUCAUCAC 1173
AD- ACUCACAAUUG | 390 1169- AUUUAGUCAACA | 523 1158-
1360357 | UUGACUAAAU 1180 AUUGUGAGUGC 1180
AD- UUGACUAAAAU | 391 1171~ AAAAAGCAGCAU | 3526 1169-
1360368 | GCUGCUULUY 1191 UUUAGUCAACA 1191
AD- AUGCUGCUUUY | 392 1180~ ACUAUGUUUUAA | 527 H178-
1560377 | AAAACAUAGU 1240 AAGUAGCAUUU 1200
AD- CUUUUAAAACA | 393 1186~ AACUUUCCUAUG | 328 1184~
1360383 | UAGGAAAGUL 1206 UUUUAAAAGCA 12406
AD- CAUAGGAAAGU | 394 H1D5- AAACCAUUCUAC | 529 1193~
1560392 | AGAAUGGUUL 1218 UUUCCUAUGUU 1218
AD- AGUAGAAUGGU | 395 1203- AUUGCACUCAAC | 530 1201~
1360400 | UGAGUGCAAU 1223 CAUUCUACUUU 1223
AD- AUGGUUGAGUG | 396 1209- AAUGGAUUUGCA | 531 207-
1560406 | CAAAUCCAUU 1229 CUCAACCAUUC 1229
AD- AGUGCAAAUCC | 397 1216- AUUGUGCUAUGG | 532 1214-
1560413 | AUAGCACAAL 1236 AUUUGCACUCA 1236
AD- UCCAUAGCACA | 398 1224- AAAUUUAUCUUG | 533 1222-
1360421 | AGAUAAAUULU 244 UGCUAUGGAUU 1244
AD- CAAGAUAAALUU | 399 1233- AAACUAGCUCAA | 534 1231~
1360430 | GAGCUAGUUU 1233 UUUAUCUUGUG 1253
AD- GAGCUAGUUAA | 400 1244- AUGAUUUGCCUY | 535 1242-
1360441 | GGCAAAUCAU 1264 AACUAGCUCAA 1264
AD- UAAGGCAAAUC | 401 12352~ AAUUUUACCUGA | 536 1250~
1560449 | AGGUAAAAUU 1272 UUUGCCUUAAC 1272
AD- AGGUAAAAUAG | 402 1263- AGAAUCAUGACU | 537 1261~
1360460 | UCAUGAUUCY 1283 AUUUUACCUGA 1283
AD- GUCAUGAUUCU | 403 1273~ AACAUUACAUAG | 538 1271~
1560470 | AUGUAAUGUU 1293 AAUCAUGACUA 1293
AD- UAUGUAAUGUA | 404 283- AUUUCUGGUUUA | 539 1281~
1560480 | AACCAGAAAL 1303 CAUUACAUAGA 1303
AD- UCAUGAUUUCA | 405 1313- AAUAACAUCUUG | 540 1311~
1560492 | AGAUGUUAUL 1333 AAAUCAUGAAC 1333
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SEQ Range in Range in
Buplex | Sense Seguence 3 NM 000 | Antisense Sequence | SEQID | NM {60
Name el NO: 067.3 T NO: 867.3
AD- CUUUUGAAULUA | 406 1411~ AAUAUCUCUGUA | 541 14409-
1560528 | CAGAGAUAUU 1431 AUUCAAAAGUC 1431
AD- UUAGAGUUGUG | 407 1463- AACUCUGUAUCA | 542 1461-
1360556 | AUACAGAGUU 1483 CAACUCUAAUU 1483
AD- UUGUGAUACAG | 408 1469~ AAAAUAUACUCU | 543 1467-
1560362 | AGUAUAUUUL 1489 GUAUCACAACU 1489
AD- UACAGAGUAUA | 409 1475- AGAAUGGAAAUA | 544 1473-
1360568 | UUUCCAUUCU 1495 UACUCUGUAUC 1495
AD- AUAUUUCCAUU | 410 1483~ AUAUUGUCUGAA | 545 1481~
1560376 | CAGACAAUAU 1503 UGGAAAUAUAC 1503
AD- UUCAGACAAUA | 411 1492- AGUUAUGAUAUA | 546 1490-
1560385 | UAUCAUAACY 1512 UUGUCUGAAUG 1512

Table 5. Modified Sense and Antisense Strand Sequences of CA2 dsRNA Agenis with Clg

Modification
SEQ SEQ SEQ

Duplex | Sense Sequence iD Autisense Sequence | ID mRNA Target 1)
MName 8 0 ¥ NO: Sl NO: | Sequence 8 10 3 NO:
AD- asgsauc{GhdyGhuGt | 547 | VPusGfecagGfaAfUtc | 682 | CCAGAUCGGUGC | 817
1560600 | CfCfoauuccugscsa secAfeCloancusgsg COGAUUCCUGCC
AD- csgsegal{ ChdyCRalt | 548 | VPusAfsgugAfuGRGE | 683 | AGCGCGACCAUG | 813
1560617 | Gtllfcccaucacsusa gacal lfe(itucocascsu UCCCAUCACUG
AD- gsusacg{GhdYCRAL | 549 | VPusGiouecGRuUEGHy | 684 | GOGUACGGCAAA | 819
1560622 | AfClacaacegascsa suuUfeClozuacsese CACAACGGACC
AD- csasaac{ AhdYCfaAf | 550 | VPusGlscucAfeGiUfc | 685 | GGCAAATACAAC | 820
1560628 | CiGigaccugagscsa cgulfeUfouuugscse GOACCUGAGCA
AD- gsgsacc{ UhdyGtalGf | 551 | VPusUfsuanGicCiAfg | 686 | ACGGACCUGAGC | 821
1560638 | CfAfeugscanasasa uecUfcAfooucesgse ACUGGCAUAAG
AD- geasgea{ ChdYUfeGE | 552 | VPusAfsaguClcUtUta | 687 | CUGAGCACUGGC | 822
1560644 | CfAfuaappacususa ugelfaGlugenesasg AUAAGGACUUC
AD- gsusuga({Chd}AfuCt | 553 | VPusGlsuauGRaGiUfe | 088 | CUGUUGACAUCG | 823
1560655 | GfAfcacucauascsa ucgAfuGhucaacsasg ACACUCAUACA
AD- ascsacu{ChdyAfudf | 554 | VPusAfeuacUtuGRGe | 689 | COACACUCAVUAC | 824
1360665 | CfAfoccaaguasusa uguAfuGlaguguscsg AGCCAAGUAUG
AD- usascag({ChdjCfaAt | 555 | VPusAfsageGfulCfAfn | 690 | CAUACAGUCAAG | 825
1560672 | GfUfaugacccususa acuUfeGfcuguasusg UAUGACCCUUC
AD- csasagu{ AhdYUTgAL | 356 | VPusUfscagGigAfAfy | 691 | GUCAAGUAUGAC | 826
1360678 | CfCicuuccengsasa gouCfal facuugsgse CCUUCCCUGAA
AD- usgsucn{GhdyURUL | 557 | VPusUfsagalUfeAfUfa | 692 | CCUGUCUGUUUC | 827
1560684 | CfCfuangancasasa goaAfaClagacasgsg CUAUGAUCAAG
AD- cscsuan{Ghd3AfuC | 558 | VPusGfsgaaGhulUfGle | 693 | UUCCUAUGAUCA | 828
1560603 | AfAfscaacuuescsa uugAfuClanaggsasa AGCAACUUCCC
AD- csasagef AhdJATCUT | 559 | VPusAfsuceUfcAfGly | 694 | AUCAAGUAACUU | 829
1560701 | UfCfcougageasusa gaaGfulUfocongsasu CCCUGAGGAUC
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Duplex | Sense Sequence iD Antisense Sequence | ID mBRNA Target 1))
Name Fwd N (S ¥ NO: | Sequence &t Y NO:
AD- csescug{ Ahd}GIgAL | 360 | VPusAfsuugUfaGIAL | 695 | UUCCCUGAGGAU | 830
1560711 | UfCfoocaacaasusa coauCfcUfcaggosasa CCUCAACAAUG
AD- uscscuc{ AhdjAfcAt | 561 | VPusAfsgealfgAtCte | 696 | GAUCCUCAACAA | 831
1560720 | AfUfegucangcsusa auu(sfullfoageasuse UGGUCAUGCUU
AD- ascsaau{Ghd)GruCt | 562 | VPusGisuugAfaatGie | 697 | CAACAAUGGUCA | 832
1560726 | AtUfscuuucaascsa augAfcCfauugususg UGCUUUCAALG
AD- asusgeu(Uhd)UTcAT | 563 | VPusAfsaacUfeCfAfe | 698 | UCAUGCUUUCAA | 833
1360735 | AfCfouzgaguususa sunGfaAfagcausgsa COGUGGAGUUUG
AD- asascg{Ghd)GfaGf | 564 | VPusGisaguCfalfChay | 699 | UCAACGUGGAGU | 834
1560745 | UfUfugaugacuscsa aacUfcCfacouusgsa UUGAUGACUCU
AD- usgsaug{ AbdYCHaCf | 565 | VPusClsuunGHuCfClu | 700 | UUUGAUGACUCU | 833
1560752 | UfCHfaggacaaasgsa sagAfelfcaucasasa CAGOGACAAAGC
AD- uscouca(Ghd)GaCt | 566 | VPusAfsgeaCfuGICin | 701 | ACUCUCAGGACA | 836
1560759 | AfAfagcagugcsusa wigUfcClugagasgsu AAGCAGUGCUC
AD- gsascaa{ AhdYofeAf | 567 | VPusClsccuUfgAfGie | 702 | AGGACAAAGCAG | 837
1360765 | GfUfscucaaggsgsa acultelfuugucsesu UGCUCAAGGGA
AD- usgsgea{ Chd)UfuAl | 568 | VPusGlraauCHiAfURe | 703 | GAUGGCACUUAC | 838
1360777 | CfAfoauugauuscsa uguAfRGlagceasuse AGAUUGAUUCA
AD- ususaca{ GhdiAfaUt | 569 | VPusGfsaaa{'fuGfAfa | 704 | ACUUACAGAUUG | 839
1560783 | GfAfiucaguuuscsa ucaAfu{ fuguaaspgsy AUUCAGUUUCA
AD- asusuca{GhdyUtulUf | 570 | VPusCisaguGfaAtAty | 705 | UGAUUCAGUUUC | 840
1560792 | CfAfcuuncacusgsa ugaAfaClugaauscsa ACUUUCACUGG
AD- uscsacu{UbdyGfallf | 371 YVPusGisaacCiUfGle | 706 | GUUCACUUGAUG | 841
1560798 | GGfacaagguuscsa ccal/fcAtaguzasasc GACAAGGUUCA
AD- gsasugg{ Ahd)CRaAS | 572 | VPusUfsgeuChuGfafa | 707 | UUGAUGGACAAG | 842
1560804 | GfGfuucagagcsasa ceulJfollfecaucsasa GUUCAGAGCAU
AD- csasagg(UhdyUfcAr | 5373 | VPusAfscagUlaUfGTe | 708 | GACAAGGUUCAG | 843
1560810 | GfAfscanacugsusa uculifaAfocuugsuse AGCAUACUGUG
AD- uscsaga{ GhdYCRalf | 574 | VPosUfsuauCieARCE | 709 | GUUCAGAGCAUA | 844
1560816 | AfCHugugeauasasa suallfeClucugasase CUGUGGAUAAA
AD- asasgaaf AhdUfalf | 575 | VPusAfsgauCuGiCa | 710 | AAAAGAAAUAUG | 845
1560837 | Gl fugcagaacsusa gealfallfuncuususu CUGCAGAACUU
AD- usasuge{Uhd)GicAt | 576 | VPusAfsagoGlaAfGhu | 711 | AAUAUGCUGCAG | 846
1560845 | GfAfacuucacususa ucuGfeAfecanasusy AACUUCACUUG
AD- gscsaga{ Ahd)CrulJf | 577 | VPusUfsgaaCteAfAfe | 712 | CUGCAGAACULUC | 847
1560851 | CfAfcuugguucsasa ugaAfoUfucuecsasg ACUUGGUUCAC
AD- csusuca{ ChdhUMGE | 578 | VPusUFsuccAfgURGHR | 713 | AACUUCACUUGG | 48
1560843 | GtUfucacuegasasa accAfaGhugaagsusu VUCACUGGAAC
AD- psusugg{Ghd)AfaAr | 379 | VPusUfsgeuGRAfCHa | 714 | AUUUUGGGAAAG | 849
1360862 | GfCfugugeagesasa geullfulfccaaasasu CUGUGCAGCAA
AD- gsusgea{GhdYCRASL | 580 | VPusAfsgueCfalfCla | 715 | CUGUGCAGCAAC | 850
1560874 | CfCfugauggacsusa goulifoClugcacsasg CUGAUGGACUG
AD- csasacc{Ubhd}faUf | 381 | VPusAfeegeCeAfGHu | 716 | AGCAACCUGAUG | 851
1560880 | GfGfacuggecesusa ccalUfcAfpoungscsu GACUGGCCGUU
AD- csusgpo{Chd)GialUf | 582 | VPusAfsaaaUfalfCu | 717 | GACUGGCCGUUC | 852
1560892 | CfUfageuauuususa agaAfcGfoccagsuse UAGGUAUUUUU
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AD- usgsaag(Ghd)UfaGt | 383 | VPusUfsuuaGieGIClu | 718 | UUUGAAGGUUGG | 833
1560895 | GfClagcecuaasasa eccAfaClouucasasa CAGCGCUAAACL
AD- gacsago(Ghd)CfuAt | 584 | VPusAfsagelicCiGlg | 719 | UGGCAGUGLUAA | 854
1560904 | AfAfecopgccususa wmmAfeClocuocsesa ACCGLGLCUUC
AD- csesgee(ChdyCruUf | 385 | VPusAfscaaCrultUtc | 720 | AACCGGGCOCUUC | 8RS8
1560915 | CfAfeaaaguugsusa ugaAfsGicccggsusu AGAAAGUUGUU
AD- csusuca{Ghd)AfaAf | 586 | VPusAfscanClACfa | 721 | GCCUUCAGAAAG | 8536
1360921 | GfUfuguugzaugsusa acuUfuClugaagsgse UUGUUGAUGUG
AD- geusugu{ThdyGialUf | 587 | VPusGfsaanCfcAfGRe | 722 | AAGUUGUUGAUG | 857
1560930 | GfUfscugsauuscsa acalfcAfacaacsusy UGCUGGAUUCC
AD- gscsugg{ AbdUHRCE | 588 | VPusUfsuguUtnUFAE | 723 | GUGCUGGAUUCT | 838
15360941 | CfAfyunaaacasasa augg Afalifccagesase AUUAAAACAAA
AD- uscscau{ Uhd)ARRAL | 389 | VPusUfsegeClcUfUtu | 724 | AUUCCAUUAAAA | 859
1560948 | AtC{aasggscasasa guulUfuAfanggasasu CAAAGGGCAAG
AD- asasaac{ AhdyAfaGE | 590 | VPusGlecacUfcUfUfg | 725 | UUAAAACAAAGD | 860
1360954 | GfGfcaagasuescsa cecUfaUfowmnsasa GCAAGAGUGCU
AD- gsgscaa(GhdjAfeUl | 5391 | VPusGisugadfeUfUfa | 726 | AGGGUAAGAGUG | 86!
1560963 | GiCfugacuucascsa seaCiuClougoescsu CUGACUUCACY
AD- gsusgon{ Ghi)AfeUt | 592 | VPusGfsaagUtuAfGhy | 727 | GAGUGCUGACULU | 862
1560970 | UtCfacuaacuuscsa caalsful{ fageacsusc CACUAACUUCG
AD- ascsuuc{Ahd)CtuAt | 593 | VPusAfegealUfeGfafa | 728 | UGACUUCACUAA | 863
1360976 | Af{fuuceauccsusa gunAfeUfeaacuscsa {CUUCGAUCCUC
AD- csgsanc{ ChdyUfeGf | 594§ VPusGfsaagGRGiGfe | 729 | UUCGAUCCUCGU | 864
1560089 | UGfacouccuuscsa cac(falitzaucesasa GGLCUCCUUCC
AD- uscsgug{GhdYCEcUT | 5395 | VPusAfwuucAfgGfAfa | 730 | CCUCGUGGCCUT | 865
1560996 | CfCfuuccugaasuss soazfoCicaceasesg CUUCCUGAAUC
AD- csesucct UhdyURCCE | 596 | VPusCiscaaGfgAfUfn | 731 | GGCCUCCUUCCU | 866
1561002 | Ufaanccungsgsa cag(ifaAfpeagoscse GAAUCCUUGGA
AD- cscsuga{ AhdyUteCE | 397 | VPusUfsaguAfaUfCte | 732 | UUCCUGAAUCCU | 867
1561009 | UfUfgeanuacusgsa aagGfallfucaggsasa UGGAUUACUGG
AD- uscscon{Ghd)GRalf | 598 | VPusUfsageUfeCfALy | 733 | AAUCCUUGGAUU | 868
1561015 | UfAfouggaccusasa uaalUfcClaaggasusu ACUGGACCUAC
AD- cscsuac{Chdy falGf | 599 | VPusGisgucAfgUtGta | 734 | GACCUACCCAGG | 869
1561031 | GfCfucacugacscsa ecctfoGfonagesuse CUCACUGACCA
AD- csesuc{ Uhd)CruGE | 600 | VPusGlsucaCtaCfAafy | 735 | CUCCUCUUCUGG | 870
1561037 | GFfAfaupugugascsa uccAfpAfagagosasg AAUGUGUGACC
AD- usgsgaa{ UhdYGfuGE | 601 | VPusAfsaucCRaGiGhu | 736 | UCUGGAAUGUGU | 71
1561043 | UtGfaccneeaususa cacAfcAfimecasesa GACCUGGAUUG
AD- psgsugalChdyCfuG | 602 | VPusUtsgagCRaCfafa | 737 | UGUGUGACCUGG | 872
1361050 | GfAfunguacucsasa uccAfaGucacascsa AUUGUGCUCAA
AD- csusgga(UhdYUfgUf | 603 | VPusGisuucChalUfGa | 738 | ACCUGGAUUGUG | 873
1561056 | GfCfucaaggaascsa ecalfaAfuccagsgsu CUCAAGGAACC
AD- csuscaa{Ghd)GRaAf | 604 | VPusAfscocUfgAfULy | 739 | UGCUCAAGGAAC | 874
1561066 | CfCicancagcegsusa geaUfcClungagscesa CCAUCAGCGUC
AD- gsasacc{ChdARuCE | 605 | VPusCsugeUfgAfClg | 740 | AGGAACCCAUCA | 875
1561072 | Atfegucageasgsa cugAfulfooucsesu GUCGUCAGCAGC
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Name Fwd N (S ¥ NO: | Sequence &t Y NO:
AD- asgsaac{ Uhd)Gfalif | 606 | VPusAfsguuGiuCiCh | 741 | GAAGAACUGAUG | 876
1475424 | GfGfuggacaacsusa ceallfcAfpuncususe GUGGACAACUG
AD- csgsago{ AhdyGigUf | 607 | VPusGfsgaaUfoUtCta | 742 | AGCGAGLAGGUG | 877
1561092 | GfUfugasauucscsa acalfcUfocucgscsy UUGAAAUUCCG
AD- gsgsugu{UhdyGtaAf | 608 | VPusGisuuuAfeGiGta | 743 | CAGGUGUUGAAA | 878
1561100 | AtUfuccguaaascsa auulfcAfacacosusg UUCCGUAAACU
AD- gsasaau{ Uhd)CfeGE | 609 | VPusAfsguuAfaGfUf | 744 | UUGAAAUUCCGU | 879
1361106 | UfAfaacuuaacsusa unacGiz Afaunucsasa AAACUUAACUU
AD- csesgual AhdJARCUS | 610 | VPusCleannGfaAfGhu | 745 | UUCCGUAAACUU | 880
1561112 | UfAfacuucaausgsa uaaGfuUfuacgosasa AACUUCAAUGG
AD- gsasgeg{ Ubd)GfaAf | 611 | VPusAfsguuChUfCly | 746 | GGGAGGGUGAAC | 881
1561116 | CfClegaagaacsusa gouUfcAfcccucsese CCGAAGAACUG
AD- geasaco{Chd)GRaAf | 612 | VPusAfsceaUfcAfGry | 747 | GUGAACCCGAAG | 882
1561122 | GfAfacugauggsusa uculfcGfeguucsase AACUGAUGGUG
AD- asusgou{Ghd}GfaCt | 613 | VPusGfegeeGicCiAfe | 748 | UGAUGGUGGACA | 8&3
1361130 | AfAfcugecpecsesa uueUfcClaccauscsa ACUGGCGCCCA
AD- csesaget UhdChalGE | 614 | VPusUfsucuUfcAtGla | 749 | GCCCAGCUCAGC | 884
1561146 | CfCfacupaapasasa gocUfeAfocuasase CACUGAAGAAC
AD- csasgec{ Ah)CluGE | 615 | VPusUfsgecUtgUtUte | 750 | CUCAGUCACUGA | 885
1561152 | AfAfsaacagpcsasa uucAfpUlgecugsasg AGAACAGGCAA
AD- cousgaa{Ghd)AfaCt | 616 | VPusUfsugaUfuUfGfe | 751 | CACUGAAGAACA | 886
1361158 | AflGfecanaucasasa cuglfulfuncagsusg GGUAAAUCAAA
AD- uscsacu{GhdyGaAfl | 617 | VPusClhanaUfuUfGfg | 752 | GUUCACUGGAAC | 887
14456763 | CfAfccaranausgsa ugulifcClagugasasc ACCAAAUAUGG
AD- gsgscaa( AhdjUfcAE | 618 | VPusGlsaagGlaAtGie | 753 | CAGGCAAAUCAA | 888
1561168 | AfAfecuuccuuscsa uuuGfalfuuscesusg AGCUUCCUUCA
AD- csasaag{ ChdyURuCE | 619 | VPuwsClawmaUfeUlGH | 734 | AUCAAAGCUUCC | 889
1561175 | CfUfucaaauaasgsa ageAfalfouungsasu UUCAAAUAAGA
AD- asusceu(Uhd}CHaAf | 620 | VPusGfsaceAfuCfUfu | 755 | GCUUCCUUCAAA | 890
1561181 | AfUfaacaugouscsa auuUfeAfaggaasese UAAGAUGGUCC
AD- asusaag{ AhdyUfeGf | 621 | VPusAfsgacUfaUfGly | 756 | AAAUAAGAUGGU | 891
1561190 | UfCfccauagucsusa gacClalfcuuaususy CCCAUAGUCUG
AD- usgseuc{Chd U | 622 | VPusGfsgauAfcAfGEa | 757 | GAUGGUCCCAUA | 892
1561196 | AfGfucuguancsesa cualfeGfeaccasuse GUCUGUAUCCA
AD- asusagu({ChdyUfeUf | 623 | VPusAfsuuaUReURGE | 758 | CCAUAGUCUGUA | 893
1561203 | AfUfccaaauaasusa gavaCfaGfacoausgsg UCCAAAUAAUG
AD- gsusanc{ChdjAfaAf | 624 | VPusAfsagaUfuCfafu | 759 | CUGUAUCCAAAU | 894
1561210 | UfAfauesaucususa nanUtuGloauacsasg AAUGAAUCUUC
AD- asusaan{GhdARUE | 625 | VPusAfacaCfcCHota | 760 | AAAUAAUGAAUC | 893
1361218 | CflUfucgeeunaususa agallfuClavnaususu UUCGGGUGUUU
AD- asuscon{ChdyotgGt | 626 | VPusAfsaagGigAfAfa | 761 | GAAUCUUCGGGU | 896
1561225 | UfGfuuuccouususa cacCfcGfaagaususc GUUUCCCUUUA
AD- gsgseug{UbdyURiCE | 627 | VPusUfsuagCuAfAfa | 762 | UCGGGUGUUUCC | 897
1561231 | CfCHunnagcuasasa geoAfaAfcacccsgsa CUUUAGCUAAG
AD- csesewm Uhd)AfeCf | 628 | VPwsAfsucuGfuGiCH | 763 | UUCCCUUUAGCU | 898
1561239 | UfAfagcacagasusa uagl{ fuAfascoosasa AAGCACAGAUC
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AD- asgscua{ AbdYGfeAl | 629 | VPusAfsgeuAfgAfUL | 704 | UUAGCUAAGCAC | 899
1561245 | CtAfeaucuaccsusa cuguGfoUloagousasa AGAUCUACCUU
AD- csasga{ Chd}Utalt | 630 | VPusAfsaauCRCiC | 765 | CACAGAUCUACC | 900
1561254 | CtUfuppuganususa age UfaGiaucugsusg JUGGUGAUUUG
AD- ascscu{ GhdyGtuGt | 631 | VPusAfsgeeUfcCiAfa | 766 | CUACCUUGGUGA | 901
1561261 | AtUfungeacccsusa aucAfcClaaggusase UUUGGACCCUG
AD- ususgga{ChdyCeUt | 632 1 VPusAfscaaAfgCfAfa | 767 | AUUUGGACCCUG | 902
1361272 | GfGfuugomnugsusa cealieGluccaasasu GUUGCUUUGUG
AD- csusgeu{ Uhd)GiclE | 633 | VPusAfscuaGiaCrafe | 768 | CCCUGGUUGCUU | 903
1561279 | Ufiifsugucuagsusa aaaCfcAfaccagsesg UGUGUCUAGUU
AD- gsesaun{Ghd U Hallf | 634 | VPusUfsagaAfaAfChu | 769 | UUGCUUUGUGUC | 904
15361285 | CfUfagmumincusasa aga{faCfaaagcsasa UAGUUUUCUAG
AD- csusaga{ UhdiURCT | 635 | VPusUfsgaaGlgGiUfe | 770 | GUCUAGUUUUCU | 9058
1561294 | UfAfoacccuucsasa uagAfaAfacuagsase AGACCCUUCAU
AD- psuscua{Ghd}AfcCE | 636 | VPusAfsagaGRUGla { 771 | UUUUCUAGACCC | 906
1561300 | CfUfucaucucususa ageGhuCluagaasasa UUCAUCUCUUA
AD- ascseeuf UhdYCRalf | 637 | VPusUfscaaGfuAfAafy | 772 | AGACCCUUCAUC | 997
1561306 | CfUfcunacuugsasa agallfo Afagoouscsu UCUUACUUGAU
AD- asascuc{Uhd3Utal’t | 638 | VPusAfsagaChuAfUfs | 773 | UCAUCUCUUACU | 908
1561313 | UtUfsauagacususa aagUfaAfpacauspsa UGAUAGACUUA
AD- usascuu{GhdjAfuAL | 639 | VPusAfsuuaGfuAfAf | 774 | CUUACUUGAUAG | 909
1361319 | GfAfcuuacuaasusa gucuAfulfaapuasasg ACUUACUAAUA
AD- csusnac{Ubd)AfaUf | 640 | VPusCfsuucAfcAfUfu | 775 | GACUUACUAAUA | 910
1561327 | AfAtaaugugaasgsa uual/fuAfouaagsuse AAAUGUGAAGA
AD- asasaau{GhdM IfgAL | 641 | VPusUfsgeuCHARGE | 776 | AUAAAAUGUGAA | 911
1561336 | AfGfacuagaccsasa ueunCiaCfammusasy GACUAGACCAA
AD- usgsaag{ AhdYCIRAL | 642 | VPusGfsacaAfullfGly | 777 | UGUGAAGACUAG | 912
1561342 | GfAfecaauuguscsa ucuAfeUfcuucascsa ACCAAUUGUCA
AD- usasgac{ ChdAfaUf | 643 | VPusClsaagCalUfGla | 778 | ACUAGACCAAUU | 913
1561349 | UfGlucaugeuusgsa caaUfaGoucuasesu GUCAUGCUUGA
AD- uscsang{ChdyUfuGf | 644 | VPusAfsgeaGlaUtGla | 779 | UGUCAUGCUUGA | 914
1561360 | AfUfacaacugesusa gucAfaGfcaugascsa CACAACUGCUG
AD- ususgac{Ahd}CfaAf | 645 | VPusAfsgecAfeAfGic | 780 | GCUUGACACAAC | 915
15361366 | CfUfecugugecsusa agulfegUfoucaasgse UGCUGUGGCUG
AD- cousgug{GhdCuGE | 646 | VPusAfraagCCfCta | 781 | UGCUGUGGCUGG | 916
1561378 | GiUfuggugcuususa accAfgClcacagscsa UUGGUGCUULG
AD- csusgeu{Uhd)GieUf | 647 | VPusAfsuaaAfcAfafa | 782 | GGCUGGUUGGUG | 917
1561384 | GIChimouwunasusa ecalfcAtaccapscse CUUUGUUUAUG
AD- gsgsugc{ UhdUfuGE | 648 | VPusAfsenaCfeAfUfa | 783 | UUIGGUGCUUUGH | 918
1361390 | UfUfuaugguagsusa aacAfaAfocaccsasa UUAUGGUAGUA
AD- ususguu{Lhd)AfGE | 649 | VPusAfsaaaCHuAfChe | 784 | CUUUGUUUAUGG | 919
1561396 | GfUfaguagnuususa accAfuAfaacaasasy UAGUAGUUUUU
AD- psgsgua{GhdURaGE | 650 | VPusUfsuacAfgAfAfa | 785 | UAUGGUAGUAGU | 920
1561402 | UfUfwucuguasasa aacUfaCtuaccasusa UUUUCUGUAAC
AD- wsasgun{ UhdiURCE | 651 | VPusUSscugUfeUfUfs | 786 | AGUAGUUUUUCU | 921
1561408 | UtGuaacacagsasa cagAfaAfaacuascsu GUAACACAGAA
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AD- psuscug{ Uhd}AfaCt | 652 | VPusUlsuauAfulURCHy | 787 | UUUUCUGUAACA | 922
1561414 | AfClagaauauasesa cugUfuAfcagaasass CAGAAUAUAGG
AD- csascagi AhdJAToAT | 653 | VPusUfsuculUfaUtCte | 788 | AACACAGAAUAU | 923
1561422 | UfAfegauaagasasa uaeAfulfcugugsusu AGGAUAAGAAA
AD- asgsaau{ AbdjAfaGr | 654 | VPusAfsaguCiaAfGig | 789 | UAAGAAUAAAGU | 924
1561433 | UfAfcoungacususa vacUfuUfauucususa ACCUUGACUULU
AD- csusuga{ ChdyUfuUf | 655 | VPusAfsugeUfgURGfa | 790 | ACCUUGACUUUG | 925
1361444 | GfUfucacageasusa acaAfalfucaagsasuy UUCACAGCAUG
AD- ususug{ Ubd)CHalt | 656 | VPusClaccuAfc Attty | 791 | ACUUUGUUCACA | 926
1561450 | AfGfeauzuapososa cugUfzAfacaaasgsu GCAUGUAGGGU
AD- csascag{ChdyAfult | 657 | VPusllfscanCraCtCie | 792 | UUCACAGCAUGU | 927
1561456 | UfAfegouoaupsasa uacAfuGtcugugsasa AGGGUGAUGAG
AD- usasgee{ Uhd)GEUS | 638 | VPusUfsgugAfgUGE | 793 | UGUAGGGUGALG | 928
1561465 | GtAfecacucacsasa cucal fcAfcccuascsa AGCACUCACAA
AD- gsasaga{ GhdYCOE | 659 | VPusAfsacaAfuUfGiu | 794 | GUGAUGAGCACU | 929
1561471 | UfCfacammignsusa eagUfsClucancsase CACAAUUGUUG
AD- ascsuca{ ChdyAfalUf | 660 | VPusUfsouaGiuCfAfa | 795 | GCACUCACAAUU | 93¢
1561478 | UfGfungacuaasasa caalUfuGiugagusgse GUUGACUAAAA
AD- vsusgac{ Uhd}AfaAf | 661 VPusAfsaaaGfcAfGlc | 796 | UGUUGACUAAAA | 931
1561489 | AtUfocugcuuususa asulfuAfoucaascsa UGCUGCUUUUA
AD- asusgen(Ghd)Crullf | 662 | VPusChuanGfullfUfo | 797 | AAAUGCUGCUUU | 932
1561498 | UfUfaaaacauasgsa aaaAfoClagcaususu UAAAACAUAGG
AD- csusunu{ Ahd}AfAL | 663 | VPusAfscunlUfeCfUfa | 798 | UGCUUUUAAAAC | 933
1561504 | CfAfuaggaaagsusa ugulifullfasaagscsa AUAGGAAAGUA
AD- csasuag{ GhdJAfAAT | 664 | VPusAfsaccAtuUtCfu | 799 | AACAUAGGAAAG | 934
1561513 | GfUfagaaugoususa aculJfuCfouaugsusu UAGAAUGGUUG
AD- asgsuag{ AhdIARGE | 665 | VPusUfsugcAfcURCHa | 800 | AAAGUAGAAUGEG | 935
1561521 | GfUfugaguscasasa accAfullfouacususu UUGAGUGCAAA
AD- asusgou{ Uhd)YGfaGE | 666 | VPusAfougeAfUIUE | 801 | GAAUGGUUGAGU | 936
1561527 | UfGfcaaauccasusa scacUfcAfaccaususe GUAAAUCCAUA
AD- asgsugc{AhdJAfaUf | 667 | VPusUfsuguGHcUFAS | 802 | UGAGUGCAAAUC | 937
1561534 | CfCfanagcacasasa uggallfuUfecacuscsa CAUAGCACAAG
AD- uscscan{ AbdYGIcAL | 668 | VPusAfsauaUfaUfClu | 803 | AAUCCAUAGCAC | 938
1561342 | CfAfasauasansusa uealGfcUfanggasusu AAGAUAAAUUG
AD- csasaga{Ubd)AfaAf | 669 | VPusAfsacuAfeCtUte | 804 | CACAAGAUAAAU | 939
1561551 | UfUfeascuagususa aauUfuAfucuugsusg UGAGCUAGULA
AD- gsasgeu{ AkYGTullf | 670 | VPusUfsganUtuGHCE | 805 | UUGAGCUAGUUA | 940
1561562 | AfAfsgcanaucsasa unaAfcUfagcucsasa AGGUAAAUCAG
AD- psasagg{ Chd)AfaAL | 671 | VPusAtsuusUfaCfCha | 806 | GUUAAGGCAAAY | 941
1361570 | UfCfagouaaaasusa gaulfulsfccunasase CAGGUAAAALUA
AD- asgsgua{ Ahd)AfaUt | 672 | VPusGfsaauCHaUtGa | 807 | UCAGGUAAAAUA | 942
1561581 | AfGfucaugauuscsa cuaUfuUfuaccusssa GUCAUGAUUCU
AD- gsuscan{GhdYAfoUf | 673 | VPusAfscauUfaCfAfn | 808 | UAGUCAUGAUUC | 943
1561591 | CfUfauguaaugsusa agaAfulfavgacsusa UAUGUAAUGUA
AD- usasugu{ AhJARGE | 674 | VPusUfsoucUfeGIUE | 809 | UCUAUGUAAUGU | 944
[561601 | UrAfaaccagaasasa vuacAfulfacavasgsa AAACCAGAAAA
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AD- uscsang({Ahd)UfaUf | 675 | VPusAfsuaaCRaUfChy | 810 | GUUCAUGAUUUC | 945
1561613 | CfAfagauguuasusa ugaAfallfcangasase AAGAUGUUAUA
AD- csusuuu{GhdAfalf | 676 | VPusAfsuaulaCtUty | 811 | GACUUUUGAAUY | 946
1561651 | UfAfcagapanasusa uaalUfuClaaaagsusc ACAGAGAUAUA
AD- ususaga{GhdYUtuGE | 677 | VPusAfscucUfgUfAfu | 812 | AAUUAGAGUUGY | 947
1561679 | UtGfavacagagsusa cacAfaClucuaasusy GAUACAGAGUA
AD- usascag{ Ahd)GIuAfl | 678 | VPusGlsaauGigAfafa | 813 | GAUACAGAGUAU | 948
1361686 | UfAfuuuccauuscsa vauAfcUfcuguasuse AUUUCCAUUCA
AD- asusann{ UhYCteAS | 679 | VPusUfsauuGRaCiUfy | 814 | GUAUAUUUCCAU | 949
1561694 | UfUfcagacaansasa aaulfeAfaauausasc UCAGACAAUAU
AD- psuscag(Ahd}CfaAl | 680 | VPusGfswualUfgAfUfa | 815 | CAUUCAGACAAU | 950
1561703 | UfAfuancanaascsa uanUfgUfcugaasusg AUAUCAUAACU
AD- ususgug(AhdYUTaCE | 681 | VPusAfsaanAfeAfCfu | 816 | AGUUGUGAUACA | 851
1447598 | AtGfaguanauususa cugUfaUfcacaascsy GAGUAUAUUUC
Table 6. Modified Sense and Antisense Strand Sequences of CAZ dsRNA Agents with
GalNAc Medification
SEL} SEQ SEQ
Duplex | Sense Sequence i Antisense Sequence 1Y mENA Target 1Y
Name w0 NG: | $tod NO: | Sequence 8 to ¥ NO:
AD- asgsancgGRuGHCHT | 952 | asGiscagGlaAfUfegge | 1087 | CCAGAUCGGUGC | 817
1559459 | foauuccugeul.96 AfeCfgancusgsg CGAUUCCUGCC
AD- csgscgacCRaURGIU | 953 | asAfsgugAfuGiGigaca | 1088 | AGCGCGACCAUG | 818
1559476 | foccaucacuul.96 UteGhacsegscsu UCCCAUCACUG
AD- gausacggCRATATC | 954 | asGfseceGlulfGloguy | 1089 | GGGUACGGCAAA | 819
1559481 | facaacggacul 96 UtgClcguacscse CACAACGGACC
AD- csasaacaltaAfUG | 955 | asGfscucAfgGiUtecgu | 1090 | GGCAAACACAAC | 820
1559487 | foaccugageul 96 UfoUfsuuugsese GGACCUGAGCA
AD- gsgsacculGaGiCIA | 956 | asUfsuauGieClAfguge | 1091 | ACGGACCUGAGC | 821
1559497 | feugecauaanl 96 UtcAfgpucesgsu ACUGGCAUAAG
AD- gsasgeacUteGRCTA | 957 | asAfsaguCiclUtUfauge | 1092 | CUGAGCACUGGC | 822
1559503 | fuaaggacuunl 96 CtaGtugcucsasg AUAAGGACUUC
AD- gsusugac ATRCEGE | 958 | asGfsuanGRaGiUtgucg | 1093 | CUGUUGACAUCG | 823
1359514 | Afcacucanacul b6 AfuGHacaacsasg ACACUCAUACA
AD- ascsacucAfuAfCEA | 959 | asAfsuacUfuGfGieugy | 1094 | CGACACUCAUAC | 824
1559524 | feccaasuauul. 96 AfuGfaguguscsy AGCCAAGLUAUG
AD- usascagcCRARGIU | 960 | asAfsageGRuCtAtuacy | 1093 | CAUACAGCCAAG | 825
1559331 | fangacconuul.96 Ute(Gfcuguasusg UAUGACCCUUC
AD- csasaguaUfgARCHC | 961 | asUfscagGlgAfAfeggy | 1096 | GCCAAGUAUGAC | 826
[559537 | fouucccuganl.96 CraUfacuugsgse CCUUCCCUGAA
AD- usgsucug URURCE | 962 | asUfsugalfcAfUfagga | 1097 | CCUGUCUGUUUC | 827
1559343 | Chraugancaaul.96 AfaClagacasgsg CUAUGAUCAAG
AD- csosuaug AfuCEAfA | 963 | asGfsgaaGioUtGiomg | 1098 | UUCCUAUGAUCA | 828
1559552 | focaacauccul 96 AfuClauagosasa AGCAACUUCCC
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Duplex | Sense Sequence i Antisense Sequence iD mBRNA Target 1))
Name Fwd NG: {5tod NO: | Sequence &t Y NO:
AD- csasagcaAfcUtUC | 964 | asAfsuccUfcAfGiggas | 1099 | AUCAAGCAACUU | 829
1559560 | focugaggannl9b GiuUfacungsasu CCCUGAGGAUC
AD- csoscugalafgAfURC | 965 | asAfseugUtuGtAtggan | 1100 | UUCCCUGAGGAU | 830
1559570 | foucaacaauul 96 CfcUfcagggsasa CCUCAACAAUG
AD- uscscucaAfcAfAfU | 966 | asAfsgeaUfgAfCleann | 1101 | GAUCCUCAACAA | %31
1559579 | fegucaugouul.96 GfoUfsacoasusc UGGUCAUGCUU
AD- asceaaugGRUCIATY | 967 | asGfsuugAfaAfGleaug | 1102 | CAACAAUGGUCA | 832
1359585 | focuuucaacul .96 AfcClauugususg UGCUUUCAACG
AD- asusgeunUScATARC | 968 | asAfsaacUfeCfAfeguu | 1103 | UCAUGCUUUCAA | 833
1559594 | feugeaguuunl.96 (faAfageausgsa CGUGGAGUUUG
AD- asascgugGiaGiUfy | 969 | asGfsaguCfalfCfaaac | 1104 | UCAACGUGGAGU | 834
15359602 | fugaugacucul.B6 UteCacguusgsa UUGAUGACUCYH
AD- usgsaugaCruCIURC | 970 | asChawmuGhRuCiClugag | 1105 | UUUGAUGACUCU | 835
1559613 | faggacaaagul96 AfgUfcaucasasa CAGGACAAAGT
AD- asespcagGRaCiAfA | 971 | asAfsgeaCloGfCfumig | 1106 | ACUCUCAGGACA | 836
1359620 | fagcagugcunl96 UfcCtugagasgsu AAGCAGUGCUC
AD- gaascaaaGlc ATGIU | 972 | asCiscoulUtgAtGleacu | 1107 | AGGACAAAGCAG | 837
1559626 | focucaaggoul 96 GfcUfuugucscsa UGCUCAAGGGA
AD- psgsecacUfuAfCYA | 973 | asGisaauClaAfUfcugn | 1108 | GAUGGCACUUALC | 838
1559638 | feanugavucul96 AfaGlugecasusc AGAUUGAUUCA
AD- ususacagAfuURGE | 974 | asGsasaCluGfAfauca | 1109 | ACUUACAGAUUG | 839
1559644 | Afuucaguuucul96 AtuCluguaasgsu AUUCAGUUUCA
AD- asusucagURulUfCEA | 975 | asCfsaguGfaAfafouga | 110 | UGAUUCAGUUUC | 840
1559654 | feuuucacugul.96 AfaCfugasuscsa ACUUUCACUGG
AD- uscsacuulfalUfGRG | 976 | asGfeaacChulUfGlucca | LI | GUUCACUUGAUG | 841
1559660 | facaagouucul.96 UtcAfagugasase GACAAGGUUCA
AD- geasugeaCaALGHG | 977 | asUfsgeulCaGiAfacou | 1112 | UUGAUGGACAAG | 842
1559666 | fuucagagcanl96 UfgUfecaucsasa GUUCAGAGCAU
AD- csasagouUfcARGIA | 978 | asAfscagUfaUfGicouca | 1113 | GACAAGGUUCAG | 843
1359672 | fecauacuguulbo OfaAfccuugsuse AGCAUACUGUG
AD- uscsagagUfallfALC | 979 | asUfsoauCfcAfClagua | 1114 | GUUCAGAGCAUA | 844
1559678 | fugugganaanl 96 UfeClucugasasc CUGUGGAUAAA
AD- asasgaaalUfalUtGIC | 980 | asAfsguulfuGtClagea | 1115 | AAAAGAAAUAUG | 845
15359699 | fupcagaacaul 96 UfaUfiucausasn CUGCAGAACUYU
AD- usasugenGeARGE | 961 | asAfvaguGRaAfGluucu | 1116 | AAUAUGCUGCAG | 846
15359705 | Afacuscacimub 96 GicAfecauasusy AACUUCACUUG
AD- gscsagaalCiulUfCEA | 987 | asUfsgaaCfcAfAtouga | 1117 | CUGCAGAACUUC | 847
1559711 | feoongmucanl.B6 Afolfucugcsasg ACUUGGUUCAC
AD- csusucacURuGRGIU | 983 | asUfsuccAfgUfGRaace | 1118 | AACUUCACHUGG | 848
1359717 | fucacuggaaul 96 AfaGfugaagsusu UUCACUGGAAC
AD- uscsacugGRaAfCIA | 984 | asClaualUfulUfGfgugy | 1119 | GUUCACUGGAAC | 849
1559728 | fecaaauangul.96 UfcClagugasasc ACCAAAUAUGG
AD- psusugegAfaARGE | 985 | asUfsgeuGlcAfClagen | 1120 | AUUUUGGGAAAG | 850
1559735 | Clugugcageanl 96 Utu(fccanasasy CUGUGCAGCAA
AD- gousgeagCRALCIC | 986 | asAfsgueCialfCraggu | 1121 | CUGUGCAGCAAC | 851
1559747 | fugauggacuulB6 UfsClugcacsasg CUGAUGGACUG
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Name Fwd NG: {5tod NO: | Sequence &t Y NO:
AD- csasaccuGRalfGHG | 987 | asAfscgaCleAfGlucca | 1122 | AGCAACCUGAUG | 832
1559733 | facuggecguul 96 UlcAfgguugscsu GACUGGLCCGUU
AD- csusggecGfulUfCHU | 988 | asAfsamaUfal’tCtuaga | 1123 | GACUGGLCGUUC | 853
1559765 | fagguannuuul 96 Afelfaceagsusc UAGGUAUUUUU
AD- usgsaaggUTuGIGE | 989 | asUfsuuaGleGiClugee | 1124 | UUUGAAGGUUGG | 834
1559768 | Clapcocuaaaul.96 AfaCfouncasasa CAGCGCUAAAC
AD- gscsagegCIUATATA | 990 | asAfsaggCicCiGiounn | 1125 | UGGCAGCGCUAA | 8533
1359777 | fecgepcouuul.he AteCfocugescsa ACCGGGCCUUC
AD- csesgeocCRIURCIA | 991 | asAfscaaCallfUtenga | 1126 | AACCGGGCCUUC | 856
1559788 | fuzaaaguuzunl 96 AfoGfoccggsusy AGAAAGUUGUU
AD- csusucagAfaAfGIU | 992 | asAfscauCaAfClaace | 1127 | GCCUUCAGAAAG | 857
1359794 | fugnugausunl Y6 UtuCfugaagsgsc YUGUUGAUGUG
AD- gousugpuuGalUfGE | 993 | asGlaanCicAtGreaca | 1128 | AAGUUGUUGAUG | 858
1559803 | Utocuggauucul 96 UfcAfacaacsusu UGCUGGAUUCC
AD- gsesuggallfuCfCfA | 994 | asUfsupuUfuUfAfauge | 1129 | GUGCUGGAUUCC | 839
1359814 | fuueasacaanl 96 AfaUfccagesase AUUAAAACAAA
AD- uscscaut ATRATATC | 995 | asUfsogeCicUtUtuguy | 1130 | AUUCCAUUAAAA | 860
1559821 | fasagpocagul 96 UfuAfanggasasu CAAAGGGCAAG
AD- asasaacaAfaGHOEG | 996 | asGfscacUfcUfUtgeee | 1131 | UUAAAACAAAGE | 861
1559827 | feaagagugcul 96 UfuUfgmmusasa GCAAGAGUGCU
AD- gsgscaagAfgURGRC | 997 | asGieugaAfgUfCiagea | 1132 | AGGGCAAGAGUG | 862
1559836 | fugacuucacul 96 Clu{fuugcescsu {CUGACUUCACY
AD- gsusgeugAfcUfUS | 998 | asGfsaagUnAfGlugas | 1133 | GAGUGCUGACUU | 863
1559843 | Ciacuaacuucul.96 Gfu{fageacsuse CACUAACUUCG
AD- ascsuucaClinAfARC | 999 | asAfsggalUfcGfafagau | 1134 | UGACUUCACUAA | 864
15359849 | fuucgauccuul.96 AfgUfeaaguscsa CUUCGAUCCUC
AD- csgsancc UfcGHURG | 1000 | asGisaagGlaGfGiccac | 1135 | UUCGAUCCUCGU | 865
1559862 | foccuccuucul.96 (faGfoaucgsasa GGCCUCCUUCT
AD- usesguggCIcURCEC | 1001 | asAfswucAfgGlfAtagea | 1136 | CCUCGUGGCCUC | 866
1559868 | fuuccuzaaunlho Gie{ foacgasese CUUCCUGAAUC
AD- csosuccuUfcCRURG | 1002 | asCscaaGfgAfUfucag | 1137 | GGCCUCCUUCCU | 867
1559874 | faauccuoggul.96 GfaAfegagesese GAAUCCUUGGA
AD- csesugaalUteCtURU | 1003 | asUfsaguAfalifCicaag | 1138 | UUCCUGAAUCCU | 868
1559881 | focauuacugul.96 GfalUfucagesasa UGGAUUACUGG
AD- uscscuugGalUfUl | 1004 | asUtsageUfcCrAfguaa | 1139 | AAUCCUUGGAUU | 869
1559887 | Afcuggaccuaul 96 UteCtaaggasusu ACUGGACCUAL
AD- csesuaccCRaGRGHEC | 1005 | asGisgucAfgUtGtagee | 1146 | GACCUACCCAGG | 870
1559903 | fucacusaccul96 UfoGtouagosuse CUCACUGACCA
AD- cacsucunCRiGRGTA | 1006 | asGfsucaCaCfAfunee | 1141 | CUCCUCUUCUGE | 871
1359909 | faugugugacul.96 AfzAfagaggsasg AAUGUGUGACC
AD- usgsgaaulrfuGIUT | 1007 | asAfsaucCaliGiucac | 1142 | UCUGGAAUGUGU | 872
1559916 | Gfaccuggauuul 96 AfcAficcasgsa GACCUGGAUUG
AD- usgsugacCfaGEGE | 1008 | asUfsgagClalfAfauce | 1143 | UGUQUGACCUGE | 873
1559923 | Afungugcucanl.96 Afe(Glucacascsa AUUGUGCUCAA
AD- csusggaullfglHGE | 1009 | asGlsuucCioUfGlagea | 1144 | ACCUGGAUUGUG | 874
1559929 | Clucaaggaacul.96 CtaAfuccagsgsu CUCAAGGAACC
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AD- csuscaagGRATCIC | 1010 | asAfscgcUfgAfUfeeon | 1143 | UGCUCAAGGAACL | 873
1559939 | foaucageguul 9 UcClungagsesa CCAUCAGCGUC
AD- gaasacccAtuCIARD | 1011 | asChsugeUfgAfClgeng | 1146 | AGGAACCCAUCA | 876
1559945 | fcgucageagul 96 AfuGioeuucscsu GCGUCAGCAGC
AD- csgsagealGigURGIU | 1012 | asGfsgaaUfuUfClaaca | 1147 | AGCGAGCAGGUG | 877
1559965 | fugaaauuccul96 {CtcUfecucgscsa UUGAAAUUCCG
AD- gsgsupuuGRaATAL | 1613 | asGluunAfeGfGlaauu | 1148 | CAGGUGUUGAAA | 878
1359971 | Ufuccguaaacul.96 UtcAfacaccsusg JUCCGUAAACU
AD- gsasammw{CicGIUfA | 1014 | asAfsgunAfaGtiUfuuac | 1149 | UUGAAAUUCCGU | 879
1559977 | faacuuaacuul96 GfoAfauuucsasa AAACUUAACUU
AD- cacsguaaAfcURUEA | 1015 | asChawGfaAfGlonaa | 1150 | UUCCGUAAACUU | 880
15359983 | facuucaaugul.96 GtuUfuacggsasa AACUUCAAUGG
AD- grasgeeuGRALCHT | 1016 | asAfsguuCruUtCigggu | 1151 | GGGAGGGUGAALC | 881
1559687 | fegaagaacunl96 UfcAfeccucsesce CCGAAGAACUG
AD- gsasacccGRRARGEA | 1017 | asAfsccallfcAfGhuuce | 1152 | GUGAACCCGAAG | 882
1559993 | facugausgunl 96 UtcGlgguncsase AACUGAUGGUG
AD- asgsaace(FfalfGHG | 1018 | asAfsgumuGtuCiClacca | 1153 | GAAGAACUGAUG | 883
1360001 | fuggacancuul 96 UfcAfguucususe GUGGACAACUG
AD- asusggugGiaCtAt | 1019 | asGfsgeeGicCiAfgung | 1154 | UGAUGGUGGACA | 884
1560008 | Afcugacecccul96 UfcCaccauscsa ACUGGCGUCCA
AD- ceesageultaGiCC | 1020 | asUtsucuUfcAfGlugge | 1155 | GCCCAGCUCAGC | 883
1560024 | facugaagaanl. 96 Ut Afocuggsgsc CACUGAAGAAC
AD- csasgecaCfoGRATA | 1021 | asUfsgocUfgUfUfcune | 1156 | CUCAGCCACUGA | 886
1560030 | feaacaggeaul.D6 AfgUfaacugsasg AGAACAGGCAA
AD- csusgaagAfaCrARD | 1022 | asUfsugaUfuUfGfeeug | 1157 | CACUGAAGAACA | 887
1560036 | focaaaucaaul 96 UtuCfuucagsusg GGCAAAUCAAA
AD- gagscaaalJfcATATA | 1023 | asGlsaagGiaAfGleuun | 1158 | CAGGCAAAUCAA | 888
1560046 | focuuccuncul.96 Gfalfuugccsusg AGCUUCCUICA
AD- csasaagcUnCECIU | 1024 | asClsuaallfullfGlaagg | 1159 | AUCAAAGCUUCC | 889
1360053 | fucaaauasgul 96 AfaGfounugsasu UJUCAAAUAAGA
AD- ususceuuCRATATY | 1025 | asGlsaccAtuCfUfuann | 1160 | GCUUCCUUCAAA | 890
1560059 | faagauggucul.96 UfgAfaggaasgsce UAAGAUGGUCC
AD- asusaagalUfgGIURC | 1026 | asAfsgacUfalifiGiggac | 1161 | AAAUAAGAUGGU | 891
1560068 | focavagueaul 96 Clalfouuaususy CCCAUAGUCUG
AD- usgsguccCRUTATG | 1027 | asGlsgauAfcAfGlacua | 1162 | GAUGGUCCCAUA | 892
1560074 | fucuguauccul 96 UtaGleaceasuse GUCUGUAUCCA
AD- asusagucUfgUTAf | 1028 | asAfsuualUfuUfGlzaua | 1163 | CCAUAGUCUGUA | 893
1560081 | Ufccaaauaauul 96 {CtaGfacuausgsg UCCAAAUAAUG
AD- gsusauccAfBATUTA | 1029 | asAfsagallfuClAtuoan | 1164 | CUGUAUCCAAAU | 894
1360088 | faugaaucuuulb6 UtuGigauacsasg AAUGAAUCULUC
AD- asusaaug AfaUfCfU | 1030 | asAfsacaCreCfGfaaga | 1165 | AAAUAAUGAAUC | 895
1560096 | fucgomuguunl.96 UfuClauuaususu UUJCGGGUGUUY
AD- asuscuncGisGIUE | 1031 | asAfsaapGigAfAfacac | 1166 | GAAUCUUCGGGY | 896
1560103 | Ghuucccuuul.96 CfeCGtaagaususe GUUUCCCUUUA
AD- gagsgugulUtuCICE | 1032 | asUfseagCloAfAfagee | 1167 | UCGGGUGUUUCC | 897
1560109 | Chuuuagcusaul.96 AfaAfcaccesgsa CUUUAGCUAAG
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AD- cscscuupAfpCHUTA | 1033 | asAfsucoGluGtCluuag | 1168 | UUCCCUUUAGCU | 898
1560117 | fagcacagauul 96 ChuAfaagoesasa AAGCACAGAUC
AD- asgscuaalsfcATCIA | 1034 | asAfsgguAtgAtUtcugn | 1169 | UUAGUUAAGCAC | 899
1560123 | foaucuaccuul 96 GfcUfuapcusasa AGAUCUACCUU
AD- csasgaucUtaCECEU | 1035 | asAfsaauCfaCfClaage | 1176 | CACAGAUCUACC | 900
1560132 | fugougauunnl.96 UfaGtavcugsusg UUGGUGAUUUG
AD- ascecuugGRUGTAT | 1036 | asAfsgeaUfcCfafaauc | 1171 | CUACCUUGGUGA | 901
1360139 | Ufuuggacceunl¥o AfcClaagpusase JUUGGACCCUG
AD- ususggacCHeURGHG | 1037 | asAfscaaAfgCfAfacca | 1172 | AUUUGGACCLUG | 902
1560150 | fuugcuuuguul.96 GfoGfuccaasasy GUUGCUUUGUG
AD- csusgguuGfcUTUE | 1038 | asAfscnaGfaCfAfcaaa | 1173 | CCCUGGUUGCUU | 903
15360157 | Ufougucuaguul96 (fcAfaccagsgsg YGUGUCUAGUU
AD- gacsunng UfgURCE | 1039 | asUfsagaAfaAfCruaga | 1174 | UUGCUUUGUGUC | 904
1560163 | Utaguuuncuaul 96 Ctalfasagesasa UAGUUUUCUAG
AD- csusaguuUfeCIUL | 1040 | asUfsgaaGeGfUfcuag | 1175 | GUCUAGUUUUCT | 903
1360172 | Afpaccowmucaul 86 AfaAfacuagsase AGACCCUUCAU
AD- ususcuag AfCCHCtU | 1041 | asAfsagaGfalltGaagg | 1176 | UUUUCUAGACCC | 906
1560178 | fucancucwiul.96 GfuCluagaasasa UUCAUCUCUUA
AD- ascscounCRAUTCEY | 1042 | asUfscaalGluAfAfgage | 1177 | AGACCCUUCAUC | 997
1560184 | feuvacouganl.96 UfoAfageouscsy UCUUACUUGAU
AD- asuscuculUfaCtUtU | 1043 | asAfsaguCfuAfUfcaag | 1178 | UCAUCUCUUACT | 908
1560191 | foavagacuuul 96 UtaAfoagausgsa UGAUAGACULA
AD- usascuug AfuAfGE | 1044 | asAfsmuaGRuAfAtouce | 1179 | CUUACUUGAUAG | 909
1560197 | Afcuuacuaaunl96 Afu{faaguasasg ACUUACUAAUA
AD- csusuacuAfaUfATA | 1045 | asChuncAfcAfUtuona | 1180 | GACUUACUAAUA | 910
1560205 | faaugugzaagul.96 UtuAfeuaagsuse AAAUGUGAAGA
AD- asasaaugUfgAfARG | 1046 | asUfsgguCluAfGiucm | 1181 | AUAAAAUGUGAA | 811
1560214 | facuagaccanl.96 CtaClanuuusasy CACUAGACCAA
AD- usgsaagaCuAfGEA | 1047 | asGfsacaAfulfGieucy | 1182 | UGUGAAGACUAG | 912
1560220 | focaauugucul.96 AfeUfcuncascsa ACCAAUUGUCA
AD- usasgacc AfalfUtG | 1048 | asCisaapClalifGfacaa | 1183 | ACUAGACCAAUU | 913
1560227 | fucangcungul96 UtuGtucuasgsy GUCAUGCUUGA
AD- pscsaugeUuGEATC | 1049 | asAfsgeaGhuUtGlugue | 1184 | UGUCAUGCUUGA | 914
1360238 | facaacugcuul.96 AfaGfeaugascsa CACAACUGCUG
AD- ususgacalfaAtCiU | 1050 | asAfsgccAfcAtGReagn | 1185 | GCUUGACACAAC {915
1560244 | focugugpcunl 96 Ut Ufeucaasgsc YGCUGUGGLUG
AD- csusguagCluGiGE | 1051 | asAfsaagCfaCfClaace | 1186 | UGCUGUGGCUGG | 916
1560256 | Ungenecunuul96 AfoCfcacapsesa VUGGUGCUUUG
AD- csusggunGfglfGE | 1052 | asAfsuaaAfcAfAfagea | 1IRT | GGCUGGUUGGUG | 917
15360262 | Clouuguuuauul.96 CfcAfaccagsese CUUUGUUUALG
AD- gsgsugenlUfaGIUE | 1053 | asAfscuaCfcAfiUfaaac | 1188 | UUGGUGCUUUGU | 9138
1560268 | Utuaugeuaguul.96 AfaAfucaccsasa UUAUGGUAGUA
AD- psusguuuAfaGIGE | 1054 | asAfsaaaCfuAfCluace | 1189 | CUUUGUUUAUGE | 919
1560274 | Ufaguaguuuuul96 AfuAfaacaasasg UAGUAGUUUUU
AD- usgsguag UfaGIUE | 1055 | asUfsuacAfgAfAfaaac | 1190 | UAUGGUAGUAGU | 820
1560280 | Utuuucuguaaul 96 UfaCfuaccasusa UUUUCUGUAAC
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SEQ SEQ SEQ

Duplex | Sense Sequence i Antisense Sequence iD mBRNA Target 1))
Name Fwd NG: {5tod NO: | Sequence &t Y NO:
AD- psasguunUtuCfUE | 1056 | asUfscugUfgUtUtacag | 1191 | AGUAGUUUUUCU | 921
1560286 | Gfuaacacagaul96 AfzAfaacuascsu GUAACACAGAA
AD- ususcuguAfaCrARL | 1057 | asChuanAfolUfChuigug | 1192 | UUUUCUGUAACA | 922
1560292 | fagasuauagul 96 UtiuAfcagaasasa CAGAAVAUAGEG
AD- csascagaAfuAfUFA | 1058 | asUfsucoUfaUfClenan | 1193 | AACACAGAAUALU | 923
1560300 | fogauaagaaul 96 AfulUfcucugsusu AGGAUAAGAAA
AD- asgsaauaAfaGiUA | 1059 | asAfcaguCfaAtGiouac | 1194 | UAAGAAUAAAGU | 924
1360311 | fecuugacuuulb6 UtuUfauucususa ACCUUGACUUU
AD- csusugacfullfGf | 1060 | asAfsugeUfaltGlaaca | 1195 | ACCUUGACUUUG | 925
1560323 | Ufucacagcauulbe AfaGtucaagsgsu VUCACAGCAUG
AD- ususuguulCfaCfAf | 1061 | asCiscouAtfcAfUfgeng | 1196 | ACUUUGUUCACA | 926
15360329 | Gfcauguaggoul.96 UtcAfacaaasgsu GCAUGUAGGGU
AD- csascagcARGTULA | 1062 | asUfscanCfaCfCfcuac | 1197 | UUCACAGCAUGU | 927
1560335 | fegougaugaul 96 Afulfeugugsasa AGGGUGAUGAG
AD- psasgogulfalfGf | 1063 | asUfsgugAfeUtGlouca | 1198 | UGUAGGGUGAUG | 928
1560344 | Afpcacucacaul 96 UcAfcccuascsa AGCACUCACAA
AD- geasugagCRaCtUC | 1064 | asAfsacaAtultGlugag | 1199 | GUGAUGAGCACU | 929
1560350 | facaanugwmiul.96 UfeClucaucsase CACAAUUGUUG
AD- ascsucacAfaUtUEG | 1063 | asUfsuuaGRuClAfacaa | 1206 | GCACUCACAAUU | 936
1560357 | fuugacuaaaul 96 UtaGlugagusesc GUUGACUAAAA
AD- ususgacuAfAAFAT | 1066 | asAfsasaGfeAfGicauu | 1201 | UGUUGACUAAAA | 931
1560368 | Ufocugeuummmul 96 UtuAfeucaascsa YGCUGCUUUUA
AD- asusgeugCraUfUf | 1067 | asClsuauGiuUfUtuaaa | 1202 | AAAUGCUGCUUU | 932
1560377 | Utaaaacavagul.96 Afg{tagcaususu UAAAACAUAGGE
AD- csusuuuaAfaAfCfA | 1068 | asAfsconUfcCtUtaugy | 1203 | UGCUUUUAAAAC | 933
15360383 | fuaggaaaguul.96 UtuUfaaaagscsa AUAGGAAAGUA
AD- csasuagg ATaAfGIU | 1069 | asAfsaccAfuUfCluacu | 1204 | AACAUAGGAAAG | 934
1560392 | fagaaugeuuul b6 UfuCfcuaugsusu VAGAAUGGUUG
AD- asgsaagaAfuGIGE | 1070 | asUtsugcAfcUtClaace | 1205 | AAAGUAGAAUGG | 933
1560400 | Uligagugcaaul.96 AfuUfcuacususu UUGAGUGCAAA
AD- asusgounCGiaGtUr | 1071 | asAfsuggAtulfUtgeac | 1206 | GAAUGGUUGAGU | 936
1560406 | Gfcaaauccanul96 UfcAfaccaususe GUAAAUCCAUA
AD- asgsugcaAfaUfCIC | 1072 | asUfsuguGfcUfAfugga | 1207 | UGAGUGCAAAUC | 937
1560413 | fanagcacaaul 96 UfuUfocacusesa CAUAGCACAAG
AD- uscscauaGIcATCEA | 1073 | asAtanmuURUfCiugu | 1208 | AAUCCAUAGCAC {938
1560421 | fagavasauuul96 GfeUfauggasuse AAGAUAAAUUG
AD- csasagauAfaATURU | 1074 | asAfsacuAfgCfUfeaan | 1209 | CACAAGAUAAAL | 939
1560430 | foagcuamnmulb.b6 UfuAfucuegsusg UGAGCUAGUUA
AD- gsasgeuaGRuUfAL | 1075 | asUfsganUfulGfCfeuua | 1210 | UUGAGCUAGUUA | 940
1360441 | Afegcaaaucaul.96 AfcUfagcucsasa AGGCAAAUCAG
AD- usasagecAfAATURC | 1076 | asAfsounlUfaCiClugau | 1211 | GUUAAGGCAAAU | 941
1560449 | fagounaaauul.96 UfuGfecuuasase CAGGUAAAAUA
AD- asgsguaaAfaUfARG | 1077 | asGisaauCalfGlacua | 1212 | UCAGGUAAAAUA | 942
1560460 | fucaugauucul 96 UtuUfuaccusgsa GUCAUGAUUCY
AD- gauscang ARURCE | 1078 | asAfscanUfaCfAfuaga | 1213 | UAGUCAUGAUUC | 943
1560470 | Utauguaauguul96 AfuClaigacsusa UAUGUAAUGUA
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SEQ SEQ SEQ

Duplex | Sense Sequence i Antisense Sequence iD mBRNA Target 1))
Name Fwd NG: {5tod NO: | Sequence &t Y NO:
AD- psasuguaAfuGIUE | 1079 | asUfsuucUfpgGfURmac | 1214 | UCUAUGUAAUGU | 944
1560480 | Afaaccagaaaul96 AfuUfacauasgsa AAACCAGAAAA
AD- uscsapgalUfulUTCEA | 1080 | asAfseaaCtaUfClunga | 1215 | GUUCAUGAUUUC | 945
1560492 | faganguuaonnl96 Afalifcaugasasc AAGAUGUUAUA
AD- csusunugAfaUfUS | 1081 | asAfsuanChuCfUfeuaa | 1216 | GACUUUUGAAUU | 946
1560528 | Afcagagauannl96 UfoCtaanagsuse ACAGAGAUAUA
AD- ususagag UuGIUL | 1082 | asAfscucUfgUfAfucac | 1217 | AAUUAGAGUUGU | 947
1360556 | Gfanacagasunl.D6 AfaCfucuaasusu GAUACAGAGUA
AD- ususgugalUfaCrAaf | 1083 | asAfsaauAfuAfCfucug | 1218 | AGUUGUGAUACA | 9438
1560362 | Gfaguananuuul.96 UfaUfcacaascsy GAGUAUAUUUC
AD- usascagaGRuAfURA | 1084 | asGleaauGfgAfAfavan | 1219 | GAUACAGAGUAU | 949
1560368 | funuccauucal b6 AfcUfcusnasuse AUUUCCAUUCA
AD- asusapouCIcATUTU | 1088 | asUbsannGraCiUfgage | 1220 | GUAUAUUUCCAU | 950
15605876 | feagacaanaul.96 GfeAfaavausasc UCAGACAAUAU
AD- asuscagaCRAfUIA | 1086 | asGfoumnaUfgAfUfavau | 1221 | CAUUCAGACAAU | 951
1560385 | fuancauascul .96 UteUfcugaasusg AUAUCAUAACU

Table 7. Unmodified Sense and Antisense Strand Sequences of CA2 dsRNA Agents

SEQ Range in SEQ | Rangen
Duplex Sense Sequence iD NM_O00 | Antisense Sequence | ID NM_000
Name Sl NG: 867.3 Fwd NO: | 8673
AD- UGUUUCCUAUGA UUUGCUTGAUCA
1784188 1 | UCAAGCAAA 1222 219-239 | UAGGAAACAGA 1533 | 217-239
AD- UGACUUCACUAA UGAUCGAAGUUA
1784189 1 { CUUCGAUCA 1223 394-614 | GUGAAGUCAGC 1534 | 392-614
AD- CAAAGCUUCCUU UCUUAUUUGAAG
1784190.1 | CAAAUAAGA 1224 840-860 | GAAGQCUUUGAU | 1535 | 838-860
AD- UCAAAGCUUCCU UUUATUTGAAGG
17841911 | UCAAAUAAA 1225 §39-859 1 AAGCUUUGAUU | 1536 | 837-859
AD- GUCUGUAUCCAA UUUCAUUAUUUG
17841921 | AUAAUGAAA 1226 871-891 | GAUACAGACUA 1337 | 869-801
AD- GUCUGUAUCCAA UUUCAUTAUUUG
1784193.1 | AUAAUGAAA 1226 571-891 | GAUACAGACUA 1538 | 369891
AD- AUUCCGUAAACU UUGAAGTUAAGU
17841941 | UAACUUCAA 1227 747-767 | UUACGGAAUUU 1539 | 745-767
AD- UCCUAUGAUCAA UGAAGUTGCUUG
17841951 { GCAACUUCA 1228 223-243 | AUCAUAGGAAA | 1540 1 221-243
AD- GUUUCCUAUGAU UGUUGCTUGAUC
1784196 1 1 CAAGCAACA 1226 220-240 1 AUAGGAAACAG | 1541 | 218-240
AD- AUGCUGCIRIUUA 1180- UCUATGTUUTAA 1178-
17841971 | AAACAUAGA 1230 1200 AAGCAGCAUUU 1542 1 1200
AD- CAUUCAGACAAU 1490- UUJAUGATAUAUU 1488-
1784198 1 | AUAUCAUAA 1231 1510 GUCUGAAUGGA {1543 | 1510
AD- GACUUCACUAAC UGGAUCGAAGUU
1784199.1 1+ UUCGAUCCA 1232 595-615 | AGUGAAGUCAG 1344 | 593615
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SEQ Range in SEQ | Rangein
Buplex Sense Sequence iD NM 000 | Antisense Sequesce | ID NM 000
Name Sied hLEE 867.3 i3 NG: | 8673
AD- CCAUUCAGACAA 1489- UAUGAUAUAULG 1487~
1784200.1 | UAUAUCAUA 1233 1509 UCUGAAUGGAA 11345 | 1509
AD- UCUGUAUCCAAA UAUUCATUAUUUY
17842011 § UAAUGAAUA 1234 372-892 | GGAUACAGACU | 1346 | 870-892
AD- AAUCAAAGCUUC UAUUTGAAGGAA
1784202 1 1 CUUCAAAUA 1235 §37-857 | GCUUUGAUUUG | 1547 | 835-857
AD- AUUCAGACAAUA 149]- UUUATGAUAUAU 1489-
17842031 1 UAUCAUAAA 1236 1511 UGUCUGAAUGG | 15348 | 1511
AD- CCGUAAACUUAA UCAUUGAAGUUA
1784204 1§ CUUCAAUGA 1237 750-770 | AGUUUACGGAA 1549 | 748-770
AD- CCGUAAACUUAA UCAUTGAAGUUA
17842051 | CUUCAAUGA 1237 750-770 | AGUUUACGGAA | 1330 | 748-770
AD- WGCUGACUUCA UGAAGUTAGUGA
17842061 + CUAACUUCA 1238 590-610 | AGUCAGCACUC 1551 | 588-610
AD- AAGCUUCCUUCA UAUCUUAUUUGA
17842071 | AAUAAGAUA 1239 842-862 | AGGAAGCUUUG | 1552 | 840-862
AD- AAGCUUCCUUCA UAUCTUAUUUGA
1784208.1 | AAUAAGAUA 1239 342-862 | AGGAAGCUUUG 1553 | 840-862
AD- AAAUUCCGUAAA UAAGUUAAGUUU
17842091+ CUUAACUUA 1240 745-765 | ACGGAAUUUCA | 1554 | 743-765
AD- CUGUCUGUULCC UUGATCAUAGGA
17842101 1 UAUGAUCAA 1241 214-234 | AACAGACAGGG [ 1555 1212-234
AD- GUAUCCAAAUAA UAAGAUUCAUUA
17842111 { UGGAAUCUUA 1242 §75-895 | UUUGGAUACAG | 1556 | 873-805
AD- GUAUCCAAAUAA UAAGAUTCAUUA
17842121+ UGAAUCUUA 1242 875-895 | UUUGGAUACAG | 1357 | 873-805
AD- CUGACUUCACUA UAUCGAAGUUAG
17842131 1 ACUUCGAUA 1243 593-613 | UGAAGUCAGCA | 1558 | 591-613
AD- GCUUCCUUCAAA UCCAUCUUAUUY
17842141 | UAAGAUGGA 1244 844-864 | GAAGGAAGCUY | 1559 | 842-864
AD- GCUUCCUUCAAA UCCATCTUAUUU
17842151 | UAAGAUGGA 1244 544-864 | GAAGGAAGCUU | 1560 | 842-864
AD- AAAUCAAAGCUU UUUUGAAGGAAG
1784216.1 | CCUUCAAAA 1245 836-856 | CUUUGAUUUGC | 1561 | 834-856
AD- AGCUUCCUUCAA UCAUCUUAUUUG
17842171 § AUAAGAUGA 1246 843-863 | AAGGAAGCUUU | 1562 | 841-863
AD- VUGCUGCUUUUAA 1181~ UCCUAUGUUUUA 1179~
1784218 1 1 AACAUAGGA 1247 1201 AAAGCAGCAUU 1563 | 1201
AD- AGGCAAAUCAAA UAAGGAAGCUUU
1784219.1 + GCUUCCUUA 1248 832-852 | GAUUUGCCUGU | 1364 | 830-852
AD- AGGCAAAUCAAA UAAGGAAGCUUL
1784220.1 { GCUUCCUUA 1248 §32-852 | GAUUUGCCUGH | 1564 | 830-852
AD- GGCAAAUCAAAG UGAAGGAAGCUY
17842211 | CUUCCUUCA 1249 833-853 | UGAUUUGCCUG 1565 | 831-853
AD- AAAGCUUCCUUC UUCUUAUUUGAA
17842221 1 AAALJAAGAA 1250 541-861 | GGAAGCULLIGA | 1566 | 839-861
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SEQ Range in SEQ | Rangein
Buplex Sense Sequence iD NM 000 | Antisense Sequesce | ID NM 000
Name Sied hLEE 867.3 i3 NG: | 8673
AD- AAAGCUUCCUUC UUCUTATUUGAA
17842231 | AAAUAAGAA 1230 841-861 | GOAAGCUUUGA | 1367 | 839-861
AD- VAAAAUGCUGCU 1176- UGUUUUAAAAGC 1174-
17842241 1 UUUAAAACA 1251 1196 AGCAUUUUAGU | 15368 | 1196
AD- AAGAAUAAAGUA 1113~ UAGUCAAGGUAC Ht-
1784225 1 1 CCUUGACLA 1252 1133 UUUAUUCUUAU 11569 | 1133
AD- AGAAUAAAGUAC 11i4- UAAGUCAAGGUA 1i2-
17842260 1 CUUGACUUA 1253 1134 CUUUAUUCUUA 11570 | 1134
AD- AGAAUAAAGUAC 1114~ UAAGTCAAGGUA £112-
17842271 CUUGACUUA 1253 1134 CUUUAUUCUUA 1571 | 1134
AD- GUCUGUUUCCUA UCUUGATCAUAG
17842281 | UGAUCAAGA 1254 | 216-236 | GAAACAGACAG 1372 | 214-236
AD- UCCGUAAACUUA UAUUGAAGUUAA
17842291 1 ACUUCAAUA 1258 749-769 | GUUUACGGAAU | 1573 | 747-769
AD- "CUCUUCUGGAA UGUCACACAUUC
17842301 | UGUGUGACA 1236 676-696 | CAGAAGAGGAG | 1374 | 674-695
AD- UAUCCAAAUAAU UGAAGATUCAUU
17842311 | GAAUCUUCA 1257 376-8%6 | AUUUGGAUACA 1575 | 874-898
AD- UCUGUUUCCUAU UGCUTGAUCAUA
17842321+ GAUCAAGCA 1258 217-237 1 GGAAACAGACA [ 1576 | 215-237
AD- GUUGACAUCGAC UGUATGAGUGUC
17842331 § ACUCAUACA 1259 166-186 | GAUGUCAACAG | 1577 | 164-186
AD- AAGUACCUUGAC 1120- UUGAACAAAGUC 1118-
17842341 | BUUGUUCAA 1260 1140 AAGGUACUUUA 11578 | 1140
AD- AAGUACCIRIGAC 1120~ UUGAACAAAGUC 1118~
17842351 | UUUGUUCAA 1260 1140 AAGGUACUUUA | 1578 | 1140
AD- CAGAUCUACCUU UAAATCACCAAG
17842361  GGUGAUUUA 1261 919-039 | GUAGAUCUGUG | 1579 | 917-939
AD- CUGGAUUGUGCY UGUUCCTUGAGC
17842371 | CAAGGAACA 1262 696-716 | ACAAUCCAGGU 1580 | 694-716
AD- UGCUUUUAAAAC 1184- UUUUCCTAUGUU 1182-
1784238.1 | AUAGGAAAA 1263 1204 UUAAAAGCAGC {1581 | 1204
AD- UGCUGACUUCAL UCGAAGUUAGUG
17842391 { UAACUUCGA 1264 591-611 | AAGUCAGCACU 1582 | 389-611
AD- UGCUGACUUCAC UCGAAGTUAGUG
17842401 1 UAACUUCGA 1264 591-611 | AAGUCAGCACU 1583 | S89-611
AD- GAAAUUCCGUAA UAGUUAAGUUUA
1784241 1 + ACUUAACUA 1265 744-764 | CGGAAUUUCAA 11584 | 742-764
AD- GAAAUUCCGUAA UAGUTAAGUUUA
17842421 1+ ACUUAACUA 1265 744-764 | CGGAAUUUCAA | 1385 | 742-T64
AD- VAAGGCAAAUCA 1252~ VAUUUUACCUGA 1250-
1784243 1 | GGUAAAAUA 1266 1272 UUUGCCUUAAC 1586 | 1272
AD- UAAGGCAAAUCA 1252~ UAUUTUACCUGA 1250-
17842441 | GGUAAAALA 1266 1272 UUUGCCUUAAC 1587 | 1272
AD- GUUCUAGGUAUU UUUCAAAAAAAU
17842451 + UUULIUGAAA 1267 1 499-519 | ACCUAGAACGG 1588 | 497-319
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SEQ Range in SEQ | Rangein
Buplex Sense Sequence iD NM 000 | Antisense Sequesce | ID NM 000
Name Sied hLEE 867.3 i3 NG: | 8673
AD- AAGAUAAAUUGA 1234- UUAACUAGCUCA 1232~
1784246.1 | GCUAGUUAA 1268 1254 AUUUAUCUUGU 11589 | 1254
AD- UVUAGCUAAGCAC UGUAGATCUGUG
17842471 § AGAUCUACA 1269 908-028 | CUUAGCUAAAG | 1590 | 906-928
AD- CUUCACUAACUU UGAGGATCGAAG
1784248 1 1 CGAUCCUCA 1270 597-617 | UUAGUGAAGUC | 1591 | 595-617
AD- AAUUCCGUAAAC UGAAGUTAAGUU
17842491+ UUAACUUCA 1271 746-766 | UACGGAAUUUC 11592 | 744-766
AD- CUGCUUUUAAAA 1183~ UUUCCUAUGUUU 1181~
17842501 | CAUAGGAAA 1272 1203 UAAAAGCAGCA 1593 11203
AD- CUGUUGACAUCG UAUGAGTGUCGA
17842511 | ACACUCAUA 1273 164-184 | UGUCAACAGGG 1594 | {62-184
AD- UUCACUAACUUC UCGAGGAUCGAA
17842521 1 GAUCCUCGA 1274 598-618 | GUUAGUGAAGU [ 1595 | 596-618
AD- GCUAAGCACAGA UAAGGUAGAUCU
17842531 1 UCUACCUUA 1275 911-931 | GUGCUUAGCUA | 1396 | 909-93]
AD- UAAAGUACCULG 1118~ UAACAAAGUCAA 11i6-
17842541 | ACUULUGUUA 1276 1138 GGUACUUUAUU 1597 1 113%8
AD- AAAAUGCUGCUU 1177- UUGUTUTAAAAG 1175~
17842551 1 UUAAAACAA 1277 1197 CAGCAUUUUAG {1598 | 1197
AD- GCUGCUULIUAAA 1182~ UUCCUAUGUUUU H180-
1784256.1 1 ACAUAGGAA 1278 1202 AAAAGCAGCAU | 1596 | 1202
AD- GCUGCUUUUAAA 1182- UUCCTATGUUUU 1180~
17842571+ ACAUAGGAA 1278 1202 AAAAGCAGCAYU 11600 | 1202
AD- UCAUGAUUCUAU 1274~ UUACAUUACAUA 1272~
17842581 1 GUAAUGUAA 1279 1294 GAAUCAUGACU 11601 | 1294
AD- UCAUGAUUCUAU 1274~ UUACAUTACAUA 272-
17842591 | GUAAUGUAA 1279 1294 GAAUCAUGACU 11602 | 1294
AD- AGUGCUGACUUC UAAGUUAGUGAA
17842601 | ACUAACUUA 1280 589-609 | GUCAGCACUCU 1603 | 587-604
AD- CUAAGCACAGAU UCAAGGTAGAUC
1784261.1 | CUACCUUGA 1281 912-032 | UGUGCUUAGCU | 1604 | 918-932
AD- CACUAACUUCGA UCACGAGGAUCG
17842621 | UCCUCGUGA 1282 600-620 | AAGUUAGUGAA | 1605 | 398-620
AD- CUGAAGAACAGG UUUGAUTUGCCU
1784263.1 | CAAAUCAAA 1283 823-843 | GUUCULUCAGUG | 1606 | 821-843
AD- AAAGUACCUUGA 1119- UGAACAAAGUCA 1117-
1784264 1 1+ CUUUGUUCA 1284 1139 AGGUACUUUAU 11607 | 1139
AD- GCUUUGUUUAUG 1061~ UACUACTACCAU 1359-
1784265.1 1 GUAGUAGUA 1285 1081 AAACAAAGCAC 1608 | 1081
AD- CAUGAUUCUAUG 1275~ UUUACATUACAU 1273-
17842661 | UAAUGUAAA 1286 1293 AGAAUCAUGAC | 1609 | 1205
AD- CGUUCUAGGUAU UUCAAAAAAAUA
17842671 | UUUUUUGAA 1287 | 498-518 | CCUAGAACGGC 1610 | 496-518
AD- UUCUAGGUAUUU UCUUCAAAAAAA
1784268.1 + UUULIGAAGA 1288 500-520 | UACCUAGAACG 1611 | 498-320
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SEQ Range in SEQ | Rangein
Buplex Sense Sequence iD NM 000 | Antisense Sequesce | ID NM 000
Name Sied hLEE 867.3 i3 NG: | 8673
AD- UCCUUCCUGAAU UAUCCAAGGAUU
17842691 | CCUUGGAUA 1289 523-643 | CAGGAAGGAGG | 1612 1 621-643
AD- UCCUUCCUGAAU UAUCCAAGGAUU
1784270.1 § CCUUGGAUA 1289 623-643 | CAGGAAGGAGG | 1612 | 621-643
AD- GACUAAAAUGCU 1173- UUUAAAAGCAGC 1171
17842711 1 GCUUUUAAA 1290 1193 AUUDUUAGUCAA 11613 | 1193
AD- GACUAAAAUGCU 1173- UUUAAAAGCAGC H7i-
17842721 1 GCUUUUAAA 1290 1193 AUUUUAGUCAA 11613 | 1193
AD- AACAGGCAAAUC UGAAGCTUUGAU
17842731 1 AAAGCUUCA 241 §29-849 | JUGCCUGUUCU 1614 | 827-849
AD- CCUUCCUGAAUC UAAUCCAAGGAU
17842741 | CUUGGAUUA 1292 624-644 | UCAGGAAGGAG | 1615 | 622-644
AD- UGAUGACUCUCA UCUUTGTCCUGA
17842751 | GGACAAAGA 1203 285-305 | GAGUCAUCAAA | i616 | 783-305
AD- UGGAGUUUGAUG UCUGAGAGUCAU
17842761 1 ACUCUCAGA 1294 1 278-288 | CAAACUCCACG 1617 | 276-298
AD- AUCCAAAUAALG UCGAAGAUUCAL
17842771 { AAUCUUCGA 1295 377-897 | UAUUUGGAUAL 1618 | 873-897
AD- AUCCAAAUAAUG UCGAAGAUUCAU
1784278 1+ AAUCUUCGA 1295 §77-897 | UAUUUGGAUAC | 1618 | 875-897
AD- VUGACUUUGUUC 127~ UCAUGCTGUGAA 1125~
17842791 § ACAGCAUGA 1296 1147 CAAAGUCAAGG | 1619 | 1147
AD- AGAUCUACCUUG UCAAAUCACCAA
1784280.1 | GUGAULUGA 1297 920-940 | GGUAGAUCUGU 11620 | 918-940
AD- AUGGUAGUAGUY 1070~ UUACAGAAAAAC 1368~
17842811 | UUUCUGUAA 1298 1090 UACUACCAUAA 1621 | 1090
AD- AUGGUAGUAGUU 1070- UUACAGAAAAAL 1068-
17842821 + UUUCUGUAA 1298 1090 UACUACCAUAA 1621 | 1090
AD- CCUUGACUUUGU 1125~ UUGCTGTGAACA 1123-
1784283.1 {1 UCACAGCAA 1299 1145 AAGUCAAGGUA 11622 | 1145
AD- CCUGGAUUGUGC UUUCCUTGAGCA
17842841 | UCAAGGAAA 1300 695715 | CAAUCCAGGUC 1623 | 693718
AD- GAGCUAGUUAAG 1244- UUGATUTGCCUY 1242~
17842851 | GCAAAUCAA 1301 1264 AACUAGCUCAA 1624 | 1264
AD- ACUGAAGAACAG UUGATUTGCCUG
1784286.1 | GCAAAUCAA 1302 822-842 | UUCUUCAGUGG | 1625 | 820-842
AD- UGAAGAACAGGC UUUUGATUUGCC
1784287 1 1 AAAUCAAAA 1303 §24-844 | UGUUCUUCAGU 1626 | 822-844
AD- CUCCUCUUCUGG UCACACAUUCCA
17842831 1+ AAUGUGUGA 1304 674-694 | GAAGAGGAGGG | 1627 | 672-694
AD- CUCCUCUUCUGE UCACACAUUCCA
1784289 1 | AAUGUGUGA 1304 674-694 | GAAGAGGAGGG {1627 | 672-694
AD- GCUUUCAACGUG | 1305 UUCAAACUCCAC
17842901 | GAGUUUGAA 268-288 | GUUGAAAGCAU | 1628 | 266-788
AD- UGCUUUCAACGU UCAAACUCCACG
17842911 1 GGAGUUUGA 1306 267287 | UUGAAAGCAUG | 1620 | 765-287
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Name Sied hLEE 867.3 i3 NG: | 8673
AD- UGCUUUCAACGU UCAAACTCCACG
17842021 | GGAGUUUGA 1306 | 267-287 | UUGAAAGCAUG | 1630 | 265-287
AD- CAGGUAAAAUAG 1262~ UAAUCATGACUA 1260-
1784203.1 | UCAUGAUUA 1307 1282 UUUUACCUGAU {1631 | 1282
AD- CUGUAUCCAAAU UGAUTCAUUAUU
1784294 1 1 AAUGAAUCA 1308 §73-893 | UGGAUACAGAC 1632 | 871-393
AD- AAGGCAAAUCAG 1253- UUAUTUTACCUG 1251-
17842951 1 GUAAAAUAA 1309 1273 AUUUGCCUUAA 11633 11273
AD- CCUCCUUCCUGA UCCAAGGAUUCA
17847961 1 AUCCUUGGA 1310 621-641 1 GGAAGGAGGCC 1634 | 619641
AD- UUCCUUCAAAUA UGACCATCUUAU
17842971 | AGAUGGUCA 13114 846-860 | UUGAAGGAAGC | 1635 | 844-866
AD- UUGAAAUUCCGU UUUAAGTUUACG
17842981 | AAACUUAAA 1312 742-762 | GAAUUUCAACA | 1636 | 740-762
AD- ACACUCAUACAG UAUACUTGGCUG
1784299 1 | CCAAGUAUA 1313 176-196 | UAUGAGUGUCG | 1637 | 174-196
AD- GCACAGAUCUALC UUCACCAAGGUA
17843001 | CUUGGUGAA 1314 916-036 | GAUCUGUGCUU 1633 | 914-938
AD- CUUUCAACGUGG UAUCAAACUCCA
17843011+ AGUUUGAUA 1315 269-289 | CGUUGAAAGCA | 1639 | 267-289
AD- UAGCUAAGCACA UGGUAGAUCUGU
1784302.1 1 GAUCUACCA 1316 909-029 | GCUUAGCUAAA 1 1640 | 907-929
AD- UUGUGAUACAGA 1469- UAAAUAUACUCU 1467-
17843031 | GUAUAUUUA 1317 1489 GUAUCACAACU 1641 | 1489
AD- ACUCAUVACAGCC UUCAUACUUGGC
17843041 1 AAGUAUGAA 1318 178-198 | UGUAUGAGUGU 1 1642 | 176-198
AD- AGUUAAGGCAAA 1249- UUUACCTGAUUU 247-
17843051 | UCAGGUAAA 1319 1269 GCCUUAACUAG 1643 | 1269
AD- GUUGUGAUACAG 1468- UAAUAUACUCUG 1466-
17843061 | AGUAUAULA 1320 1488 UAUCACAACUC 1644 | 1488
AD- GUUGUGAUACAG 1468- UAAVAUACUCUG 1466-
1784307.1 1 AGUAUAUUA 1320 1488 UAUCACAACUC 1644 | 1488
AD- UGACAUCGACAC UCUGUAUGAGUG
1784308.1 § UCAUACAGA 1321 168-18% | UCGAUGUCAAC 1645 | 166-18%
AD- AGAUAAAUUGAG 1235- UUUAACTAGCUC 1233-
1784309.1 | CUAGUUAAA 1322 1253 AAUUUAUCUUG | 1646 | 1255
AD- VAGGUAUUUUUY UAACCUUCAAAA
17843101 1 UGAAGGUUA 1323 503-523 | AMAUACCUAGA | 1647 | 501-523
AD- UAGGUAUUUUUY UAACCUTCAAAA
17843111 1 UGAAGGUUA 1324 503-523 | AAAUACCUAGA 1164 1 501-523
AD- UGGUGCUUUGUU 1057- UCUACCAUAAAC 1055~
17843121 | GAUGGUAGA 1328 1077 AAAGCACCAAC 1649 | 1077
AD- UGUGAUACAGAG 1470- UGAAAUAUACUC 1468-
17843131 | UAUAUUUCA 1326 1490 UGUAUCACAAC 1650 | 1490
AD- UCUUCUGGAAUG UAGGTCACACAU
1784314.1 + UGUGACCUA 1327 678-698 | UCCAGAAGAGG | 1651 | 676-698
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AD- CUGGCCGUUCUA UAAAAUACCUAG
17843151 | GGUAUUUUA 1328 493-513 | AACGGCCAGUC 1652 | 401-513
AD- AUCAGGUAAAAU 1260~ UUCATGACUAUU 1258-
17843161 1 AGUCAUGAA 1329 1280 UUACCUGAUUU 1 1633 | 1280
AD- VUCCAUUAAAAC UUGCCCTUUGUU
17843171 1 AAAGGGUAA 1330 567-587 | UUAAUGGAAUC | 1634 | 565-587
AD- CAAGAGUGCUGA UUAGTGAAGUCA
17843181 1 CUUCACUAA 1331 585-005 | GCACUCUUGCC 16535 | 383603
AD- VUUCAACGUGGA UCAUCAAACUCC
17843191 | GUUUGAUGA 1332 270-290 | ACGUUGAAAGC 1636 | 268~290
AD- UUGGUGCUUUGU 1056- UUACCAUAAACA 1354~
17843201 | UUAUGGUAA 1333 1076 AAGCACCAACC 1657 | 1076
AD- UUGGUGCUUUGU 1056~ UUACCATAAACA 1054-
17843211 1 UUAUGGUAA 1333 1076 AAGCACCAACC 1658 | 1076
AD- CACUCAUACAGC UCAUACUUGGCY
17843221 | CAAGUAUGA 1334 177-197 | GUAUGAGUGUC | 1639 | 178-197
AD- AUAAAGUACCUU 1117~ UACAAAGUCAAG 1115-
17843231 { GACUUUGUA 1335 1137 GUACUUUAUUC 1660 | 1137
AD- AUGACUUUUGAA 1407- UCUCTGTAAUUC 1405-
1784324 1 1 UUACAGAGA 1336 1427 AAAAGUCAUUA | 1661 | 1427
AD- GUCAUGAUUCUA 1273~ UACAUUACAUAG 1271~
17843251 1 UGUAAUGUA 1337 1293 AAUCAUGACUA | 1662 | 1293
AD- GACCUGGAUUGU UCCUTGAGCACA
1784326.1 | GCUCAAGGA 1338 693713 | AUCCAGGUCAC 1663 | 691-713
AD- GACAUCGACACU UGCUGUAUGAGU
17843271+ CAUACAGCA 1339 169-189 | GUCGAUGUCAA 11664 | 167-189
AD- GAAGAACAGGCA UCUUTGAUUUGC
17843281 | AAUCAAAGA 1340 525-845 | CUGUUCUUCAG 1665 | 823-845
AD- CGUAAACUUAAC UCCAUUGAAGUU
17843281 | UUCAAUGGA 1344 751-771 | AAGUUUACGGA 749-771
AD- AGGUAAAAUAGU 1263- UGAATCAUGACU 1261-
17843301 | CAUGAUUCA 1342 1283 AUUUUACCUGA | 1666 | 1283
AD- GUACCUUGACUU 1122~ UUGUGAACAAAG H120-
17843311 1 UGUUCACAA 1343 1142 UCAAGGUACUU 11667 | 1142
AD- CCGUUCUAGGUA UCAAAAAAAUAC
17843321 § UUUUUUUGA 1344 | 497-517 | CUAGAACGGCC 1668 | 495-317
AD- VUUAUGGUAGUA 1067- UAGAAAAACUAC 065~
17843331 1 GUUUUUCUA 1345 1087 UACCAUAAACA 1669 | 1087
AD- CGUGGAGUUUGA UGAGAGTCAUCA
17843341+ UGACUCUCA 1346 | 276-296 | AACUCCACGUY 1670 | 274-296
AD- VUCAACGUGGAG UUCATCAAACUC
17843351 | UUUGAUGAA 1347 271-201 | CACGUUGAAAG | 1671 | 769-291
AD- GAGUUGUGAUAC 1466- UUAUACTCUGUA 1464-
17843361 | AGAGUAUAA 1348 1486 UCACAACUCUA 1672 | 1486
AD- UVACCUUGACUUU 1123- UCUGUGAACAAA 1121~
17843371 + GUUCACAGA 1349 1143 GUCAAGGUACH 11673 11143
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AD- UACCUUGACUUU 1123- UCUGTGAACAAA 21~
1784338.1 | GUUCACAGA 1349 1143 OUCAAGGUACU 11674 | 1143
AD- UVAGAGUUGUGAU 1464- UUACTCTGUALUC 1462-
17843391 | ACAGAGUAA 1350 1484 ACAACUCUAAL 1675 | 1484
AD- UGAGUGCAAAUC 1214- UGUGCUAUGGAY 1212~
17843401 1 CAUAGCACA 1351 1234 UUGCACUCAAC 1676 | 1234
AD- CAAAUCAGGUAA 1237- UUGACUAUUUUA 1255-
17843411 1 AAUAGUCAA 1352 1277 CCUGAUUUGCC 1677 | 1277
AD- AAGCACAGAUCU UACCAAGGUAGA
17843421 1 ACCUUGGUA 1353 9i4-934 | UCUGUGCUUAG 1678 | 912-934
AD- ACUUUGUUCACA 1130- UCUACAUGCUGY 1128-
17843431 | GCAUGUAGA 1354 1150 OAACAAAGUCA 1679 | 1150
AD- UGGCCGUUCUAG UAAAAAUACCUA
17843441 | GUAUUUUUA 1388 494-514 | GAACGGCCAGU 1680 | 492-514
AD- GCCAAGUAUGAC UAGGGAAGGGUC
17843451 | CCUUCCCUA 1336 187-207 | AUACUUGGCUG | 1681 | 185.207
AD- UAUGGUAGUAGU 1069- UACAGAAAAACU 1067-
1784346.1 | UDUUCUGUA 1357 1089 ACUACCAUAAA 1687 | 1089
AD- AAUUGAGCUAGU 1240- UYUGCCTUAACU 123%-
17843471+ UAAGGCAAA 1358 1260 AGCUCAAUUUA | 1683 | 1260
AD- ACUAAAAUGCUG 1174- UUUUAAAAGCAG H72-
1784348 1 1 CUUUUAAAA 1359 1194 CAUUUUAGUCA 11684 | 1194
AD- ACUUCACUUGGU UUCCAGTGAACC
17843491 | UCACUGGAA 1360 | 426-446 | AAGUGAAGUUC | 1685 | 424-446
AD- UCUAGGUAUUUU UCCUUCAAAAAA
17843501 | UUUGAAGGA 1364 501-521 | AUACCUAGAAC 1686 | 499-521
AD- AGCACAGAUCUA UCACCAAGGUAG
17843511 | CCUUGGUGA 1362 915-935 1 AUCUGUGCUUA | 1687 | 613-935
AD- GCCGUUCUAGGU UAAAAAAAUACC
17843521 { AUUUUUULA 1363 496-516 | UAGAACGGCCA 1688 | 494-516
AD- CUAAAAUGCUGC 1175- UUUUUAAAAGCA 1173-
1784353.1 | UUUUAAAAA 1364 1195 GCAUUUUAGUC [ 1689 | 1193
AD- GAACAGGCAAAU UAAGCUTUGALU
17843341 | CAAAGCUUA 1365 §28-848 | UGCCUGUUCUU 1690 | 826-84%
AD- UGCUUUGUUUAU 1060~ UCUACUACCAUA HO58-
17843551 § GGUAGUAGA 1366 1080 AACAAAGCACC 1691 | 1080
AD- AAUUAGAGUUGU 1461~ UUCUGUAUCACA 1459~
1784356 1 1 GAUACAGAA 1367 1481 ACUCUAAUUAY 1692 | 1481
AD- CUGGUUGGUGCU 1052~ UAUAAACARAGC 1050~
17843571 1 UUGUUUAUA 1368 1072 ACCAACCAGCC 1693 | 1072
AD- UCCUUCAAAUAA UGGACCAUCUUA
1784358 1 | GAUGGUCCA 1369 §47-867 | UUUGAAGGAAG | 1694 | 845-867
AD- GCCUCCUUCCUG UCAAGGAUUCAG
17843591 | AAUCCUUGA 1370 620-640 | GAAGGAGGCCA 1695 | 618-640
AD- GAUUCUAUGUAA 1278- UGGUTUACAUUA 1276-
1784360.1 1 UGUAAACCA 1371 1298 CAUAGAAUCAU 1169 | 1298
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AD- UGGUUGGUGCUL 1033~ UCAUAAACAAAG 1051~
17843611 | UGUUUAUGA 1372 1073 CACCAACCAGC 1697 | 1073
AD- CUCAUACAGCCA UGUCAUACUUGG
1784362.1 1 AGUAUGACA 1373 179-199 | CUGUAUGAGUG | 1698 1 177-199
AD- CUCAUACAGCCA UGUCAUACUUGG
17843631 1 AGUAUGACA 1373 179-199 | CUGUAUGAGUG | 1698 | 177-199
AD- AUCGACACUCAU UUUGGCTGUAUG
17843641 1 ACAGCCAAA 1374 172-192 1 AGUGUCGAUGU | 1699 | 170-192
AD- GCACUGGCAUAA UGGAAGTCCUUA
1784365 1§ GGACUUCCA 1373 117-137 1 UGCCAGUGCUC 1700 | 115137
AD- AACGUGGAGUUU UGAGTCAUCAAA
17843661 | GAUGACUCA 1376 | 274294 | CUCCACGUUGA 1701 | 272-294
AD- GCAAAUCAGGUA 1286~ UGACUAUUUUAC 254-
17843671 1 AAAUAGUCA 1377 1276 CUGAUUUGCCU 1702 11276
AD- GCAAAUCAGGUA 1236- UGACTATUUUACL 1254-
17843681 | AAAUAGUCA 1377 1276 CUGAUUUGCCU 1703 | 1276
AD- CUUCAGAAAGUU UACAUCAACAAC
17843691 | GUUGAUGUA 1378 541-361 | UUUCUGAAGGC 1704 | 539-361
AD- CUUCAGAAAGUU UACATCAACAAC
17843701 | GUUGAUGUA 1378 541561 | UUUCUGAAGGL 1705 | 539-561
AD- AAAUCAGGUAAA 1258~ UAUGACTAUUUY 1256-
17843711 § AUAGUCAUA 1379 1278 ACCUGAULUGC 1706 | 1274
AD- AGGCAAAUCAGE 1254- UCUAUUUUACCU 1252-
17843721 { UAAAAUAGA 1330 1274 GAUUUGCCUUA 11707 |1 1274
AD- GGGCAAGAGUGC UUGAAGTCAGCA
17843731 1 UGACUUCAA 1381 582-602 | CUCUUGCCCUU 1708 | 380-602
AD- GGCCGUUCUAGE UAAAAAAUACCU
17843751 1 UAUUUUUUA 1382 495-515 | AGAACGGCCAG 1709 | 493515
AD- CGGGCCUUCAGA UAACAACUUUCY
17843771 | AAGUUGULA 1383 536-556 | GAAGGCCCGGU 1710 | 534-556
AD- GGCAAAUCAGGU 1255- UACUAUUUUALC 1253-
1784378.1 | AAAAUAGUA 1384 1275 UGAUUUGCCUU | 1711 | 1275
AD- GAGGAUCCUCAA UGACCAUUGUUG
17843791 | CAAUGGUCA 1385 246-266 | AGGAUCCUCAG 1712 | 244-266
AD- GAGGAUCCUCAA UGACCATUGUUG
17843801 1 CAAUGGUCA 1385 246-266 | AGGAUCCUCAG 1713 | 244-265
AD- VUCACUUGGUUC UGUUCCAGUGAA
1784381 1 1 ACUGGAACA 1386 | 428-448 | CCAAGUGAAGU 1714 | 426-448
AD- AGAACUGAUGGU UAGUTGTCCACC
17843821 1+ GGACAACUA 1387 T86-806 | AUCAGUUCUUC 1715 | 784-806
AD- AAUAAAGUACCU 1116~ UCAAAGUCAAGG 1114~
1784383 1 | UGACUUUGA 1388 1136 UACUUUAUUCU 11716 | 1136
AD- AAUAAAGUACCU 1116~ UCAAAGTCAAGG 1114-
1784384.1 | UGACUUUGA 1388 1136 UACUUUAUUCU 11717 | 1136
AD- CUUUGUUCACAG 1131~ UCCUACAUGCUG £129-
17843851 1 CAUGUAGGA 1389 1151 UGAACAAAGUC (1718 | 15
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AD- CUUUGUUCACAG 1131- UCCUACAUGCUG 1129-
1784386.1 | CAUGUAGGA 1389 1151 UGAACAAAGUC 11718 | 1151
AD- AAUAAGAAUAAA 1110~ UCAAGGTACUUU 1108~
17843871 § GUACCUUGA 1390 1130 AUUCUUADUUC {1719 | 1130
AD- AGUAGUUUUUCU 1075~ UUGUGUTACAGA 1073~
17843881 | GUAACACAA 1391 1095 AAAACUACUAC 1720 | 1095
AD- CCAAGUAUGACC UCAGGGAAGGGU
17843891+ CUUCCCUGA 1392 188-208 | CAUACUUGGCU 1721 | 186-208
AD- VUGAGUGCAAAU 1213~ UUGCTATGGAUU 1211~
17843901 | CCAUAGCAA 1393 1233 UGCACUCAACC 1722 11233
AD- GGCCUUCAGAAA UUCAACAACUUY
17843911 | GUUGUUGAA 1394 538-358 | CUGAAGGCCCG 1723 | 536-558
AD- AGGAUCCUCAAC UUGACCAUUGUU
17843921 1 AAUGGUCAA 1395 247267 | GAGGAUCCUCA 1724 | 245-267
AD- AUUAGAGUUGUG 1462- UCUCTGTAUCAC 1460-
17843931 | AUACAGAGA 1396 1482 AACUCUAAUUA | 1725 | 1482
AD- CAACGUGGAGUU UAGUCATCAAAC
17843941 | UGAUGACUA 1397 273-283 |+ UCCACGUUGAA 1726 | 271-293
AD- GACUUUUGAAUU 1409- UAUCTCTGUAAU 1447-
17843951 + ACAGAGAUA 1398 1429 UCAAAAGUCAU 1727 | 1429
AD- UGAGGAUCCUCA UACCAUUGUUGA
17843961 § ACAAUGGUA 1399 | 245-265 | GGAUCCUCAGG 1728 | 243-265
AD- GAGUUUGAUGAC UUCCTGAGAGUC
17843971 | UCUCAGGAA 1400 280-300 | AUCAAACUCCA 1720 1 278-300
AD- UUUUAAAACAUA 1187~ UUACTUTCCUAU 1185~
1784398 1 GGAAAGUAA 1401 1207 GUUUUAAAAGC 11730 | 1207
AD- UUAUGGUAGUAG 1068- UCAGAAAAACUA 1066-
17843991 UUULUCUGA 1402 1088 CUACCAUAAAC 1731 | 1088
AD- AACUUCACUUGG UCCAGUGAACCA
17844001 | UUCACUGGA 1403 425-445 | AGUGAAGUUCYU 11732 | 423-445
AD- AAAUUGAGCUAG 1239- UUGCCUTAACUA 1237-
17844011 | UUAAGGCAA 1404 1259 GCUCAAUUUAU 11733 1 1259
AD- UUUGUUUAUGGU 1063~ UAAACUACUACC 1061~
1784402 1 | AGUAGUUUA 1403 1083 AUAAACAAAGC 11734 11083
AD- UUUGUUUAUGGY 1063~ UAAACUACUACC 1061~
1784403.1 | AGUAGUUUA 1405 1083 AUAAACAAAGC | 1734 | 1083
AD- AAGGGCAAGAGU UAAGTCAGCACU
1784404 1 | GCUGACUUA 1406 580-600 | CUUGCCCUUUG 1735 | 578-600
AD- GGAGUUUGAUGA UCCUGAGAGUCA
1784405.1 + CUCUCAGGA 407 | 279299 1 UCAAACUCCAC 1736 | 2779-299
AD- GGGCCUUCAGAA UCAACAACUUUC
17844061 | AGUUGUUGA 1408 537-557 | UGAAGGCCCGG 1737 | 535-357
AD- GCAAGAGUGCUG UAGUGAAGUCAG
17844071 | ACUUCACUA 1409 584-604 | CACUCUUGCCC 1738 | 582-604
AD- AGCCACUGAAGA UUUGCCTGUUCU
1784408.1 1 ACAGGCAAA 1410 518-838 | UCAGUGGCUGA | 1739 | 816-838
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AD- AUUCCAUUAAAA UGCCCUUUGUUU
17844091 | CAAAGGGCA 1411 566-386 | UAAUGGAAUCC 11740 | 564-586
AD- AUUCCAUUAAAA UGCCCUTUGUUU
17844101 1 CAAAGGGCA 1411 566-586 | UAAUGGAAUCC 11741 | 564-386
AD- GUAGUUUUUCUG 1076~ UCUGTGTUACAG 1074~
17844111 1 UAACACAGA 1412 1096 AAAAACUACUA 11742 11096
AD- GGUAUUUUUUUG UCCAACCUUCAA
17844121 1+ AAGGUUGGA 1413 505-325 | AAAAAUACCUA 11743 | 503-323
AD- UCCAAAUAAUGA UCCGAAGAUUCA
17844131 | AUCUUCGGA 1414 §78-808 | UUAUUUGGAUA 1744 | 876-8398
AD- AAACAUAGGAAA 1192~ UCAUTCTACUUU H90-
1784414.1 | GUAGAAUGA 1415 1212 CCUAUGUUUUA 1745 | 1212
AD- AUGACUCUCAGG UUGCTUTGUCCU
17844151 | ACAAAGCAA 1416 287-307 | GAGAGUCAUCA | 1746 | 785-307
AD- AGCUAGUUAAGG 1245- UCUGAUUUGCCY 1243-
17844161 | CAAAUCAGA 1417 1265 UAACUAGCUCA 1747 | 1268
AD- CCUGAGGAUCCU UCAUTGTUGAGG
17844171 | CAACAAUGA 1413 243-263 | AUCCUCAGGGA 1748 | 241-263
AD- GGUUGGUGCUUU 1054- UCCAUAAATAAA 1052-
17844181 | GUUUAUGGA 1419 1074 GCACCAACCAG 1749 1 1074
AD- AGGUAUUUUUUY UCAACCUUCAAA
17844191 | GAAGGUUGA 1420 504-324 | AAAAUACCUAG | 1750 | 502-324
AD- UGAAUCUUCGGG UGGGAAACACCC
1784420.1 | UGUUUCCCA 1421 §87-907 | GAAGAUUCALUU | 1751 | 885-907
AD- UGAAUCUUCGGG UGGGAAACACCC
17844211 | UGUUUCCCA 14214 887-007 | GAAGAUUCAUU | 1751 | 885-0G7
AD- UAGUAGUUUUUC 1074- UGUGUUACAGAA 1072-
17844221 1 UGUAACACA 1422 1094 AAACUACUACC 1752 1 1094
AD- UAGUAGUUUUUC 1074- UGUGTUACAGAA 1072~
1784423.1 | UGUAACACA 1422 1094 AAACUACUACC 1753 11094
AD- GUUUGAUGACUC UUGUCCTGAGAG
1784424.1 | UCAGGACAA 1423 282-302 | UCAUCAAACUC 1754 | 280-302
AD- AAUGAAUCUUCG UGAAACACCCGA
17844251 | GOGUGUUUCA 1424 885-905 | AGAUUCAUUAYU | 1755 | 883-903
AD- CAAAUAAUGAAU UACCCGAAGAUY
1784426.1 | CUUCGGGUA 1425 880-000 | CAUUAUUUGGA | 1756 | 878-000
AD- VUUGUUCACAGC 1132- UCCCUACAUGCU 1130~
1784427 1+ AUGUAGGGA 1426 1152 GUGAACAAAGU 11757 1 1152
AD- AUUGUGCUCAAG UAUGGOTUCCUU
1784428.1 1 GAACCCAUA 1427 700-720 | GAGCACAAUCC 1758 | 698-724
AD- GUUGGUGCUIUG 1055~ UACCAUAAACAA 1053~
17844201 | UUUAUGGUA 1428 1073 AGCACCAACCA 1789 1 1075
AD- GAAUCUUCGGGU UAGGGAAACACC
1784430.1 | GUUUCCCUA 1429 888-908 | CGAAGAUUCAU | 1760 | 886-908
AD- GGUAGUAGUUUU 1072- UGUUACAGAAAA 1079-
17844311 1 UCUGUAACA 1430 1092 ACUACUACCAU 1761 | 1092
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AD- AGAACAGGCAAA UAGCUUUGAUUY
17844321 1 UCAAAGCUA 1431 827-847 | GCCUGUUCUUC 1762 | 825-847
AD- AGAACAGGUAAA UAGCTUTGAUUU
17844331 1 UCAAAGCUA 1431 827-847 | GCCUGUUCUULC 1763 | 825-847
AD- AAAAUAGUCAUG 1267- UCAUAGAAUCAU 1265~
1784434 1 1 AUUCUAUGA 1432 1287 GACUAUUUUAC 1764 | 1287
AD- ACUGGCCGUUCU UAAAUACCUAGA
1784435.1 1 AGGUAUUUA 1433 492-512 1 ACGGCCAGUCC 1765 | 490-312
AD- CCCUGAGGAUCC VAUUGUTGAGGA
17844361 | UCAACAAUA 1434 242-262 | UCCUCAGGGAA 1766 | 240-267
AD- GCUGGUUGGUGC 1051~ UUAAACAAAGCA 1349~
17844371 UUUGUUUAA 1435 1071 CCAACCAGCCA 1767 | 1071
AD- CAGAAAGUUGUU UAGCACAUCAAC
17844381 | GAUGUGCUA 1436 544-564 | AACUUUCUGAA {1768 | 542-364
AD- ACUAACUUCGAU UCCACGAGGAULC
17844391 | CCUCGUGGA 1437 601-621 | GAAGUUAGUGA | 1769 | 599-62]
AD- CCUUCAGAAAGU UCAUCAACAACU
17844401 | UGUUGAUGA 1433 540-360 | UUCUGAAGGCC 1770 | 538-360
AD- UGAGCACUGGCA UAGUCCTUAUGC
17844411 § UAAGGACUA 1439 114-134 | CAGUGCUCAGG 1771 | 112-134
AD- CUAGUUAAGGCA 1247- UACCTGAUUUGC 1245~
17844421+ AAUCAGGUA 1440 1267 CUUAACUAGCU 1772 11267
AD- CUGAGGAUCCUC UCCAUUGUUGAG
17844431 AACAAUGGA 1441 244-264 | GAUCCUCAGGG 1773 1 242-264
AD- GUUUAUGGUAGH 1066~ UGAAAAACUACU 10364~
17844441 1 AGUUUUUCA 1442 1086 ACCAUAAACAA 1774 | 1086
AD- UGUGACCUGGAU UUGAGCACAAUC
17844451 1 UGUGCUCAA 1443 690-710 | CAGGUCACACA 1775 | 688-710
AD- ACAUCGACACUC UGGCTGTAUGAG
1784446.1 | AUACAGCCA 1444 170-190 | UGUCGAUGUCA 1776 | 168-190
AD- GAUUGUGCUCAA UUGGGUTCCUUG
1784447.1 | GGAACCCAA 1445 699-719 | AGCACAAUCCA 1777 | 697-719
AD- UCAUACAGUCAA UGGUCATACUUG
1784448 1 | GUAUGACCA 1446 180-200 | GCUGUAUGAGU 11778 | 178-200
AD- UAAAAUAGUCAU 1266- UAUAGAAUCAUG 1264-
17844491 § GAUUCUAUA 1447 1286 ACUAULUUACC 1779 | 1286
AD- UAAAAUAGUCAU 1266~ UAUVAGAAUCAUG 1264~
1784450 1 1 GAUUCUAUA 1447 1286 ACUAUUUUACC 1779 11286
AD- GUGCUCAAGGAA UCUGAUGGGUUC
17844511 + CCCAUCAGA 1448 703-723 | CUUGAGCACAA 1780 | 701-723
AD- CGAAGAACUGAU VUGUCCACCAUC
1784452 1 { GGUGGACAA 1449 783-803 | AGUUCUUCGGG | 1781 | 781-803
AD- AAUAAAAUGUGA 1001- UUCUAGTCUUCA
1784453.1 | AGACUAGAA 1450 1021 CAUUUUAUUAG | 1782 | 999-1024
AD- GGCUGGUUGGUG 1050~ UAAACAAAGCAC 1048-
17844541 + CUUUGUUUA 1451 1070 CAACCAGCCAC 1783 1 1070
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Buplex Sense Sequence iD NM 000 | Antisense Sequesce | ID NM 000
Name Sied hLEE 867.3 i3 NG: | 8673
AD- UUGUUCACAGCA 1133- UACCCUACAUGC H131-
17844551 1 UGUAGGGUA 1432 1183 UGUGAACAAAG 11784 | 1153
AD- UVUCAAAUAAGAU UAUGGGACCAUC
17844561 | GGUCCCAUA 1453 850-870 | UUAUUUGAAGG | 1785 | 848-870
AD- UUUAAAACAUAG 1188~ UCUACUUUCCUA 186~
1784457 1§ GAAAGUAGA 1454 1208 UGUUUUAAAAG [ 1786 | 1208
AD- UUGUUUAUGGUA 164~ UAAAACUACUAC 1062-
1784458 1 1 GUAGUUUUA 1455 1084 CAUAAACAAAG | 1787 1 1084
AD- UUGUUUAUGGUA 1064- UAAAACTACUAC 1062~
17844591 | GUAGUUUUA 1453 1084 CAUAAACAAAG 1788 | 1084
AD- GCUAGUUAAGGC 1246- UCCUGAUUUGCC 1244-
1784460.1 | AARAUCAGGA 1456 1266 UUAACUAGCUC 1789 | 1266
AD- GUAAAAUAGUCA 1265- UUAGAAUCAUGA 1263-
17844611 | UGAUUCUAA 1487 1285 CUAUUUUACCU 17690 1 1285
AD- GUAAAAUAGUCA 1265- UUAGAATCAUGA 1263-
17844621 | UGAUUCUAA 1437 1285 CUAUUUUACCU 1791 | 1288
AD- GACUGGCCGUUC UAAUACCUAGAA
17844631 | UAGGUAUUA 1453 491-511 | CGGCCAGUCCA 1792 | 439-311
AD- UCAGCCACUGAA UGCCTGTUCUUC
1784464 1 | GAACAGGCA 1439 816-836 | AGUGGCUGAGC 1793 | 814-836
AD- UGGAAUGUGUGA UAAUCCAGGUCA
1784465.1 1 CCUGGAUUA 1460 683-703 | CACAUUCCAGA 1794 | 681-703
AD- UCACAGCAUGUA 1137- UCAUCACCCUAC 1135~
1784466.1 | GGGUGAUGA 1461 1187 AUGCUGUGAAC {1795 | 1157
AD- UACAGCCAAGUA UAAGGGTCAUAC
17844671+ UGACCCUUA 1462 183-203 | UUGGCUGUAUG 11796 | 181-203
AD- CUGAGCACUGGC UGUCCUUAUGCC
1784468.1 | AUAAGGACA 1463 113133 | AGUGCUCAGGU 11797 | 111-133
AD- CUGAGCACUGGC UGUCCUTAUGCC
17844681 | AUAAGGACA 1463 113-133 1 AGUGCUCAGGYU {1798 | 111-133
AD- GCUCAAGGAACC UCGUTGAUGGGU
1784470.1 | CAUCAGCGA 1464 705-728 | UCCUUGAGCAC 1799 | 703-725
AD- VUCUGGAAUGUG UCCAGGTCACAC
17844711 § UGACCUGGA 1465 680-700 | AUUCCAGAAGA | 1800 | 678-700
AD- UAAAUUGAGCUA 1238~ UGCCUUAACUAG 1236-
17844721 § GUUAAGGCA 1466 1258 CUCAAUUUAUC i801 | 1254
AD- VAUUUUUUUGAA UUGCCAACCUUC
1784473 1 1 GGUUGGUAA 1467 507-527 1 AMAAAAAUACC 1802 | 505-527
AD- UAAUUAGAGUUG 1460~ UCUGUAUCACAA 1458~
17844741 1 UGAUACAGA 1468 1480 CUCUAAUUAUA | 1803 | 1480
AD- UAAUUAGAGUUG 1460- UCUGTATCACAA 1458-
1784475 1 | UGAUACAGA 1468 1480 CUCUAAUUAUA | 1804 | 1480
AD- UGACUCUCAGGA UCUGCUUUGUCT
17844761 | CAAAGCAGA 1469 | 283-308 | UGAGAGUCAUC 1 1805 | 286-308
AD- UGACUCUCAGGA UCUGCUTUGUCC
17844771 1 CAAAGCAGA 1469 288-308 | UGAGAGUCAUC | 1806 | 286-308
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Name Sied hLEE 867.3 i3 NG: | 8673
AD- CAUACAGCCAAG UGGGTCAUACUU
17844781 1 UAUGACCCA 1470 181-201 | GGCUGUAUGAG | 1807 | 179-201
AD- GUAUUUUUUUGA UGCCAACCUUCA
1784479.1 1 AGGUUGGCA 1471 506-526 | AAAAAAUACCU 1 1808 | 504-326
AD- CACAGCAUGUAG 1138- UUCATCACCCUA 1136~
17844801 § GGUGAUGAA 1472 1158 CAUGCUGUGAA | 1809 | 1158
AD- UAUAAUUAGAGU 1438- UGUATCACAACU 1456-
17844811 1 UGUGAUACA 1473 1478 CUAAUUAUAAC | 1810 | 1478
AD- GAUUUUGGGAAA UUGCACAGCUUU
1784482 1 GCUGUGCAA 1474 460-480 | CCCAAAAUCCC 1811 1 438-430
AD- UAAAACAAAGGG UCACTCTUGCCC
1784483.1 | CAAGAGUGA 1475 573-393 | UUUGUUUUAAU | 1812 | 571.893
AD- UCAAGGAACCCA UGACGCUGAUGE
17844841 | UDCAGCGUCA 1476 707-7127 | GUUCCUUGAGC 1813 | 705727
AD- UCAAGGAACCCA UGACGCTGAUGG
17844851 | UCAGCGUCA 1476 707-727 | GUUCCUUGAGC i814 | 708-727
AD- UCAGAAAGUUGU UGCACAUCAACA
1784486.1 | UGAUGUGCA 1477 543-363 | ACUUUCUGAAG 1815 | 541-363
AD- UCAGAAAGUUGU UGCACATCAACA
17844871 + UGAUGUGCA 1477 543-563 | ACUUUCUGAAG | 1816 | 541-563
AD- CCAAAUAAUGAA UCCCGAAGAUUC
17844881+ UCUUCGGOA 1478 879-899 | AUUAUUUGGALU | 1817 | 877-899
AD- AGCAUGUAGGGU 1141- UUGCTCAUCACC 1139-
1784489 1 | GAUGAGCAA 1479 116} CUACAUGCUGU 1818 | 16l
AD- GAUAAAUUGAGC 1236- UCUUAACUAGCU 1234~
1784490.1 + UAGUUAAGA 1480 1256 CAAUUUAUCUU | 1816 | 1256
AD- CUCAGCCACUGA UCCUGUUCUUCA
17844911 | AGAACAGGA 1481 515835 | GUGGCUGAGCU | 1820 | 813-835
AD- CUCAGCCACUGA UCCUGUTCUUCA
17844921 | AGAACAGGA 1481 815-835 | GUGGCUGAGCU | 1821 | 813-835
AD- CAGCAUGUAGGG 1140- UGCUCATCACCC 1138-
1784493.1 | UGAUGAGCA 1482 1160 UACAUGCUGUG {1822 | 1160
AD- AUAAUGAAUCUU UAACACCCGAAG
1784494 1 | COGGUGUUA 1483 883-603 | AUUCAUUAUUY | 1823 | 881903
AD- GGAACCCAUCAG UUGCTGACGCUG
1784495.1 | CGUCAGCAA 1484 711-731 P AUGGGUUCCUU 11824 1 709-731
AD- VUGUUCACAGCAU 1134- UCACCCUACAUG 1132~
17844961 | GUAGGGUGA 1445 1154 CUGUGAACAAA 11825 11154
AD- AAACAAAGGGCA UAGCACTCUUGC
17844971 1+ AGAGUGCUA 1486 575-395 | CCUUUGUUUUA | 1826 | 573-303
AD- UGUGUGACCUGG UAGCACAAUCCA
1784498 1 | AUUGUGCUA 1487 688-708 | GGUCACACAUU 1827 | 686-708
AD- UGUGUGACCUGG UAGCACAAUCCA
17844991 | AUUGUGCUA 1487 688-708 | GOGUCACACAUU 1827 | 686-708
AD- AAUAAUGAAUCU UACACCCGAAGA
1784500.1 + UCGGGUGUA 1488 582-002 | UUCAUUAUUUG | 1828 | 880-902
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AD- AUUUUUUUGAAG UCUGCCAACCUU
17845011 | GUUGGCAGA 1489 508-528 | CAAAAAAAUAC | 1829 | 506-528
AD- AUUUUUUUGAAG UCUGCCAACCUY
17845021 1 GUUGGCAGA 1489 508-328 | CAAAAAAAUAC | 1829 | 506-528
AD- UGCUCAAGGAAC UGCUGATGGGUU
17845031 | CCAUCAGCA 1490 704-724 | CCUUGAGCACA 1430 | 702-724
AD- UAAUGAAUCUUC UAAACACCCGAA
17845041 1 GGGUGUUUA 1491 884-004 | GAUUCAUUAUU 1 1831 | 882-004
AD- GUGGCUGGUUGG 1048- UACAAAGCACCA 1046-
17845051 | UGCUUUGUA 1492 1068 ACCAGCCACAG 1832 | 1068
AD- AAGGAACCCAUC UCUGACGCUGAU
17845061 | AGCGUCAGA 1493 709-729 | GOGGUUCCUUGA 1833 | 707-72%
AD- UUAAAACAAAGG UACUCUTGCCCU
17845071 1 GCAAGAGUA 1494 572-592 | UUGUUUUAAUG | 1834 | 570-592
AD- CUGUGGCUGGUU 1046- UAAAGCACCAAC 1044-
17845081 | GGUGCUUUA 1495 1066 CAGCCACAGCA 1835 | 1066
AD- CAGCUCAGCCAC UGUUCUTCAGUG
1784509.1 | UGAAGAACA 1496 312-832 | GCUGAGCUGHE 1836 | 81(-&32
AD- AAAUAAUGAAUC UCACCCGAAGAU
17845101+ UUCGGGUGA 1497 881-001 | UCAUUAUUUGG | 1837 | 879-901
AD- GAAUGUGUGACC UACAAUCCAGGY
17845111 + UGGAUUGUA 1498 683-705 | CACACAUUCCA 1838 | 683-703
AD- CAUGUAGGGUGA 1143- UAGUGCTCAUCA 1141-
17845121 | UGAGCACUA 1499 1163 CCCUACAUGCU 1839 1 1163
AD- GGACUGGCCOUU UAUACCTAGAAC
17845131+ CUAGGUAUA 1500 | 490-510 | GGCCAGUCCAU iR40 | 488-310
AD- AUAAAUUGAGCU 237- UCCUUAACUAGC 1235-
17845141 | AGUUAAGGA 1501 1257 UCAAUUUAUCU 11841 | 1257
AD- GAAAGUUGUUGA UCCAGCACAUCA
17845151 1 UGUGCUGGA 1502 546-566 | ACAACUUUCUG 1842 | 544-566
AD- GAAAGUUGUUGA UCCAGCACAUCA
17843161 1 UGUGCUGGA 1502 546-566 | ACAACUUUCUG 1842 | 544-366
AD- AACAAAGGGCAA UCAGCACUCUUG
17845171 | GAGUGCUGA 1363 576-596 | CCCUUUGUUUU 1843 | 374-596
AD- CCUGAGCACUGG UUCCTUAUGCCA
17845181 1 CAUAAGGAA 1504 112-132 | GUGCUCAGGUC i844 | 110-132
AD- UGAUGGUGGACA UGCGCCAGUUGU
1784519 1 1 ACUGGCGCA 1505 791-811 | CCACCAUCAGU 1845 | 789-811
AD- ACAAAGGGCAAG UUCAGCACUCUU
17845201 1+ AGUGCUGAA 1306 577-597 | GCCCUUUGUUY 1846 | 375-397
AD- ACGGACCUGAGC VAUGCCAGUGCU
1784521 1 | ACUGGCAUA 1507 107-127 | CAGGUCCGUUG 1847 | 105-127
AD- UGGGAAAGCUGU UGUUGCTGCACA
17845221 | GCAGCAACA 1508 465-485 | GCUUUCCCAAA 1848 | 463485
AD- AACCCAUCAGCG UGCUGCTGACGE
17845231 1 UCAGCAGCA 1509 713-733 | UGAUGGQUUCC | 1849 | 711-733
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Name Sied hLEE 867.3 i3 NG: | 8673
AD- AGCUCAGCCACU UUGUTCTUCAGU
17845241 | GAAGAACAA 1510 813-833 | GGCUGAGCUGG | 1850 | 811-833
AD- UVUUUGAAGGUUG UAGCGCTGCCAA
17845251 1 GCAGCGCLA 1511 512-5332 | CCUUCAAAAAA i851 | 510332
AD- GUAUGACCCUUC UGCUTCAGGGAA
17845261 1 CCUGAAGCA 1512 192-212 | GGGUCAUACUY 1852 | 190-212
AD- CUACCCAGGCUC UUGGTCAGUGAG
17845271 1+ ACUGACCAA 1513 651-671 | CCUGGGUAGGU | 1833 | 649-671
AD- ACCCAGGCUCAL UGGUGOGTCAGUG
17845281 | UGACCACCA 1514 633-673 1 AGCCUGGGUAG 1854 | 65i-673
AD- AUGGACUGGCCG UACCUAGAACGG
17845201 | UUCUAGGUA 1515 488-508 | CCAGUCCAUCA 1855 | 486-508
AD- ACCUGAGCACUG UCCUVAUGCCAG
17845301 | GCAUAAGGA 1516 1131 UGCUCAGGUCC 1856 | 109-131
AD- CCAUCAGCGUCA UCUCGCUGCUGA
17845311 | GCAGCGAGA 1317 716-736 | CGCUGAUGGGY | 1837 | 714-734
AD- UGGACUGGLCGU UUACCUAGAACG
1784532.1 {1 UCUAGGUAA 1518 489-509 | GCCAGUCCAUC 1858 | 437-309
AD- UUUUGGGAAAGC UGCUGCACAGCU
17845331 § UGUGCAGCA 1519 | 462-482 | UUCCCAAAAUC 1459 | 460-482
AD- CUGAUGGACUGG UUAGAACGGCCA
1784534.1 1 CCGUUCUAA 1820 | 485-505 | GUCCAUCAGGU 1860 | 483-303
AD- ACCUACCCAGGC UGUCAGTGAGCC
17845351 | UCACUGACA 1521 649-669 | UGGGUAGGUCC | 1861 | 647-669
AD- GGACCUACCCAG UCAGTGAGCCUG
1784336.1 + GCUCACUGA 1522 647-067 | GGUAGGUCCAG 1 1862 | 645-667
AD- GAUGGACUGGCC UCCUAGAACGGC
17845371 1 GUUCUAGGA 1523 487-507 | CAGUCCAUCAG 1863 | 485-307
AD- AAGGUUGGCAGC UGGUTUAGCGCU
1784538.1 | GCUAAACCA 1524 517-537 | GCCAACCUUCA 1864 | 515-537
AD- UGAUGGACUGGC UCUAGAACGGCC
17843391 | CGUUCUAGA 1528 486-506 | AGUCCAUCAGG 1865 | 484-306
AD- AACUGAUGGUGG UCCAGUUGUCCA
17843401 1 ACAACUGGA 1526 788-808 | CCAUCAGUUCY 1866 | 786-80%
AD- AACUGAUGGUGG UCCAGUTGUCCA
17845411 1 ACAACUGGA 1326 TRE-808 | CCAUCAGUUCY 1867 | 786-8408
AD- ACAACUGCUGUG 1039- UCAACCAGCCAC 1037-
1784542 1 1 GCUGGUUGA 1527 1059 AGCAGUUGUGU 1 1868 | 1059
AD- ACAACUGCUGUG 1039- UCAACCAGCCAC 1337~
17845431 | GCUGGUUGA 1527 1059 AGCAGUUGUGU | 1868 | 1059
AD- CAACGGACCUGA UGCCAGTGCUCA
1784344 1 | GCACUGGCA 1528 103-125 | GGUCCGUUGUG | 1868 | 103-125
AD- CAACUGCUGUGG 1040- UCCAACCAGCCA 1038-
17845451 | CUGGUUGGA 1529 1060 CAGCAGUUGUG 1870 | 1060
AD- ACUGAUGGUGGA UGCCAGTUGUCC
17845461 | CAACUGGCA 1530 789-809 | ACCAUCAGUUC 1871 | 787-809
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Name Sied hLEE 867.3 i3 N | 0673
AD- CUGCUGUGECUG 1043- UGCACCAACCAG 1041~
17843471 {1 GUUGGUGCA 1531 1063 CCACAGCAGUU 1872 | 1063
Table 8. Modified Sense and Antisense Strand Sequences of CA2 dsRNA Agents

SEQ SEQ SEQ
Duplex Sense Sequence | 1D Antisense Sequence D mRNA Target 1))
Name ¥ N, (S od MO | Sequence S to ¥ N
AD- usgsuuucCRuAfUf VPusUfsugdCu{Tenjga UCUGUUUCCUAU
17841881 | Glaucaagcasasa 1873 | ucauAfe(faaacasgsa 2183 | GAUCAAGCAAC 2541
AD- usgsacunCfaCiut VPusGisauc(Gfaaguuag GCUGACUUCACU
1784189 1 | Afacuucgauscsa 1874 | UfoAfagucasgse 2184 1 AACUUCGAUCC 2542
AD- csasaagcURiCRCSE VPhusCaumuallfoogaagg AUCAAAGCUUCC
1784190.1 | Utncaaanaasgsa 1875 | AfaGfeuungsasu 2185 V UUCAAAUAAGA | 2543
AD- ascsaaag{ faUTCS VPusUfsuad Tu(Tenjga AAUCAAAGCUUC
17841911 | Cfuucasauasasa 1876 | aggaAfsChuugasusy 2186 | CUUCAAAUAAG 2544
AD- gsuscuguAfuCHCE YVPusUfsucalUfoamugg UAGUCUGUAULC
17841921 | Afaavaangasasa 1877 | AfaAfcagacsusa 2187 | AAAUAAUGAAU | 2545
AD- gsuseuguAfulfCf VPusUtsnedAn{Tenjau VAGUCUGUAUCC
1784163.1 | Afaauaaugasasa 1377 | uuggAfuAfcagacsusa 2188 | AAAUAAUGAAU | 2345
AD- asusuccg UfaAfAf ViPusUfsgadAg{Tgnjua AAAUUCCGUAAA
1784194 1 | Cfuuaacuucsasa 1878 | aguuUfaCfegaaususu 2189 | CUUAACUUCAA 2546
AD- uscscuaunGfalUfCe VPusGisaadGuiTgn)lge UUUCCUAUGAUC
17841951 | Afagcaacuuscsa 1879 | yugaUfcAfuaggasasa 2190 {1 AAGCAACUUCC 2347
AD- gsusuuce UTalUfGE VPusGsuudGe(Tenjug CUGUUUCCUAUG
1784196.1 | Afucaagcaascsa 1880 | aucaUfaGfoaaacsasg 2191 | AUCAAGCAACY 2548
AD- asusgeugCruUtly VPusCfsuadTe{Tenjuy AAAUGCUGCUUU
17841971 | Utaasacauasgsa 1881 | uaaaAfgClagcaususu 2192 1 UAAAACAUAGG | 2549
AD- csasuucaGfaClAf VPusUfsaudGa(Tgnjan UCCAUUCAGACA
17841981 | Afuauaucausasa 1882 | aungUfclfonangsgsa 2193 1 AUAUAUCAUAA | 2330
AD- gsascuuc AfcUFAS YVPusGisgaulfoaagoua CUGACUUCACUA
1784199 1 | Afcuuecgaucscsa 1883 | GfuGiangucsasg 2194 | ACUUCGAUCCU 2551
AD- cscsanucAfgARCE YV PusAfsugallfananugu UUCCAUUCAGAC
1784200.1 | Afanauaucasasa 1884 | CtuGlaauggsasa 2195 | AAUAUAUCAUA | 2352
AD- uscsugualUfeCRAT YVPusAfsuudCalTgnlua AGUCUGUAUCCA
17842011 | Afavaaugaasusa 1885 | vuugGialfacagasesu 2196 | AAUAAUGAAUC | 2553
AD- asasucaaAfgCtUf VPusAfsuud Te(Agnjag CAAAUCAAAGCU
1784202.1 | Ufccuncaaasusa 1886 | gaagCfulUfugavususe 2197  UCCUUCAAAUA 2354
AD- asusucag AfcATAL YViusUfsuadTg{Agnjua CCAUUCAGACAA
1784203 1 | Ufauancauvasasa 1887 | vauuGfuClugaausgss 2198 | UAUAUCAUAAC 2335
AD- csesguaaAfcUUf VPusCfsaun(Gfaaguuaa UUCCGUAAACUU
1784204.1 | Afacuucaausgsa 1888 | Gfulfuacggsasa 2199+ AACUUCAAUGG 2556
AD- cacsguaaAfelUfUf VPusClsaud Tg{ Agnjag UUCCGUAAACUU
1784205 1 | Afacuucaansgsa 18588 | wnaaltulltuacegsasa 2200 | AACUUCAAUGGH 2556
AD- geusgeug AfcUUT VPusGisaad GuTgnjag GAGUGCUGACUU
1784206.1 | Cfacuaacuuscsa 1890 | ugaaGhuClagcacsuse 2201 | CACUAACUUCG 25587
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SEQ SEQ SEQ
Duplex Sense Sequence | 1D Antisense Sequence iD mBRNA Target 1))
Name 8ty NG: {5tod NO: | Sequence &t Y NO:
AD- asasgeun{CfcUUT VPusAfsucullfavuugaa CAAAGCUUCCUU
17842071 | Cfanavaagasusa 1881 | GigAfagcuususg 2202 | CAAAUAAGAUG {2588
AD- asasgenuCHeUTUT VPusAfsucd Tu{Agnjon CAAAGCUULCCUU
1784208.1 | Claaanaagasusa 1891 | ueaalfgAfagcunsuse | 2203 | CAAAUAAGAUG | 7558
AD- asasauueCTgUTAT ViusAfsaguUfaaguuua UGAAAUUCCGUA
1784209 1 | Afacuuaacususa 1892 | CteGlaamuuscsa 2204 | AACUUAACUUC 2559
AD- csusguenCfoUfUf VPusUfsgadTe{Agniua CCCUGUCUGUUU
1784210.1 | Cfeuangaucsasa 1893 | coaaAfcAfoacagsgsy 2205 | CCUAUGAUCAA 2560
AD- gsusauccAfaAfLf VPusAfsagalUfucauvan CUGUAUCCAAAU
1784211.1 | Afaugaaucususa 1894 | UfuGfoauacsasg 2206 1 AAUGAAUCUUC 2561
AD- gausanccAfaAfUf VPusAfsagdAu(Tgnlea CUGUAUCCAAAU
1784212.1 | Afaugaancususa 1894 | uuanUtulifoavacsasg 2207  AAUGAAUCUUC 2561
AD- causgaculJfeAfCE VPusAfsucgAfagunagu UGCUGACUUCAC
1784213 1 | Ufaacuucgasusa 1895 | GfaAfoucagscsa 2208 | UAACUUCGAUC 2567
AD- gsesunccUfaCEAS VPusClscanCluuanmug AAGCUUCCUUCA
17842141 | Afauaagaugsesa 1896 | AfaGfgaapesusu 2209 | AAUAAGAUGGU | 2563
AD- gscsuuccUnCRAT VPus{fscadTe( Tenjua AAGCUUCCUUCA
17842151 | Afanaagaugsesa 1396 | vuugAfaGfoasgesusy | 2210 | AAUAAGAUGGU | 2363
AD- asasaucaAfaGUT YVPusUfsuudGa{Agnje GUAAAUCAAAGC
1784216 1 | Ufuccuucaasasa 1897 | gasgcUfulfeamusgse | 2211 | UUCCUUCAAAU 2564
AD- asgscuucCRURCE VPusCfsaucUfuanuuga AAAGCUUCCUUC
1784217 1 | Afaauaagausgsa 1898 | AfeGiaagoususu 2212 | AAAUAAGAUGG | 2365
AD- usgscugc UtuUfUf ViPusClscuallfanuuuaa AAUGCUGCUUUU
1784218.1 | Afasacauagsgsa 1899 1 AfaGfeagcasusu 2213 1 AAAACAUAGGA 2566
AD- asgsgcaaAfuCiAf VPusAfsaggAfagcuuug ACAGGCAAAUCA
17842191 | Afagcuuccususa 1900 | AfuUfugccusesu 2214 1 AAGCUUCCUUC 2567
AD- asgsgeaaAfuCIAT VPusAfsagdGa{Agn)gc ACAGGCAAAUCA
17842201 | Afagcuuccususa 1900 | vuugAfoUfugecusgsu {1 2215 | AAGCUUCCUUC 2567
AD- gsgscaaal fCATAT VPusGisaadGg{Agnlag CAGGCAAAUCAA
17842211 | Afocuuccuuscsa 1901 | cunnGfalfuugccsusg 2216 | AGCUUCCUUCA 2568
AD- asasageufl feCHUf VPusUfscuuA fouugaag UCAAAGCUUCCU
1784222.1 | Ufcaaauaagsasa 1002 | GfaAfocuuusgsa 2217 | UCAAAUAAGAU 2369
AD- asasageaUfcCIUE ViusUfscudTa(Tgnhm UCAAAGCUUCCU
1784223 1 | Ufcaaauaagsasa 1902 | gaasGfaAfocuuusgsa 2218 | UCAAAUAAGAU | 2569
AD- usasaaauGEURGT ¥V PusGsunullfanaagea ACUAAAAUGCUG
1784224.1 | Cfuvuunasaascsa 1903 | GfeAfvouuasgsy 2219 { CUUUUAAAACA | 2570
AD- asasgasuAfaAfGE ViusAfsgudCal{Agnlz AUAAGAAUAAAG
1784225 1 1 Ufacoumigacsusa 1904 1 suacuUtfuAfmcousasu | 2220 | UACCUUGACUU 2571
AD- asgsaauaAfaGiUT VPusAfsagultaageuac UAAGAAUAAAGU
1784226.1 | Afccungacususa 1905 | UtuUfauucususa 2221 { ACCUUGACUUU 2572
AD- asgsaaunaAfalsfUf VPusAfsagdTe(Agniag UAAGAAUAAAGU
1784227 1 | Afccuugacususa 1905 | guactfuUfauucususa 2222 | ACCUUGACUUU 2372
AD- gauscagulUfuCHCE VPusCauudGa(Tenjca CUGUCUGUUUCC
1784228 1 | Utaugaucaasgsa 1906 | uvaggAfaAfcagacsasg 2223 1 UAUGAUCAAGC 12573
AD- ascscguaAfaC iUl VPusAfsuudGalAgn)ig AUUCCGUAAACU
1784229 1 | Ufascuucaasusa 1907 | wnasacUtuUlaceeasasy | 2224 | UAACUUCAAUG 2574
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AD- csesucunCFaGIGE YVPusGisucdAc{Agnica {UCCUCUUCUGE
17842301 | Afaugugugasesa 1908 | vuccAfgAfagappsasy AAUGUGUGACC 2575
AD- usasuccaAfalUfAf YV PusGlsaadGa{Tenjue UGUAUCCAAAUA
1784231.1 | Atugaaucuuscsa 1909 | avnalfuUfeeauascsa AUGAAUCUULCG | 2576
AD- uscsuguu UfcCrUT YVPusGiecud Tg{ Agnjus UGUCUGUUUCCU
1784232 1 | Afugaucaagscsa 1910 | auagGfaAfacagascsa AUGAUCAAGCA 2577
AD- gsusugacATuCHGt VPusGisuad Te{Agnlgu CUGUUGACAUCG
1784233.1 | Afcacucauascsa 1911 | cucgAtulifucaacsasg ACACUCAUACA 2578
AD- asasguacCURGTE VPusUfsgaa(faaaguca UAAAGUACCUUG
17842341 | Afcuuuguucsasa 1912 | AfeGfuacuususa ACUUUGUUCAC 2379
AD- asasguacCRul G VPusUfsgadAc{Agnjaa UAAAGUACCUUG
1784235.1 | Afcuyugoucsasa 1912 | gucaAfeGfuacuususa ACUUUGUUCAC 2579
AD- caasgaucUfaCfCr VPusAfsaad Te{Agniee CACAGAUCUACC
1784236 1 | Ufugsugauususa 1913 | aagellfalifavcugsusg UUGGUGAUUUG | 2580
AD- csusgeaulUfg URGT VPusGiseadCofTenlug ACCUGGAUUGUG
1784237 1 | Cfucaageaascsa 1914 | apcaCaAfuccagsgsu CUCAAGGAACC 2581
AD- usgscrmlUfa AfAT VPusUtsiudCe(Tanjan GCUGCUUUUAAA
1784238 1 | Afcauagoaasasa 1915 | cunuUfaAfaageasgse ACAUAGGAAAG | 2582
AD- usgscugalClaUfCf YV PusClspaaGlunagoga AGUGCUGACUUC
1784239 1 | Afcuaacuucsgsa 1916 | AfgUfcagcascsu ACUAACUUCGA 2583
AD- usgscugalulUtCH VPusCfsgadAgi(Teniua AGUGCUGACUUC
1784240.1 | Afcoaacuucsgsa 1916 | cugaAtpUtcagcascsu ACUAACUUCGA 2383
AD- gsasaanuCfcGIUL VPusAfsguuAfaguuuac UUGAAAUUCCGU
17842411 | Afaacuuaacsusa 1917 | GfoAfauuucsasa AAACUUAACUU 2584
AD- gsasaanuCieGIUT VPusAfsgudTa(Agn)gu UUGAAAUUCCGU
17842421 | Afaacuuaacsusa 1917 | yuacGieAfauucsasa AAACUUAACUY 1 2584
AD- asasaggcAfaAfUf VPusAfsunullfaccagan GUUAAGGCAAAU
1784243 1 | Ctagguaaaasusa 1918 | Ufulfecuvasase CAGGUAAAAUA | 25385
AD- usasaggcAfaAfUf VPusAfsuadTufAgnice GUUAAGGCAAAU
1784244 .1 | Clagguaaaasusa 1818 | uganlfulifccunasase CAGGUAAAAUA 2585
AD- gsusucuaGlogUfA VPusUfsucaAfaaaaaua CCGUUCUAGGUA
17842451 | Ufuuunuugasasa 1919 | CicUfagaacsgsg DUUUUUUGAAG | 2386
AD- asasgauaA falfUf VPusUfsaadCu{Agnjge ACAAGAUAAAUU
1784246 1 | Giapcoaguusasa 1920 | vcaaUfuUfancuusesy GAGCUAGUUAA 1 2587
AD- ususageuAfaGiCt VPusGisuadGalTenkcn CUUUAGCUAAGC
17842471 | Afcagaucuascsa 1921 | gugcUfuAfgouaasasg ACAGAUCUACC 2588
AD- csusucacUfaARCT VPusGisagdGalTenicg GACUUCACUAAC
1784248 1 | Ulucgauccuscsa 1922 | aagublfaCGiueanosusc VUCGAUCCUCG 2586
AD- asasuuccGRuAfASf VPus(fsaadGuTgn)aa GAAAUUCCGUAA
1784249.1 | Afcuuaacuuscsa 1923 | sunuAfcGlgaauususe ACUUAACUUCA 2596
AD- causgeunUtuATAT VPusUfsuedCu{Agniu JGCUGCUUULAA
1784250.1 | Afacanagpasasa 1924 | sunuuAfaAfagcagscsa AACAUAGGAAA 2591
AD- csusguug AfCATUT VPusAfsugdAg{Tenlg CCCUGUUGACAU
17842511 | Cfeacacucasusa 1925 | uegaulfulfaacagsgsg CGACACUCAUA 2592
AD- asascacuAfaC Ul VPusClsgadGg{Agniuc ACUUCACUAACU
1784252 1 | Ufcgauccucsgsa 1926 | saagtfuAfoucaasssu UCGAUCCUCGU 2593
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AD- gscsuaag{faCtAf YVPusAfsagdGu{Agnje UAGCUAAGCACA
17842531 | Gaucaaccususa 1927 | aucugUfeClunagesusa | 2248 | GAUCUACCUUG 2594
AD- usasaaguAfcCIUL VPusAfsacaAfagucaag AAUAAAGUACCU
17842541 | Utoacuuugususa 1928 | GluAfcuuuasusy 2249  UGACUUUGULL 2595
AD- asasaaugCuGRCT YVPusUfsgudTu(Tgnjaa CUAAAAUGCUGC
1784255 1 | Ufuuuaaaacsasa 1929 | aagcAfpCfamuusasg 2250 | UUUUAAAACAU | 2596
AD- gsesugeuUfulUfAS VPusUfsceuAfuguuuua AUGCUGCUUUUA
1784256.1 | Ataacauaggsasa 1930 | AfaAfocagcsasu 2251 | AAACAUAGGAA | 2597
AD- gscsugenUtuUfAf VPusUfscedTa(Tgnjou AUGCUGCULUUA
1784257 1 | Afaacauaggsasa 1930 | wumaAfaAfacazcsasu 2252 | AAACAUAGGAA 2597
AD- uscsaugal fuCfUf VPusUfsacalUfuacanag AGUCAUGAUUCU
1784258.1 | Afuguaaugusasa 1931 | AfalUfcaugascsu 2253 1 AUGUAAUGUAA | 2598
AD- ascsaugalfuCrUE VPusUtsacdAu(Tgnjac AGUCAUGAUUCU
17842591 | Afuguaangusasa 1931 | anagAfaUfcangascsuy 2254 | AUGUAAUGUAA | 2598
AD- asgsugcuGfaCiUf VPusAfsagullfagugaag AGAGUGCUGACU
17842601 | Ufcacuaacususa 1932 | UfcAfgeacuscsu 2255 | UCACUAACUUC 2599
AD- csusaagCAfCAIGE VPus{fsaadGe(Tonlag AGCUAAGCACAG
17842611 | Afucusccuusgsa 1933 | ancuGfuGfounuagsesy 2256 | AUCUACCUUGG | 2600
AD- csascuaaCiuURCE YVPusClsacg Afggancga YUCACUAACUUC
1784262 1 | Glauccucgusgsa 1934 | AfgUfuagugsasa 2257 1 GAUCCUCGUGG | 2601
AD- csusgaagAtaCTAf VPusUbsugdAu{Tenju CACUGAAGAACA
1784263.1 | Gfgcasaucasasa 1935 | eccugUfuChuucagsusg | 2258 | GGCAAAUCAAA | 2602
AD- asasaguaCteUfUf VPusGfsaacAfaagucaa AUAAAGUACCUU
17842641 | Gfacuuuguuscsa 1936 | GfeUfacuuusasu 2259 1 GACUUUGUUCA 2603
AD- geesuuugUfulUFAS VPusAfscudAc{Tgnjac GUGCUUUGUUUA
17842651 | Ufeguasuagsusa 1937 | cauyaAfaCfasascsase 2260 1 UGGUAGUAGUU | 72604
AD- caasugaulUfcUfAf VPusUfsuadCal Tgnjua GUCAUGAUUCUA
1784266.1 | Ufguaauguasasa 1938 | cauaCGfaAfucangsase 2261 | UGUAAUGUAAA | 2605
AD- csgsuncuAfpGIUT VPusUfscaaAfasaanac GCCGUUCUAGGU
1784267 1 | Alnunmauwugsasa 1939 | ChuAfeaacesese 2262 | AUUUUUUUGAA 2606
AD- ususcuagGio AfUT VPusCfsuncAtaaaaaan CGUUCUAGGUAU
1784268.1 | Ufuuunugaasgsa 1940 | AfeCluagaascsg 2263 | UUUUUUGAAGG | 2607
AD- uscseuucCfuGRAT YVPusAfsuccAfaggaouc CCUCCUUCCUGA
1784269 1 | Afuccanggasusa 1941 | AfoGiaaggaspss 2264 | AUCCUUGGAUU | 2608
AD- uscscuucCHuGRAT VPusAfsucdCalAgnigs CCUCCUUCCUGA
17842701 | Atuccuuggasusa 1941 | avucAfeGlaageasgsg 2265 | AUCCUUGGAUY | 72608
AD- gsascuaaA falUfGl VPusUfsuaaAfageagea UUGACUAAAAUG
1784271 1 | Cfugcouunasasa 1942 | UfuUfuacucsasa 2266 { CUGCUUUUAAA 2609
AD- gsascuaaAfallfGf VPusUfsuadAatAgnjgc UUGACUAAAAUG
17842721 | Cfugewmuuuasass 1942 | agcallfullfuagucsasa 2267 | CUGCUUUUAAA | 2609
AD- asascaggCUiaAfAf VPusGisaadGe{ Tenjun AGAACAGGCAAA
17842731 | Ufcaaagenuscsa 1943 | ganuUfoCfouguuscsu 2268 | UCAAAGCUUCC 2610
AD- csesauccUfgAFAS VPusAfsauc(Cfaaggana CUCCUUCCUGAA
1784274.1 | Utccuuggaususa 1944 | CfaCiteaasgosasg 2269 | UCCUUGGAUUA | 2611
AD- asgsaugaCfuCiUt VPusClsuudTg(Tenjee UUUGAUGACUCU
1784275 1 | (fageacanasgsa 1945 | ueagAfeUfcancasasa 2270 | CAGGACAAAGC 2612
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AD- usgsgagul fuGrAT YViusClrugdAg{Agnie CGUGGAGUULUGA
1784276.1 | Ufoacacucasgsa 1946 | weancAfaAfouccasesg | 2271 | UGACUCUCAGE 2613
AD- asusceaaAfuAfAL YV Pus{isgaaGlasucauy GUAUCCAAAUAA
1784277 1 | Utpaaucoucsgsa 1947 | AfuUfugeausasc 2272 P UGAAUCUUCGG | 2614
AD- asusecaaAfuAfAL YViusClsgadAg{Agolu GUAUCCAAAUAA
1784278 1 | Ufeaaucuucsgsa 1947 | scanuAfulfugeausase | 2273 | UGAAUCUUCGG 2614
AD- ususgacuUfuGIUf VPusCfsaudGe(Tanjen CCUUGACUUUGU
17842791 | Utcacagcausgsa 1948 | caacAfaAfzucaasgsg 2274 | UCACAGCAUGU 2615
AD- asgsancuAfcCIUT VPusClsaaaUfcaccaag ACAGAUCUACCU
17842801 | Ufoguzauuusgsa | 1949 | GfuAfgaucusesy 2275 L UGGUGAULUGG | 2616
AD- asusggnaGiuAfGE VPusUfsaca(fanaaacu UUAUGGUAGUAG
17842811 | Utnuuucugusasa 1950 | AfcUfaccausasa 2276  UUUDUCUGUAA | 2617
AD- asusggualGloATGE VPusUfsacdAg{Agniaa UUAUGGUAGUAG
1784282 1 | Ufuuuucugusasa 1950 | aacuAfcUfaccausasa 2277 F UHUUUCUGUAA | 2617
AD- csespugalfalUfUS VPusUfsged Tg{Tenjga UACCUUGACUUU
17842831 | Gloucacagesasa 1951 | acaaAfoUfcaagpsusa 2278 | GUUCACAGUAY 2618
AD- cacsugeal fuGHUE VPusUtsuedCu(Taniga GACCUGGAUUGU
17842841 | Gfcocaageasasa 1952 | pcacAfalUfccagasuse 2279 | GCUCAAGGAAC 2619
AD- gsasgeualafulUfAL YiusUfsgadTo{Tenige YUGAGCUAGUUA
17842851 | Afggcaaancsasa 1953 | cuuaAfcUfagcucsasa 2280 | AGGUAAAUCAG | 2620
AD- ascsugaaGfaAfCf VPusUtsgad Tu{ Tenjge CCACUGAAGAAC
1784286.1 | Afpgcaaaucsasa 1954 | cugulUfcUfucagusgse 2281 | AGGCAAAUCAA 12621
AD- usgsaagaAfcARGE ViPusUfsuudGa(Tgnjuu ACUGAAGAACAG
1784287.1 | Gfcaaaucaasasa 19355 | gecuGtullfcuucasgsu 2282 1 GCAAAUCAAAG 2622
AD- csusccucUfuCiUf VPusCfsacaCtauuccag CCCUCCUCUUCU
1784288 1 | Gizaaugugusgesa 1956 | AfalGfagragsese 2283 1 GOAAUGUGUGA 12623
AD- csusceucUtnCHUE VPusClsacdAc{Agniuu CCCUCCUCUUCU
1784289 1 | Gfpaaugugusgsa 1956 | ccagAfaGfaggagsosg 2284 | GGAAUGUGUGA | 2623
AD- gacsuuacALaCHGE VPusUfscaaAfcuccacg AUGCUUUCAACG
1784290.1 | Utesaguuugsasa 1957 | UtuGlaaagcsasu 2285 | UGGAGUUUGALU | 2624
AD- usgscuuu{C faALTCE VPusCfsaaalfuccacgu CAUGCUUUCAAC
17842911 | Gfugeaguuusgsa 1938 | UfgAfaageasusg 2286 | GUGGAGUUUGA | 2625
AD- usgscuanCRACE YViusClsaadAc(Tgnjoc CAUGCUUUCAAC
1784292 1 | Gloggsacouusgssa 1958 | acgullfsAfaascasusg 2287 { GUGGAGUUUGA | 2625
AD- csasgeuaAfaAfUf VPusAfsaudCalTanjga AUCAGGUAAAAY
1784293.1 | Afgucaugaususa 1959 | coaulfulfaccugsasu 2288 | AGUCAUGAULL 72626
AD- csusguauCicATAT ViusGsand Te{Agnjuu GUCUGUAUCCAA
1784204 1 | Afuaaugaauscsa 1960 | mmuGfeAfuacagsase 2289 + AUAAUGAAUCU | 2627
AD- asasggeaAfal O VPusUfsaud Tu{Tenjac UUAAGGCAAAUC
1784295.1 | Afgguanaausasa 1961 | cugalfuUfeccuusasa 2290 | AGGUAAAAUAG | 2628
AD- cacsuccullfeCIUS VPusClscaa(Gfzauucag GGCCUCCUUCCY
1784796.1 | Gfaauccuugsgsa 1962 | GfaAfogagsscse 2291 | GAAUCCUUGGA 2629
AD- ususcouuClaAfAf VPusGlsacdCa{Tanjen GUUUCCUUCAAA
1784297 1 | Ulaagaugguscsa 1963 | vanuUfzAfaggaasgse 2292 1 UAAGAUGGUCC | 2630
AD- asasgaaatUfuCrCT VPusUfsuadAg{Tenjan UGUUGAAAUUCC
1784298 1 | Gfuaaacuuasasa 1964 | acgsAfaUfuucaascsa 2293 1 GUAAACUUAAC 2631
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AD- ascsacucATHARCE YViusAfsuadCulTgnjge COACACUCAUAC
1784299 1 | Afoccaaguasusa 1965 | cuguAfuliagugusesy 2294 | AGCCAAGUAUG 2632
AD- gscsacag AfuCTU YV PusUfscac{faagguag AAGCACAGAUCU
1784300.1 | Afecungougsasa 1966 | AtuClugugesusy 2293 { ACCUUGGUGAU | 2633
AD- csusuucaAfcGIUE YVPusAfsucaAfacuccac UGCUUUCAACGU
1784301 1 | Gfoaguuugasusa 1967 | GioUfsaaagscsa 2296 | GGAGUUUGAUG | 2634
AD- usasgeuaAfpCrAS VPusGisgudAg{Agniu UUUAGCUAAGCA
178430721 | Cfagaucuacscsa 1968 | cugueCfulfagcuasasa | 2297 | CAGAUCUACCU 2635
AD- ususgugal FaCfAf VPusAfsaaunAfisacucug AGUUGUGAUACA
1784303 1 | Gfaguavauususa 1969 1 UfaUfcacaascsy 2298 | GAGUAUAUUUC 12636
AD- ascsucanAfcAfGE VPusUfscanAtfcuuggen ACACUCAUACAG
1784304.1 | Cfcaaguangsasa 1970 | GfoAfugagusgsuy 2299 1 CCAAGQUAUGAC 2637
AD- asgsuiaalGigCrAY VPusUfsuadCofTegn)ga CUAGUUAAGGCA
1784305 1 | Afancagguasasa 1971 | vuugCfclUfuaacusasg 2300 | AAUCAGGUAAA | 2638
AD- gausugug Afu AFCE VPusAfsaualfacucugy GAGUUGUGAUAC
1784306.1 | Afeaguauansusa 1972 | AfeCfacaacsuse 2301 | AGAGUAUAUUL | 2639
AD- gsusegug ATuALCE YVPusAfsaudAu{Agnjc GAGUUGUGAUAC
1784307 1 | Afoasuanaususa 1972 | ueuguAfuClacaacsuse | 2302 | AGAGUAUAUUU | 2639
AD- usgsacau fg AFCE YV PusClsoguAfugagugy GUUGACAUCGAC
1784308.1 | Afcucauacasgsa 1973 | ClgAfugucasasc 2303 | ACUCAUACAGC 2640
AD- asgsanaaAfulUiGe VPusUfsuadAc(Tgnlag CAAGAUAAAUUG
1784309.1 | Afgcuaguuasasa 1974 | cucaAfullfuaucususg 2304 | AGCUAGUUAAG | 2641
AD- usasgeuaUfulUfUf VPusAfsacclUfucaaaaa UCUAGGUAUTUU
1784310.1 | Ufuugaaggususa 1975 | AfaUfaccuasgsa 2305 1 UUUGAAGGUUG | 2642
AD- usasggualUful HUT VPusAfsacd Cu{Tanjca UCUAGGUAUUUY
17843111 | Uluugaaggususa 1975 | aasaAfaUfaccuasgsa 2306 | UUUGAAGGUUG | 2642
AD- asgsgogcUtuUEGE VPusClsuac{ favaaaca GUUGGUGCUUUG
17843121 | Ufuvaugguasgsa | 1976 | AfalGfcaccasasc 2307 | UUUAUGGUAGU | 2643
AD- usgsuganAfc ARG YV PusGisaaal/fauacucu GUUGUGAUACAG
17843131 | Afouanauuuscsa 1977 | GinAfucacasase 2308 | AGUAUAUUUCC 2644
AD- uscsuncuGigAfAS VPusAfsggdTe(Agn)ea CCUCUUCUGGAA
17843141 | Ufpugugaccsusa 1978 | canu{fcAfgaagasgse 230% | UGUGUGACCUG 2645
AD- csusgeccGiu U YVPusAfsaaalUfaccuaga GACUGGCCGUUC
1784315 1 | Ufapouamususa 1979 | AfeGfoccagsuse 2316 { UAGGUAUUUUL | 2646
AD- asuscaggUaAfAf VPusUtscad Tg{Agnicu AAAUCAGGUAAA
1784316.1 | Afuagucaugsasa 1980 | avsuUtaCfcugaususn 2311 | AUAGUCAUGAU | 72647
AD- ususceauUfaAfAT ViusUfsgedCef{Tenhm GAUUCCAUUAAA
1784317 1 | Afcaaagpocsasa 1981 | sunulifaAfusgaasusc 2312 1 ACAAAGGGLAA 2648
AD- csasagagUfaCIUS VPusUfsagdTe{Agniag GOCAAGAGUGCU
17843181 | Glacuucacusasa 1982 | ucagCfaClucuugscse 2313 | GACUUCACUAA 2649
AD- ususucaaCtgl G VPusCsaucAfaacucca GCUUUCAACGUG
1784319 1 | Gfaguuugausgsa 1983 | CfzUfugaaasgse 2314 | GAGUUUGAUGA | 2650
AD- ususggugUHaUfUf VPusUlsaccAfuaaacaa GGUUGGUGCUUU
1784320.1 | Glouuanggusasa 1984 | AteCfaccaascse 2315 | GUUUAUGGUAG 2651
AD- asasggug ChulfUt VPusUfsacdCa{Tegn}aa GGUUGGUGCUUUY
1784321 1 | Gluuuauggusasa 1984 | acaaAfeCfaccaascse 2316 | GUUUAUGGUAG | 2631
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AD- ceascucalfaCfAf Y PusClrauaChuggcug GACACUCAUACA
17843221 | Glccasgoausgsa 1985 | UfaUfpagugsuse 2317 | GCCAAGUAUGA 2652
AD- asusaaagUfaCtCE VPusAfscaaAfeucaagg GAAUAAAGUACC
1784323.1 | Utugacuuugsusa 1986 | UtaCfinmansusc 2318 | UUGACUUUGLUU 2653
AD- asusgacu UfulUfGf ViusCsucdTg(Tgnjaa UAAUGACUUUUG
1784324 1 | Afauwuacagasgsa 1987 | vucaAfaAfoucaususa 2319 | AAUUACAGAGA | 2654
AD- gsuscaug AfulfCE VPusAfscaul/facauaga VAGUCAUGAUUC
17843725.1 | Utauguaaugsusa 1988 | AmCfaugacsusa 2320 | UAUGUAAUGUA | 2655
AD- gsascougGlalIfuf VPusClscudTe{Agnjge GUGACCUGGAUU
1784326.1 | Gfugcucaagsgsa 1989 | acaalUfcClagoucsase 2321 1 GUGCUCAAGGA 2636
AD- gsascancGiaCrAf VPusGiscudGu{Agnju UUGACAUCGACA
17843271 | Cfucauacagsesa 1990 | gasueUtcQGfangucsasa | 2322 | CUCAUACAGCC 2657
AD- gsasagaal faGfGf VPusClsundTg{Agnjon CUGAAGAACAGG
1784328 1 | Claaaucaaasgsa 1991 | ugeckgUfucuucsasg 2323 | CAAAUCAAAGC 2658
AD- csgsuanaCRUTASL VPusCfscaulUfgsaaguua UCCGUAAACUUA
1784329 1 | Afcuucaaugsesa 1992 | AfelUfunacgsgsa 2324 | ACUUCAAUGGG 2659
AD- asgsguasAtalUfAT YV PusGisaad Te{Agnjug UCAGGUAAAAUA
17843301 | Glucaugauuscsa 1993 | acuallfulfuaccusesa 2325 | GUCAUGAUUCU 12660
AD- gausaccuUfg AFCE YPusUfsgudGa{Agnjca AAGUACCUUGAC
17843311 | Ufvuguucacsasa 1994 | aaguCiaAfgguacsusu 2326 | UUUGUUCACAG | 2661
AD- csesguucUtaGRGE VPusCfsaaaAfasanace GGLCGUUCUAGG
17843321 | Utasumnmuusgsa | 1995 | UfalGfaacggscse 2327 F UAUUUUUUUGA | 2662
AD- ususuangGHuA TG VPusAfsgaaAfaacuacu UGUUUAUGGUAG
1784333 1 | Ufaguuuuucsusa 1996 | AfcCfauaaascsa 2328 1 UAGUUUUUCUG 2663
AD- csgsuggalful U VPus(fsagdAg{Tgnlea AACGUGGAGUUL
1784334.1 | Gfaugacucuscsa 1997 | ucaaAfcUfccacususy 2329 | GAUGACUCUCA 2664
AD- psuscaacGHuGHGE VPusUfscadTe{Agnjaa CUUUCAACGUGE
1784335 1 | Afpuuugaugsasa 1998 | cnccAfcGluugaasass 2330 | AGUUUGAUGAC | 2665
AD- gasgung Ufg AfUS VPusUfsaudAc{Tgn)cu UAGAGUUGUGAU
1784336.1 | Afcagaguausasa 1999 | guan{falfaacucsusa 2331 | ACAGAGUAUAU | 2666
AD- psascouuGa iUl VPusCfsuguGlaacaaag AGUACCUUGACU
1784337.1 | Utuguucacasgsa 2000 | UfcAfagpuascsu 2332 | UUGUUCACAGC 2667
AD- usasecuu{GfaCiuf YVPusClaugdTe{Agnjac AGUACCUUGACU
1784338 1 | Ufuguucacasgsa | 2000 | asagUfcAfagouascsu 2333 | UUGUUCACAGC 2667
AD- usasgagulUfgUfGT VPusUtsacd Te(Tanlau AUUAGAGUUGUG
1784339.1 | Afuacagagusasa 2001 | aucal’faAfcucuasasu 2334 | AUACAGAGUAU | 7668
AD- usgsagugCTaAfAS VPusGisugdCu{Agniu GUUGAGUGCAAA
1784340 1 | Ufccauagcascsa 2002 | geaunUfoClacucasasc | 2335 | UCCAUAGUACA 2669
AD- csasaaucAfgGIUT VPusUfsgadCutAgniu GOGCAAAUCAGGU
1784341.1 | Afaaauagucsasa 2003 | uuwacCtuGlanuugsese | 2336 | AAAAUAGUCAU 2670
AD- asasgeacAfg AU VPusAfsccaAfoguagau CUAAGCACAGAU
1784342 1 | Cfuaccuuggsusa 2004 | ChnGlugcuusasg 2337 | CUACCUUGGUG 2671
AD- asesaaug UReCEAT VPusClsuacAfugougag UGACUUUGUUCA
1784343.1 | Cfapcauguasgsa 2005 | Afalfaaaguscsa 2338 | CAGCAUGUAGG | 2672
AD- usgsgecg Ufa CHUS VPusAfsaaaAfuaccuag ACUGGCCGUUCY
1784344 1 | Afoouanuuususa | 2006 | AfaCfegccasgsu 2336 1 AGGUAUUUUUU | 2673
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AD- gsescaagUialfGY YViusAfsgedGa(Agn)g CAGCCAAGUAUG
17843451 | Afcccuuccosusa 2007 | goucalUfaClauggesusg | 2340 | ACCCUUCCLUG 2674
AD- psasugguAfoUFAT VPusAfscagAfaaaacua UUUAUGGUAGUA
1784346.1 | Ghuuuocugsusa | 2008 | ClfuAfccauasasa 2341 | GUUUUUCUGUA | 26875
AD- asasuugaGicUTAT YViusUfsugdCel(Tegnjua UAAAUUGAGCUA
1784347 1 | Glunaaggcasasa 2009 | acuaGficUfcaamsusa 2347 { GUUAAGGCAAA | 2676
AD- ascsuaaaAfuGHCt VPusUfsuuaAfaageage UGACUAAAAUGC
1784348 1 | Ufecunuuaasasa 2010 | AfuUfimaguscsa 2343 | UGCUUUUAAAA | 2877
AD- ascsuucal UG VPusUfscedAg({Taniga GAACUUCACUUG
1784349 1 | Gfuucacuggsasa | 2011 | accaAfoUfoaagususe 2344 | GUUCACUGGAA 2678
AD- uscsuaggUfaUtUY VPusCfscuu(faaaanaa GUUCUAGGUAUY
1784350.1 | Utnuuugaagsgsa | 2012 | UfaCfeuagasasc 2345V UUUUDUGAAGGU | 2679
AD- asgscacalsfalUfCf VPusClsaceAfagguaga UAAGCACAGAUC
17843511 | Ufaccuuggusgsa | 2013 | UfcUfsugcususa 2346 | VACCUUGGUGA 2680
AD- gacseguniCIo ARG VPusAfsaaaAfasuaccy UGGCCGUUCUAG
1784352 1 | Gloaunoooususa | 2014 | AfeAfacpocsesa 2347 { GUADUUUUUUG | 2681
AD- csusaaaalifgCHUf VPusUfsunuAfasagcag GACUAAAAUGCU
17843531 | Gfcoumuasasasa 2015 | ChaUfinniagsase 2348 | GCUUUUAAAALD | 2682
AD- gsasacagGicATAL VPusAfsagdCulTgnjug AAGAACAGGCAA
1784354 1 | Afucaaagcususa 2016 | awuu(sfcCluguucsusu 2349 | AUCAAAGCUUC 2633
AD- usgsenmmGRuUfUT VPusCfsuacUfaccanaa GGUGCUUUGUUY
17843551 | Afugeuaguasgsa | 2017 | AfcAfaagcascsc 2350 | AUGGUAGUAGU | 7684
AD- asasunag AfoUfUf ViPusUfscudGu{Agnju AUAAUUAGAGUU
1784356.1 | Gfugauacagsasa 2018 1 cacaaCuCfuaavusasu | 2351 | GUGAUACAGAG | 2685
AD- csusgeunGigURGE VPusAfsuaaAfcasagea GOCUGGUUGGUG
17843571 | Clouuguuuasusa | 2019 | CfcAfaccagsese 2352 CUUUGUUUAUG | 2686
AD- ascscuncAfaAfUf VPusGsgadCo{ Agnjuc CUUCCUUCAAAU
1784358 1 | Afagaugoucscsa | 2020 | yuanUfuGfasgpasasg 2353 1 AAGAUGGUCCC 2687
AD- gsescuccURaCrCE VPusClsaadGe{Agnhm UGGCCUCCUUCC
17843591 | Uteaancouusgsa 2021 | caggAfalGioacocsesa 2354 | UGAAUCCUUGG 2685
AD- gsasaucu AfoGHUE VPusGlsgud Tu(Agnjca AUGAUUCUAUGY
1784360.1 | Afanguasacscsa 2022 | yuacAfuAfgaaucsasu 2355 | AAUGUAAACCA 2689
AD- usgsguugGiuGICE ViusClsauaAfacaaage GCUGGUUGGUGC
1784361 1 | Ufougwmausgsa | 2023 | AfeClaaccasese 2356 | UUUGUUUAUGG | 2650
AD- csuscaualfaGtCf ¥V PusGhsucallfacuugge CACUCAUACAGC
1784362.1 | Claaguangascsa 2024 | UtsUfaupacsusg 2357 | CAAGUAUGACC 2661
AD- csuscaualCfaGrle VPusGaucdAu(Agnie CACUCAUACAGC
1784363 1 | Cfaapuangascsa 2024 | auggcUfoUfaugapsuse | 2358 | CAAGUAUGACC 2691
AD- asuscgacAfCUCY VPusUfsugdGe(Tenjgu ACAUCGACACUC
1784364.1 | Afuacagocasasa 2025 | augaGfuGfucgausgsn | 2359 | AUACAGCCAAG 2692
AD- gscsacugGIcARUT VPusOGfsgadAg{Tenlee GAGCACUGGCAU
17843651 | Afaggacuucscsa 2026 | vuanGfcClaguzcsuse 2360 | AAGGACUUCCC 2693
AD- asascgugGaGHUf YV PusGisagdTe(Agnjuc UCAACGUGGAGU
1784366.1 | Utugangacuscsa 2027 | aaacUfcCfacguusgsa 2361 | UUGAUGACUCU | 2694
AD- gscsaaau{ faGGf VPusGlsacuAfinmace AGGCAAAUCAGG
1784367 1 | Ufanaauaguscsa 2028 | UfgAfuuugescsu 2362 | UAAAAUAGUCA 2695
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AD- gscsaaanClaGiat YVPusGisacd Tad Tenjue AGGCAAAUCAGG
1784368.1 | Ulsanauaguscsa 2028 | uaccUfpAfunugescsy 2363 | UAAAAUAGUCA | 2695
AD- csusucagAtaATGE VPusAtscanClaacaacu GCCUUCAGAAAG
17843691 | Utuguugaugsusa | 2029 | UtuClugaagsgsc 2364 | UUGUUGAUGUG | 2696
AD- csusucag AfaAtGE ViusAfscad Te{Agnlac GUCUUCAGAAAG
1784370 1 | Ufuguugaugsusa | 2029 | aacuUtuClogaagsgse 2365 | UUGUUGAUGUG | 2696
AD- asasaucafgUfAf VPusAfsugdAc(Tenlan GCAAAUCAGGUA
1784371.1 | Afaauagucasusa 2030 1 wuuaCleUfoauuusgse 2356 | AAAUAGUCAUG | 2697
AD- asgsgcaaAfuCIATL VPusClsuauUfuuvaceug UAAGGCAAAUCA
17843721 | Gfouaaaauasgsa 2031 | Afulfusccususa 2367 | GOGUAAAAUAGU | 2698
AD- gsgsgeaalitaGIUS VPusUfsgadAg(Tenlea AAGGGCAAGAGY
1784373.1 | Glcugacuucsasa 2032 | geacUfeUtugeecsusu 2368 | GCUGACUUCAC 26599
AD- gsgsceguUicURAS VPusAfsaaaAfanaccua CUGGCCGUUCUA
17843751 | Gfguauuuuususa | 2033 | GfaAfcgpecsasg 2368 | GGUAUUUUUUU | 2700
AD- csgsgoccUfuCAS VPusAfsacaAfounocug ACCGGOUCUUCA
1784377 1 | Glaaaguueosusa | 2034 | AfaGlocccgsesu 2370 1 GAAAGUUGUUG | 2701
AD- gsgscasallfcAGE YV PusAfscuallfinmacen AAGGUAAAUCAG
17843781 | Gfuasaauagsusa 2035 | Gfalfougeesass 2371 | GUAAAAUAGUC 12702
AD- gsasgeanCicUECE YVPusGisaccAfuuguuga {CUGAGGAUCCUC
1784379 1 | Afacaaugguscsa 2036 | GigAfuccucsasg 2372 1 AACAAUGGUCA 12703
AD- grasggauCfcURCE VPusGisacdCalTenjug CUGAGGAUCCUC
1784380.1 | Afacaaugguscsa 2036 | uugaGigAtuccucsasg 2373 | AACAAUGGUCA | 2703
AD- ususcacu UfeGFUf V0usGfauudCe{Agn)z ACUUCACUUGGU
17843811 | Ufcacuggaascsa 2037 | ugaacCfaAtougaasgsu | 2374 | UCACUGGAACA 2704
AD- asgsaacu(Gfal G VPusAfsgudTe(Tanjee GAAGAACUGAUG
1784382, 1 | Gluggacaacsusa 2038 | accallfcAfouucususe 2375 1 QUGGACAACUG 1 2705
AD- asasuaaalfoARCE VPusClsaaalfucaaggn AGAAUAAAGUAC
1784383 1 | Clungacuuusgsa | 2039 | AfcUfouauuscsu 2376 | CUUGACUUUGU | 2706
AD- asaspaaaGRuARCE VPusClsaadAg{Teanjca AGAAUAAAGUAC
17843841 | Chmgacuuusesa 2039 | agguAfcUfuuanusesu 2377 1 CUUGACUUUGU 2706
AD- csusuugullfc AfCE VPusCfscualfaugeugy GACUUUGUUCAC
1784385.1 | Afpcauguagsgsa | 2040 | GfaAfcaaagsuse 2378 | AGCAUGUAGGG | 2707
AD- csusunguUTcARCE YVPusClscudAc{Agnjug GACUUUGUUCAC
1784386.1 | Afocanguagsesa 2040 | cugusfaAfcaaagsose 2379+ AGCAUGUAGGG | 2707
AD- asasuaagAfalfAf VPusCfsaadGel{Tanjac GAAAUAAGAAUA
17843871 | Afaguaccuusgsa | 2041 | vuwaUtulClucauususe | 2380 | AAGUACCUUGA | 2708
AD- asgsuaguUnUTUT ViusUfsgudGu(Tenlac GUAGUAGUUULU
1784388 1 | {Cfupuaacacsasa 2042 | agaaAfaAfcuacusase 2381 § CUGUAACACAG 2709
AD- csesaaguAfuGiAS VPus{fsageGaagoguc AGCCAAGUAUGA
17843891 | Cfecuucccusgsa 2043 | AfuAfcuuggscesu 2382 | COCCUUCCCUGA 2716
AD- ususgaguGicAFATL VPusUfsgedTa{Ten)gg GGUUGAGUGCAA
1784390.1 | Afuccanagesasa 2044 | aunuGfcAfcucaascse 2383 | AUCCAUAGCAC 2711
AD- gsgscouulClaGiAf VPusUfscaaClaacuouc CGOGOCCUUCAGA
1784391.1 | Afaguuguugsasa | 2045 | UfeAfagocecsesg 2384 1 AAGUUGUUGAU 2712
AD- asgsgancCruCiAL VPusUfsgadCo{Agnjuu UGAGGAUCCUCA
1784392 1 | Afcaaugeucsasa 2046 | sungAfeGlauccuscsa 2385 | ACAAUGGUCAU 2713
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AD- asusuagalGfu UG YVPusChiucdTg(Tanlau UAAUUAGAGUUG
17843931 | Uloauacagasgsa 2047 | cacaAfcUfcuaaususa 2386 | UGAUACAGAGU 2714
AD- csasacguGtg AGE VPusAfsgudCa(Tgnjca VUCAACGUGGAG
1784394 1 | Utiugaugacsusa | 2048 | aacoCfcAfcguugsasa 2387 | UUUGAUGACUC 2715
AD- gsascuunUtgATAT YViusAfsuedTe(Tanjgu AUGACUUUUGAA
1784395 1 | Ufuacagagasusa 2049 | aawuCiaAfaagucsasy 2388 | UUACAGAGAUA |1 2716
AD- usgsaggaUfcCRUT VPusAfsccaUfuguugag CCUGAGGAUCCU
1784396.1 | Cfaacaauggsusa 2050 1 Gfalifecucasgsg 2389 | CAACAAUGGUC 2717
AD- gsasguGRaURGE VPusUfscedTe{Agniga UGGAGUUUGAUG
1784397 1 | Afcucucagesasa 2051 1 cucal/fcAfaacucsesa 2390 | ACUCUCAGGAC 2718
AD- ususuuaaAfaCfAf VPusUfsacdTu(Tenjec GCUUUUAAAACA
17843981 | Utageaaagusasa 2052 | vangUtuUtuasaasese 2391 | UAGGAAAGUAG | 2719
AD- asosauggURaGIUE VPusClsagaAfaaacuac GUUUAUGGUAGU
1784399 1 | Afguuunucusgsa | 2053 | UfaCfcanaasase 2392 VAGUUUUUCUGY (2720
AD- asascuucAfcUTUT VPusCfscagUfsaaccaa AGAACUUCACUU
17844001 | Giouucacugsesa 2054 | GaGlaagouscsu 2393 | GGUUCACUGGA 2721
AD- asasapugAtgCIUT YVPusUfsgedCu(Tanlaa AUAAAUUGAGCU
17844011 | Afouusaggesasa | 2055 | caapClaClaauuusasy 2394 | AGUUAAGGCAA [ 2722
AD- ususugunUfalUtGE YVPusAfsaacUfacuacca GUUUUGUUYUAUG
1784402 1 | Gluaguaguususa | 2056 | UfaAfacaaasgsc 2395 | GUAGUAGUUUL 12723
AD- ususuguuUfaUfGT VPusAfsaadCu(Agnicu GCUUUGUUUAUG
1784403.1 | Ghuaguaguususa | 2056 | accallfaAfacaaasgsc 2396 { GUAGUAGUUUU | 2723
AD- asasgeacAfaGFAL VPusAfsagd Te(Agige CAAAGGGCAAGA
17844041 | Gfugeugacususa | 2057 | acucUfuGleccuususg 2397 1 GUGCUGACUUC 2724
AD- gsgsaguulfg AfUS VPusClscugAfgagucan GUGGAGUUUGAU
1784405.1 | Giacucucagsgsa 2058 | CfaAfacuccsase 2308 1 GACUCUCAGGA 2723
AD- gsgsgecnUtcARGE VPusClsaacAfacuuuce CCGGGCCUUCAG
1784406.1 | Afaaguuguusgsa | 2059 | GfaAfsececsgsg 2399 1 AAAGUUGUUGA | 2726
AD- gsesaagaGhaGHCE VPusAfseudGa(Agn)g GGGCAAGAGUGC
17844071 | Uteacuucacsusa 2060 | ucagcAfcUfcuugcscse | 2400 | UGACUUCACUA 2727
AD- asgscoacUfgAfAS VPusUfsugdCe(Tanigu UCAGCCACUGAA
17844081 | Gfaacaggeasasa 2061 | venuCraGhaggousgsa 2401 | GAACAGGCAAA 2728
AD- asusuccallFuATAT YV PusGiscecUfuuguunu GGAUUCCAUUAA
1784409 1 | Afacanaggoacsa 2062 | AfaUfpeaauscse 2402 | AACAAAGOGCA 2729
AD- asusuccalUfuAfAf VPusGlscedCul{Tenjug GGAUUCCAUUAA
1784410.1 | Afacaaagggscsa 2062 | vunoAfaUfgeaauscse 2403 | AACAAAGGGLA (2728
AD- gsusaguuLfuUTCE YiusClsugdTe{Teniua UAGUAGUUUUUC
1784411 1 | Ufouaacacasgsa 2063 | cagaAfaAfacuacsusa 2404 1 UGUAACACAGA 2730
AD- gsgsuaunulUfulfUS VPusCfscaaCfouucaaa VAGGUAUUUUUU
1784412.1 | Utzaagguugsgsa | 2064 | AfaAfauaccsusa 2405 | UGAAGGUUGGC | 2731
AD- uscacazaUfaAfUf VPusCiscgaAfoauucau UAUCCAAAUAAU
1784413 1 | Gfaaucuncgspsa 2065 | UfalUlfunggasusa 2406 | GAAUCUUCGGG 2732
AD- asasacauAfpgGIAL VPusCaaud Te( Tgnjac UAAAACAUAGGA
17844141 | Afaguagaausgsa | 2060 | vuncCluAfuguuususa | 2407 | AAGUAGAAUGG | 2733
AD- asusgacuCHRyCIAL VPusUfsgedTu(Ten)gn UGAUGACUCUCA
1784415 1 | Gfgacasagesasa 2067 | ccugAfoAfoucauscsa 2408 | GGACAAAGCAG 2734
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AD- asgscuagUTBATAT YVPusChrugalfuogecun UGAGCUAGUUAA
1784416.1 | Glecaaancasgsa 2068 | AfaCtuagcuscsa 2409 | GGCAAAUCAGG 2735
AD- csesugagGlalUflf VPus{CfsandTg{Tenjug UCCCUGAGGAULC
17844171 | Clucaacaausgsa 2069 | aggalfcClucaggsgsa 2410 { CUCAACAAUGG {2736
AD- gsgsuuggUfeCHUE ViusCiscauAfaacaaag CUGGUUGGUGCU
1784418 1 | Ufuguuuaugsesa | 2070 | Calfcaaccsasg 2411 UUGUUUAUGGYU | 2737
AD- asgsguanUfuUfUf VPusCfsaacCfuucaaaa CUAGGUAUUUUY
1784419.1 | Utugaagguusgsa | 2071 | AtaAfuaccusasg 2412 P UUGAAGGUUGG | 2738
AD- usgsaaucUfuCHGT VPus(fsggaAfacacceg AAUGAAUCUUCG
17844201 | Gfougnuueccscsa | 2072 1 AfaGfaunucasusu 2413 1 GGUGUUUCCCU 2739
AD- usgsaauc UuCRGE VPuslifsgedAa{Agnjca AAUGAAUCUUCG
17844211 | Glouguuuccsesa | 2072 | cecgAfalifanucasusu 2414+ GGUGUUUCCCU 2739
AD- psasguagUfo UTUT VPusGsugulUfacagaaa GGUAGUAGUUUU
1784422 1 | Ufcuguaacascsa 2073 | AfaCfuacuasesc 2415 | UCUGUAACACA 2740
AD- usasguag URdUUT VPusGlsugdTu(Agnica GGUAGUAGUUUU
1784423 1 | Ufcuguaacascsa 2073 | gasaAfaCfuacuascse 2416 | UCUGUAACACA 27440
AD- gsuseugal g AFCE YVPusUtsgudCc(Taniga GAGUUUGAUGAC
1784424 1 | Ufcocaggacsasa 2074 | eaouCiaUfcanacsuse 2417 1 UCUCAGGACAA 2741
AD- asasugaallfcUTUT YVPusGisaad Ac{Agnjoc AUAAUGAAUCUU
1784425 1 | Cfopoucnuuscsa | 2075 | cgaaGialfucanusasy 2418 | CGGGUGUUUCT 27472
AD- csasaauaAfuGTAT VPusAfscceGlaagauue UCCAAAUAAUGA
1784426.1 | Afucuucegesusa | 2076 | Afullfauuugsgsa 2419 AUCUUCGGGUG . 2743
AD- ususugunCraCfAf ViusClscouAfeaugong ACUUUGUUCACA
1784427 1 | Gfcauguaggsgsa | 2077 | UfoAfacagasgsu 2420 1 GCAUGUAGGGY 2744
AD- asusugugCRuCiAY VPusAfsugdGe{Tgnjuc GOAUUGUGCUCA
17844281 | Afogaacccasusa 2078 | cungAfzClacaauscse 2421 1 AGGAACCCAUC 2745
AD- gsusuggulfcURUE VPusAfsccallfaaacaaa UGGUUGGUGCUY
1784429 1 | Ufouuoaugesusa | 2079 | GfcAfecaacscsa 2422 1 UGUUUAUGGUA | 2746
AD- gsasaucuUtcGIGE VPusAfsgogAfaacacec AUGAAUCUUCGG
1784430.1 | Ghagwmmccosusa 2080 | GlaAfganucsasy 2423 1 GUGUUUCCCUU 2747
AD- gsgseaguAfeUfUT VPusGismudAc{Agn)y AUGGUAGUAGUU
17844311 | Utuncuguaascsa 2081 | aassaCfuAfouacesasuy | 2424 | UUUCUGUAACA 2748
AD- asgsaacaGtgCrAf YVPusAfsgoulUtugammg GAAGAACAGGCA
1784432 1 | Afaucaaagosusa 2082 | CfcUfeuucususe 2425 1 AAUCAAAGCUU 12749
AD- asgsaacaGlegCIAL VPusAfsgedTu{Teniga GAAGAACAGGCA
1784433.1 | Afaucaaagcsusa 2082 | vungltcUfeuncususe | 2426 | AAUCAAAGCUU | 72748
AD- asasaauaGtuCrAf VPusCfsauaGtaaucang GUAAAAUAGUCA
1784434 1 | Ufeauuncuausgsa 2083 1 AfcUtavuuusase 2427 { UGAUUCUAUGU | 2750
AD- asesuggeC o USUS VPusAfsaauAfccuagas GOACUGGCCGUU
17844351 | Cluagguavususa | 2084 | Clolsfecaguscse 2428 | CUAGGUAUULUU 12751
AD- cacscugaltg AU VPusAfsuudGu(Ten)ga UUCCCUGAGGAU
1784436.1 | Cfoucaacaasusa 2085 | goanCfcUfcageosasa 2428 | CCUCAACAAUG 2752
AD- gacsuggulfgGIUS YV PusUfsaaaClanageac UGGCUGGUUGEU
1784437 1 | Glcuongouusasa | 2086 | CfaAfccagescsa 2430 | GCUUUGUUUAYU | 2753
AD- csasgaaalsloUGH VPusAfsgedAc{Agniuc UUCAGAAAGUUG
1784438 1 | Ufugaugugcsusa | 2087 | aacaAfcUfuscugsasa 2431 | UUGAUGUGCUG 2754
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AD- agcspaacUtulCHGE Y PusCiscacGiaggaucy UCACUAACUUCG
17844391 | Afuccucgugsgsa 2088 | AfaGhuvagusesa 2432 1 AUCCUCGUGGE 2755
AD- cscsuucalGfaAfAf YV Pus{CfsancAfacaacuu GGCCUUCAGAAA
17844401 | Gluuguugausgsa | 2089 | Ufclfoaagpscse 2433 | GUUGUUGAUGU | 2756
AD- usgsageaCtuGHGT ViusAfsgudCe{Tenjua CCUGAGCACUGG
1784441 1 | Cfavanggacsusa 2090 | ugccAfsUfacucasgse 2434 | CAUAAGGACUU 1 2757
AD- csusaguuAfaGtGr VPusAfscedTe{Agom AGCUAGUUAAGG
17844472 1 | Cfaaaucaggsusa 2091 1 ugcclUfuAfacuagsesu 2433 1 CAAAUCAGGUA 1 7788
AD- causgagg AfuCfCH VPusClscaullfouugags CCCUGAGGAUCC
1784443 1 | Ufcaacaaugsesa 2092 1 AfuCfoucagsese 2436 | UCAACAAUGGU 2739
AD- gausuuaulGigUFAS VPuslifsaaaAfacuacua UUGUUUAUGGUA
17844441 | Gloaguuuuuscsa | 2093 | CfcAfuaaacsasa 2437 1 QUAGUUUUUCU | 2760
AD- usgsugac{CfuGIGE VPusUfsgadGe(Agnjca UGUGUGACCUGG
1784445 1 | Afuugugcucsasa 2094 | auccAfeGhucacasesa 2438 | AUTUGUGCUCAA 2761
AD- ascsaucgAfcARCE VPusGisged Te{Tenday UGACAUCGACAC
1784446 1 | Ufcavacagescsa 2095 | sagulstufoanguscsa 2439 1 UCAUACAGLCA 2762
AD- gsasauguGeUECE VPusUtsgedGu({Ten)ce UGGAUUGUGCUC
1784447 1 | Afaggaacccsasa 2096 | wugaGfeAfcaaucsesa 2440 | AAGGAACCCAU 2763
AD- uscsauacAfgCHCH YV PusGisgudCalTgnac ACUCAUACAGCC
1784448 1 | Afaguaugacscsa 2097 | vugglluGloaugasgsy | 2441 | AAGUAUGACCC 2764
AD- usasaaauAfgURCT VPusAfsuagAfaucauga GGUAAAAUAGUC
1784449 1 | Atuganuceasusa | 2098 | CluAfuuuuasesc 2442 | AUGAUUCUAUG 12765
AD- usasaaauAfglUfCE ViusAfsuadGa{Agniuc GGUAAAAUAGUC
1784450, 1 | Afugauucuasusa | 2098 | augaCtuAfuuuuascse 2443 1 AUGAUUCUAUG 2765
AD- gsusgeuc AfaGHGY VPusCfsugal fggguuce UUGUGCUCAAGU
1784451, 1 | Afacccaucasgsa 2099 | UtuGfagcacsasa 2444 1 AACCCAUCAGC 2766
AD- cagsaagaAfeUIGE VPusUfsgudUc{ Agnjec CCCGAAGAACUG
1784452 1 | Afupgeugoacsasa | 2100 | ancaGfuUfcuucosgse 2445 1 AUGGUGGACAA | 2767
AD- asasparaARGIUT VPusUfscudAg{Tgnicu CUAAUAAAAUGHU
17844531 | Giaagacuagsasa 2101 | ucacAfulfuunauusasg 2446 | GAAGACUAGAC 2768
AD- gsgscuge UfuGRGE VPusAfsaac Afaageacc GUGGCUGGUUGG
17844541 | Ufpemuuguususa | 2102 | AfaCfcagocsase 2447 F UGCUUUGUUUA | 2769
AD- ususguuc AfCARGT YVPusAfscecUfacaugen CUUUGUUCACAG
17844355 1 | Cfavguageosusa 2103 | GloGlaacaasasg 2448 1+ CAUGUAGGGUG | 2770
AD- ususcaaallfaAfGE VPusAbsugdGel{Agnic CCUUCAAAUAAG
1784456.1 | Atugoucccasusa | 2104 | caucoUfaUfuneaasgsg | 2449 | AUGGUCCCAUA 2771
AD- ususuaasAfcATUL ViusClsuacUfunccuau CUUUUAAAACAY
1784457 1 | Afogaaaguasgsa 2105 | GfoUfouaaasase 245G+ AGGAAAGUAGA 12772
AD- ususguunAfuGHGE VPusAfsaaalfuacuace CUUDUGUUUAUGG
1784458, 1 | Utaguaguuususa | 2106 | AfuAfaacaasasg 2451 F UAGUAGUUUUU 12773
AD- ususguun AfuGRGE VPusAfsaadAc{Tenjac CUUUGUUUAUGG
1784459 1 | Ufaguaguuususa | 2106 | vaccAfuAfaacaasasg 2452 1 UAGUAGUUUUU 2773
AD- gacsuaguURAIGE YV PusCfscugAfunugocu GAGCUAGUUAAG
17844601 | Gicaaaucagsgsa 2107 | UtaAfcuagesusc 2453 | GCAAAUCAGGU 2774
AD- gsasaaaal faGIUf VPusUfsagaAfucaugac AGGUAAAAUAGU
1784461 1 | Craugauucusasa 2108 | Ufalfuuuacscsu 24534 1 CAUGAUUCUAU 2775
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AD- gsusaaaal)faGIUT YViusUfsagdAal{Tenjca AGGUAAAAUAGU
17844621 | Claugauucusasa 2108 | ugacUfalUfunuacsesu 2455 | CAUGAUUCUAU 2775
AD- gsascugg{teGIUE VPusAfsauvalicuagaac UGGACUGGLCGU
17844631 | Utcuagguaususa | 2109 | GfaCieagucscsa 2456 | UCUAGGUAUUU 2776
AD- uscsagecAfcUTGE YVPusGieced Te{Tenuc GCUCAGCCACUG
1784464 1 | Afagaacaggscsa 2110 | vucaGfuGlgcugasgse 2457 | AAGAACAGGCA 1 2777
AD- usgsgasuGfuGHUf VPusAfsaudCe{Agnigs UCUGGAAUGUGY
1784465 1 | Glaccuggaususa 2111 | ucacAfcAfiniccasgsa 2438 | GACCUGGAUUG | 2778
AD- uscsacagCaUfG VPusClsaucAfeceuaca GUUCACAGCAUG
17844661 | Ufageeugausgsa | 2112 1 UfoCfugugasasc 2459 | UAGGGUGAUGA 12779
AD- usascagcCRaA Gt VPusAfsagdGe(Tenlea CAUACAGCCAAG
17844671 | Utaugacecususa 2113 | waculfeGfouguasusg 2460 | UAUGACCCUUC 2780
AD- causgagcAfcURGE VPusGlsuccUfuangeca ACCUGAGCACUG
1784468.1 | Gfcauaaggascsa 2114 | GhulGfoucagsgsu 2461 | GCAUAAGGACU | 2781
AD- csusgagc AfcUSGE VPusGsucdCu(Tonjan ACCUGAGCACUG
1784469 1 | Gicavaaggascsa 2114 | secaGtuGtoncasses 2462 | GCAUAAGGACU 2781
AD- gscsucaalGig ATAT VPusCfsecdTo{Agniug GUGCUCAAGGAA
1784470.1 | Ciccaucagesgsa 2115 | genaCfcUfugapesase 2463 | CCCAUCAGCGU 2782
AD- ususcugg AfaUGT YV PusCscadGgi{Tenjca YCUUCUGGAAUG
1784471 1 | Ufoupaccugsgsa | 2116 | cacallfu{fcapaasgsa 2464 | UGUGACCUGGA | 2783
AD- usasaanuGiaGRCT VPusGisceulfaacuage GAUAAAUUGAGC
1784472 1 | Utaguuaaggscsa 2117 | UcAfawasuse 2465 | UAGUUAAGGCA | 2784
AD- usasuuuu b fa UG ViusUfsgedCalAgnjee GGUAUUUUUUUG
17844731 | Afagguuggcesasa | 2118 | yucaAfaAfaaauascse 2466 | AAGGUUGGCAG 2785
AD- usasauuafaGaUs VPusCfsuguAfucacaac UAUAAUUAGAGU
17844741 | Utcugauacasgsa | 2119 | UfcUfaauuasusa 2467 | UGUGAUACAGA | 2786
AD- psasaunaGlaGiuf VPusClsugdTa{Tenjca UAUAAUUAGAGU
17844751 | Ufougavacasgsa | 2119 | caacUfcUfaaunasusa 2468 | UGUGAUACAGA | 2786
AD- usgsacucUTCAFGE VY PusClsugeUfuuguccu GAUGACUCUCAG
1784476.1 | Giacaaagcasesa 2120 | GfalGfagucasuse 2469 | GACAAAGCAGU 2787
AD- usgsacucUfc ARGE VPusCfsugdCu(Teniug GAUGACUCUCAG
17844771 | Gfacaaagcasgsa 2120 | veeuGtaGiagucasuse 2470 | GACAAAGCAGU 2787
AD- csasnacalteCAL ViusGisgedTe{Agnjua CUCAUACAQGCCA
1784478 1 | Afooaucaccscsa 2121 | cuneGfeUfouangsasg 2471 1 AGUAUGACCCU 2788
AD- gsusamuUfuUTUF VPusGisccaAfecuucaa AGGUAUUUUUUU
17844791 | Glaagguugescsa | 2127 | AfaAfaauvacsesu 2472 1 GAAGGUUGOCA | 2788
AD- csascagcATGIUT YVPusUfscad Te{Agnjec UUCACAGCAUGY
1784480 1 | Afogougangsasa | 2123 | cuacAfulGfougugsasa 2473 + AGGGUGAUGAG | 2790
AD- usasuaau UfaGRAS VPus(GfsuadTe{Agnjca GUUAUAAUUAGA
17844811 | Gluugugauascsa | 2124 | acucUfaAfimauasase 2474 | GUUGUGAUACA 1 2791
AD- gsasumuGigGAT VPusUfsgedAc{Agn)sc GGGAUUUUGGGA
1784482 1 | Afagcugugcsasa 2125 1 vuncCfcAfaaaucsesc 2475 1 AAGCUGUGCAG 2792
AD- usasaaacALaA G VPusCsaed Te(Tenjug AUUAAAACAAAG
17844831 | Glocaagagusgsa | 2126 | ceculUfuGfunuuasasy 2476 | GGCAAGAGUGC 2793
AD- uscsaagg AfaCCf VPusGisacgClugaugge GCUCAAGGAALCC
1784484 1 | Cfaucagesuscsa 2127 1 UfuClouugasgse 2477 1 CAUCAGCGUCA 2794
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AD- uscsaage AfaCHCE YVPusGisacdGe{Tanjga GUUCAAGGAACC
17844851 | Claucageguscsa 2127 D uggeUfuClouugasgse 2478 | CAUCAGCGUCA 2794
AD- uscsagaaAfgUfUt YV PusGiscacAfucaacaa CUUCAGAAAGUU
1784486.1 | Gliugaugugsesa | 2128 | Cfullfucugasasg 2479 | GUUGAUGUGCU 2795
AD- uscsagaaAfgl /iU VPusGfscadCa{Tanjea CUUCAGAAAGUU
1784487 1 | Gluugavgugscsa | 2128 | acaal fulfucugasasg 2480 | GUUGAUGUGCU 12795
AD- cscsaaauAfalfGt VPus(fsecgAfagauuca AUCCAAAUAAUG
1784488 1 | Afaucuucggsssa | 2129 | UlnAfuuuggsasy 2481 | AAUCUUCGGGU 2796
AD- asgscang UfaGHGE VPusUfsgedTe{Agniuc ACAGCAUGUAGG
1784489 1 | Gfugaugagesasa | 2130 | acccUfaClaugeousgsu 2482 | GUGAUGAGCAC 2797
AD- gsasuaaallfuGrAS VPusCfsuuaA fouagoue AAGAUAAAUUGA
1784490.1 | Gfcuaguuaasgsa 2131 | AfaUfwaucsusu 2483 | GCUAGUUAAGG | 2798
AD- causcageCaCiUf VPusClscugUfiiconcag AGCUCAGCCACU | 2799
17844911 | Gfaagaacagsgsa 2132 | UfeGfougagscesu 2484 | GAAGAACAGGC
AD- esuscageCalfUf VPusCiscudGu(Tgnjen AGCUCAGCCACY
1784492 1 | Glaagaacagsgsa 2132 | ucagUfsGlengapsesy 2485 | GAAGAACAGGC 2799
AD- csasgeauGHuATGE VPusGlscudCa(Tgnjca CACAGCAUGUAG
1784493 1 | Gfougaugagsesa | 2133 | ecenAfcAfugcugsusg 2486 | GGUGAUGAGCA | 2800
AD- asusaaug AfalUfCt YVPusAfsacalocgaaga AAAUAAUGAAUC
1784494 1 | Ufucgegugususa | 2134 | UfoClauoaususu 2487 1 UUCGGGUGUUU . 1 2801
AD- gsgsaaccCfalltCf VPusUtsgedTeg{Agnleg AAGGAACCCAUC
1784495 1 | Afgcgucascsasa 2135 | cogallieGfenaccesusy | 2488 | AGCGUCAGCAG 2802
AD- usgsuucaCfaGiCE ViPusClsaccCfuacange UUUGUUCACAGC
17844961 | Afuguaggeusgsa | 2136 | UfeUfzaacasasa 2489 | AUGUAGGGUGA 2803
AD- asasacaaA fgGHGE VPusAfsgedAc(Tgnjeu UAAAACAAAGGE
1784497 1 | Cfaagagngesusa 2137 {ugeeClullfummmsusa | 2490 | CAAGAGUGCUG | 2804
AD- asgsugug AfcCUE VPusAfsgeaClaauccag AAUGUGUGACCU
1784498 1 | Gfpauugugesusa | 2138 | GfuCacacasusu 2491+ GGAUUGUGCUC 2805
AD- usgsugug AfcCHUT VPusAfsgedAc{Agnian AAUGUGUGACCU
17844991 | Gleavugugesusa | 2138 | coagGfullacacasusu 2492 1 GGAUUGUGCUC 2805
AD- asasuaauGRA U VPusAfscac{fcgaagau CAAAUAAUGAAU
178450001 | Cluncggengsasa | 2139 | UftAfuoauususg 2493  CUUCGLGUGUY 2806
AD- asusunnuUtuGEAL YV PusChsuge{Cfaaccuuc GUAUUUUUUUGA
1784501 1 | Afoguupecasgsa | 2140 | AfaAfaanausase 2494 1+ AGGUUGGCAGC 2867
AD- asusunnulUfuGFAT VPusClsugdCo{Agnlac GUAUUUUUUUGA
17845021 | Afzouugpcasgsa | 2140 | cuncAfaAfazaausasc 2495+ AGGUUGGCAGL | 2807
AD- usgscucaAfeGFAT ViusGseudGalTenigg UGUGCUCAAGGA
1784503 1 | Afcccaucagscsa 2141 | soucCtullfoagcascsa 2496 | ACCCAUCAGCG 2808
AD- usasaugaAtuCUf VPusAfsaacAfcccgaag AAUAAUGAAUCH
1784504.1 | Utcggauguususa | 2142 | AtuUfcauuasusu 2497 |+ UCGGGUGUULC 2804
AD- gsusggeuligURE VPusAfscaaAfgeaccaa CUGUGGCUGGUU
1784505 1 | Gfougcunugsusa | 2143 | CfcAfeccacsasg 2498 | GGUGCUUUGUY 1 2810
AD- asasggaaCioCiAL VPusClsugalfocugaug UCAAGGAACCCA
1784506.1 | Utcagegucasgsa 2144 | GigUfuccuusgsa 2499 | UCAGCGUCAGC 2811
AD- usasaasal’ faAfAf VPusAfscudCu{Tenige CAUUAAAACAAA
1784507 1 | Gfoscaagagsusa 2145 | ccuullfelfunuaasusy 2500 | GGGCAAGAGUG | 2812
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AD- ceusgues CRGHGT YVPusAfsaadGe{Agnjec UGCUGUGGLUGH
1784508.1 | Ufoggugcuususa | 2146 | aaccAfgClcacagscsa 2501 | UUGGUGCUUUG 2813
AD- csasgoucAfgCHCE YV PusGlsundCa{Tenica CCCAGCUCAGCL
1784509.1 | Afcugaagaascsa 2147 | guoaCtuGtageugspsy | 2502 | ACUGAAGAACA | 2814
AD- asasaunaal/fgAfAT Y PusClsaccCfgaaganu CCAAAUAAUGAA
1784510 1 | Ufcuuepggusgsa | 2148 | Chllfuamusgsg 2503 | UCUUCGGGUGU | 2815
AD- gsasauguGiuGrAT VPusAfscaaUfccaggue UGGAAUGUGUGA
17845111 | Cfougganuzsusa | 2149 | AfcAfcauucsesa 2504 | CCUGGAUUGUG | 2816
AD- csasugualfeGIUf VPusAfsgude{Tgnjca AGCAUGUAGGGU
17845121 | Gfaugagcacsusa 2150 1 yecacCfcUfacaugscsu 2505 1 GAUGAGCACUC 2817
AD- gsgsacugGieCiGE VPusAfsuadCe{Tanjag AUGGACUGGCCG
1784513.1 | Utucuagguasusa | 2151 | aaceGfcCfasuccsasu 2506 | UUCUAGGUAUU | 2818
AD- asusaaaul g ARG VPusCscuuAfacuageu AGAUAAAUUGAG
1784514 1 | Cluaguuaagsgsa 2152 | ChaAfuuuauscsu 2507 | CUAGUUAAGGC 2819
AD- gsasaagulfeUfUf VPusCfscagCfacancaa CAGAAAGUUGUY
1784315 1 | Glauguecugsgsa | 2153 | ClaAfommicsusg 2508 | GAUGUGCUGGA | 2810
AD- gsasaagulfgUtUL VPusClscadGe{Agnica CAGAAAGUUGUU
1784516.1 | Gfangugeogsgsa | 2153 1 yeaaClaAfouuucsusg 2509 | GAUQUGCUGGA | 2820
AD- asascaaalafgGRLT YV PusClsageAfcucuuge AAAACAAAGGGL
17845171 | Afagagugcusgsa | 2154 | ChelUfuuguususu 2510 | AAGAGUGCUGA | 2821
AD- csesugagClaCtut VPusUtscedTu{Agniug GACCUGAGCALCY
1784518 1 | Gfgcauaaggsasa 2155 | ccagUfelhucaggsusc 2511 | GGCAUAAGGAL 2822
AD- usgsaugg It GIAT VPusGecgdCoe{Agn)gu ACUGAUGGUGGA
1784519 1 | Cfaacuggcgscsa 2156 1 vgueCtaCfcaucasgsu 2512 | CAACUGGCGCC 2823
AD- ascsaangGfgCAT VPusUfscadGe{Agnieu AAACAAAGGGUA
17843201 | Afcaguocugsasa | 2157 | cuusClieChnmugususu | 2513 | AGAGUGCUGAC | 2824
AD- ascsggacCloGHAT VPusAfsugdUc{Agn)g CAACGGACCUGA
17845211 | Gfcacuggcasusa 2158 | vecucAteGfuccgususg | 2514 | GCACUGGCAUA 2825
AD- usgsggaaAfgCHUE VPusGisuadGe(Tgnjge YUUGGGAAAGCU
17845221 | Glugeageaascsa 2159 | acagCtulfucccasasa 2515 | GUGCAGCAACC 2826
AD- asascccallfc ARG VPusGlscudGe(Tenizga GGAACCCAUCAG
17845231 | Cloucagcagsesa 2160 | coculGtalfogmuscse 2316 | CGUCAGCAGCG 2827
AD- asgscucaGlicCTAL YiusUfsgudTe(Tenluc CCAGCUCAGCCA
1784524 1 | Cugaagaacsasa 2161 | aguelGicUfgagcusgsg 2517 | CUGAAGAACAG | 2828
AD- ususuugaAfgGIUT VPusAfsgedGe(Taonize UUUUUUGAAGGU
17845251 | Utppcagepesusa 2162 | caacCiulfcaaaasasa 2518 | UGGCAGCGCUA 2829
AD- gsusaugaCleCIUT ViusGiscudTe{Agnigg AAGUAUGACCCU
1784526 1 | Ufccougaagscsa 2163 | saasGialfcauacsusu 2519+ UCCCUGAAGCC 2830
AD- csusacccAfgGICY VPusUfsged TedAgnigu ACCUACCCAGGC
1784527.1 | Ufcacugaccsasa 2164 | gageCfuGfopuagsesn | 2526 | UCACUGACCAC 2831
AD- ascsecaglicUSCE VPusGsgudGg{Ten)ca CUACCCAGGCUC
1784528 1 | Afcugaccacscsa 2165 1 suzaGfeClugoousass 2521 | ACUGACCACCC 283
AD- asusgeacUteGHCE VPusAfsccuAfgaacgge UGAUGGACUGGC
1784529.1 | Cfeuncuaggsusa 2166 | CfaGtuccauscsa 2522+ CGUUCUAGGUA 2833
AD- ascscugalteARCE VPusClscuuAfugecagn GGACCUGAGCAC
17845301 | Ufoscauaagsgsa 2167 | GfcUfcagguscse 2523 1 UGGCAUAAGGA | 2834
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AD- ceesaucalGteGRUF YPusChiuceCfugeugac ACCCAUCAGOGU
17845311 | Clagcagegasgsa 2168 | GfcUfzangesesa 2524 | CAGCAGCGAGC 2835
AD- usgsgacuGfoCHCE VPusUfsacdCu{Agniga GAUGGACUGGCC
17845321 | Ghuucuaggusasa | 2169 | acge{icAfguccasuse 2525 | GUUCUAGGUAU | 72836
AD- ususuuggGraAtAf ViusGseudGelAgnjca GAUUUUGGGAAA
1784533 1 | Gicugugeagsesa 2170 | scuulUfcCloaaaasuse 2526 | GCUGUGLAGCA 2837
AD- csusgaugGfaCiuf VPusUfsagaAfeggcsag ACCUGAUGGACU
1784534.1 | Gleocguucusass 2171 | UteCfaucagsgsu 2527 1 GGCCGUUCUAG 2838
AD- ascscuacCIcARGY VPusGfsucdAg{Ten)ga GGACCUACCCAG
1784535 1 | Gfoucacugascsa 2172 1 sceulGfaGluaggusese 2528 | GCUCACUGACC 2839
AD- gagsaccuATcCICH VPusCfsagdTg(Agn)gc CUGGACCUACCE
1784536.1 | Afgocucacusgsa | 2173 | cugeltuAfooucesasg | 2529 | AGGCUCACUGA 2840
AD- gsasuggalfuGHGE VPusClscualGfaacggee CUGAUGGACUGG
1784537 1 | Cleguucnagsgsa 2174 | AfglUfccaucsasg 2530 | CCGUUCUAGGU 2841
AD- asasgouuGigCEAT VPusGsgadTu(Agnige UGAAGGUUGGCA
1784338 1 | Gicgonaaacscsa 2175 | scug{fcAfacennscsa 2531 1 GCGCUAAALCG 2842
AD- psgsaugg AfcUIGE VPus{fsuagAfacggoca CCUGAUGGACUG
17845391 | Gfecguucuasgsa 2176 | GfuClcancasgss 2532 1 GCCGUUCUAGG | 2843
AD- asascugallfaGIUE VPusClscagUfuguccac AGAACUGAUGGU
17845401 | Gigacaacugsgsa 2177 | Ctalfcaguuscsu 2533 | GGACAACUGRC 2844
AD- asascugalfeGIUf VPusCfscadGui{ Tgnjgu AGAACUGAUGGY
17845411 | Gfzacaacugsgsa 2177 | ecacCialifcaguuscsu 2334 | GGACAACUGGL 2844
AD- ascsaacuGicUGH ViusCsaacCfagecaca ACACAACUGCUG
1784542 1 | Ufogeugeuusgsa | 2178 | GfcAfzuugusgsu 2535 1 UGGLUGGUUGG | 2845
AD- ascsaacuGfe UGt VPusCfsaadCelAgnige ACACAACUGCUG
17843431 | Utcgeugguusesa | 2178 | cacaGfcAfouuguszsy 2536 1 UGQCUGGUUGG | 2845
AD- csasacgg AtcCIUf VPusGiscedAg{Tenige CACAACGGACCU
1784544 1 | Gfagcacuggscsa 2179 | veagGfaClepuugsusy 2537 | GAGCACUGGCA 2846
AD- csasacugCRiGIUT YV PusCfscaaCfcagecac CACAACUGCUGU
17843451 | Glecuseungsesa | 2180 | Atelfagnugsusy 2538 1 GGCUGGUUGGY 2847
AD- ascsuganGlgULGE VPusGlscedAg(Teniug GAACUGAUGGUG
17845461 | Gfacaacugescsa 2181 | vecalfeAfucagosose 2339 | GACAACUGGCG 2848
AD- csusgeugUtgGICE VPusGiscacCaaccage AACUGCUGUGEL
1784347 1 | Ufoguugenesesa | 2182 | CfaCfapcapsusu 2546 1 UGGUUGGQUGCU | 2849

Table 9. Unmodified Sense and Antisense Strand Sequences of CAZ dsRNA Agents for C16

Muodification
Range in Range in
Duplex Sense Sequence SEQID | NM 600 | Antisense Sequence SEQ D | NM_ 000
Name Ftod NO: 0467.3 Ptold NO: 067.3
AD- ACCUGAGCACUG ACCUUVAUGCCAGU
1962343 GCAUAAGGU 2850 H1-131 1 GCUCAGGUCC 3210 109-131
AD- CUGAGCACUGGC AGUCCUUAUGCCA
1962345 AUAAGGACU 2851 113-133 1 GUGCUCAGGU 3211 111-133
AD- UGACAUCGACAC ACUGUAUGAGUGU
1962360 UCAUACAGU 2852 168-188 | CGAUGUCAAC 3212 166-188
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Name St ¥ NG 867.3 Sl N{k §67.3
AD- CACUCAUACAGC ACAUACUUGGCUG

1962369 CAAGUAUGU 2833 177-197 1 UAUGAGUGUC 3213 175-197
AD- ACUCAUACAGCC AUCAUACUUGGCU

1962370 AAGUAUGAU 2854 178-198 | GUAUGAGUGU 3214 176-198
Af3- CUCAUACAGCCA AGUCAUACUUGGC

1962371 AGUAUGACU 2855 179-199 1 UGUAUGAGUG 3215 177-199
AD- CCAAGUAVGACC ACAGGGAAGGGUC

1962380 CUUCCCUGU 2856 188-208 | AUACUUGGCU 3216 186-208
AD- CUGAGGAUCCUC ACCAUUGUUGAGG

1962416 AACAAUGGU 2857 244-264 | AUCCUCAGGG 3217 3472-764
AD- UGAGGAUCCUCA AACCAUUGUUGAG

1962417 ACAAUGGUU 2858 245-265 | GAUCCUCAGG 3218 243263
AD- GAGGAUCCUCAA AGACCAUUGUUGA

1062418 CAAUGGUCH 2859 246-266 | GGAUCCUCAG 3219 244-266
AD- UGCUUUCAACGU ACAAACUCCACGU

1962430 GGAGUUUGU 2860 267-287 | UGAAAGCAUG 3220 265-287
19624440 GAGUUUGAU 2861 268-288 | UUGAAAGCAU 3221 266-288
AD- CUUUCAACGUGG AAUCAAACUCCAL

1962441 AGUUUGAUU 2862 269-289 | GUUGAAAGCA 3222 267-289
AD- UUUCAACGUGGA ACAUCAAACUCCA

19624472 GUUUGAUGU 2863 270-290 1 CGUUGAAAGC 3223 268-290
AD3- GGAGUUUGAUGA ACCUGAGAGUCAU

1962451 CUCUCAGGU 2864 279299 1 CAAACUCCAC 3224 277-299
AD- UGACUCUCAGGA ACUGCUUIIGUCCU

1962460 CAAAGCAGU 2865 288-308 | GAGAGUCAUC 3225 286-308
AD- AACUUCACUUGG ACCAGUGAACCAA

1662557 UUCACUGGH 2866 425-445 { GUGAAGUUCU 3226 423-445
AD- CUGAUGGACUGG AUAGAACGGCCAG

1962597 CCGUUCUAU 2867 485-505 | UCCAUCAGGU 3227 483-305
AD- UGAUGGACUGGC ACUAGAACGGCCA

1962598 CGUUCUAGU 2863 486-506 | GUCCAUCAGE 3228 484-306
AD- GAUGGACUGGCC ACCUAGAACGGCC

1962509 GUUCUAGGU 2869 487-507 | AGUCCAUCAG 32260 485-507
AD- AUGGACUGGCCG AACCUAGAACGGC

1962600 UUCUAGGUU 2870 438-508 | CAGUCCAUCA 3230 486-308
AD- GACUGGCCGUUC AAAUACCUAGAAC

1962603 UAGGUAUUU 2871 491-511 | GGCCAGUCCA 3231 489-511
AD- ACUGGCCGUUCU AAAAUACCUAGAA

1962604 AGGUAUUUU 2872 492-512 | COGCCAGUCC 3232 490-312
AD- CUGGCCGUUCUA AAAAAUACCUAGA

1962605 GGUAUUUUU 2873 493-513 | ACGGCCAGUC 3233 491-513
AD- UGGCCGUUCUAG AAAAAAUACCUAG

1962606 GUAUUUUUU 2874 494-514 | AACGGCCAGU 3234 492-514
AD- GGCCGUUCUAGE AAAAAAAUACCUA

1962607 UAUUUUUUU 2875 495-515 | GAACGGCCAG 3235 493-515
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Duplex Sense Sequence SEQID | NM 000 | Antisense Sequence SEQ ID | NM 068

Name St ¥ NG 867.3 Sl N{k §67.3

AD- GCCGUUCUAGGU AAAAAAAAUACCU

1962608 AUUULULUUUU 2876 496-516 | AGAACGGLCA 3236 494-516

AD- CCGUUCUAGGUA ACAAAAAAAUACC

1962609 ULUUUUUGU 2877 497-517 | UAGAACGGCC 3237 495-517

Af3- CGUUCUAGGUAY AUCAAAAAAAUAC

1962610 UUUUUUGAU 2878 498-518 | CUAGAALCGGC 3238 496-518

AD- GUUCUAGGUAUU AUUCAAAAAAAUA

1962611 UUUUUGAAU 2879 499-519 | CCUAGAACGG 3239 497-519

AD- VUCUAGGUAUUU ACUUCAAAAAAAU

19672612 UUUUGAAGU 2880 500-520 | ACCUAGAACG 3244 498-320

AD- UCUAGGUAUUUU ACCUUCAAAAAAA

1962613 UUUGAAGGU 2881 501-521 | UACCUAGAAC 3241 499.521

AD- UVAGGUAUUUUUYU AAACCUUCAAAAA

1962615 UGAAGGUUU 2882 503-323 1 AAUACCUAGA 3242 501-523

AD- AGGUAUUUUUUU ACAACCUUCAAAA

1962616 GAAGGUUGU 2883 304-524 1 AAAUACCUAG 3243 302-524

AD- GGUAUUUUUUUG ACCAACCUUCAAA

1962617 AAGGUUGGU 2884 505-525 1 AAAAUACCUA 3244 503-525

AD- GUAUUUUUULUGA AGCCAACCUUCAA

1967618 AGGUUGGCU 2885 506-526 | AAAAAUACCU 3245 304-5726

AD- AUUUUUUUGAAG ACUGCCAACCUUC

1962624 GUUGGCAGU 2886 508-528 | AAAAAAAUAC 3246 5(6-328

AD3- CGGGCCUUCAGA AAACAACUUUCUG

1962648 AAGUUGUUU 2887 536-556 | AAGGUCCGGU 3247 534-556

AD- GGGCCUUCAGAA ACAACAACUUUCU

1962649 AGUUGUUGU 2888 537-557 1 GAAGQGCCCGG 32438 335-357

AD- GGCCUUCAGAAA AUCAACAACUUUC

1962650 GUUGUUGAU 2889 538-558 | UGAAGGCCCG 3249 536-558

AD- CCUUCAGAAAGU ACAUCAACAACUU

1962652 UGUUGAUGU 2890 340-560 | UCUGAAGGCO 3250 538-5560

AD- CUUCAGAAAGUU AACAUCAACAACU

1962653 GUUGAUGUU 2891 541-361 | UUCUGAAGGC 3251 $39-561

AD- UCAGAAAGUUGU AGCACAUCAACAA

1962655 UGAUGUGCY 2892 543-563 | CUUUCUGAAG 3252 341-563

AD- GAAAGUUGUUGA ACCAGCACAUCAA

1962658 UGUGCUGGU 2893 546-566 | CAACULUCUG 3253 544-566

AD- AUUCCAUUAAAA AGCCCUUUGUULY

1962678 CAAAGGGCY 2894 566-586 | AAUGGAAUCC 3254 564-586

AD- AACAAAGGGCAA ACAGCACUCULGC

1962683 GAGUGCUGY 2893 376-596 1 CCUUUGUUUU 3255 374-3096

AD- AGUGCUGACUUC AAAGUUAGUGAAG

16962701 ACUAACUUU 2895 584-600 | UCAGCACUCU 3256 387-609

AD- UGCUGACUUCAC ACGAAGUUAGUGA

1962703 UAACUUCGU 2897 391-611 | AGUCAGCACU 3257 588-611

AD- CUGACUUCACUA AAUCGAAGUUAGU

1962703 ACUUCGAULU 28938 593-613 | GAAGUCAGCA 32538 591-613
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AD- UGACUUCACUAA AGAUCGAAGUUAG

1962706 CUUCGAUCU 2899 394-614 | UGAAGUCAGC 3259 392-614

AD- GACUUCACUAAC AGGAUCGAAGUUA

1962707 UUCGAUCCU 2900 595-615 | GUGAAGUCAG 3264 593-6145

Af3- CACUAACUUCGA ACACGAGGAUCGA

1962712 UCCUCGUGU 2901 600-620 | AGUUAGUGAA 3261 368-620

AD- ACUAACUUCGAU ACCACGAGGAUCG

1962713 CCUCGUGGU 20072 601-621 | AAGUUAGUGA 3262 599-62 1

AD- CCUCCUUCCUGA ACCAAGGAUUCAG

1967733 AUCCUUGGY 2903 621-641 | GAAGGAGGCC 3263 519-641

AD- UCCUUCCUGAAU AAUCCAAGGAUUC

1962735 CCUUGGAUU 2504 023-643 | AGGAAGGAGG 3264 62 1-643

AD- CCUUCCUGAAUC AAAUCCAAGGAUU

1962736 CUUGGAUUU 2903 624-644 | CAGUGAAGGAG 3265 6522-644

AD- CUCCUCUUCUGG ACACACAUUCCAG

1962766 AAUGUGUGU 2906 674-694 | AAGAGGAGGG 3266 672-694

AD- GAAUGUGUGACC AACAAUCCAGGUC

1962777 UGGAUUGUU 2907 685-705 | ACACAUUCCA 3267 633-705

AD- UGUGUGACCUGG AAGCACAAUCCAG

1962780 AUUGUGCUU 2908 688-708 | GUCACACAUU 3268 586-T08

AD- GUGCUCAAGGAA ACUGAUGGGUUCC

1962795 CCCAUCAGU 2909 703-723 | UUGAGCACAA 3269 701-723

AD3- UCAAGGAACCCA AGACGCUGAUGGG

1962799 UCAGCGUCU 2910 707-727 1 UUCCUUGAGC 3270 T05-727

AD- AAGGAACCCAUC ACUGACGCUGAUG

1962801 AGCGUCAGU 2011 700-720 1 GGUUCCUUGA 3271 707729

AD- CCAUCAGUGUCA ACUCGCUGCUGAC

1962808 GCAGCGAGU 2912 716736 | GCUGAUGGGU 3272 714~T36

AD- GAAAUUCCGUAA AAGUUAAGUUUAC

1962836 ACUUAACUU 2913 744-764 | GGAAUUUCAA 3273 742-T64

AD- AAAUUCCGUAAA AAAGUUAAGUULA

1962837 CUUAACUUU 2914 743765 1 CGGAAUUUCA 3274 743-765

AD- CCGUAAACUUAA ACAUUGAAGUUAA

1962842 CUUCAAUGU 2913 730-770 | GUUUACGGAA 3275 748-T70

AD- CGUAAACUUAAC ACCAUUGAAGUUA

1962843 UUCAAUGGU 2916 751771 | AGUUUACGGA 3276 749-771

AD- AACUGAUGGUGE ACCAGUUGUCCAC

1962860 ACAACUGGY 2917 788-808 | CAUCAGUUCY 3277 786-808

AD- CUCAGCCACUGA ACCUGUUCUUCAG

1962885 AGAACAGGU 2918 $15-835 1 UGGCUGAGCU 3278 813-833

AD- AGAACAGGUAAA AAGCUUUGAUUUG

1962897 UCAAAGCUU 2919 827-847 | CCUGUUCUUC 3279 #25-847

AD- AGGUCAAAUCAAA AAAGGAAGCUUUG

1962602 GCUUCCUUU 2520 832-852 | AUUUGCCUGU 3280 830-852

AD- CAAAGCUUCCUU ACUUAUUUGAAGG

1962510 CAAAUAAGU 2921 840-860 | AAGCUUUGAU 3281 8385-860
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AD- AAAGCUUCCUUC AUCUUAUUUGAAG

1962911 AAAUAAGAU 2922 841-861 | GAAGCUUUGA 3282 §39-861

AD- AAGCUUCCUUCA AAUCUUAUUUGAA

1962912 AAUAAGAUU 2923 842-862 | GGAAGCUUUG 3283 840-862

Af3- AGCUUCCUUCAA ACAUCUUAUULGA

1962913 AUAAGAUGU 2924 #43-863 | AGGAAGCUUU 3284 841-863

AD- GCUUCCUUCAAA ACCAUCUUVAUUUG

1962914 UAAGAUGGU 2925 §44-864 | AAGGAAGCUU 3285 847-864

AD- GUCUGUAUCCAA AUUCAUVAUUUGG

196704 1 AUAAUGAAU 2926 R71-891 | AUACAGACUA 3286 369391

AD- GUALICCAAALAA AAAGAUUCAUUAU

1962945 UGAAUCUUU 2027 875-895 | UUGGAUACAG 3287 873-805

AD- AUCCAAAUAAUG ACGAAGAUUCAUU

1962547 AAUCUUCGU 2928 877-897 | AUUUGGAUAC 3283 875-897

AD- UCCAAAUAAUGA ACCGAAGAUUCAU

1962948 AUCUUCGGU 2929 §78-89% | UAUUUGGAUA 3289 876-80%

AD- CUAAAUAAUGAA ACCCGAAGAUUCA

1962949 UCUUCGGOU 2930 879-899 | UUAUUUGGAU 3290 377-899

AD- CAAAUAAUGAAU AACCCGAAGAUUC

1967950 CUUCGEGUY 2931 280-900 | AUUALUUUGGA 3291 878-9G0

AD- AAAUAAUGAAUC ACACCCGAAGAUU

1962851 UUCGGGUGY 2932 881-901 | CAUUAUUUGG 3297 879-901

AD3- AAUAAUGAAUCU AACACCCGAAGAU

1962952 UCGGGUGUU 2933 %82-9072 1 UCAUUAUUUG 3293 880-907

AD- AUAAUGAAUCUU AAACACCCGAAGA

1962953 COOOUGUUU 2034 §83-903 | UUCAUUAUUU 3294 8]1-903

AD- UAAUGAAUCUUC AAAACACCCGAAG

1962554 GGCGUGUUUU 2935 884-904 | AUUCAUUAUU 37295 882-904

AD- UGAAUCUUCGGG AGGGAAACACCCG

1962957 UGUUUCCCU 2936 887-907 | AAGAUUCAUU 3296 885-907

AD- GAAUCUUCGGGU AAGGGAAACACCC

1962958 GUUUCCCUY 2937 888-908 | GAAGAUUCAU 3297 3856-908

AD- AAGCACAGAUCU AACCAAGGUAGAU

1962984 ACCUUGGUU 2938 914-934 | CUGUGCUUAG 3298 912-934

AD- AGCACAGAUCUA ACACCAAGGUAGA

1962985 CCUUGGUGU 2939 915-935 1 UCUGUGCUUA 3299 913-935

AD- GCACAGAUCUAC AUCACCAAGGUAG

1962986 CUUGGUGAU 2940 916-936 | AUCUGUGLUU 3300 014-634

AD- AGAUCUACCUIG ACAAAUCACCAAG

1962990 GUGAUUUGU 2941 020-940 | GUAGAUCUGY 3301 91%-940

AD- ACAACUGCUGUG 1039~ ACAACCAGCCACA 1037~

1663114 GCUGGUUGU 2942 1039 GCAGUUGUGU 3302 1439

AD- CAACUGCUGUGG 1040- ACCAACCAGCCAC 1038~

1963115 CUGGUUGGU 2943 1060 AGCAGUUGUG 3303 1060

AD- CUGCUGUGGCUG 1043- AGCACCAACCAGC 1041-

1963118 GUUGGUGCU 2944 1063 CACAGCAGUU 3304 10363
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AD- GUGGCUGGUUGG 1048- AACAAAGCACCAA 1046~
1963123 UGCUUUGUU 2945 1068 CCAGCCACAG 3305 1068
AD- GGCUGGUUGGEUG 1050- AAAACAAAGCACC 1048-
1963125 CUUUGUUUU 2946 197G AACCAGCCAC 3306 1070
Af3- GCUGGUUGGUGC 1051- AUAAACAAAGCAC 10349-
1963126 UUUGUUUAU 2947 1071 CAACCAGCCA 3307 1671
AD- CUGGUUGGUGCU 1032- AAUAAACAAAGCA 1050~
1963127 DUGUUUAUU 2948 1972 CCAACCAGCC 3308 1072
AD- UGGUUGGUGCUU 1053- ACAUAAACAAAGC 1051-
1963128 UGUUUAUGU 2949 1073 ACCAACCAGC 3309 1073
AD- GGUUGGUGCUUU 1054~ ACCAUAAACAAAG 1052~
1963129 GUUUAUGGU 2850 1074 CACCAACCAG 3310 1674
AD- WUGGUGCUUUG 1055~ AACCAUAAACAAA 1053-
1963130 UUUAUGGUU 2951 1075 GCACCAACCA 3311 1075
AD- VUGGUGCUUUGU 1056~ AUACCAUAAACAA 1054~
1963131 UUAUGGUAU 2932 1076 AGCACCAACC 3312 1676
AD- UGGUGCULUUGUU 1057- ACUACCAUAAACA 1045~
1963132 UAUGGUAGU 2853 1077 AAGCACCAAC 3313 1077
AD- UGCUUUGUUUAU 1060- ACUACUACCAUAA 1058~
1963135 GGUAGUAGU 2954 1080 ACAAAGCACC 3314 1680
AD- UUUGUUUAUGGY 1063- AAAACUACUACCA 1061-
1963133 AGUAGUUUU 2955 1083 UAAACAAAGC 3315 1043
AD3- DUGUUUAUGGUA 1064~ AAAAACUACUACC 1062-
1963139 GUAGUUUUU 2956 1084 AUAAACAAAG 3316 1084
AD- GUUUAUGGUAGU 1066~ AGAAAAACUACUA 1064~
1963140 AGUUUUUCU 2037 1086 CCAUAAACAA 3317 1086
AD- UUUAUGGUAGUA 1667- AAGAAAAACUACU 1065~
1963141 GUUUUUCUY 2958 1087 ACCAUAAACA 3318 1687
AD- UUAUGGUAGUAG 1063~ ACAGAAAAACUAC 1066-
1963142 UUUUUCUGY 2959 1088 UACCAUAAAC 3319 1088
AD- UAUGGUAGUAGU 1069- AACAGAAAAACUA 1067-
1963143 UUUUCUGUU 2960 1089 CUACCAUAAA 3324 1089
AD- AUGGUAGUAGUU 1470~ AUACAGAAAAACU 1068-
1963144 UUUCUGUAU 2961 1090 ACUACCAUAA 3321 1690
AD- VAGUAGUUUUUC 1074- AGUGUUACAGAAA 1072-
1963148 UGUAACACU 2967 1094 AACUACUACC 3327 1094
AD- AGAAUAAAGUAC ii14- AAAGUCAAGGUAC F112-
1963202 CUUGACUUY 2963 1134 UUUAUUCUUA 3323 1154
AD- AAUAAAGUACCU 1116~ ACAAAGUCAAGGU 4.
1963204 UGACUUUGU 2964 1136 ACUUUAUUCU 3324 1136
AD- AUAAAGUACCUY Pi17- AACAAAGUCAAGG [RRRE
1963703 GACUUUGUU 2963 1137 UVACUUUAUUC 33725 1137
AD- UAAAGUACCUUG 18- AAACAAAGUCAAG fii6-
1963206 ACUUUGUUU 2966 1138 GUACUUUAUU 3326 {138
AD- AAAGUACCUUGA PH19- AGAACAAAGUCAA 1117-
1963207 CUUUGUUCH 2967 1139 GOUACUUUAU 3327 1139
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AD- AAGUACCUUGAC 1120~ AUGAACAAAGUCA t1id-
1963208 UUUGUUCAU 2968 1140 AGGUACUUUA 3328 1140
AD- VACCUUGACUUU 1123- ACUGUGAACAAAG 121-
1963211 GUUCACAGU 2969 1143 LUCAAGGUACU 3329 1143
Af3- ACUUUGUUCACA 1130- ACUACAUGCUGUG 1128-
1963218 GCAUGUAGU 2970 1130 AACAAAGUCA 3330 1130
AD- CUUUGUUCACAG 1131- ACCUACAUGCUGY 1129-
1963219 CAUGUAGGU 2971 1151 GAACAAAGUC 3331 1151
AD- VUUGUUCACAGC 1§32- ACCCUACAUGCUG 1130~
1963720 AUGUAGGGU 2977 1152 UGAACAAAGU 3332 1132
AD- UUGLIUCACAGCA 1133~ AACCCUACAUGCU H31-
1963221 UGUAGGGUU 2973 1153 GUGAACAAAG 3333 1153
AD- UGUUCACAGCAU 1134~ ACACCCUACAUGC 1132-
1963222 GUAGGGUGU 2974 1154 UGUGAACAAA 3334 11534
AD- UCACAGCAUGUA 1137~ ACAUCACCCUACA 1133~
1963225 GGGUGAUGU 2975 1157 UGCUGUGAAC 3335 1157
AD- CAACGGACCUGA AGCCAGTGUUCAG
1963237 GCACUGGLU 2976 105-125 | GUCCGUUGUG 3336 103-125
AD- ACGGACCUGAGC AAUGCCAGUGCUC
1963239 ACUGGCAUY 2977 107-127 1 AGGUCCGUUG 3337 1643-127
AD- CCUGAGCACUGG AUCCTUAUGCCAG
1963244 CAUAAGGAU 2978 112-132 1 UGCUCAGGUC 3338 110-132
AD3- CUGAGCACUGGC AGUCCUTAUGCCA
1963243 AUAAGGACU 2979 113-133 | GUGCUCAGGU 3339 11§-133
AD- UGAGCACUGGCA AAGUCCTUAUGCC
1963246 UAAGGACUU 2080 114-134 1 AGUGCUCAGG 3340 112-134
AD- GCACUGGCAUAA AGGAAGTCCUUAU
1963249 GOACUUCCU 2981 H7-137 | GCCAGUGCUC 3341 115-137
AD- GACUAAAAUGCU 1173~ AUUAAAAGCAGCA 171-
1963287 GCUUUUAAY 2982 1193 UUUUAGUCAA 3342 1193
AD- ACUAAAAUGCUG 1174~ AUUUAAAAGCAGC 1172-
1963288 CUUUUAAAU 2983 1194 AUUUUAGUCA 3343 1194
AD- CUAAAAUGCUGC 1175~ AUUUUAAAAGCAG 173-
1963289 UUUUAAAAU 2984 1193 CAUUUUAGUC 3344 1195
AD- UAAAAUGCUGCU 1176~ AGUUUUAAAAGCA 1174-
1963260 UUUAAAACU 2985 1196 GCAUUUUAGU 3345 1196
AD- UGCUGCUUUUAA 1181- ACCUAUGUUUUAA 1179-
1963293 AACAUAGGU 2986 1261 AAGCAGCAUU 3346 1201
AD- GCUGCUULLIAAA 1182 AUCCUAUGUUUUA HIE0-
1963796 ACAUAGGAU 2987 1202 AAAGCAGCAU 3347 1202
AD- UUUAAAACAUAG 1188~ ACUACUUUCCUAU 1186~
1963302 GAAAGUAGU 2988 1208 GUUUUAAAAG 3343 1208
AD- CUGUUGACAUCG AAUGAGTGUCGAU
1963306 ACACUCAUU 2989 164-184 | GUCAACAGGG 3349 162-184
AD- GUUGACAUCGAC AGUATGAGUGUCG
1963308 ACUCAUACY 2990 i66-186 | AUGUCAACAG 3350 164186
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AD- GACAUCGACACU AGCUGUAUGAGUG

1963311 CAUACAGCU 2991 169-139 {1 UCGAUGUCAA 167-189

AD- ACAUCGACACUC AGGCTGTAUGAGU

1963317 AUACAGCLY 2997 170-190 | GUCGAUGUCA 168-190

AD- AUCGACACUCAU AUUGGCTGUAUGA

1963314 ACAGCCAAU 2993 172-192 | GUGUCGAUGU 170-192

AD- ACACUCAUACAG AAUACUTGGCUGU

1963318 CCAAGUAUU 2994 176-196 | AUGAGUGULCG 174-196

AD- CUCAUACAGCCA AGUCAUACUUGGC

1963321 AGUAUGACU 2943 179-199 1 UGUAUGAGUG 177-169

AD- UCAUACAGCCAA AGGUCATACUUGG

1963322 GUAUGACCU 2996 180-200 | CUGUAUGAGU 178-200

AD- CAUACAGCCAAG AGGGTCAUACUUG

1963323 UAUGACCCU 2997 181-201 | GCUGUAUGAG 179-201

AD- UACAGUCAAGUA AAAGGGTCAUACU

1963325 UGACCCUUY 2998 183-203 | UGGCUGUAUG 181-203

AD- GCCAAGUAUGAC AAGGGAAGGGUCA

1963329 CCUUCCCUU 2999 187-207 | UACUUGGCUG 185-2067

AD- GAUAAAUUGAGC 1236- ACUUAACUAGCUC 1234-

1963375 UAGUUAAGU 3000 1256 AAUUUAUCUU 1256

AD- AUAAAUUGAGCU 1237- ACCUUAACUAGCU 1235-

1963376 AGUUAAGGY 3001 1257 CAAUUUAUCU 1257

AD- UAAAUUGAGCUA 1238- AGCCUUAACUAGC 1236~

1963377 GUUAAGGCU 3002 1258 UCAAUUUAUC 1258

AD- GUAUGACCCUUC AGCUTCAGGGAAG

1963384 CCUGAAGCU 3003 192-212 1 GGUCAUACUU 190-212

AD- CUGUCUGUUUCC AUGATCAUAGGAA

1963356 UAUGAUCAU 3004 214-234 | ACAGACAGGG 212-234

AD- GUCUGUUUCCUA ACUUGATCAUAGG

1963388 UGAUCAAGY 3003 216-236 | AAACAGACAG 214-236

AD- UCUGUUUCCUAU AGCUTGAUCAUAG

1963389 GAUCAAGCU 3006 217-237 1 GAAACAGACA 215-237

AD- UGUUUCCUAUGA AUUGCUTGAUCAU

1663301 UCAAGCAAU 3007 219-236 | AGGAAACAGA 217-239

AD- GUUUCCUAUGAU AGUUGCTUGAUCA

1963397 CAAGCAACY 3008 220-240 1 UAGGAAACAG 218-240

AD- UCCUAUGAUCAA AGAAGUTGCUUGA

1963395 GCAACUUCU 3009 223-243 1 UCAUAGGAAA 221-243

AD- AGCUAGUUAAGG 1245 ACUGAUUUGCCUY 1243-

1963410 CAAAUCAGU 3010 1265 AACUAGCUCA 1265

AD- GCUAGUUAAGGC 1246- ACCUGAUUUGCCU 1244~

1963411 AAAUCAGGU 3011 1266 UAACUAGCUC 1266

AD- UAAGGCAAAUCA 1252- AAUUUUACCUGAU 1250-

1963417 GGUAAAAUU 3012 1272 UUGCCUUAAC 1272

AD- AGGCAAAUCAGE 1254- ACUAUUUUACCUG 1252-

1963419 UAAAAUAGU 3013 1274 AULIUGCCUUA 1274
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AD- GGUAAAUCAGGU 1255~ AACUAUUUUACCY 1253~
1963420 AAAAUAGUU 3014 1273 GAUULGCCUU 3374 275
AD- GCAAAUCAGGUA 1256~ AGACUAUUUUACC 1254-
1963421 AAAUAGUCY 3015 1276 UGAUUUGCCU 3375 1276
AD- GUAAAAUAGUCA 1265- AUAGAAUCAUGAC 1263-
1963430 UGAUUCUAU 3016 1283 UAUULUACCU 3376 1285
AD- UAAAAUAGUCAU 1266~ AAUAGAAUCAUGA 1264-
1963431 GAUUCUAUU 3017 1286 CUAUUUUVACC 3377 1286
AD- AAAAUAGUCAUG 1267- ACAUAGAAUCAUG 1265~
1963432 AUUCUAUGU 3018 1287 ACUAUUUUAC 3374 1287
AD- AGUCAUGAUUCU 1272~ ACAUUACAUAGAA 1270-
1963437 AUGUAAUGU 3319 1292 UCAUGACUAU 3379 1262
AD- GUCAUGAUUCUA 1273- AACAUUACAUAGA 271-
1963438 UGUAAUGUU 3020 1293 AUCAUGACUA 3380 1293
AD- UCAUGAUUCUAU 1274- AUACAUUACAUAG 1272~
1963439 GUAAUGUAU 3021 1294 AAUCAUGACU 3381 294
AD- CCCUGAGGAUCC AAUUGUTGAGGAU
1963464 UCAACAAUU 3022 242-262 | CCUCAGGGAA 3382 2404-262
AD- CCUGAGGAUCCU ACAUTGTUGAGGA
1963465 CAACAAUGU 3023 243-263 | UCCUCAGGGA 3383 241-263
AD- GAGGAUCCUCAA AGACCATUGUUGA
1963468 CAAUGGUCU 3024 246-266 | GGAUCCUCAG 3384 244-266
AD3- AGGAUCCUCAAC AUGACCAUUGUUG
1963469 AAUGGUCAU 3023 247-267 | AGGAUCCUCA 3383 245-267
AD- UGCUUUCAACGU ACAAACTCCACGU
1963539 GGAGUUUGY 3026 267-287 | UGAAAGCAUG 33846 265-287
AD- UUCAACGUGGAG AUCATCAAACUCC
1963543 UUUGAUGAU 3027 271291 1 ACGUUGAAAG 3387 269-291
AD- CAACGUGGAGUU AAGUCATCAAACU
196335435 UGAUGACUU 328 273-293 1 CCACGUUGAA 3388 271-293
AD- AACGUGGAGUUU AGAGTCAUCAAAC
1963546 GAUGACUCU 3029 274-294 | UCCACGUUGA 3389 272-294
AD- CGUGGAGUUUGA AGAGAGTCAUCAA
1963548 UGACUCUCU 3030 276-296 { ACUCCACGUU 3390 274-296
AD- UGGAGUUUGAUG ACUGAGAGUCAUC
1963550 ACUCUCAGU 3031 278-298 | AAACUCCACG 3391 276-298
AD- GAGUUUGAUGAC AUCCTGAGAGUCA
1963552 UCUCAGGAU 3032 280-300 | VCAAACUCCA 3392 278-300
AD- GUUUGAUGACUC AUGUCCTGAGAGY
1963554 UCAGGACAU 3033 282-302 1 CAUCAAACUC 3393 280-302
AD- UGAUGACUCUCA ACUUTGTCCUGAG
1963357 GGACAAAGU 3034 285-305 | AGUCAUCAAA 3394 283-305
AD- UAAUUAGAGUUG 1460- ACUGUAUCACAAC [458-
19635872 UGAUACAGU 3035 1480 UCUAAUUAUA 3395 1480
AD- GUUGUGAUACAG 1468- AAAUAUACUCUGU 1466-
19635940 AGUAUAUUU 3036 1488 AVUCACAACUC 3396 1488
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AD- UUGUGAUACAGA 1469~ AAAAUVAUACUCUG 1467~
1963591 GUAUALUUUU 3037 1485 UAUCACAACU 3397 1489
AD- UGUGAUACAGAG 1470- AGAAAUAUACUCU 1468-
19635972 UAUAUUUCU 3038 149G GUAUCACAAC 3398 1490
Af3- AUGACUCUCAGG AUGCTUTGUCCUG

1963609 ACAAAGCAU 3139 287-307 | AGAGUCAUCA 3399 285-3G7
AD- UGACUCUCAGGA ACUGCUTUGUCCY

19636140 CAAAGCAGU 3040 288-308 | GAGAGUCAUC 3400 286-308
AD- CCAUUCAGACAA 1489- AAUGAUAUAUUGU 1487-
1963618 UAUAUCAUU 3041 1509 CUGAAUGGAA 3401 1509
AD- ACUUCACUUGGU AUCCAGTGAACCA

1963719 UCACUGGAU 3042 426-446 | AGUGAAGUUC 3402 424-446
AD- UUCACUUGGULC AGUUCCAGUGAAC

1963721 ACUGGAACU 3043 428-448 | CAAGUGAAGU 3403 426-448
AD- GAUUUUGGGAAA AUGCACAGCUUUC

1963733 GCUGUGCAU 3044 460-48¢ | CCAAAAUCCC 3404 458-430
AD- UUUUGGGAAAGC AGCUGCACAGCUU

1963735 UGUGCAGCU 3043 462-482 | UCCCAAAAUC 3405 46(-482
AD- UGGGAAAGCUGU AGUUGCTGUACAG

1963738 GCAGCAACU 3046 465-485 | CUUUCCCAAA 3406 463-485
AD- UGGACUGGCCGU AUACCUAGAACGG

1963762 UCUAGGUAU 3047 486-509 | CCAGUCCAUC 3407 487-509
AD3- GGACUGGCCGUU AAUACCTAGAACG

1963763 CUAGGUAUU 3048 490-510 | GCCAGUCCAU 34038 488-510
AD- UVAGGUAUUUULY AAACCUTCAAAAA

1963776 UGAAGGUUU 3049 503-523 | AAUACCUAGA 3409 301-523
AD- UAUUUUUUUGAA AUGCCAACCUUCA

1963780 GGUUGGCAYU 3050 507-527 | AAAAAAUACC 3410 505-527
AD- AUUUUUUUGAAG ACUGCCAACCUUC

1963781 GUUGGCAGY 3051 308-528 | AAAAAAAUAC 3411 506-528
AD- UUUUGAAGGUUG AAGCGCTGUCAAL

1963785 GCAGCGUUU 30582 512-332 1 CUUCAAAAAA 3412 $10-332
AD- AAGGUUGGCAGC AGGUTUAGCGCUG

1963790 GCUAAACCU 3033 SE7-537 1 CCAACCUUCA 3413 515-537
AD- CUUCAGAAAGUU AACATCAACAACU

1963814 GUUGAUGUU 3054 541-561 | UUCUGAAGGC 3414 539-561
AD- UCAGAAAGUUGU AGCACATCAACAA

1963816 UGAUGUGCU 30535 543-5363 | CUUUCUGAAG 3415 541-563
AD- CAGAAAGUUGUU AAGCACAUCAACA

1963817 GAUGUGCUU 3036 344-564 1 ACUUUCUGAA 3416 342-564
AD- GAAAGUUGUUGA ACCAGCACAUCAA

1963819 UGUGCUGGU 3087 546-566 | CAACUUUCUG 3417 344-366
AD- AUUCCAUUAAAA AGCCCUTUGUUUU

1963839 CAAAGGGCU 3058 566-586 | AAUGGAAUCC 3418 564-586
AD- UUCCAUUAAAALC AUGCCCTULUGUUU

19633440 AAAGGGCAU 3059 567-5387 | UAAUGGAAUC 3419 565-587
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AD- UUAAAACAAAGG AACUCUTGCCCUU

1963843 GCAAGAGUU 3060 372-597 1 UGUUUUAAUG 3420 370-592
AD- UAAAACAAAGGG ACACTCTUGCCCUY

1963844 CAAGAGUGU 3061 573-593 1 UGUUUUAAU 3471 5713093
Af3- AAACAAAGGGCA AAGCACTCUUGCC

1963848 AGAGUGLUU 3062 575-595 1 COUUGUUUUA 3422 573-595
AD- ACAAAGGGCAAG AUCAGCACUCUUG

1963850 AGUGCUGAU 3063 577-597 1 CCCUUUGUUU 34723 575-597
AD- AAGGGCAAGAGU AAAGTCAGCACUC

1963853 GCUGACUUY 3064 580-600 | UUGCCCUUUG 3424 378-600
AD- GGGCAAGAGUGC AUGAAGTCAGCAC

1963855 UGACUUCAU 3(63 382-602 | UCUUGCCCUU 3425 383-602
AD- GCAAGAGUGCUG AAGUGAAGUCAGC

1963857 ACUUCACUU 3066 584-604 | ACUCUUGCCC 3426 582-604
AD- CAAGAGUGCUGA AUAGTGAAGUCAG

1963858 CUUCACUAU 3067 385-605 | CACUCUUGCC 3427 383-603
AD- AGAGUGCUGACU AGUUAGTGAAGUC

1963860 UCACUAACU 3068 587-607 | AGCACUCUUG 3428 583-607
AD- GUGCUGACUUCA AGAAGUTAGUGAA

1963863 CUAACUUCU 3069 560-610 | GUCAGCACUC 3429 388-610
AD- UGCUGACUUCAC ACGAAGTUAGUGA

1963864 UAACUUCGU 3670 591-611 1 AGUCAGCACU 3436 589-611
AD3- CUUCACUAACUU AGAGGATCGAAGU

1963870 CGAUCCUCU 3071 507-617 | UAGUGAAGUC 3431 595-617
AD- UUCACUAACUUC ACGAGGAUCGAAG

1963871 GAUCCUCGU 3072 598-618 | UUAGUGAAGU 3432 396-618
AD- GCCUCCUUCCUG ACAAGGAUUCAGG

1963893 AAUCCUUGU 3073 620-640 | AAGGAGGCCA 3433 6515-640
AD- UCCUUCCUGAAU AAUCCAAGGAUUC

1963896 CCUUGGAUU 3074 623-643 | AGGAAGGAGG 3434 621-643
AD- GGACCUACCCAG ACAGTGAGCCUGG

1963920 GCUCACUGU 3075 647-667 | GUAGGUCCAG 3435 643667
AD- ACCUACCCAGGC AGUCAGTGAGCCU

1963922 UCACUGACU 3076 649-669 | GGGUAGGUCC 3436 647-669
AD- CUACCCAGGCUC AUGGTCAGUGAGC

1963524 ACUGACCAU 3677 651-671 | CUGGGUAGGU 3437 649-671
AD- ACCCAGGCUCAC AGGUGGTCAGUGA

1963926 UGACCACCU 3078 633-673 | GCCUGGGUAG 34338 6551-673
AD- CUCCUCUUCUGG ACACACAUUCCAG

1963927 AAUGUGUGU 3679 674-694 | AAGAGGAGGG 3439 672-694
AD- CCUCUUCUGGAA AGUCACACAUUCC

1963429 UGUGUGACU 3080 676-696 | AGAAGAGGAG 34440 574-696
AD- UCUUCUGGAAUG AAGGTCACACAUU

1963931 UGUGACCUU 3081 678-698 | CCAGAAGAGG 3441 676-608
AD- UUCUGGAAUGUG ACCAGGTCACACA

19634933 UGACCUGGU 3082 630-700 | UUCCAGAAGA 3442 6578-700
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AD- UGGAAUGUGUGA AAAUCCAGGUCAC

1963938 CCUGGAUUU 3083 683-703 | ACAUUCCAGA 3443 681-703

AD- UGUGUGACCUGG AAGCACAAUCCAG

1963941 AUUGUGCUUY 3084 688-708 | GUCACACAUU 3444 686-708

Af3- UGUGACCUGGAY AUGAGCACAALUCC

1963943 UGUGCUCAU 3083 690-710 | AGGUCACACA 3445 588-71{

AD- GACCUGGAUUGU ACCUTGAGCACAA

1963946 GCUCAAGGU 3086 693-713 | UCCAGGUCAC 3446 691-713

AD- CCUGGAUUGUGT AUUCCUTGAGCAC

196304% UCAAGGAAU 3087 693-715 | AAUCCAGGUC 3447 H93-715

AD- CUGGAUUGUGCU AGUUCCTUGAGCA

1963949 CAAGGAACU 3088 696-716 | CAAUCCAGGU 3448 604.716

AD- GAUUGUGCUCAA AUGGGUTCCUUGA

1963552 GOGAACCCAU 3089 699-719 | GCACAAUCCA 3449 6597-718

AD- AUUGUGCUCAAG AAUGGGTUCCUUG

1963953 GAACCCAUU 3090 700-720 | AGCACAAUCC 3450 698-T20

AD- UGCUCAAGGAAL AGCUGATGGGUUC

1963957 CCAUCAGCU 3091 704-724 | CUUGAGCACA 3451 702-724

AD- GCUCAAGGAACC ACGCTGAUGGGUU

1963958 CAUCAGCGU 3092 705-725 | CCUUGAGCAC 3452 7G3-725

AD- UCAAGGAACCCA AGACGCTGAUGGE

1963861 UCAGCGUCU 3093 707-727 1 UUCCUUGAGC 3453 705-727

AD3- GGAACCCAUCAG AUGCTGACGCUGA

1663964 CGUCAGCAU 3094 7H-731 1 UGGGUUCCUU 3454 T09-731

AD- AACCCAUCAGCG AGCUGCTGACGCU

1963966 UCAGCAGCU 3095 713-733 | GAUGGGUUCC 34535 711-733

AD- UUGAAAUUCCGU AUUAAGTUUACGG

1963995 AAACUUAAU 3096 742762 | AAUUUCAACA 3456 740-762

AD- GAAAUUCCGUAA AAGUTAAGUUUAC

1963997 ACUUAACUU 3097 744-764 | GGAAUUUCAA 3457 742-764

AD- AAUUCCGUAAAC AGAAGUTAAGUUU

1963999 UUAACUUCU 3098 746-766 | ACGGAAUUUC 3453 T44-T766

AD- AUUCCGUAAACU AUGAAGTUAAGUU

19640600 UAACUUCAU 3099 747-767 | UACGGAAUUU 3459 745-767

AD- UCCGUAAACUUA AAUUGAAGUUAAG

19646072 ACUUCAAUY 3100 749-769 1 UUUACGGAAU 3460 747-769

AD- CCGUAAACUUAA ACAUTGAAGUUAA

1964003 CUUCAAUGU 3101 750-770 | GUUUACGGAA 3461 748-T70

AD- CGAAGAACUGAU AUGUCCACCAUCA

1964616 GGUGGACAU 3102 783-803 1 GUUCUUCGGG 34672 781-8(3

AD- AGAACUGAUGGU AAGUTGTCCACCA

1964019 GGACAACUU 3103 786-806 | UCAGUUCUUC 3463 784-806

AD- AACUGAUGGUGG ACCAGUTGUCCAC

1964021 ACAACUGGU 3104 788-808 | CAUCAGUUCU 3464 786-~808

AD- ACUGAUGGUGGA AGCCAGTUGUCCA

1964022 CAACUGGCU 31903 789-809 | CCAUCAGUUC 3465 787-309
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AD- UGAUGGUGGACA AGCGUCAGUUGUC

1964624 ACUGGCGCU 3106 701-811 | CACCAUCAGU 3466 788-811
AD- CAGCUCAGCCAL AGUUCUTCAGUGG

1964043 UGAAGAACU 3507 812-832 | CUGAGCUGGG 3467 810-832
Af3- AGCUCAGCCACU AUGUTCTUCAGUG

1964044 GAAGAACAU 3108 813-833 | GCUGAGLUGG 34638 811-833
AD- CUCAGCCACUGA ACCUGUTCUUCAG

1964046 AGAACAGGU 3109 §15-835 | UGGCUGAGCU 3469 813-835
AD- UCAGCCACUGAA AGCCTGTUCUUCA

1964047 GAACAGGCY 3110 216-836 | GUGGCUGAGC 3476 314-836
AD- AGCCACUGAAGA AUUGCCTGUUCUU

1964049 ACAGGCAAU 311 §18-838 | CAGUGGCUGA 3471 816-838
AD- ACUGAAGAACAG AUGATUTGCCUGY

1964053 GUAAAUCAU 3112 822-8472 | UCUUCAGUGEH 3472 820-842
AD- CUGAAGAACAGG AUUGAUTUGCCUG

19640654 CAAAUCAAU 3113 $23-843 1 UUCUUCAGUG 3473 821-843
AD- UGAAGAACAGGC AUUUGATUUGCCU

1964055 AAAUCAAAU 31i4 824-844 | GUUCUUCAGU 3474 322-844
AD- GAAGAACAGGCA ACUUTGAUUUGCC

1964056 AAUCAAAGU 3113 825-845 | UGUUCUUCAG 3475 823-845
AD- AGAACAGGCAAA AAGCTUTGAUUUG

1964058 UCAAAGCUU 3ii6 827-847 | CCUGUUCUUC 3476 825-847
AD3- GAACAGGCAAAY AAAGCUTUGAUUY

1964059 CAAAGCUUY 3117 %28-848 | GCCUGUUCUL 3477 $26-848
AD- AACAGGCAAAUC AGAAGCTUUGAUU

1964060 AAAGCUUCU 3118 §29-849 1 UGCCUGUUCU 34738 827-849
AD- AGGCAAAUCAAA AAAGGAAGCUUUG

1964063 GCUUCCUUD 3119 832-852 | AUUUGCCUGU 3475 830-852
AD- GGUAAAUCAAAG AGAAGGAAGCUUU

1964064 CUUCCUUCY 3120 833-853 | GAUUUGCCUG 3480 831-853
AD- AAAUCAAAGCUU AUUUGAAGGAAGC

1964067 CCUUCAAAU 3121 836-836 | UUUGAUUUGC 3481 834-856
AD- AAUCAAAGCUUC AAUUTGAAGGAAG

1964068 CUUCAAAUU 3122 §37-857 1 CUUUGAUUUG 3482 835-857
AD- UCAAAGCUUCCU AUUATUTGAAGGA

1964670 UCAAAUAAU 3123 839-85¢ 1 AGCUUUGAUU 3483 837-859
AD- AAAGCUUCCUUC AUCUTATUUGAAG

1964472 AAAUAAGAU 3124 #41-861 | GAAGUUUUGA 3484 839-861
AD- AAGCUUCCUUCA AAUCTUAUULGAA

1964073 AAUAAGAUU 3125 §42-862 | GGAAGCUUUG 3485 840-862
AD- GCUUCCUUCAAA ACCATCTUAUUUG

1664073 UAAGAUGGU 3126 Rdd-864 | AAGGAAGCUU 3446 342-364
AD- UUCCUUCAAAUA AGACCATCUUAUU

1964077 AGAUGGUCU 3127 846-866 | UGAAGGAAGC 3487 844-866
AD- UCCUUCAAAUAA AGGACCAUCUUAY

1964078 GAUGGUCCU 3128 847-867 | UUGAAGGAAD 34383 845-867
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AD- UUCAAAUAAGAU AAUGGGACCAUCU

1964081 GGUCCCAUU 3129 §30-870 | UAUUUGAAGG 3489 848-870
AD- GUCUGUAUCCAA AUUCAUTAUUUGG

1964102 AUAAUGAAU 3130 871-891 | AUACAGACUA 3450 869-891
Af3- UCUGUAUCCAAA AAUUCATUAUUUG

1964103 UAAUGAAUU 3131 272-892 | GAUACAGACY 3491 870-897
AD- CUGUAUCCAAAU AGAUTCAUUAUUU

1964104 AAUGAAUCU 3132 §73-893 | GGAUACAGAC 3492 871-893
AD- GUAUCCAAAUAA AAAGAUTCAUUAU

1964106 UGAAUCUUU 3133 875-895 | UUGGAUACAG 3493 373-8095
AD- UAUCCAAAUAAU AGAAGATUCAUUA

1964107 GAAUCUUCU 3134 876896 | UUUGGAUACA 3494 874-896
AD- AUCCAAAUAAUG ACGAAGAUUCAUU

1964108 AAUCUUCGU 3135 877-897 | AUUUGGAUAC 3495 875-8697
AD- AAUGAAUCUUCG AGAAACACCUGAA

1964116 GGUGUUUCU 3136 $83-905 | GAUUCAUUAU 3496 8&3-905
AD- UGAAUCUUCGGE AGGGAAACACCCG

1964118 UGUUUCCCU 3137 887-907 | AAGAUUCAUU 3497 383-907
AD- VUAGCUAAGCAC AGUAGATCUGUGC

1964139 AGAUCUACYU 3138 908-928 | UUAGCUAAAG 3494 G906-923%
AD- UAGCUAAGCACA AGGUAGAUCUGUG

19641440 GAUCUACCU 3i39 909-929 | CUUAGCUAAA 3499 SG7-929
AD3- GCUAAGCACAGA AAAGGUAGAUCUG

1964142 UCUACCUUU 3146 911-931 | UGCUUAGCUA 3500 909-631
AD- CUAAGCACAGAU ACAAGGTAGAUCU

1964143 CUACCUUGU 3i41 912-932 | GUGCUUAGCU 3501 910-432
AD- CAGAUCUACCUU AAAATCACCAAGG

1964150 GGUGAUUUU 3142 919-936 | UAGAUCUGUG 3502 917-938
AD- AAUAAAAUGUGA 1001- AUCUAGTCUUCAC

1964229 AGACUAGAU 3143 1021 AUUUUAUUAG 3503 999-1021
AD- ACAACUGCUGUG 1039- ACAACCAGCCACA 1037-
1964267 GCUGGUUGU 3144 1059 GCAGUUGUGY 3504 1039
AD- CUGUGGCUGGUY 1046~ AAAAGCACCAACC 1044~
1964274 GGUGCUULU 3145 1066 AGCCACAGCA 3505 1066
AD- UUGGUGCUUUGU 1056~ AUACCATAAACAA 1054-
1964784 UUAUGGUAU 3idé 1876 AGCACCAACC 3506 1076
AD- CGCUUUGUUUALG i061- AACUACTACCAUA 1359-
1964289 GUAGUAGUU 3147 1081 AACAAAGUAC 3507 1081
AD- JUUGUUUAUGGU 1063 AAAACUACUACCA to61-
1964791 AGUAGUUUY 3148 1083 LUAAACAAAGC 3508 1083
AD- VUGUUUAUGGUA 1064~ AAAAACTACUACC 1062~
1964792 GUAGUUUUU 3149 1084 AUAAACAAAG 3509 1084
AD- AUGGUAGUAGUU 1070- AUACAGAAAAACY 1068~
1964297 UUUCUGUAU 3130 1090 ACUACCAUAA 3510 1G99
AD- GGUAGUAGUUUU 1072- AGUUACAGAAAAA 1070-
1964299 UCUGUAACU 3151 1092 CUACUACCAU 3511 1092
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AD- VAGUAGUUUUUC 1074~ AGUGTUACAGAAA 1072-
1964301 UGUAACACU 3132 1094 AACUACUACC 3512 1094
AD- AGUAGUUUUUCU 10735- AUGUGUTACAGAA 1G73-
19643072 GUAACACAU 3153 1095 AAACUACUAC 3513 1095
AD- GUAGUUUUUCUG 1076- ACUGTGTUACAGA 1074-
1964303 UAACACAGU 3154 1096 AAAACUACUA 3514 1696
AD- AAUAAGAAUAAA 1110- ACAAGGTACUUUA 1108-
1964375 GUACCUUGU 3155 1130 VUCUUAUUUC 3515 1130
AD- AAGAAUAAAGUA 1i13- AAGUCAAGGUACU f1it-
1964328 CCUUGACUU 3156 1133 UUAUUCUUAU 3516 1133
AD- AGAAUAAAGUAC 114~ AAAGTCAAGGUAC Hi2-
1964329 CUUGACUUU 3157 1134 VUUAUUCUUA 3517 1134
AD- AAUAAAGUACCU 1116~ ACAAAGTCAAGGU 1114-
1964331 UGACUUUGU 3158 1136 ACUUUAUUCY 3513 1136
AD- AAGUACCUUGAC 1120~ AUGAACAAAGUCA P1ig-
1964333 UUUGUUCAU 3159 1140 AGGUACUUUA 3519 1140
AD- GUACCUUGACUU 1122~ AUGUGAACAAAGY 128-
1964337 UGUUCACAU 3160 1142 CAAGGUACUU 3526 1142
AD- UACCUUGACUUU 1123- ACUGTGAACAAAG 1121-
1964338 GUUCACAGU 3161 1143 UCAAGGUACU 3521 1143
AD- CCUUGACUUUGY 1125- AUGCTGTGAACAA 123~
19643440 UCACAGUAU 3i62 1145 AGUCAAGGUA 3522 1145
AD3- VUGACUUUGUUC 1127~ ACAUGCTGUGAAC 1125-
1964342 ACAGCAUGU 3163 1147 AAAGUCAAGG 3523 1147
AD- CUUUGUUCACAG 1131~ ACCUACAUGCUGU 1129~
19643446 CAUGUAGGU 3ied 1151 GAACAAAGUC 3324 1151
AD- CACAGCAUGUAG 1138- AUCATCACCCUAC 1136~
1964353 GGUGAUGAU 3165 1158 AUGCUGUGAA 3525 1158
AD- CAGCAUGUAGGG 1140- AGCUCATCACCCU 1138-
1964353 UGAUGAGCU 3166 1160 ACAUGCUGUG 3526 1160
AD- AGCAUGUAGGGU 1141- AUGCTCAUCACCC 1139-
1964356 GAUGAGCAU 3167 1161 UACAUGCUGU 3827 1161
AD- CAUGUAGGGUGA 1143~ AAGUGCTCAUCAC 1141-
1964358 UGAGCACUU 3168 1163 CCUACAUGCU 3528 1163
AD- GACUAAAAUGCU 1173- AUUAAAAGCAGCA H7i-
1964383 GUCUULUUAAU 3i69 1193 LUUUAGUCAA 3529 1193
AD- AAAAUGCUGCUY 1H77- AUGUTUTAAAAGC 1175-
1964392 UUAAAACAU 3170 1197 AGCAUUUUAG 3530 1197
AD- AUGCUGCUUUUA 1180~ ACUATGTUUUAAA TR~
1964395 AAACAUAGU 3171 1200 AGCAGCAUUU 3331 1200
AD- GCUGCUUUUAAA 1182~ AUCCTATGUUUUA 1180~
1964397 ACAUAGGAU 3172 1202 AAAGCAGCAU 3532 1202
AD- CUGCUUUUAAAA 1183~ AUUCCUAUGUUUU P181-
1964398 CAUAGGAAY 3173 1203 AAAAGCAGCA 3533 1203
AD- UGCUUUUAAAAC 1184~ AUUUCCTAUGUUU 1182-
1964399 AUAGGAAAU 3174 1204 UAAAAGCAGC 3534 1204
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AD- UULUAAAACAUA 1187- AUACTUTCCUAUG F1853-
1964402 GGAAAGUAU 3173 1207 UUUUAAAAGC 3333 207
AD- AAACAUAGGAAA 1192- ACAUTCTACUUUC 1190-
1964407 GUAGAAUGU 3i76 1212 CUAUGUUUUA 3536 1212
AD- UUGAGUGCAAAU 1213- AUGCTATGGAUUU [VARE
1964428 CCAUAGCAU 3177 1233 GCACUCAACC 3537 1233
AD- UGAGUGCAAAUC 1214~ AGUGCUAUGGAUY 1212~
1964429 CAUAGCACU 3178 1234 UGCACUCAAC 3538 1234
AD- AAGAUAAAUUGA 1234- AUAACUAGCUCAA {232~
1964449 GCUAGUUAU 3179 1234 UUUJAUCUUGU 3534 1254
AD- AGAUAAAUUGAG 1235- AUUAACTAGCUCA 1233-
1964450 CUAGUUAAU 3180 1255 AUUUAUCUUG 3540 1255
AD- AAAUUGAGCUAG 1239- AUGCCUTAACUAG 1237-
1964454 UUAAGGCAU 3181 1259 CUCAAUUUAU 3541 1239
AD- AAUUGAGCUAGU 1240~ AUUGCCTUAACUA 1238~
1964453 UAAGGUAAU 3182 1260 GCUCAAUUUA 3342 1260
AD- GAGCUAGUUAAG 1244- AUGATUTGCCUUA 1242-
1964459 GUCAAAUCAU 3183 1264 ACUAGCUCAA 3543 1264
AD- CUAGUUAAGGCA 1247- AACCTGAUUUGCC 1245-
1964462 AAUCAGGUU 3184 1267 UUAACUAGCU 3544 1267
AD- AGUUAAGGCAAA 1249- AUUACCTGAUUUG 1247-
1964464 UCAGGUAAU 3185 1269 CCUUAACUAG 3545 1269
AD3- UAAGGCAAAUCA {252~ AAUUTUACCUGAU 1250-
1964467 GGUAAAAUU 3185 1272 UUGCCUUAAC 3546 1272
AD- AAGGCAAAUCAG 1253 AUAUTUTACCUGA 1251~
19644638 GUAAAAVUAU 3i87 1273 VUUGCCUUAA 3347 1273
AD- GCAAAUCAGGUA 1256- AGACTATUUUACC 254-
1964471 AAAUAGUCYU 3188 1276 UGAUUUGCCY 3543 1276
AD- CAAAUCAGGUAA 1257- AUGACUAUUUUAC 1253-
1964472 AAUAGUCAU 3189 1277 CUGAUUUGCT 3549 1277
AD- AAAUCAGGUAAA 1238- AAUGACTAUUUUA 1256-
1964473 AUAGUCAUU 3190 1273 CCUGAUUUGC 38540 1278
AD- AUCAGGUAAAAU 1260- AUCATGACUALUU 125%&-
1964475 AGUCAUGAU 3191 1280 UACCUGAUUU 3551 1280
AD- CAGGUAAAAUAG 1262- AAAUCATGACUAY 1260-
1964477 UCAUGAUUY 3i92 1282 UUUACCUGAU 3552 1282
AD- AGGUAAAAUAGU 1263- AGAATCAUGACUA 1261~
1964478 CAUGAUUCY 3193 1283 UUUUACCUGA 3533 1283
AD- GUAAAAUAGUCA 1265~ AUAGAATCAUGAC 1263-
1964480 UGAUUCUAU 3194 1285 VAUUUUACCY 3354 1285
AD- UAAAAUAGUCAU 1266- AAUAGAAUCAUGA {264~
1964481 GAUUCUAUU 3193 1286 CUAUUUUACC 3555 1286
AD- UCAUGAUUCUAU 1274- AUACAUTACAUAG 1272-
1964489 GUAAUGUAU 3196 1294 AAUCAUGACU 3556 1264
AD- CAUGAUUCUAUG 1273- AUUACATUACAUA 273-
19644940 UAAUGUAAU 3197 1285 GAAUCAUGAC 35587 1295
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AD- GAUUCUAUGUAA 1278~ AGGUTUACAUUAC 1276~
1964493 UGUAAACCU 3198 1298 AUAGAAUCAU 3558 208
AD- AUGACUUUUGAA 1407- ACUCTGTAAUUCA 1405-
1964551 UUACAGAGU 3199 1427 AAAGUCAUUA 3559 1427
Af3- GACUUUUGAAUU 1409- AAUCTCTGUAAUY 1407-
1964553 ACAGAGAUU 3200 1429 CAAAAGUCAU 3560 1429
AD- UAUAAUUAGAGU 1438- AGUATCACAACUC 1456-
19645378 UGUGAUACU 3201 1478 UAAUUAUAAC 3561 1478
AD- VAAUUAGAGUUG 1460- ACUGTATCACAAC 1458-
1964580 UGAUACAGU 3202 1480 UCUAAUUAUA 3562 1480
AD- AAUUAGAGUUGH 1461~ AUCUGUAUCACAA 1459-
1964581 GAUACAGAU 3203 1481 CUCUAAUUAY 3563 1481
AD- AUUAGAGUUGUG 1462- ACUCTGTAUCACA 1460-
1964582 AUACAGAGU 204 1482 ACUCUAAUUA 3564 1482
AD- UAGAGUUGUGAU 1464- AUACTCTGUAUCA 1462~
1964584 ACAGAGUAU 3205 1424 CAACUCUAAU 3565 1484
AD- GAGUUGUGAUAC 1466~ AUAUACTCUGUAU 1464~
1964586 AGAGUAUAU 3206 1436 CACAACUCUA 3566 1486
AD- GUUGUGAUACAG 1468- AAAUVAUACUCUGU 1466-
1964588 AGUAUAUUU 3207 1488 AUCACAACUC 3367 1488
AD- CAUUCAGACAAU 1490- AUAUGATAUAUUG 1488-
1964610 AUAUCAUAU 3208 1510 UCUGAAUGGA 3568 1510
AD3- AUUCAGACAAUA {491~ AUUATGAUAUAUU 1489-
1964611 UAUCAUAAU 3200 151 GUCUGAAUGG 3569 1511

Table 10, Modified Sense and Antisense Strand Sequences of CAZ dsRNA Agents with C16

Modification

SEQ SEQ SEQ
Daplex | Sense Sequence iD Antisense Sequence | 1D mRNA Target D
Name Fwd N (8463 N | Sequence 8 to 3 NO:
AD- ascscug{ AhdyGicAf asCiscuuAfugeeagu GGACCUGAGCAC
1662343 | CtUfeocauangsosu 3570 1 Gfellfcagpuscsc 3030 | UGGCAUAAGGA 2834
AD- csusgag{ ChdyAfcUf asQfsuccUfuangeeaG ACCUGAGCACUG
1962345 | GfGfeauaaggascsu 3571 | fuGfoucagsgsu 3931 | GCAUAAGGACU 2781
AD- usgsaca{ Uhd)feAf asCfsuguAfugagugu GUUGACAUCGAC
1962360 | CfAfoucauacaszsuy 3572 1 CfoAfusucasase 3932 | ACUCAUACAGC 2640
AD- csascuc{ AhdyUtalCt asCtsapaClunggcug GACACUCAUACA
1962369 | Af(Gfccaaguansgsy 3573 | UfaUfeagugsuse 3933} GCCAAGUAUGA | 2652
AD- asesucal Uhd)AfcAf asUfscauAfouuggeu ACACUCAUACAG
1962370 | GtCfcaaguaugsasu 3574 | GfuAfugagusesu 3934 1 COAAGUAUGAC 2637
AD- csuscan{ AhdyCraGf asGtsucallfacuugge CACUCAUACAGC
1962371 | CfClaaguaugascsu 3575 § UtgUtaugagsusg 3835 | CAAGUAUGACC 2691
AD- csesaag{ Uhd)AfaGE as{fsaggGlaaggouc AGCCAAGUAUGA
1962380 | AfC{ccuucecusgsy 3576 | AfuAfcunggscsu 3936 | CCCUUCCCUGA 2710
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AD- csusgag(Ghd)AfuCt asCscanUtpungagg CCCUGAGGAUCC
1962416 | CtUfcaacaaugsgsu 35877 | AtuCloucagsesg 3937 | UCAACAAUGGU 2759
AD- usgsagg{ AhdUtcCf asAfsccalifuguugag CCUGAGGAUCCU
1962417 | Uil {aacaauggsusu 3578 | GtaUfccucasgsg 3938 | CAACAAUGGUC 2717
AD- gsasgga( UhdyCrcUT asGfsaccAtuuguuga CUGAGGAUCCUC
1962418 | CfAfacaaugguscsu 3579 | GfeAfuccucsasg 3939 1 AACAAUGGUCA {2703
AD- usgscun{ UbdyCfaAf asCfsaaaCluccacgul CAUGCUUUCAAC
1962439 | CfGfupoaguuusgsuy | 3580 | foAfaagcasusg 3940 | GUGGAGUUUGA | 2625
AD- gscsuuu{ ChedYAfalf asUfscaaAfeuecacgl AUGCUUUCAACG
1962440 | GtUfozaguuugsasuy | 3581 | fulbfasascsasu 3041 L UGGAGUUUGAU | 2624
AD- csusuuc{ Ahd}AfeGf asAfsucaAfacuccacs UGCUUUCAACGU
1962441 | UfGfeaguuugasusy | 35382 | fullfeanagscsa 3947 | GGAGUUUGAUG | 2634
AD- ususuca{ AhdyCleUf as{CfsaucA faacuccal’ GCUUUCAACGUG
1962442 | GHGfaguuugausgsu | 3383 | follfugaaasgse 3643 | GAGUUUGAUGA | 2650
AD- gsgsaou{ UhdJUfe A asClscugAfoagucan( GUGGAGUUUGAU
1962451 | UtGfacucucagsgsy 3584 | faAfacucesase 3944 | GACUCUCAGGA 2725
AD- usgsaco{ChdjUfcAf as{fsugcUfunguccn GAUGACUCUCAG
1962460 | GiGfacaaagcasgsu 3585 | GfaGfagucasuse 3945 | GACAAAGCAGU | 2787
AD- asascun{ Chd)AfeUf asCscagUtpaaccaaG AGAACUUCACUY
1962557 | UtGfgnucacugsgsy | 3586 | fulGfaaguuscsy 3846 | GGUUCACUGGA | 2721
AD- csusgaui GhdyGiaCt asUfsagaAfeggecagU ACCUGAUGGACU
1962597 | UfGfeccouucusasy | 3387 | feClaucagsgsu 3947 | GGCCGUUCUAG 2838
AD- usgsaug{ Ghd)AfcUf asCfsuagAfacgpecaG CCUGAUGGACUG
19623598 | GHGtecguucuasgsu 3588 | fulfcaucasgsg 3948 | GCCGUUCUAGG 2843
AD- gsasugg{ Ahd)ChuGt asCscuaGfaacggecA CUGAUGGACUGG
1962399 | GfCfoguucuagsgsu 3389 | fallfecaucsass 3949 | CCGUUCUAGQGU 2841
AD- asusgga( ChdjUie G asAfsccuAfoaacggeC UGAUGGACUGGC
1962000 | CfCfguucuaggsusy | 3590 | fa(Gfuccauscsa 3950 | CGUJCUAGGUA | 2833
AD- gsascug{ GhdYCfe G asAfsavaClroagaacG UGGACUGGCCGU
1962603 | UfUfcuaeguaususu 3591 | felCfcagucsesa 3951 | UCUAGGUAUUY 2776
AD- ascsuge{ChdyCfgUf asAfsaauAfocuagaaC GGACUGGCOGUU
1962604 | UtChuageoauususy | 3592 | feGfccaguscse 3652 1 CUAGGUAUUUU 2751
AD- csusgec{ChdyGhullt asAtsaaalifaccuagaA GACUGGCCGUUC
1962605 | CfUfagouannususy | 3593 | feGioccagsuse 3953 | UAGGUAUUUUU | 2646
AD- usgsgec{ GhdjUtuCl asAfsaaaAfuaccuagh ACUGGCCGUUCY
1962606 | UfAfeguanuoususuy | 3594 | falfgpccasgsu 3954 1 AGGUAUUUUUU | 7673
AD- gsgsceg{ UhdyUfcUt asAtsaaaAfauaccuals CUGGCCGUUCUA
1662607 | AtGlouanmnmsusu | 3595 | faAfceeccsasg 3055 GGUAUULUUUUU 12760
AD- gscsegu{ UhdyCfuAf asAfsaaaAfaauaccuA UGGCCGUUCUAG
1962608 | GfGfuauuuuuususy | 3596 | foAfacggescsa 3956 | GUAUUULUUUUG | 2681
AD- csesguu{ChdyUtaGf asCfsaanAfaaavaccl GGCCGUUCUAGE
1962609 | GfUfauuuounusgsy | 3397 | faGfaacggsesce 3057 F UAUUUUUUUGA | 2662
AD- csgsauc{Uhd)AfeGE asUfscaaAfaaaauacC GCCGUUCUAGGU
1962610 | UfAfwguougsasu | 3598 | fuAfoaacgsgse 3958 | AUUUUUUUGAA | 2606
AD- gausucu{ Ahd)GgUf asUfsucaAfaaaaanaC CCGUUCUAGGUA
1962611 | AtUUfunuuuugasasu | 3599 | fellfasaacsgsg 3659 1 ULTUUUUUGAAG | 2586
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AD- ususcua{{Ghd)}GluAf asClsuucAfasasaanA CGUUCUAGGUAU
1962612 | UfUfuuuuugaasesy | 3600 | feCluagaasesg 3960 | UUUUUUGAAGG | 2607
AD- uscsuag{GhdUfalUf asCfscuulfasazaaall GUUCUAGGUAUU
1962613 | UfUfuuuugaagsgsu | 3601 | falfcuagasase 3961 | UUUUUGAAGGU | 2679
AD- usasggu{ Ahd)UfulUf asAfsaccUtucaaasaA UCUAGGUAUUUU
1662615 | UtUfugaageususu | 3602 | fallfaccuasgsa 3962 | UUUGAAGGUUG | 2642
AD- asgsgua(Uhd)UfuUf asCfsaacChiucaaaal CUAGGUAUUUUY
1962616 | UfUfugasgouusgsy | 3603 | faAfuaccusasg 3963 | UUGAAGGUUGG | 2738
AD- gsgsuan{ Uhd)UfulUf asCfscaaCfouucaaad UAGGUAUUUUUU
1962617 | UtUfoaagouugsesu | 3604 | faAfauaccsusa 3904 | UGAAGQGGUUGOC | 2731
AD- gsusam{ Ubd) L Ha Ut asGfsccaAfoouucaad AGGUAUUULTUUU
1962618 | UfGfaagouugosesa | 3603 ¢ faAfaauacscsu 3965 | GAAGGUUGGCA | 2789
AD- asusuunf UhdyUfuGE asCfsugeCfaaccuncA GUAUUUUUUUGA
1962620 | AfAfoouuggcasgsu | 3606 | faAfaaaausasc 3966 | AGGUUGGCAGC 2807
AD- csgsgec{ChdyUtuCf asAfsacaAfconucug ACCGGOUCUUCA
1962648 | AfGfanapuugosase | 3607 | AfaGiococpspsu 3967 | GAAAGUUGUUG | 2701
AD- gagsgoo{ UhdyUfcAL as{fsaacAfacinicoG CCGGGCCUUCAG
1962648 | GfAfaagooguusgsn | 3608 | faAfooccesgsg 3968 | AAAQUUGUUGA {2726
AD- gsgscou{ Uhd Yl asUfscaaClaacouucl CGGGCCUUCAGA
1962650 | AfAfacuuguugsasu | 3609 | feAfaspcescsy 3869 | AAGUUGUUGAU | 2712
AD- cscsunc{ Ahd)GfaAf asCfsaucAfacaacunl GGCCUUCAGAAA
1962657 | AfGfuuguugausgsy | 3610 | felfeaacosesc 3970 | GUUGUUGAUGU 1 2736
AD- csusuca{Ghd)AfaAf asAfscauCfaacaacull GCCUUCAGAAAG
1962653 | GfUtuguugaugsusu | 3611 | fuCfugaagsase 3971 | UUGUUGAUGUG | 2696
AD- uscsaga{ AhdjAfgUf asGfscacAfucaacaal CUUCAGAAAGUU
1962655 | UfGfuugaugugsesy | 3612 | fulUficugasase 3972 | GUUGAUGUGCU | 27953
AD- gaasaag{ Uhd)Ute Ut as{fscag{Cfacaucaal CAGAAAGUUGUU
1962658 | UtGtaugugeugsgsu | 3613 | faAfcuuucsusg 3973 1 GAUGUGCUGGA | 2820
AD- asusuce{ AhdyUfuASf asGiscecUtuuguuuu GGAUUCCAUUAA
1962678 | AfAfacaaagegscsu 3614 | AfaUfegaauscse 3974 | AACAAAGGGCA 2729
AD- asascaa{ AbdyGrgGf asCfsageAfcucuugel AAAACAAAGGGC
1962688 | CfAfagagugeosgsy | 3615 | fellfuuguususy 3975 | AAGAGUGLUGA | 2821
AD- asgsugc{Uhd)yGEalt asAtsaguUfagugaag AGAGUGCUGACU
1662701 | UfUfcacuaacususe 3616 | UfcAfscacusesu 3976 | UCACUAACUUC 2599
AD- usgseug{ Ahd)ChaUf asCfsgaaGlunaguga AGUGCUGACUUC
1962703 | CfAfcuaacuucsgsu 3617 | AtgUfcagcascsu 3977 | ACUAACUUCGA 2583
AD- csusgac{ UhdjUtcAf asAfsucgAfaguuagu UGCUGACUUCAC
1662705 | CtUfaacuuceasase 3618 | GfaAfoucagscsa 3978 | UAACUUCGAUC 2562
AD- psgsacu{ UhdyCfalf asGfsaucGiaaguuag GCUGACUUCALCY
1962706 | UfAfacuucgauscsu 3619 | UtoAfagucasgse 3979 1 AACUUCGAUCC 2542
AD- gsascuu{ChdjAtcUf asGtsgauCfgaaguna CUGACUUCACUA
1962707 | AfAfcuucgaucscsu 3620 | GfuGfaagucsasg 3980 | ACUUCGAUCCY 2351
AD- csascua{ AhYClalUf asCtsacgAfggaucgaA PUCACUAACUUC
1962712 | CRGfauccucgusgsu 3621 | felfuagugsasa 3981 | GAUCCUCGUGG 2601
AD- asesuaal ChdyUtuCt asCfscacGfaggaucgA UCACUAACUUCG
1962713 | GfAfuccucgugsgsu | 3622 | falsfuuagusgsa 3982 | AUCCUCGUGGO 2755
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AD- cscsucc{UhdyUieCf asClscaatGfeancagG GGCCUCCUUCCY
1962733 | UfGfaauccuugsgsy 3623 | faAfugagescse 3083 | GAAUCCUUGGA 2629
AD- uscscan{ Chd)CfaGf asAfsuccAfaggauuc CCUCCUUCCUGA
1962735 | AfAfuccuuggasusu | 3624 | AfoGlaaggasese 3984 | AUCCUUGGAUU | 72608
AD- csesune{ ChdyUtgAf asAfsaucCtaaggaunC CUCCUUCCUGAA
1962736 | AtUfccuuggansuse | 3625 | faGlpaapgsasg 3985 | UCCUUGGAUUA {2611
AD- csuscon{ ChdYUtuCf asCfsacaCfavuccagA CCCUCCUCUUCY
1962766 | UfGfeaauguausasy 3626 | falfagpagsese 3986 | GGAAUGUGUGA | 2623
AD- gsasang{ UhdYouGf asAtscaalfceaggucA UGGAAUGUGUGA
1962777 | AfCfougzanugsusu | 3627 | feAfcauucscsa 3987 | CCUGGAULUGUG 2816
AD- usgsug{Ghd)AfeCf asAfsgcallamuccag(s AAUGUGUGACCU
1962780 | UfGfeanugugesusy | 3628 | tulfacacasusu 3988 | GGAUUGUGCUC 2805
AD- gausgen{ ChdAfall asCfsugallfggounce UUGUGCUCAAGG
1962795 | GfAfacecaucasgsy 3629 | UfuGfageacsasa 3989 | AACCCAUCAGC 2766
AD- usesaag{GhdjAfalf asGfsacgClugaugpp GCUCAAGGAACC
1962799 | CfCEaucapcguscau 3630 1 UtuClouugasgse 3990 | CAUCAGCGUCA 2794
AD- asasgga{ AhdyCfcCf as{fsugalfocugang UCAAGGAACCCA
1962801 | AfUfcagcgucasgsu 3631 | GfgUfuccuusgsa 3991 | UCAGCGUCAGC 2811
AD- cscsauc{ Ahd)GieGf asClsucgClugengacG ACCCAUCAGOGU
1962808 | UtClagcagcgasgsu 3632 | felUfoaugpsose 3892 | CAGCAGCGAGL 2835
AD- gsasaai Uhd)CreGE asAfsguuAfaguuuac UUGAAAUUCCGU
1962836 | UfAfaacuuaacsusu 3633 | GipAfauuucsasa 3993 | AAACUUAACUU 2584
AD- asasau{ Chd)CfoUf asAfsaguUfaaguuna UGAAAUUCCGUA
1962837 | AfAfacuuaacususu 3634 | Crelfaauuuscsa 3994 1 AACUUAACUUC 2359
AD- cacsgual Ahd3AfcUT asClsauuGlaaguuaa( UUCCGUAAACUU
1962842 | UfAfacuucaanszsy 3635 | fullfuacggsasa 3995 | AACUUCAAUGG | 2536
AD- csgsuaal Ahd)CfalUf asCfscauUfgaagmaA UCCGUAAACUUA
1962843 | AfAtcuucaangsesa | 3636 | felUfuuacgsgsa 3996 | ACUUCAAUGGG | 2659
AD- asascug{ AhdyUtsGf asCrscagUtuguecacC AGAACUGAUGGU
1962860 | Uffeacaacugsesu 3637 | falfcaguuscsu 3997 | GGACAACUGGC 2844
AD- csuscag{ ChdyCalf as{Cfscug Ufucuucag AGCUCAGCCACU
1962885 | UtGlaagaacagsgsu 3638 | UfeGfcugagscsu 3998 | GAAGAACAGGL 2799
AD- asgsaac{Ahd)GieCf asAtsgeuUfugauuug GAAGAACAGGCA
1962897 | AfAfaucaaagesuse 3639 | CleUfouucusase 3999 | AAUCAAAGCUU 2749
AD- asgsgeal Ahd)AfuC asAfsaggAtagouuug ACAGGCAAAUCA
1962902 | AfAfagcuuccususe | 3640 | AfuUfugecusgsu 4000 | AAGCUUCCULC 2567
AD- csasaagt ChdyUtulf asCsunab/fuugaagg AUCAAAGCUUCC
1662910 | CtUtucaaauaasgsu 3641 | AfaGlouuugsasa 4001 § UUCAAAUAAGA | 2543
AD- asasage{Ubd e Cf asUfscuuAfhunugaag UCAAAGCUUCCY
1962911 | UfUfcasauaagsasu 3642 | GfaAfecuuusgsa 4002 | UCAAAUAAGAU 1 2569
AD- asasgeu{ UhdyCfeUf asAfsuculfayuugaa CAAAGCUUCCUU
1962912 | UfC{faaauaagasusy 3643 | GfeAfascuususg 4003 | CAAAUAAGAUG 2358
AD- asgscu ChdyCrulUt asCtsasc Ufuaumuga AAAGCUUCCUUC
1962913 | CfAfaanaagausgsu 3644 | AfeGfaageususu 4004 | AAAUAAGAUGG | 2565
AD- gacsuue{ChdUtuCf asCfscan{Cfinuanuug AAGCUUCCUUCA
1662914 | AfAfauaagaugsgsu 3645 | AfaGfoaagcsusu 4005 | AAUAAGAUGGU | 2363
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AD- gsuscug{Uhd)Afu(Cf asUtsucalfuaunogg UAGUCUGUAUCC
1962041 | CfAfaauasugasasu 3646 | AfuAfcagacsusa 4006 | AAAUAAUGAAU | 2545
AD- gausauc{ChdjAfaAf asAfsagallfucauuan CUGUAUCCAAAU
1962945 | UfAfaugeancususe | 3647 | UfuGlpavacsasg 4007 § AAUGAAUCULLC 172561
AD- asusceaf AhdyATuAf asCfsgaaGlavucaunA GUAUCCAAAUAA
1962947 | AtUfoaaucuucsgsu 3648 | fullfugsausasc 4008 | UGAAUCUUCGG | 2614
AD- uscscaal AhdyUfaAf asCscgaAfoauncaul VAUCCAAAUAAU
1962948 | UflGfaaucuncgsgsu 3649 ¢ falfuugpasusa 4009 | GAAUCUUCGGG | 2732
AD- csesaaa{ Uhd)Afalf asCfsceg Afaganucall AUCCAAAUAAUG
1962949 | GfAfaucuucegsesu 3650 | fuAfuuuggsasy 4010 1 AAUCUUCGGGU 2796
AD- csasaau{ AhdYAfulGf asAfscec(faaganucA UCCAAAUAAUGA
1962950 | AfAfucoucgeosusn | 3651 | fullfauuugsgsa 4011 | AUCUUCGGGUG 2743
AD- asasaual AhdyUfgAf asCfsaccCigaagauu( CCAAAUAAUGAA
1962651 | AfUlfouucggousgsu | 3652 | fallfuauuusgsg 4612 | UCUUCGGGUGU | 2815
AD- asasuaa{Uhd)GRaaf asAfscacClegaaganl CAAAUAAUGAAU
19629352 | UfCHuucggeugsusy | 3633 | feAfinanususg 4013 | CUUCGGGUGUU 2806
AD- asusam GhdjAfalf asAfsacalfecgaagal) AAAUAAUGAAUC
1962953 | CfUfucgogugususa | 3634 | fuCfanuansusy 4014 | UUCGGGUGUUU 12801
AD- usasaug{AhdjAfelt asAfsaacAfcecgaagA AAUAAUGAAUCU
1962954 | UtUfceoguguususy | 3655 | fullfcaunasusu 4015 | UCGGGUGUUUC 2809
AD- usgsaau({Chd)UfuCt asGGfsggaAtfacaccogA AAUGAAUCUUCG
1962957 | GilGfenguuuccsesu | 3656 | falGfavucasusu 4016 { GGUGUUULCCCU 2739
AD- gsasanc{UbdyUteGf asAfsgogAfaacacceG AUGAAUCUUCGG
1962058 | GfGtuguuuccesusu | 3657 | faAfsauucsasu 4017 | GUGUUUCCCUU 2747
AD- asasgea{ Chd)AfgAf asAfsceaAfgguagan(C CUAAGCACAGAU
1962984 | UfCfuaccuuggsusu | 3638 | fuGfugeuusasg 4018 | CUACCULGGUG 2671
AD- asgscac{ Ahd)yGlalf asCfsaccAfaggoagall UAAGCACAGAUC
1962985 | CiUfaccunggusesu 3659 | fellfougcususa 4619 | UACCUUGGUGA 2680
AD- gsesaca{Ghd)AtuCf asUfscacClaagguagA AAGCACAGAUCU
1962686 | UfAfccuugguesasu 3660 | ful fugugcsusu 4020 | ACCUUGGUGAL 2633
AD- asgsanc{ UhdjAfcCt as{fsaaalfcaccaagG ACAGAUCUACCU
1962990 | Utlfegugaunasese | 3661 | fuAfpascusgsu 4021 1 UGGUGAUUUGG | 2616
AD- ascsaac{ Uhd)GicUt asClsaac{fagecacalsf ACACAACUGCUG
1963114 | GfUfsgcugguusgsu | 3662 | cAfouupusosy 4022 1 UGGCUGGUUGG | 2845
AD- csasacu{Ghd)YChaGF asCfscaaCleagecacAf CACAACUGCUGU
1963115 | UiGfecugguugsgsy | 3663 | pClaguugsusg 4023 | GGCUGGUUGGU | 2847
AD- csusgen{ Ghd U feGf astGtscacClaaccageCf AACUGCUGUGGC
1963118 | CfUfeouuesnescsy | 3664 | aClaccagsusy 4024 | UGGUUGGUGCU 2846
AD- gsusgee{ Ubd)GigUr asAfscaaAfpcaccaal CUGUGGCUGGUU
1963123 | UfGfeugeunugsusu | 3663 | fecAfeccacsasg 4025 | GGUGCLUUGUU 1 2810
AD- gsgseugl{Ghd)UfuGf asAfsaacAfaagcaccA GUGGCUGGUUGE
1963125 | GfUfgcuvugmususu | 3666 | faCfeagcesase 4026 | UGCUUUGUUUA 2769
AD- gscspgg{Uhd)UteGE asUfsaaaClaaagcacCl UGGCUGGUUGEU
1963126 | UfGfeunuguuusasu | 3667 | aAfccagescsa 4027 | GCUUUGUUUAYU | 2753
AD- csusgeu UhdyGlgUf asAfsnaaAfcaaageaC GGLUGGUUGGUG
1963127 | GtCfuuuguunasusu | 3668 | foAfaccagsese 4028 | CUUUGUUUAUG | 2686
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AD- psgseuu{GhdiGRuGt asCfsavaAfacaaagcA GCUGGUUGGLGC
1963128 | CfUfyugoouansesy | 3669 | feClaaccasgse 4029 | UUUGUUUAUGG | 2650
AD- gsgsuug{GhdyUtgCf as{fscauAfaacaaagl’ CUGGUUGLUGCU
1963129 | UfUfuguuuangsgse | 3670 | falfcaaccsasg 4030 { UUGUUUAUGGU | 2737
AD- gsusuge({Uhd)GtcUf asAfsccaUfaaacaaalG UGGUUGGUGCUU
1663130 | UtUfsmuauggsusu | 3671 | feAfccaacscsa 4031 | UGUUUAUGGUA | 2746
AD- ususge{ GhdyCraUf asUfsaccAfuaaacaad GGUUGGUGCUUY
1963131 | UfGfunuauggusasy | 3672 | fsCfaccaascse 4032 | GUUUAUGGUAG | 2631
AD- usgsgug{ Chd)UfulUf asCfsuacCfanaaacaA GUUGGUGCUUUG
1963132 | GfUfuuauggnasesy | 3673 | faGfcaccasase 4033 | UJUAUGGUAGU | 2643
AD- usgscun{ UhdyGtullt asClsuacUfaccauasA GGUGCUUUGUUL
1963135 | UfAfugguaguasgsu | 3674 | feAfaagcascse 4034 | AUGGUAGUAGU | 2634
AD- ususugu{UhdyUfalf asAfsaacUfacoaccall GCUUUGUUUAUG
1963138 | GHGtuaguaguususuy | 3675 | faAfacaaasgse 4035 | GUAGUAGUUUU 1 2723
AD- asusgua{UhdjAfuGE asAfsaaaCloacuaccA CUVUGUUUAUGE
1963139 | GfUfaguaguuosusy | 3676 | fuAfaacassass 4036 | UAGUAGUUUUL | 2773
AD- gauswua{ Uhd)yGg Ut as{sfsaaaAfacuacual UUGUUUAUGGUA
1963140 | AfGfuaguunousesu | 3677 | fcAfuaaacsasa 4037 | GUAGQUUUUUCU 12760
AD- ususuan{Ghd )}GIuAf asAtsgaahfaacuacuA UGUUUAUGGUAG
1963141 | GtUfacuunuucsusy | 3678 | foClanaaascsa 4038 | UAGUUUUUCUG | 2663
AD- ususaug{GhdUfaGf asCfsagaAfagacuacl GUUUAUGGUAGU
1963147 | UfAfevuuuucusgse | 3679 | falfcavaasase 4039 | AGUUUUUCUGU 2720
AD- usasugg{ Uhd)AfeUf asAfscag AfasaacuaC UUUAUGGUAGUA
1963143 | AfGtuuuuucugsusu | 3680 | fulMfecauasasa 4040 | GUUUUUCUGUA 2675
AD- asusggu{ Ahd)GfuAT asUfsacaGfaaanacuA UUAUGGUAGUAG
1963144 | GfUfuuoucugusasuy | 3681 | felUfaccausasa 4041 | UUUUUCUGUAA | 2617
AD- usasgua{Ghd}UtuUf asGlsuguUfacagaaaA GGUAGUAGUUUU
1963148 | UtUfcuguaacascsu 3682 | faCfuacuascse 4042 | UCUGUAACACA 2740
AD- asgsaan{ AhdA GG asAfsagu{fangguacl UAAGAAUAAAGU
1963202 | UfAfccuugacususu 3683 | fulfauucususa 4043 | ACCUUGACUUU 2572
AD- asasuax{ AhdyGluAf as{fsaaaGfucaagguA AGAAUAAAGUAC
1963204 | CfChuugacuoosgsy | 3684 | fellfunauuscsy 4044 | CUUGACUUUGU | 2706
AD- asusaaa{GhdyUfalf asAtscaaAfpucaaggl GAAUAAAGUACC
1963205 | CfUfueacunngsusy | 3683 | faChmnaususe 4045 | UUGACUUUGUU | 2653
AD- usasaagd Uhd)AfeCE asAfsacaAfagucaagG AAUAAAGUACCU
1963206 | UfUfeacuoupususy | 3686 | fuAfcuuuasusu 4646 | UGACUUUGULL 2595
AD- asasagu{ AbdyCfc Ut asGisaacAtaagucaals AUAAAGUACCUU
1963207 | UtGfacimguusesy 3687 | fellfacuuusasu 4047 | GACUUUGUUCA 2603
AD- asasgua{ ChdYCfulf asUfsgaaCfanagucaA UAAAGUACCUUG
1963208 | GfAfcuuuguucsasu | 3688 | taGluacuususa 4048 | ACUUUGUUCAC 2570
AD- usasce{ Uhd)GtaCf asCfsugu(faacaaagl) AGUACCUUGACU
1963211 | UfUfuguucacasgsu 3689 | feAfagouascsu 4049 | UUGUUCACAGC 2667
AD- ascan Ghd)UfaCf asCtsuacAfugougug UGACUUUGUUCA
1963218 | AfCfagcauguasgsy 3690 | Afal’fanaguscsa 4050 | CAGCAUGUAGG | 2672
AD- csusuug{ UhdUfcAf asCsauaCangougn(s GACUUUGUUCAC
1963219 | CfAfscauguagsasy 3691 | faAfcaaagsuse 4051 | AGCAUGUAGGG | 2707
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AD- psusugu{UhdyCiaCt asClscouAtcaugougl ACUUUGUUCACA
1963220 | AfGfcauguaggsesu 3692 | feAfacaaasgsy 4052 | GCAUGUAGGGU 2744
AD- ususgun{ChdjAfcAf asAfscocUfacaugoaG CUUUGUUCACAG
1963221 | GfU{auguaggesusy | 3693 | fuGthacaasasg 4653 | CAUGUAGGGUG | 2770
AD- usgsuuc{ Ahd)CfaGt asCfsaccCfuacaugel/ UUUGUUCACAGC
1663222 | CtAfuguaggousgsu | 3694 | felifeaacasasa 4054 | AUGUAGGGUGA | 2803
AD- uscsaca{GhdyCfalf asCfsaucAfcccuacal GUUCACAGCAUG
19632725 | GfUfagoengausgsuy | 3693 | faClugugasase 4055 | UAGGGUGAUGA | 2779
AD- csasacg{GhdyAfeCr asGiscedAg{Ten)geu CACAACGGACCU
1963237 | UtGtageacuggscsu 3696 | cagGfuCfcouugsusg 4056 | GAGCACUGGCA 2846
AD- ascsgga{ Chd)yChuGf asAfsugdCe{Agnigu CAACGGACCUGA
1963239 | AfGfeacuggcasusu 3697 | seucAteGluccgususg | 4057 | GCACUGGCAUA 2825
AD- csesaga(Ghd)yCfaCt asUfsecd Tu{ Agnjuge GACCUGAGCACU
1963244 | UtGfocausaggsasu 3698 | cagUfeCfucaggsuse 4058 | GGCAUAAGGAC 2822
AD- csusgag({ChdyAfcUr asGfsucdCo{ Tenlaug ACCUGAGCACUG
1963245 | GGfcauaaggascsn 3699 | cealsfuGicucagspsu 40359 | GCAUAAGGACU 2781
AD- usgsago{ AhdyCaGl asAfsgudCe{Tanjuau CCUGAGCACUGE
1963246 | GiC{avaaggeacsusy 3700 | sccAfsUfscucasese 4060 | CAUAAGGACUU | 2757
AD- gsesact{ GhdjGicAf asGtsgadAg{Tanjccu GAGCACUGGCAY
1963249 | UfAfageacuucscsy 3701 | wau(Gfc(fagugesusc 4061 | AAGGACUUCCC 2693
AD- gsascua{ Ahd)Afalf asUfsuaaAfagcageal) UUGACUAAAAUG
1963287 | Gl fugcuouuasase | 3702 | fulltuagucsasa 40662 | CUGCUUUUAAA | 2609
AD- ascsuaaf AhdyAfuGf asUtsuuaAfaageagcA UGACUAAAAUGC
1963288 | CfUfecununaasasu 3703 § fullfuuaguscsa 4063 | UGCUUUUAAAA 2677
AD- csusaaa{ Ahd g Cf asUfsuuAfasagcag{C GACUAAAAUGCU
1963280 | UfGfeuuuuaaasasy 3704 | falUfuuuagsusc 4064 | GCUUUUAAAAC | 2682
AD- usasaaa Uhd)yGicUf asGlsunuUfasaageas ACUAAAAUGCUG
1963200 | GHCfuuiuaaaascsu 3705 | fcAfuuuuasgsu 4065 | CUUUUAAAACA | 2570
AD- usgscug{ChdyUtulUf asCtscoalUfgunouan AAUGCUGCUUUY
1963295 | UfAfaaacauagsesu 3706 | AfalGfcaccasusy 4066 | AAAACAUAGGA 2566
AD- gscsuge{ UhdURUF asUfsccuAfuguunua AUGCUGCUUUUA
1963266 | AfAfaacauaggsasy 3707 | AfaAfgcagesasu 4067 | AAACAUAGGAA | 2397
AD- ususuas{ Ahd}AfcAf asCfsuac UhmecuanG {ULUUUAAAACAU
1963302 | UfAfopasaguasgsu 3708 | fullfusaaasasg 4008 | AGGAAAQUAGA | 2772
AD- cousguu{ GhdjAfcAf asAfsugdAg{Tenigue CCCUGUUGACAU
1963306 | Uffgacacucasusy 3709 | sanGfulfaacagsgsg 4069 | CGACACUCAUA 2592
AD- gsusugal Chd)Afut asGsuad Ta{Agnigug CUGUUGACAUCG
1663308 | GtAfcacucauascsu 3710 | ucgAtuGhucancsasy 4070 § ACACUCAUACA 2578
AD- gsascan{ ChdYofalf asGfscudGuAgniug UUGACAUCGACA
1963311 | AfCfucauacagscsu 3711 | agugUfeGlauguesasa | 4071 | CUCAUACAGCC 26587
AD- ascsauc{Ghd)AfcAf asttsged Te(Tenjaug UGACAUCGACAC
1963312 | CfUfcauacagescsu 3712 1 apuGfuCfoanguscsa 4072 | UCAUACAGCCA 2762
AD- asuscga(Chd)AfcUE asUfsugdGe(Ten)gua ACAUCGACACUC
1963314 | CfAfuacagecasasu 3713 | ngaGhuGlucgausgsu 4073 | AUACAGCCAAG 2692
AD- asesacu{ ChdJAfuAf asAfsuadCu{Tenjgge CGACACUCAUAC
1963318 | CfAfeccaaguasusu 3714 | uguAfuGfagugusesy 4074 | AGCCAAGUAUG 2632
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AD- csuscan{ AhdyCraGf asGtsucdAu{Agnicu CACUCAUACAGC
1963321 | CfClaaguaugascsu 3715 1 uggcUtpUtangagsuse | 4075 | CAAGUAUGACC 2691
AD- uscsana{ Chd}AfpCf asGfsgudCa{Tgnjacu ACUCAUACAGCC
1963322 | CfAfaguaugacscesu 3716 | ugeCluGfuangasssu 4076 { AAGUAUGACCC 2764
AD- csasuact Ahd)GicCf asGlsggd To(Agnjuac CUCAUACAGCCA
1963323 | AfAfsuaugaccscsu 3717 | uueGicUtzuaugsasg 4077 | AGUAUGACCCU 2788
AD- usascag{Chd)CfaAf asAfsagdGatTenjcau CAUACAGCCAAG
19633725 | GfUfaugacccususu 3718 | acuUfaGfouguasusy 4078 | UAUGACCCUUC 2780
AD- gscscaal GhdyUfalf asAtsgedGalAgnieg CAGCCAAGUAUG
1963329 | GfAfccouucecsusu 3719 | eucaUfaChyuggesusg | 4079 | ACCCUUCCCUG 2674
AD- gsasuaa{ AhdyURuGf asClsuuaAfcuageucA AAGAUAAAUUGA
1963375 | AfGfcuaguuaasgsu | 3720 | faUfuuwancsusu 4080 | GCUAGUUAAGG {2798
AD- asusaaaf UhdyUfgAf asCfscuuAfacuagen( AGAUAAAUUGAG
1963376 | G fuaguuaagsesy 3721 | faAfuuuauscsu 4081 | CUAGUUAAGGC 2819
AD- psasaan{ UhdyGlalGf asGfsconlfaacuagcl GAUAAAUUGAGC
1963377 | CfUfaguuaagpscsy 3722 ¢ feAfauunasuse 4082 | UAGUUAAGGCA | 2784
AD- gsusaug{ AhdyCteCt asGiscudTe{Agnigeg AAGUAUGACCCU
1963384 | UfUfcccugaagsesy 3723 | aagGlsUfcanacsuse 4083 | UCCCUGAAGCC 2830
AD- csusguc{Uhd)GiaUf asUtsgad Tc{ Agnluag CCCUGUCUGUUU
1963386 | UtCleuaugaucsasu 3724 | eaaAdcAlgacagsgsg 4084 | CCUAUGAUCAA 2560
AD- gsuscug{UhdjUfuCE asCsundGa{Tgnjcau CUGUCUGUUUCC
1963388 | CfUfaugaucaasgsu 3725 | aggAfaAfcagacsasg 4085 | UAUGAUCAAGC 2373
AD- uscsugw{ Uhd)yUfeCE asGfscudTe(Agnjuca UGUCUGUUUCCY
1963389 | UfAfugaucaagscsu 3726 | uagGraAfacagascsa 4086 | AUGAUCAAGCA 2577
AD- usgsuun{Chd}CruAf asUfsugdCu{Tan)gau UCUGUUUCCUAU
1963391 | UfGfancaageasasu 3727 | cauAfoGlaaacasgsa 4087 | GAUCAAGCAAC 2541
AD- gausunc{ ChdUtallf asGlsuudGe(Tanhiga CUGUUUCCUAUG
1963392 | GfAtucaageaascsu 3728 | ucalUfaGfoaaacsasg 4088 | AUCAAGCAACU 2548
AD- usescua{ Uhd)Gfallf asGisaadGu{Tenigeu UUUCCUAUGAUC
1963395 | CfAfagcaacuusesu 3729 | ugalifcAtuaggasasa 4089 | AAGCAACUUCT 2547
AD- asgscua{GhdyUfuAf as{Cfsugallfuugecun UGAGCUAGUUAA
1963410 | AfGfecanaucasgsu 3730 | AfaCfuagcouscsa 4090 | GGCAAAUCAGG 2735
AD- gscsupag{Uhd}UfaAf asClscug Afuuugecy GAGCUAGUUAAG
1963411 | GfGfcaaancagsgse 3731 | UfaAfcuagesuse 4091 | GCAAAUCAGGU [ 2774
AD- usasagg{Chd)AfaAf asAfsuuulfaccugay GUUAAGGCAAAU
1963417 | Uil {agguanaasusu 3732 | UtaGflecunasase 4092 | CAGGUAAAAUA | 2585
AD- asgsgeal AbdJAfCT asClsuaut/funaccug UAAGGCAAAUCA
1663419 | AtGouaanauasesu 3733 1 Atublfuoccususa 4093 + GGUAAAAUAGU 1 2698
AD- gsgscas{ AhdUCAL asAfscuallfinmacen AAGGCAAAUCAG
1963420 | GfGfuaaaauagsusu 3734 | GfaUfuugeesusu 4094 | GUAAAAUAGUC 12702
AD- gscsaaal UhdyCfalt astifsacuAfuyonace AGGCAAAUCAGG
1963421 | GfUfaaaavaguscsu 3735 | UfeAfuuugescsu 4095 | UAAAAUAGUCA 2693
AD- gsusaaa{ AhdyUfalGt asUfsagaAfucaugacl AGGUAAAAUAGU
1963430 | UfCfangauucusasy 3736 | falUfacscsu 4096 | CAUGAUUCUAU | 2775
AD- usasaaa{ Uhd}AfgUS asAfsnagAfaucangal GGUAAAAUAGUC
1963431 | CfAfuganucuasusu 3737 | fulAfuuuuascse 4097 1 AUGAUUCUAUG | 2765

SUBSTITUTE SHEET (RULE 26)

265




WO 2022/251629 PCT/US2022/031337
SEQ SEQ SEQ
Duplex | Sense Sequence iD Antisense Sequence | ID mBRNA Target 1))
Name Fwd N (S ¥ N | Sequence B 103 NO:
AD- asasaau{ AhdyGhulf asCfsavaGlaaucangA GUAAAAUAGUCA
1963432 | AfUfganocuansgse | 3738 | feUfaunausase 4098 | UGAUUCUAUGU | 2750
AD- asgsuca{ Uhd)GfalUt asCfsauuAfcauagaall AUAGUCAUGAUY
1963437 | Uffuauguaansgsu | 3739 | fcAfugacusasu 4099 { CUAUGUAAUGU | 4290
AD- gsuscau(Ghd)Afulf asAfscaub/facanagaA UAGUCAUGAUUC
1963438 | CtUfauguaaugsusu 3740 | ful’faugacsusa 4100 | UAUGUAAUGUA | 2655
AD- uscsaug{ AhdyUtuCl asUfsacalifuacanagA AGUCAUGAUUCU
1963439 | UfAfuguaangusasu 3741 | faUfcaugascsu 41101 | AUGUAAUGUAA | 2598
AD- csescug{ Ahd)OtoAf asAtsundGuo{Ten)gag JUCCCUGAGGAU
1963464 | UfCfoucaacaasusu 3742 | eauCfcUfcagnosass 4102 | CCUCAACAAUG 2732
AD- cacsuga{GhdyGfalf asCleandTe{ Tenluga UCCCUGAGGAUC
1963465 | CfClucaacaausgsy 3743 | peallfeCiucaggsgsa 4103 | CUCAACAAUGH 2736
AD- gaasgga{ UhdyCleUf asGfsacdCal Tanjugy CUGAGGAUCCUC
1963468 | CfAfacaaugguscsu 3744 | ugalifeAfuccucsasg 4104 | AACAAUGGUCA 2703
AD- asgsgau{ChdyChuCf asUfsgadCo(Agn)uag UGAGGAUCCUCA
1963469 | AfAfcaaugoucsasy 3745 | uugAfeGlavccusesa 4108 | ACAAUGGUCAU 2713
AD- usgscuw{ Uhd)ClaAf as{fsaadAc{Tgnjcca CAUGCUUUCAAC
1963539 | CiGluggagummsgsa | 3746 | coulUfoAfaagcasusg 4106 | GUGGAGUUUGA | 2625
AD- ususcaal Chd ) GtulGH asUtscad Te{ Agnjaac {UUUCAACGUGG
1963543 | GfAfguuugaugsasy | 3747 | uccAfcGiuugaasasg 4107 | AGUUUGAUGAC | 2665
AD- csasacg{Uhd)GTgAf asAfsgudCa{Tgnjcaa UUCAACGUGGAG
1963545 | GiUfuugaugacsusu | 3748 | acuCfcAfcguugsasa 4108 | UUUGAUGACUC 2715
AD- asascgu{ GhdyGfaGf asGfsagdTe(Agniuca UCAACGUGGAGU
1963346 | UfUtugaugacuscsu 3749 1 aacUfcClacguusgsa 4109 | UUGAUGACUCU 2694
AD- cagsugg{ Ahd)GraUt asGfsagdAg(Ten)cau AACGUGGAGUUL
1963348 | UfGazacucusesy 3750 | caaAfcUfccacgsusu 4110 | GAUGACUCUCA 2664
AD- usgsgag{ UhdiUfaGf asCfsugdAg{Agnign SGUGGAGUUUGA
1963550 | Afllfoacucucasgsu 3751 | cancAfaAfcuccasesg 4111 | UGACUCUCAGG 2613
AD- gsasguu{ UhdyGraUf asUfsced Tef Agnigag UGGAGUUUGAUG
1963552 | GfAfcucucaggsasy 3752 | ueallfcAfaacucscsa 4112 | ACUCUCAGQGAL 2718
AD- geusuug{ AhdyUfgAf asUfsgudCe(Tgn)gag GAGUUUGAUGALC
1963554 | CfUfcucaggacsasu 3753 | agulfalfoaaacsuse 4113 § UCUCAGGACAA 2741
AD- usgsang{ Ahd}CtaCt asClsuud Tg{Tanjccu YUUGAUGACUCU
1963557 | UfCfaggacaaasgsu 3754 | eapAfsUfcaucasasa 4114 | CAGGACAAAGC 2612
AD- usasanu{ AhdyGiaGf asClsuguAfucacaact) UAUAAUUAGAGU
1963582 | UfUfeugauacasgse | 3755 | fclfaauuasusa 4115 | UGUGAUACAGA | 2786
AD- gsusugu{Ghd)AfmAL asAtsaual/facucugu GAGUUGUGAUAC
1663590 | CfAfgasuanaususu 3756 1 Afufacaacsusc 4116 § AGAGUAUAUUL | 2639
AD- psusgug{ AhdyUfaCt asAfsaauAfuacucug AGUUGUGAUACA
1963591 | AflGfaguanaunsusu 3757 | UfaUfcacaascsu 41117 1 GAGUAUAUUUC 2636
AD- usgsugal Uhd)AfcAf asGtsaaaUfavacucuG GUUGUGAUACAG
19635392 | GfAfsuavanuuscesu | 3758 | fuAfucacasasc 4118 | AGUAUAUUUCC 2644
AD- asusgac{UhdyCrulf asUfsged Tu(Tanjgue UGAUGACUCUCA
1963609 | AfiGfgacaaagesasu 3759 | cugAfgAfgucanscsa 4119 1 GGACAAAGCAG 12734
AD- usgsacu(ChdjUcAf asClsugdCu{Tgnugn GAUGACUCUCAG
1963610 | Gilfacaaagcasgsy 3760 | ceulGfalfagucasuse 4120 { GACAAAGCAGU 2787
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AD- cscsaun{ Chd)Afe Al asAtsugalUfauavogu YUCCAUUCAGAC
1963618 | CfAfanauaucasusy 3761 | ClaGlaanggsasa 4121 | AAUAUAUCAUA 2552
AD- asesuac{ Ahd)CfalUf asUfsccdAg{Ten)gaa GAACUUCACUUG
1963719 | GiGfuucacugesasu 3762 | ccaAfgUfoaacususe 4122 { GUUCACUGGAA | 2678
AD- ususcac{ UbhdjUtz Gt asGsuudCe{Agnigu ACUUCACUUGGU
1963721 | UtUfcacuggaascsu 3763 | caacClaAfougaasesu | 4123 | UCACUGGAACA 2704
AD- gsasuuu{ Uhd)Ga G asUfsgedAc{Agnigen GGOGAUUUUGGOA
1963733 | AfAfagcuguacsasu 3764 | uucCfcAfaaaucscse 4124 | AAGCUGUGCAG | 2792
AD- ususuug{GhdyGiaAf asGtscudGo{Agnicag GAUUUUGGGAAA
1963735 | AfGfcugugcagsesuy | 3765 | cunUteCfcaaaasuse 4125 1 GCUGUGCAGCA 2837
AD- usgsgoal AhdyAteCf asGfsundGe(Ten)gca UUUGGGAAAGCY
1963738 | UfGfugcageaascsu 3766 | cagCfulUfucccasasa 4126 | GUGCAGCAACC 2876
AD- usgsgac{UhdyGig(Cf asUfsacdCu{Agn)gaa GAUGGACUGGCC
1963762 | CfGhuucuaggusasu 3767 | cgsCicAfsuccasuse 4127 | GUUCUAGGUAL | 2836
AD- gsgsacu{GhdYGicCl asAfsuadCc(Tgnjaga AUGGACUGGCCG
1963763 | GfUfucoagguasase | 3768 | acgGieClaguccsasy 4128 1 UUCUAGGUAUL | 2813
AD- usasgeu{ AhdiURaUf asAfsacdCu{Tan)caa UCUAGGUAULUU
1963776 | UfUfungaagoususa | 3768 | apaAfaUfaccuasesa 4129 { UUUGAAGGUUG | 2642
AD- usasua{ Uhd yUfuUf asUtsged{a{Agnjccu GGUAUUUUUUUG
1963780 | GfAfagouuggesasy | 3770 | ucaAfaAfasauascse 4130 | AAGGUUGGCAG | 2785
AD- asusuusd Uhd jUfuGr asCfsugdCe{Agniace GUAUUUUUUUGA
1963781 | AfAfeouuggeasgsuy | 3771 | uucAfaAfaaaausasc 4131 | AGGUUGGLAGL 2807
AD- ususuug{Ahd)Af G asAfsgedGe(Ten)gee UJUUUUUGAAGGU
1963785 | UfUfzocagepcsusu 3772 | aacCtulfcanaasasa 4132 | UGGCAGCOCUA 2829
AD- asasggu(Uhd)GfgCf asGfsgud Tu{Agnigeg UGAAGGUUGGCA
1963790 | AfGfeacuazacsesu 3773 | cugCfcAfaccuuscsa 4133 1 GCGCUAAACCG 2842
AD- csusuca{ GhdJAfaAT asAfscadTc{ Agnaca GCCUUCAGAAAG
1963814 | GfUfugougangsusy | 3774 | aculUfuCfugaassesc 4134 § UUGUUGAUGUG | 2696
AD- uscsaga{ AhdyAfgUf asGfscadCalTgnjcaa CUUCAGAAAGUU
1963816 | UfGfuusaugugsosy 3775 | caalCfulUfucugasase 4135 | GUUGAUGUGCU 2795
AD- csasgax{ AhdyGfaUf asAfsgedAc{Agniuca UUCAGAAAGUUG
1963817 | GilUfugauguecsusu | 3776 | acaAfcUfoucugsasa 4136 | UUGAUGUGLUG 2734
AD- gsasaag{UhdjUtgUt asCscadGe{ Agnlcan CAGAAAGUUGUUY
1663819 | UfGfavcugscugsgsy | 3777 | caalfaAfomncsusg 4137 1 GAUGUGCUGGA | 2820
AD- asusucc{ Ahd)UfuAf asGisecd CulTenugn GGAUUCCAUUAA
1963839 | AfAfacaaagggscsu 3778 | wuuAfalfggasuscse 4138 | AACAAAGGGLA (2728
AD- ususcea{ UbdjUtaAf asUtsgedCe{ Tonjuug GAUUCCAUUAAA
1663840 | AfAfcaaagggosasn 3779 | unulfaAfugoaasusc 4139 § ACAAAGGGCAA 2648
AD- psusaaa{ AhdyCRAf asAfscud Cu{ Tenjgee CAUUAAAACAAA
1963845 | AfGfegcaagagsusu | 3780 | cuulUfeUfuuuaasusg 4140 | GGGCAAGAGUG | 2812
AD- usasaaaf Chd)AfaAt asCfsacdTe(Tgnjuge AUUAAAACAAAG
1963846 | GfGfscaagagusasu 3781 | conUfuGfunuuasasu 4141 | GGCAAGAGUGC 2793
AD- asasacal AhdyA feGE asAfsgedAc{Tenjoun UAAAACAAAGGE
1963848 | GfCfaagagugesusy 3782 | secClulUfuguuususa 4142 | CAAGAGUGCUG | 2804
AD- ascsaaa(GhdyGigCf asUfscadGe{Agnjcuc AAACAAAGGGCA
1963850 | AtAfeagugcugsasu | 3783 | uugCleClunugususu 4143 | AGAGUGCUGAC 2824
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AD- asasgge(ChdiAtaGr asAtsagdTc{Agnlaca CAAAGGGCAAGA
1963853 | AfGfugcogacususy 3784 | cucUfuGfeoouususg 4144 | GUGCUGACUUC 2724
AD- gagsgeal AhdyGaGf asUfsgadAg(Tenjcag AAGGGUAAGAGU
1963855 | URGfeugacuucsasu 3785 | cacUfcUfugcecsusu 4145 | GCUGACUUCAC 2659
AD- gscsaag{ AbdYGhuGl asAfsgudGalAgnign GGGCAAGAGUGC
1963857 | CfUfracuucacsusu 3786 | cagcAfcUfcuugcsese 4146 | UGACUUCACUA 2727
AD- csasaga{ GhdUfaCf asUfsagdTe{Agniagu GGCAAGAGQUGCU
1963858 | Uflsfacuucacusasu 3787 | cagCfaCfucuugscse 4147 | GACUUCACUAA 2644
AD- asgsagu(Ghd)CtuGf asGtsundAg{Ten)gaa CAAGAGUGCUGA
1963860 | AfCHuucacuaascsu 3788 | eucAfe(facucususg 4148 | CUUCACUAACY 4291
AD- gsusgew{ Ghd)AfeUf asGfsaadGu{Tenjagu GAGUGCUGACUU
1963863 | UfCfacuaacuuscsu 3789 1 paaltu{fagcacsuse 4149 | CACUAACUUCG 25587
AD- usgscug( Ahd)Crullf asCfsgadAg{Tenjuag AGUGCUGACUUC
1963864 | CfAfcuaacuucsgsu 3790 | ugaAfeUfcagcascsu 4150 | ACUAACUUCGA 2583
AD- csusuca{ChdyUtaAf asGfsagdGa{Tenlcga GACUUCACUAAC
1963870 | CfUfucgauccuscsn 3791 | agullfaGiugaassuse 4151 | UUCGAUCCUCG 2586
AD- ususcac{ Uhd)AfaCe as{fsgadGg{Agniucg ACUUCACUAACU
1963871 | UfUfcgauccucsgsu 3792 | aagUfuAfougaasgsu 4152 1 UCGAUCCUCGU 2393
AD- gsescuc{ Chd)Utulf asClsaadGg{Agnjuuc YLECCUCCUUCT
19638093 | CfUfzaauccuusgsy 3793 | aggAtalGfoagpescsa 4153 | UGAAUCCUUGG | 2688
AD- uscscu{Chd)CraGr asAfsucdCa{Agnizga CCUCCUUCCUGA
1963896 | AfAfuccuuggasusu | 3794 | uucAfeiaageasgsg 4154 | AUCCUUGGAUU 2608
AD- gsgsaco{ Uhd)AfeCf asCfsagdTe{ Agn)gce CUGGACCUACCC
1963020 | CfAfegcucacusgsu 3795 | ugeGfuAfaguccsasg 4155 | AGGCUCACUGA 2840
AD- ascscua{ChdyCfcAf asOfsucdAg(Tenigag GGACCUACCCAG
1963922 | GfGfeucacugascsy 3796 | couGfaGluagousese 4156 | GCUCACUGACC 2834
AD- csusacc{ ChdjAfpGE asUfsgedTo{Agnigug ACCUACCCAGGC
1963924 | CfUfcacugacesasu 3797 | ageClufoguagsgsu 4157 | UCACUGACCAC 2831
AD- ascscea( GhdYGicUt asGisgudGe{Tanjcag CUACCCAGGCUC
1963926 | CfAfeugaccacscsu 3798 | ugalfeCluggousase 4158 | ACUGACCACCC 2832
AD- csusca{ ChdyUfaCF as{Cfsacd Ac{Agnjuuc CCCUCCUCUUCY
1963927 | UfGeaaugugusgsuy | 3799 | cagAfaGiaggagsgsg 4159 | GGAAUGUGUGA | 2623
AD- cscsucu{ UhdyChulGf asGtsucdAc{ Agnjcan {UCCUCUUCUGE
1963929 | GfAfaugogupasesa | 3800 | uccAfpAfagagosasg 4160 | AAUGUGUGACC 2575
AD- uscsuuc{ UhdyGigAf asAfsgadTe{Agnicac CCUCUUCUGGAA
1963931 | AfUfeugugaccsusu | 3801 | auuCfcAfeaagasose 4161 | UGUGUGACCUG | 7645
AD- ususcug{Ghd)AfalJf asClscadGa( Tanjeac UCUUCUGGAAUG
1663933 | GtUfsueaccugsesa 3802 | acalfuCfragaasssa 4162 { UGUGACCUGGA 2783
AD- psgsgaal UhdyGfaGf asAfsaudCo{Agn)ggu UCUGGAAUGUGH
1963936 | UfGfaccuggaususu 3%03 | cacAfcAfuuccasgsa 4163 | GACCUGGAUUG 1 2778
AD- usgsugu{Ghd)AfeCf asAfsgedAc{Agniauc AAUGUGUGACCU
1963941 | UfGfsauuguscsusu | 3804 | caeGfuCfacacasusy 4164 | GGAUUGUGCUC 2803
AD- psgsuga{ChdYChuGt asUfsgadGe{Agnjcaa UGUGUGACCUGEG
1963943 | GfAfuugugcucsasu | 3805 | uccAfelifucacascsa 4165 | AUUGUGCUCAA | 2761
AD- geasceu{Gha)yGrallf asClscudTg{Agnjgea GUGACCUGGAUU
1963946 | Uttugcucaazsesy 3806 | caallfeCfagoucsase 4166 | GUGCUCAAGGA 2656
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AD- cscsugg{AhdUfuGE asUtsucdCo{Tenlgag GACCUGGAUUGU
1963948 | UGfcucanggasasu 3807 | cacAfaUfccaggsuse 4167 | GCUCAAGGAAC 2619
AD- csusgea(UhdjUfgUf asGisundCe{Tgnjuga ACCUGGAUUGUG
1963949 | G fucaageaascse 3808 | gealfaAfuccagsgsu 4168 | CUCAAGGAACC 2581
AD- gsasung{ Uhd)GicUf asUtsgadGu{Tgnjccu UGGAUUGUGCUC
1963952 | CfAfaggaaccesasy 3809 | ugaGfcAfcaaucscsa 4169 | AAGGAACCCAU 2763
AD- asusugu{GhdyCtuCf asAfsugdGe{ Temuce GGAUUGUGCUCA
1963953 | AfAfegascccasusu 3810 | ungAfeClacaauscse 4170 1 AGGAACCCAUC 2745
AD- usgscuc{ AhdYAfpGf asGtscudGa(Ten)gsg UGUGCUCAAGGA
1963937 | AfAfcccaucagsesy 3811 | wucCfuUfeascascss 4171 | ACCCAUCAGCG 2808
AD- gscsucal Ahd)GIgAf asCleged Tef Agnluge GUGCUCAAGGAA
1963958 | AfCfecancagesgsu 3812 | sun{fellfugagesase 4172 1 CCCAUCAGCGU 2782
AD- uscsaag{Ghd)AfaCt aslsacdGe{Tan)gau GCUCAAGGAALCC
1963960 | CHR faucagcgusesu 3813 | geelUfuCfouugasgse 4173 | CAUCAGCGUCA 2794
AD- gsgsaac{ ChaYCfaUf asUfsged Tg(Agn)cge AAGGAACCCAUC
1963964 | CfAfecpucagesasn 3814 | ueallfoGiouucesusu 4174 + AGCGUCAGUAG 2862
AD- asascee{AhdyUfcAf asGfscudGe( Tan)gac GGAACCCAUCAG
1963966 | GRC{oucagcagsesy 3815 | senGfalfepeuuscse 4175 | CGUCAGCAGCO 2827
AD- ususgaa{ Ahd)UteCt asUfsuadAg{Tegnjuua UGUUGAAAUUCC
1963905 | CfGiuaaacuuasasu 3816 | copAfaUfuucaascsa 4176 | GUAAACUUAAC 12631
AD- gsasaai Uhd)CreGE asAfsgudTa{Agniguu UUGAAAUUCCGU
1963997 | UfAfaacuuaacsusu 3%17 | uacGipAfaunucsasa 4177 | AAACUUAACUYU 2584
AD- asasuuc{ Chd)GfuAf asGtsaadGu(Tgn)aag GAAAUUCCGUAA
1963999 | AfAfcuuaacuuscsu 3818 | uuuAfcGigaanususe 4178 | ACUUAACUUCA 2590
AD- asusucc{GhdUfaAt asUfsgadAg(Tenjuaa AAAUUCCGUAAA
1964000 | AfCfuuaacuucsasy 3219 | ouulUfaClogaaususy 4179 | CUUAACUUCAA 2346
AD- uscscgu{ Ahd}AfaCe asAfsuudGa(Agnign AUUCCGUAAACU
1964002 | UtlUfaacuucaasusu 3820 | vaagUfuUfacggasasu | 4180 | UAACUUCAAUG 2574
AD- cscsgua AhdyAfcUf asCrsandTef Agniagu UUCCGUAAACUU
1964003 | UfAfacuucaausgsu 3821 | uaaGtulfuacegsasa 4181 | AACUUCAAUGG 2556
AD- csgsaag{ AhdjAfcUf asUfsgudCe{Agnicca CCCGAAGAACUG
1964016 | GfAfuggugeacsasu | 3822 1 ucaGhullfcuncgsgsg 4182 | AUGGUGGACAA | 2767
AD- asgsaac{Uhd)Glallf asAtsgudTa{Tenlcca GAAGAACUGAUG
1664019 | GfGfuggacaacsusy 3823 | ccallfcAfouncususe 4183 | GUGGACAACUG 2705
AD- asascug{ Ahd)UfeGf asCscadGu{Temgue AGAACUGAUGGU
1964021 | UtGfeacaacugsssu 3824 | cacCfalfcagunscsy 4184 | GGACAACUGGL 2844
AD- ascsugal UbdyGta Ut asGlsccdAg{Tenugu GAACUGAUGGUG
1664022 | GtGlacaacuggscsn 3825 | ecalfcAfucagususc 4185 | GACAACUGGLG 2848
AD- usgsaug{GhdUte G asGifscgdCo{Agn)guu ACUGAUGGUGGA
1964024 | AfCfaacuggcegscsu 3826 | sueCfaClcaucasgsu 4186 | CAACUGGCGCC 28123
AD- csasgew{ ChdjAfeCf asGtsuudCu(Tgn)cag CCCAGCUCAGCC
1964043 | CfAfougaagaascsu 3827 | ugeCtuGlagcugsgsy 4187 | ACUGAAGAACA 2814
AD- asgscuc{ AhdyGfcCf asUfsgudTe(Tanuca CCAGUUCAGCCA
1964044 | AfCfugaagaacsasu 3828 | gugGicUfgagcusgsy 4188 | CUGAAGAACAG {2873
AD- csuscag(ChdyCfalf asCscudGu( Tgnjoun AGCUCAGCCACU
1964046 | Utlfaagaacagsgsu 3829 | cagUfelifougagscsu 4189 | GAAGAACAGGC 2799
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AD- pscsage{ ChdjAfcUf asGisced T Tenjucu GCUCAGCCACUG
1964047 | GfAfagaacaggscsy 3830 | ucaGtuGfocugasgse 4190 | AAGAACAGGCA 2777
AD- asgscoa{ ChdyUfg AL asUfsugdCe{Tgn)gun UCAGCCACUGAA
1964049 | AfGfaacagecasase 3831 | cun{’falluggocusgsa 4191 | GAACAGGCAAA | 2728
AD- ascsuga{ Ahd)GtaAf asUtsgad Tu{Tgnjgee CCACUGAAGAAC
1964053 | CfAfegocaaaucsasu 3837 | ugulfcUtucagusgsg 4192 | AGGUCAAAUCAA 1 2621
AD- csusgaa{Ghd)AfaCt asUfsugdAu(Tenjuge CACUGAAGAACA
1964054 | AflGfecaaaucasasu 3833 | cugUtuCfuucagsusy 4193 | GGCAAAUCAAA | 2602
AD- usgsaag{ AhdYAfCAT asUtsundGa{Tenjuug ACUGAAGAACAG
1964055 | GtGfcaaancaasasy 3834 | ceuGfulfcuucasasu 4194 | GCAAAUCAAAG 2622
AD- gsasagal AhdyCraGf asClauudTeg(Agnjuuu CUGAAGAACAGU
1964056 | GfCfasancasasgsu 3835 | secllfelUfucuucsasg 4195 | CAAAUCAAAGC 2658
AD- asgsaac{ Ahd)yGigCE asAfspedTu{Ten)gau GAAGAACAGGCA
1964058 | AfAfaucaaagesusu 3836 | uugCteUfouucususe 4196 | AAUCAAAGCUU | 2749
AD- gsasaca{Ghd}ofcAf asAfsagdCo{Tenuga AAGAACAGGCAA
1964059 | AfAfucaaagcususy 3837 1 nualrfcCluguucsusy 4197 | AUCAAAGCUUC 2683
AD- asascag{GhdyCfaAf as{GfsaadGe{Tenjuug AGAACAGGCARA
1964060 | AfUfcaaagcouuscsy 3838 | aunlifeCfcuguuscsu 419% | UCAAAGCUUCC 2610
AD- asgsgea{ AbdiAfulCl asAftsagdGalAgnigen ACAGGCAAAUCA
1964063 | AfAfagcuuccususu 3339 | uugAfulfogecusgsa 4199 § AAGCUUCCULULC 2567
AD- gsgscaa{ AhdjUfcAt asofeaadGe{Agniage CAGGCAAAUCAA
1964064 | AfAfecunccouuscsu 3840 | uunGialfougccosusg 4200 | AGCUUCCUUCA 2368
AD- asasauc{ AhdjAfaGf asUtsundGal{Agnizg GCAAAUCAAAGC
1964067 | CiUfuccuucaasasu 3841 | aagcUfulUfzauuusgse | 4201 | UUCCUUCAAAY 2564
AD- asasuca{ Ahd)AfgCf asAfsuud Te{Agnjagg CAAAUCAAAGCU
1964068 | UfUfccuucaaasusy 3842 | aapChnUfuganususs 4202 | UCCUUCAAAUA 2534
AD- uscsaaa{ GhdyChUf asUfsuadTu{Tgn)gaa AAUCAAAGCUUC
1964070 | CfCfuucaaanasasu 3843 | ggaAte{funngasusu 4203 | CUUCAAAUAAG | 2544
AD- asasage{Und)UtcCt asUfscud Tat Tgnjung UCAAAGCUUCCU
1964072 | UfUfcanauaagsasu 3844 | aasgfaAfocuuusgsa 4204 | UCAAAUAAGAU 2569
AD- asasgow{ UhdyCfcUt asAfsucdTu{Agnpnm CAAAGCUUCCUU
1964073 | U fasauaagasusy 3845 | gaaGlgAfagouususg 4205 | CAAAUAAGAUG | 2338
AD- gsespuc{Chd Ul asCscadTe(Tgnjnan AAGCUUCCUUCA
1964075 | AfAfauaagaugsgsu 3846 | vugAfaGleaagesusy 4206 | AAUAAGAUGGY | 2563
AD- ususceu{ Uhd)ClaAf asGfsacdCa{Tenjeun GCUUCCUUCAAA
1964077 | AfUfaagaugguscse | 3847 | auuUfoAfaggaasgse 4207 { UAAGAUGGUCC | 2630
AD- uscscuu(ChdjAfaAf asGlsgadCelAgrucu CUUCCUUCAAAU
1664078 | UtAfacangeucscsu 384% | vauUtaGiaaggasase 4208 § AAGAUGGUCCC 2687
AD- psuscaa{ AhdyUfaAf asAfsugdGgl{Agnjcca CCUUCAAAUAAG
1964081 | GfAfugoucecasusu 3849 | uculfaUfuugaasgsg 4209 | AUGGUCCCAUA 2771
AD- gsuscug{ Uhd)AfuCt asUtsuedAu{Tgnjauu UAGUCUGUAUCC
1964102 | CfAfaauaaugasasu 3850 | uggAfuAfcapgacsusa 4210 | AAAUAAUGAAU | 2545
AD- pscesagu{ Ahd}UtcCE asAfsuudCa{ Tenjuau AGUCUGUAUCCA
1964103 | AfAfaunaugaasusy 3851 | nugfalfacagascsu 4211 | AAUAAUGAAUC | 2553
AD- csusgual UhdyCIeAf asfsandTe{Agnjuua GUCUGUAUCCAA
1964104 | AtAfusaugaauscsu 3852 | wmmfeAfuacagsase 4212 | AUAAUGAAUCU 2627
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AD- gsusanc{ ChdjAtaAl asAfsagdAu{Tgnjcau CUGUAUCCAAAU
1964106 | UfAfauesaucususy 3853 | vaulfuGlzanacsasg 4213 | AAUGAAUCUUC 2561
AD- usasucc{ Ahd}AfalUf asGfsaadGalTenjuca UGUAUCCAAAUA
1964107 | AfAfugasucuuscsa | 3834 | wuaUfulfosanascsa 4214 | AUGAAUCUULG | 2576
AD- asuscea{ AhdyAfuAf asClsgad Ag{Agniuuc GUAUCCAAAUAA
1664108 | AtUfsaaucuucsgsu 3855 | asuAtuUtugoausasc 4215 | UGAAUCUUCGG 2614
AD- asasuga{ AhdyUfcUt asGfsaadAc{Agniece AUAAUGAAUCUY
1964116 | UfCfopoueunusesy | 3836 | saaGfaUfucauusasu 4216 1 CGGGUGUUUCC 2742
AD- usgsaa{ ChdjUtuCf asGtsgodAa{Agnicac AAUGAAUCUUCG
1964118 | GfGfouguuuccsesy | 3857 | cegAfaGfauucasusu 4217 1 GGUGUUUCCCU 2739
AD- ususage{ Uhd)AfaGf asGfsuadGa{ Tenjoug CUUUAGCUAAGC
1964139 | CfAfeagaucuascsu 3858 | wgeUfuAfgeouaasasg 4218 | ACAGAUCUACC 2588
AD- usasgeu{ Ahd}AfgC asGspudAg{Agniug UUUAGCUAAGCA
1964140 | AtC{agaucuacsesu 3859 | ugugCfulfageuasasa | 4219 | CAGAUCUACCU 2635
AD- gscspaa{ GhdyCralCf asAfsapdGu{Agniga UAGCUAAGCACA
1964142 | AfGfaucuaccususy 3860 | ucugUteClonagesusa | 4220 | GAUCUACCUUG 2594
AD- csusaag{ChdAfcAT as{fsaadGg{Tenjaga AGCUAAGCACAG
1964143 | GfAfucuaccuosgsy | 3861 | ucaGluGicuuagsesu 4221 1 AUCUACCUUGG | 2600
AD- csasgan{ ChdyUfalCf asAtsaadTe{Agnjeca CACAGAUCUACC
1964150 | CfUtucoupauususy | 3862 | aggUfalfaucugsusg 4227 1 UUGGUGAUUUG | 2580
AD- asasuaa{ Ahd)ATuGf asUfscudAg(Tgoicuu CUAAUAAAAUGH
1964229 | UfGfaagacuagsasu 3863 | cacAtultuvanusasg 4223 + GAAGACUAGAL 2768
AD- ascsaac{ Uhd)YGfcUt asCfsaadCeo{ Agn)gce ACACAACUGCUG
1964267 | GfUtggeugguusgsu | 3864 | acaGfcAfzuugusgsu 4224 1 UGGLUGGUUGG | 2845
AD- csusgug{ Ghd)CfuGf asAfsaadGe{Agnjeea UGCUGUGGCUGH
1964274 | GfUfugengcuususu | 3863 | accAfeCfcacagscsa 4225 1 UUQGUGCUULUG 12813
AD- ususgpu{ Ghd)yChalf asUfsacd{Ca(Tenjana GGUUGGUGCUUU
1964284 | Uttusuauggusasu | 3866 | caaAfpClaccaascse 4226 | GUUUAUGGUAG | 2651
AD- gsesuun{Ghd ) Ufulf asAfscudAc{Tgnlacc GUGCUUUGUUUA
1964289 | AflUfsouaguassusy 3867 | auaAfalfasagesase 4227 UGGUAGUAGUU | 2604
AD- ususugu{ UhdyUfaUf asAfsaadCu{Agnjcua GCUUUGUUUAUG
1964291 | GiGfuaguaguususn | 3868 | cealfaAfacaaasgse 4228 { GUAGUAGUUUU | 2723
AD- psusguu{UhdjAfuGt asAtsaadAc{Tgunjacu CUUUGUUUALGEG
1664292 | GfUfacuaguuosusy | 3869 | accAfuAfaacaasasg 4229 1 UAGUAGUUUUL {2773
AD- asusgeu{ Ahd)GroAT asUfsacdAg{Agniaaa UUAUGGUAGUAG
1964297 | GifUfuooucugusasu | 3870 | acuAfcUfaccausasa 4230 | UUUUUCUGUAA | 2617
AD- gsgsuag{ Uhd)AfeUS asGtsundAc{Agn)izaa AUGGUAGUAGUU
1964299 | UfUfuucueuaascsn 3871 | asaCluAfcuacesasu 4231 1 UJUCUGUAACA 2748
AD- psasgua{ Ghd}UfuUf asQifsugd Tu{Agnjicag GGUAGUAGUUUU
1964301 | UfUfcuguaacascsu 3872 | asaAfaCfuacuascse 4232 | UCUGUAACACA 2746
AD- asgsuag{Uhd)Ufulf asUtsgudGu{Tgnjaca GUAGUAGUUUUU
1964302 | UfCfuguaacacsasu 3873 | eaaAfaAfcuacusase 4233 | CUGUAACACAG 2709
AD- gsusagu{ Uhd)UtuUf asCtougdTg(Tanac UAGUAGUUUUUC
1964303 | CfUfpunacacasgsu 3874 | agaAfaAfacuacsusa 4234 V UGUAACACAGA | 2730
AD- asasuas Ghd)Afalf asCfsaadGe{Tanjacn GAAAUAAGAAUA
1964325 | AfAfaguaccuusgsu 3875 | wnallfuCHuvauususe 4235 1 AAGUACCUUGA 2708
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AD- asasgaal{ UhdJAfaAL asAtsgudCal Agnige AUAAGAAUAAAG
1964328 | GfUfaccuugacsusy 3876 | vacuUfuAfoucuusase | 4236 | UACCUUGACUU 2571
AD- asgsam{ AhdjAfaGt asAfsagdTc{Agn)jagg UAAGAAUAAAGU
1964329 | UfAfecuugacususe 3877 | uvacUfuUfauocususa 4237 | ACCUUGACUUU 2372
AD- asasuaaf Ahd)GuAf asCfsaadAg{Tgnicaa AGAAUAAAGUAC
1964331 | CRCfungacumisgsu 3878 | eouAfcUtuuanuscsu 4238 | CULUGACUUUGU 1 2706
AD- asasgua( Chd)YCuUf asUfsgadAc{Agniaag UAAAGUACCUUG
1964335 | GfAfcunuguucsasu 3879 | ucaAfeGhuacuususa 4239 1 ACUUUGUUCAC 2579
AD- gsusacc{ Uhd)UtsAf asUfsgudGa{Agnicaa AAGUACCUUGAC
1964337 | CfUfuuguucacsasy 38R0 | agnCiaAfosuacsusy 4240 | UUUGUUCACAG 2661
AD- usasceu{ UhdyGfalCf asCleugdTe(Agn)aca AGUACCUUGACU
1964338 | UfUfuguucacasgsu 3881 | aagllfcAfagouascsu 4241 | UUGUUCACAGC 2667
AD- csesung{ Ahd)CRaUf asUfspedTe(Tan)gaa UACCUUGACUUU
1964340 | UtGtuucacagesasu 3882 | caaAfelfcaagosusa 4242 | GUUCACAGCAU 2618
AD- psusgac{ UhdYUfaGf asCleandGe(Tanjpug CCUUGACUUUGU
1964342 | UtUfcacagcansgsn 3883 | aacAfaAfpucaasese 4243 1 UCACAGCAUGU 2615
AD- csusuug{ UhdjUfcAf asCfscudAc{Agniuge GACUUUGUUCAC
1964346 | CfAfocanguagsesy | 3834 | upuGiaAfcaaagsuse 4244  AGCAUGUAGGE | 2707
AD- csascag{Chd)AfuGf asUtscadTe{ Agnjece YUCACAGCAUGU
1964353 | UfAfggeugaugsasu | 3885 | wacAfulsfeugugsasa 4245 | AGGGUGAUGAG | 2790
AD- csasgea{ Uhd)YGTuAf asGfscudCal{Ten)cac CACAGCAUGUAG
1964355 | GiGfeugaugagscsu | 3886 | couAfcAfugongsusg 4246 | GGUGAUGAGCA | 2800
AD- asgscat{ GhdyUtaGf asUtsgedTe{Agniuca ACAGCAUGUAGG
1964356 | GHGtugaugagesasu 3887 | ccelfaClangeusgsy 4247 | GUGAUGAGCAC 2797
AD- csasugu{ AhdyGgGE asAfsgudGe({Tenjcau AGCAUGUAGGGH
1964358 | UfGfauzageacsusy 3888 | cacCfclUfacaugscsu 4248 | GAUGAGCACUC 2817
AD- gaascoa{ Ahd)AfalUf asUfsuadAa{Agnlgea UUGACUAAAAUG
1964388 | GfChngeouuuasasu | 3889 | ecalUfulUfuagucsasa 4249 1 CUGCUUUUAAA | 2609
AD- asasaau(Ghd)ClaGl asUfsgudTa{Tgn)asa CUAAAAUGCUGC
1964392 | Cflifyunaaaacsasy 3890 | agcAfeC{auunusasg 4250 | UUUUAAAACAU 2596
AD- asusgou(Ghd)Callf as{Cfsoad Tg{ Ton AAAUGCUGCUUU
1964365 | UfUfaasacauasgsy 3891 | asaAfpClageaususu 4251 | UAAAACAUAGG | 2349
AD- gscsuge{ UhdyUfulf asUtscedTa{ Tan)guu AUGCUGCUUULUA
1964397 | AfAfaacanagesasa 3892 | uuaAfaAfocagcsasy 4252 | AAACAUAGGAA | 2597
AD- cansgou({Uhd)UfuAf asUfsucdCu{Agnjug UGCUGCUUUUAA
1964398 | AfAfacauaggasasu 3893 | wmmwAfaAfageagsesa | 4253 | AACAUAGGAAA | 2501
AD- usgscun{ Uhd)UfaAf asUtsuudCe{Tenjaug GCUGCUUUUAAA
1664399 | AfAfcauageaasasu 3894 | unulifaAfaagcasssc 4254 + ACAUAGGAAAG | 2582
AD- ususunal Ahd}AfRRCT asUfsaed TutTgn)een GCUUUUAAAACA
1964402 | AfUfagzsaagusasu 3895 ¢ augUtullfuasaasgse 4255  UAGGAAAGUAG [ 2719
AD- asasaca{ Uhd)AfgGf asCfsaudTe{ Tegnlacu UAAAACAUAGGA
1964407 | AfAfaguagaausgsu 3896 | uucCfuAfuguuususa 4256 | AAGUAGAAUGG 2733
AD- psusgag{ Uhd)}GicAf asUfsgedTa{Tgn)ega GGUUGAGUGCAA
1964428 | AfAfuccauagesasu 3897 | wuulfcAfcucaascse 4257 1 AUCCAUAGCAC 271
AD- usgsagu{Ghd)CfaAf asGfsugdCu{Agniug GUUGAGUGCAAA
1964429 | Atllfccauagceasesu 3898 | gauuUfe{facucasase 4258 | UCCAUAGCACA 2669
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AD- asasgan{ AhdjAtaUr asUtsaadCu{Agnjgou ACAAGAUAAAUU
1964449 | UfGfagcuaguusasy 3809 | caalfuUfaucuusgsy 4239 | GAGUUAGUUAA 2587
AD- asgsana{ AhdjAfulf asUfsuadAc{Tgnlagc CAAGAUAAAUUG
1964450 | GfAfecuaguuasase | 3900 | ucaAfulUfuaucususg 4260 | AGCUAGUUAAG | 72641
AD- asasaun{ GhdyAfaCf asUtsgedCu{Tenlaac AUAAAUUGAGCU
1964454 | UfAfouuaagocsasu 3901 | wagClul{asuuusasy 4261 | AGUUAAGGCAA 1 2722
AD- asasuug{ Ahd)yGfcUf asUfsugdCe{Tgnjuaa UAAAUUGAGCUA
1964455 | AfGfunasgpcasasy 3902 ¢ cuafcUtcaanususa 4262 1 GUUAAGGCAAA | 2676
AD- gsasgeu{ AkdYoRullf asUfsgad Tu{Tgn)ece JUGAGCUAGUUA
1964459 | AfAfegcasaucsasu 3903 | uuaAfcUfagcucsass 4203 | AGGCAAAUCAG 2620
AD- csusagu{Uhd}AfaGH asAfsced Tef Agntuuu AGCUAGUUAAGG
1964462 | GfCfasaucaggsusu 3904 | sccllfuAfacuagscsu 4264 | CAAAUCAGGUA | 2788
AD- asgsuua{ AhdyGigCt asUfsuadCe{Tan)gau CUAGUUAAGGCA
1964464 | AfAfaucagguasasu 3905 | uugCicUfuaacusasg 4265 | AAUCAGGUAAA | 2638
AD- asasagg(Chd)AfaAl asAfsoudTo{Agnjocu GUUAAGGCAAAU
1964467 | UfCfagouaaaasasn 3906 | eaulfuGioaiasase 4266 | CAGGUAAAAUA | 2585
AD- asasgac{ AhdjAfalf asUfsaudTu{Tenjacc UUAAGGCAAAUC
1964468 | CfAfosusasausasy 3907 | ugalifulfoccuusasa 4267 | AGGUAAAAUAG | 2628
AD- gsesaaal{ Uhd}CfaGt asGtsacd Ta{ Tenjuuu AGGCAAAUCAGHG
1964471 | GtUfaaaauaguscsu 3908 | accUfgAfoungescsy 4268 | UAAAAUAGUCA | 2695
AD- csasaau{ChdyAfgGl asUfsgadCu{Agriuu GGCAAAUCAGGU
1964477 | UfAfaaauagucsasu 3909 | uuacChuGfauugscse | 4269 | AAAAUAGUCAU 2670
AD- asasauc{ Ahd)GfeUf asAfsugdAc(Tgrjamu GCAAAUCAGGUA
1964473 | AfAtaauagucasusu 3910 | uuaCfcUfzauuusgse 4270 | AAAUAGUCAUG 2697
AD- asuscag{GhdUfaAf asUfscadTef Agnjcua AAAUCAGGUAAA
1964475 | AfAfwasucaugsasu | 3911 | wuUfaClougaususy 4271 | AUAGUCAUGAU | 2647
AD- csasggu{ AhdjAfaAl asAfsandCa{Tgn)gac AUCAGGUAAAAU
1964477 | UfAfoucangaususu | 3912 | vauUfuUfaccugsasy 4272 | AGUCAUGAUUC 2626
AD- asgsgual AhdjAfalf asGisaad Te{Agnuga UCAGGUAAAAUA
1964478 | AfGfucaugauuscsu 3913 | cuallfulfuaccusgsa 4273 1 GUCAUGAUUCY 266{)
AD- gsusaaa{ Ahd}UfaGl asUfsagdAa(Tgnjcan AGGUAAAAUAGU
1964430 | UtCfaugamucosasa 3914 | gacUfalUfuunacscse 4274 { CAUGAUUCUAY 2775
AD- vsasaaa{ Uhd)AfgUt asAtsuadGa{ Agnjuca GGUAAAAUAGUC
16964481 | CfAfuommcuasusy 3915 | ugaCtuAfunnuascse 4275 1 AUGAUUCUAUG | 2765
AD- uscsaug{ AhdyUtulf asUfsacdAu{Tgnjaca AGUCAUGAUUCU
1964489 | UfAfuguaaugusasu | 3916 | wagAfalUfcangascsu 4276 | AUGUAAUGUAA | 72598
AD- csasuga{ UhdyUtcUT asUtsuadCa(Tgruac GUCAUGAUUCUA
1964490 | AfUfsuasuguasasy 3917 | aualGiaAfucangsasc 4277 F UGUAAUGUAAA | 2605
AD- gsaspuc{ UhdyAfulGE asGfsgud Tu{Agnjeau AUGAUUCUAUGH
1964493 | UfAfauguaaacscsu 3918 | nacAfuAfzaaucsasu 4278 | AAUGUAAACCA | 2689
AD- asusgac{ Uhd)UtuUf asCfsucdTe{Tgnjaau UAAUGACUUUUG
1964551 | GfAfauuacagasgsu 3919 | ucaAfaAfoucaususa 4279 | AAUUACAGAGA 2634
AD- gsascuu{ Uhd}UfgAf asAfsucdTe{Tgn)eua AUGACUUUUGAA
1964553 | AfUfuacagagasusu 3920 | anuCfaAfaagucsasu 4280 | UUACAGAGAUA 12716
AD- usasuaa{ UhdYUfaGf asGlsnadTe{Agn)caa GUUAUAAUUAGA
1964578 | AtGfuncugavascsu | 3921 | cucUfaAfunauasasc 4285 | GUUGUGAUACA 2791
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SEQ SEQ SEQ
Duplex | Sense Sequence iD Antisense Sequence | ID mBRNA Target 1))
Name Fwd N (S ¥ N | Sequence B 103 NO:
AD- usasauu{ Ahd)GEaGt asClsugd Tad Tanjeac UAUAAUUAGAGU
1964580 | UfUfsugauacasgsu 3922 | aacUfcUfamniasusa 4282 | UGUGAUACAGA 2786
AD- asasuua{Ghd)AfgUf asUfscudGu{Agnjuca AUAAUUAGAGUU
1964581 | UGfugavacagsasu 3623 | caaCfuCluaauusasy 4283 | GUGAUACAGAG 2685
AD- asusuag{Ahd)GRuUf asChsued Te{Tenjanc UAAUUAGAGUUG
1964582 | GtUfsauvacagasgsy 3924 | acaAfcUfcuaaususa 4284 | UGAUACAGAGU {2714
AD- usasgag{UhdyUfgUf asUfsacd Te(Tanjoua AUUAGAGUUGUG
1964584 | GfAfuacagagusasy 3925 | wealfaAfcucuasasu 4285 | AUACAGAGUAU 2668
AD- gsasgun{Ghd)UfgAf asUfsaudAc({Ten)cug UAGAGUUGUGAU
1964586 | UfAfcazaguausasy 3926 | wauCfaCfaacucsusa 4286 | ACAGAGUAUAL 1 2666
AD- gsusugn{Ghd)AfuAf asAfsaudAuf{Agnicuc GAGUUGUGAUAC
1964388 | CfAfeacuasansusu | 3927 | uguAfuCfacaacsuse 4287 1 AGAGUAUAUUU | 2639
AD- csasunc{ AhdYstaCt asUfsandGal Tgnjana UCCAUUCAGACA
1964610 | AfAfuauancausasu 3928 | uuglifcUlzaangsgsa 4288 | AUAUAUCAUAA | 2550
AD- asusuca{ GhdAfcAL asUfsuad Tg(Agnuau CCAUUCAGACAA
1964611 | AfUfauaucauasase 3929 | anuGtuClugaansgsg 4289 | UAUAUCAUAAC 2555

Fxample 2, fn vitro sereening of CA2 siRNA

Yxperimental Methods

{ell culture ang transfections:

Hep3b or RPE-J cells (ATCC, Manassas, VA) are grown to near confluence at 37°C in an
atmosphere of 5% COn in Eagle’s Minimum Essential Mediro {Gibeo) supplemented with 10%
FBS (ATCC) before being released from the plate by trypsinization.  Transfection is carried out
by adding 14 .8 ul of Opti-MEM plus 0.2 yL of Lipofectamine RNAiMax per well (Invitrogen,
Carlsbad CA. cat # 13778-150) to 5 ub of each siRNA duplex to an individual well in a 96-well
plate. The muxture 1s then incubated at room temperature for 15 minutes. Eighty ul of complete
growth media without antibiotic containing ~2 x10* Hep3B cells is then added to the siRNA
mixture. Cells are incubated for 24 hours prior to RNA purification. Single dose experiments are

performed at 10 oM, 1 nM and 0.1 oM final duplex concentration.

Total RNA isolation using DYNABEADS mRNA Lolation Kit:

Cells are lysed in 75 pl. of Lysis/Binding Buffer containing 3 ub of beads per well and
are mixed for 10 minutes on an electrostatic shaker. The washing steps are automated on a

Biotek EL406, using a magnetic plate support. Beads are washed {in 90 yL) once in Butter A,
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once tn Buffer B, and twice 1o Buffer B, with aspiration steps in between. Following a final

aspiration, complete 10pl RT nuxture 1s added to each well, as described below.

c¢DNA synthesis using ABI High capacity ¢cDNA reverse transcription kit (Apolied
Biosvstems, Foster City, CA, Cat #4368813 %

A master mix of 1yl 10X Bufter, 0.4ul 25X dNTPs, 1 yL Random primers, 0.5 pl.
Reverse Transcriptase, 0.5 ul. RNase inhibitor and 6.6 ub of Ho{) per reaction s added per well.
Plates are sealed, are agitated for 10 minutes on an electrostatic shaker, and then are incubated at

37 degrees C for 2 hours. Following this, the plates are agitated at 80 degrees C for 8 minutes.

Heal time PCR:

Two microliter () of cDNA 15 added to a master wix containing 0.5 yL of human
GAPDH TagMan Probe, 0.5 pl. buman CA2 probe, 2 ul. nuclease-free water and 5 uL.
Lighteycler 480 probe master mix {Roche Cat # 04887301001 per well in a 384 well plate
{Roche cat # 04887301001}, Real time PCR is done in a LightCyclerd80 Real Time PCR system
{(Roche). Each duplex is tested at least two times and data are normalized to cells transfected
with a non-targeting control stRNA. To calculate relative fold change, real time data are
analyzed using the AACt method and are normalized to assays performed with cells transfected

with a non-targeting control siIRNA.

Example 3. Single dose in vitro screening of CA siRNAsg

Cell culture and transfections:

A253 cells or Hela cells were grown to near confluence at 37°C in an atmosphere of 5%
C in Eagle’s Mintmum Essential Medium (Gibeo) supplemented with 10% FBS (ATCC)
before being released from the plate by trypsinization. Transfection was carried out by adding
148 pl. of Opti-MEM plus 0.2 ul of Lipofectamine RNAiMax per well (Invitrogen, Carlsbad
CA. cat # 13778-150) to 5 ul. of cach siRNA duplex to an individual well in a 96-well plate. The
mixture was then incubated at room temperature for 15 minutes. Eighty ub of complete growth
media without antibiotic containing ~1.5 x10% A253 cells was then added to the siRNA mixture.

Cells were incubated for 24 hours prior to RNA purification. A single dose experiment was
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performed at 10 oM final duplex concentration in A253 cells. For Hela cells, a multi~dose

experiment was performed at 0.1 nM, 1 nM, and 10 oM final duplex concentration.

Total RNA isolation using DYNABEADS mENA Isolation Kit:

Cells were lysed in 75 ul. of Lysis/Binding Buffer containing 3 ul. of beads per well and
were mixed for 10 minutes on an electrostatic shaker. The washing steps were automated on a
Biotek EL406, using a magnetic plate support. Beads were washed (in 90 uL) once in Buffer A,
once in Buffer B, and twice in Buffer E, with aspiration steps in between. Following a final

aspiration, complete 10uL RT muxture was added to each well, as described below.

cDNA synthesis using ABI High capacity cDNA reverse transcription kit (Applied
Biosystems, Foster City, CA. Cat #4368813}:
A master mix of 1l 10X Butter, 0.4ul 25X dNTPs, 1 L Random primers, 0.5 yl

Reverse Transcriptase, 0.5 ul RNase inhibitor and 6.6 ub of H20) per reaction was added per
well. Plates were sealed, were agitated for 10 minutes on an electrostatic shaker, and then were
incubated at 37 degrees C for 2 hours. Following this, the plates were agitated at 80 degrees C

for & minutes.

Real time PUCR:

Two microliter (uL) of cDNA was added to a master mix containing 0.5 pL of human
GAPDH TagMan Probe, 0.5 pl. human CAZ probe, 2 pl. nuclease-free water and 5 ul.
Lightcycler 480 probe master mix (Roche Cat # 04887301001} per well in a 384 well plate
{Roche cat # 04887301001} Real time PCR 15 done 1n a LightCycler480 Real Time PCR system
{Roche}. Each duplex was tested at least two times and data were normalized to cells transfected
with a non-targeting control siRNA.  To caleulate relative fold change, real time data were
analyzed using the AACt method and were normalized to assays performed with cells transfected
with a non-targeting control siRNA. The results for A253 cells are shown in Table 11 and the
results for Hela cells are shown 1n Table 12 The results are presented as the pecent message
remaining,

Table 11, CA2 Single Dose Screen in A253 Cells
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%o CA Message % CA Message
Duplex Name Remaining Duplex Name Remaining
Mean S Mean SE
AD-1447598 172 0.47 AD-1561130 | 70.78 1281
AD-1561703 | 6.89 0.25 AD-1561122 | 710 1.78
AD-1561694 | 947 0.96 AD-1561116 1 7.00 1.56
AD-1361686 | 1190 0.80 AD-1561112 1815 314
AD-1561679 1 9405 .73 AD-1561106 | 26.09 6.97
AD-1561651 | 8,50 0.24 AD-1561100 13,10 (.99
AD-1561613 1992 0.47 AD-1561092 1309 0.86
AD-1561601 | 10.70 111 AD-1475424 | 18.12 4.10
AD-1561591 | 882 0.65 AD-1561072 | 28.20 222
AD-1561581 1 817 0.73 AD-1561066 | 647 172
AD-1561370 1 946 i .69 AD-1561036 1 6.94 1.51
AD-1561562 |1 9.92 1.09 AD-1561050 | 5.54 117
AD-1561551 | 6.50 145 AD-1361043 | 2107 1.67
AD-1561542 1924 0.97 AD-1561037 | 953 121
AD-1561534 | 9.59 0.36 AD-1561031 13342 231
AD-1561527 1925 {54 AB-1561015 1738 0.60
AD-156152F 1 837 0.27 AD-1561609 | 1537 180
AD-1561513 1 13.07 i3 AD-1561002 | 5031 2.37
AD-1561504 1 970 0.78 AD-1560996 | 7.63 {153
AD-1561498 13873 1.0 AD-1560980 1 7431 413
AD-1561489 | 10.24 119 AD-1560976 | 5.17 0.44
AD-1561478 | 1018 i1l AD-1560970 | 8§59 3.64
AD-1561471 | 1122 121 AD-1560963 1677 3.46
AD-1561465 | 1501 .09 AD-1560054 12723 541
AD-1561456 | 4043 3.66 AD-1560048 | 2642 0.76
AD-1561450 12474 142 AD-1560941 1644 139
AD-1561444 1 1751 2.01 AD-1360930 12716 6.71
AD-1561433 | 1161 0.78 AD-156092 544 137
AD-1561422 | 3.20 0.63 AD-1560915 1544 1.34
AD-1561414 1 1020 058 AD-1560004 | 89.40 10.68
AD-1561408 | 6.88 .39 AD-1360895 | 3715 2,36
AD-1561402 1858 121 AD-1560892 | 5.67 1.90
AD-1561396 | 20.33 6.80 AD-1360880 | 48.60 776
AD-1561380 | 795 175 AD-1560874 | 1082 127
AD-1561384 | 1534 397 AD-1560862 11492 1.69
AD-156137 16.76 422 AD-1560843 | 33.9% 379
AD-1561366 | 2014 516 AD-1560851 1479 {38
AD-1561360 | 1128 1.52 AD-1560845 | 20.26 2.36
AD-1561349 11047 367 AD-1560837 | 9.58 {1.89
AD-1561342 | 1922 275 AD-1560816 | 1119 0.83
AD-156133 648 235 AD-1560810 | 1058 127
AD-1561327 | 7.80 0.93 AD-1560804 1993 178
AD-1561319 1593 1.03 AD-1560798 11116 131
AD-1561313 1 6.39 0.67 AD-1560792 1 5.26 (.83
AD-1561306 | 6.03 0.49 AD-1560783 1291 0.76
AD-1561300 | 5.62 0.50 AB-1560777 16.73 1.62
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AD-1561284 1377 {38 AD-1560765 13174 345
AD-1361285 1679 0.61 AD-1560759 1 785 2,77
AD-1561279 | 380 (.61 AD-1560752 | 23.53 6.36
AD-1561272 | 568 (.49 AD-1560745 11334 2.85
AD-1561261 1674 1.09 AD-1560735 15363 10.67
AD-1561254 1 5.60 1.23 AD-1560726 1 6.1( 0.45
AD-1561245 1 701 1.68 AD-1560720 | 43.72 14 97
AD-1561239 1615 i .94 AD-1560711 | 6.65 .92
AD-1561231 1636 173 AD-1360701 | 2981 3.54
AD-1561225 1826 1.82 AD-1560693 | 541 {1.94
AD-1561218 | 488 1.54 AD-1560684 | 4.00 .86
AD-1561210 1 3.65 0.76 AD-1560678 1 2006 549
AD-1561203 | 431 0.92 AD-1560672 | 1126 3.35
AD-1561196 1 763 146 AD-1560665 | 1182 2.15
AD-1561190 | 1083 N AD-1560655 | 21 40 318
AD-1561181 1 736 f.12 AD-1560644 | 1835 171
AD-1561175 1223 {149 AD-1560638 | 2736 7.62
AD-1561168 1644 174 AD-1560628 1 2260 5.00
AD-1446763 1 4.73 1.43 AD-1560622 1 40.19 10.35
AD-1561158 1 431 1.24 AD-1560617 | 2141 573
AD-1561152 1 1135 357 AD-1560600 1 1985 256
AD-1561146 1 971 238

Table 12, CAZ Multi-Dose Screen in Hela Cells

Duplex Name _ % CA Message Remaining | __

o 19 nM Mean | 10nMSD | 1 oM Mean | 1 nMSD | 6.1 oM Mean | 6.1 aMSD
AD-1784188.1 7.4 39 0.7 1.5 123 25
AD-1784196 1 13.2 7 158 6.5 322 94
AD-1784204 1 151 48 21 48 374 77
AD-1784211 1 104 32 16.1 37 165 33
AD-1784218.1 6.4 1.6 133 32 214 2.9
AD-1784226.1 238 2 219 43 46 03
AD-1784233.1 15.7 3.2 193 39 346 )
AD-1784241 1 30.4 57 39 5.6 43 9 168
AD-1784240 1 126 3.1 139 4 282 &1
AD-1784256.1 155 33 194 44 238 19
AD-1784263 1 228 54 25 6.5 312 I3
AD-1784271 1 147 44 10.8 1.3 156 2.3
AD-1784189 1 174 43 122 38 259 1
AD-1784107 1 24.4 47 20 6.7 33 35
AD-1784205.1 14 27 222 9.6 401 3 3
AD-1784212 1 234 38 139 2 306 68
AD-1784219 1 131 5.1 12.4 2.4 269 4.1
AD-1784227 1 203 44 151 2.5 289 9.1
AD-1784234 1 22.1 39 24 6 10.6 353 12
AD-1784242.1 38 31 417 8.6 306 77
AD-1784250.1 18.2 3.5 204 8.5 317 26
AD-1784257 1 i3 48 14 4 58 245 99
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AD-1784264 .1 23.5 6.6 22.8 9 30.6 6.1
AD-1784272.1 153 51 13, 71 0.8 )
AD-1784190.1 3.8 3.4 0.5 15 182 43
AD-1784198 1 244 4.1 254 5.1 234 &.2
AD-1955 795 6.1
AD-1784220 1 253 73 253 6.2 48 8 105
AD-1784228 1 202 4.6 16.5 34 318 6.7
AD-1784235.1 23.4 5.9 23.6 3.8 243 2.3
AD-1784243 .1 23 6.9 264 1.6 24.6 39
AD-1784265 1 28.5 94 24.1 2.9 317 24
AD-1784273 1 16.4 5.2 144 i1 316 6.1
AD-1784191 1 9.1 4.9 8.7 2.2 202 1.2
AD-1784169.1 26.6 3.7 18 2.3 44 8 142
AD-1784206.1 253 6.8 30.1 9.6 748 173
AD-1784213 .1 259 9.1 127 15 333 5.4
AD-1784221 1 298 ) 344 7.6 704 143
AD-1784226 1 39.8 5.5 369 3.1 56.2 3.6
AD-1784236.1 20.9 10 24.6 b 388 10.6
AD-1784744 1 22.4 4.9 32.7 10.2 30 5.4
AD-1784251 1 728 136 775 12.6 957 34
AD-178425% 1 216 76 208 13 24 6.7
AD-1784266.1 16.1 3. 256 2.1 194 75
AD-1784274 1 33.4 3 514 14.9 51.8 it.2
AD-1784192 1 153 6 12.7 28 181 4.6
AD-1784260.1 25.1 4.2 22 36 264 I
AD-1784207 1 6.8 8.8 48.1 3.8 98 .4 8.9
AD-1784214.1 42.6 8.9 30.2 174 1206 402
AD-1784222.1 52.6 N 36.4 4.1 83.1 7.5
AD-1784230.1 69.9 5.9 63.4 125 1239 382
AD-1784237 1 20.8 23 26.7 159 503 i3.8
AD-1784245 1 23 3.9 2538 8.6 70.6 199
AD-1784252 1 468 &5 60.2 ie.7 1019 24.6
AD-1784259.1 294 4.6 19.1 3.5 23.1 3
AD-1784267.1 32.3 34 291 45 343 123
AD-1784275 .1 24.9 6.8 38.6 9.8 34.9 05
AD-1784193 1 193 5.2 i 4.1 236 9
AD-1784201 1 323 i.2 223 34 344 33
AD-17R84208 1 £6.4 7.8 63.2 205 906.2 219
AD-1784215 1 52.8 105 36.7 i2.6 72.6 7.7
AD-1784223 1 7.3 256 69.2 175 37 298
AD-1784231.1 298 6.5 279 4.4 321 {33
AD-1784238.1 13.1 i3 259 5.8 379 7.
AD-1784246.1 355 8.8 419 157 383 i0.6
AD-1784253 1 238 5.2 213 26 347 9.7
AD-1784760.1 331 a8 188 6.1 234 6.8
AD-1784268.1 251 3 18.6 7.5 287 132
AD-1784276.1 29.1 2.1 247 7.8 50 104
AD-1784194 1 i8.7 6.1 16.1 3.8 291 9.3
AD-1784202.1 63 4.5 335 5.7 56.6 57
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AD-1784209 .1 19.2 54 16.2 2 257 3
AD-1784216.1 23.4 4.8 19.9 3.4 33.1 8.1
AD-1784224 1 489 3 33 6 387 i1
AD-1784232 1 349 i.9 60.7 124 54.5 i2.2
AD-1784239 1 159 5.5 179 12 219 7.2
AD-1784247 1 15.8 2. 17 4.2 281 3.6
AD-1784254 1 42.5 10.2 394 143 46.6 135
AD-1784261 .1 38.9 6.3 315 116 358 9.1
AD-1784269.1 36.4 8.3 9.6 10.6 404 N
AD-1784277 1 15.5 44 193 8.5 20 8.6
AD-1784195 1 i3.1 3.3 13 5.1 19.6 2.6
AD-17847203 1 43.5 5.4 246 2.3 43.5 i34
AD-1784210.1 18.7 23 17.4 6.4 36.2 3
AD-1784217.1 44 7.8 33.4 10.7 6135 197
AD-1784225.1 499 93 333 171 37 i8.9
AD-1784240.1 25 7.5 214 t1.6 46.1 9
AD-1784248 1 36.8 i 204 4.3 768 12
AD-1784255 1 60.4 i4.7 34.7 211 633 i6.7
AD-1784762 1 13 3 279 8 40 i2
AD-1784270.1 395 i1.6 417 12.3 282 4.8
AD-1784458 1 26.6 i 22.6 7 22.6 7
AD-1784466.1 26 3. 18 4.6 24.1 )
AD-1784474 1 12.5 3 181 5.2 16.5 4
AD-1784481 1 13.8 3.9 17.3 3 252 6
AD-1784488 1 10.2 4.6 14.4 3.8 214 42
AD-1784496 1 247 58 30.6 4 691 4.9
AD-1784503.1 314 4.6 647 18.4 678 103
AD-1784511 .1 17.8 0.7 235 4.8 54 138
AD-1784310.4 39.7 9.7 522 123 56.2 i0.2
AD-1784526.1 37 6.1 48.6 124 512 24
AD-1784533 1 i2 3.5 164 6 382 10
AD-1784541 1 393 i3.2 348 3.8 421 10.2
AD-1784459.1 42.7 i0.2 338.4 34 51 74
AD-1784467.1 i6.9 43 273 45 465 13
AD-1784475 1 i6.9 1.8 14.4 4.8 212 38
AD-1784482 1 24 8 4.6 2938 6.6 59.6 5.2
AD-1784489 1 257 5.1 20.6 3 385 6.4
AD-1784497 1 £6.4 184 67.3 7.6 74 153
AD-1784504 1 3.5 45 251 9.6 243 34
AD-1784512 1 377 0.7 418 10.5 46.7 159
AD-1784520.1 i1l 3.9 225 4.7 28.1 7.2
AD-17843527 1 30.6 9.3 36.9 9.6 454 222
AD-1784334.1 13.9 5.7 204 17 32.5 8.9
AD-1784542 1 222 4.1 13.8 5.1 283 1.9
AD-1784460.1 13.5 13 212 2.6 243 5.6
AD-1784468.1 364 8.5 447 8.5 33.6 137
AD-1784490.1 29.2 96 244 6.3 38.9 55
AD-1784498 | 518 4.2 714 3.6 96.9 35
AD-1784505.1 3 9.6 50.9 39 46.1 35
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AD-1784513.1 574 148 315 88 63 43
AD-1784335.1 42.5 §.8 306.3 3.2 33.9 31
AD-1784543 1 i4 {15 289 4.1 46 .4 4.1
AD-1784461 1 i% 5.7 17.5 54 23 6.2
AD-1784469 1 727 i3.2 65.3 16 449 8.2
AD-1784476 1 299 55 36.7 4.8 34.1 7.2
AD-17844383 1 344 34 329 12.9 714 103
AD-1784491 | 30.9 8.7 445 P13 8.2 i6.1
AD-1784499 132.2 307 91.9 285 Ti4.8 202
AD-1784506.1 51 168 788 2 1089 263
AD-1784314 1 26.4 3.4 338 49 36.9 138
AD-1784521 1 38.5 16 71.2 12.6 9388 i8
AD-1784528 .1 47.6 6.6 36.7 3 69.4 &
AD-1784536.1 749 115 432 94 107.7 318
AD-1784544 1 391 6.3 745 35 63 1 216
AD-1784462.1 191 1.2 221 0.5 254 2.3
AD-1784470.1 35.1 10 454 t17 64.1 111
AD-1784477 1 331 7.8 45.5 73 60.3 6.7
AD-1784484 1 24.3 2. 287 34 359 .8
AD-1784462 1 48.1 i3.1 36.6 12 82.4 104
AD-1784500 1 40.3 6.9 334 I6.8 38.6 i
AD-1784307 1 47.2 135 62.6 205 71.9 131
AD-1784515 1 281 i9 59.6 19.7 36.9 23.1
AD-1784522 1 29.6 4.9 334 0.8 61.1 20.6
AD-1784529 1 98.4 228 88.5 204 64.6 153
AD-1784537 1 2.5 8.2 18.2 6.6 357 5.6
AD-1784545.1 38 iG.1 26 28 383 104
AD-1784463 1 30 153 58 10.4 32.4 6.5
AD-1784471 1 30.4 2.1 478 10.7 303 7.
AD-1784478 1 33.8 8.6 64.9 33 6381 136
AD-1784485 1 238 7. 28.5 85 329 49
AD-1784493 1 345 101 333 P17 484 4.7
AD-1784501.1 7383 203 70.4 28.6 89.6 231
AD-178450%.1 214 38 46 9.5 423 195
AD-1784516.1 314 37 56.3 17.3 76 24.5
AD-1784323 1 40.9 3 60.2 123 701 214
AD-1784530 1 612 188 62.2 10.8 63.8 i83
AD-1784338 1 791 269 73.2 132 738 383
AD-1784546 1 219 7.1 173 7.3 40 13.6
AD-1784464 1 443 3.1 30.6 133 714 it4
AD-1784472.1 26.5 38 w7 8.7 5.5 6.3
AD-1784479 1 26.6 3.9 389 5.4 38.9 169
AD-1784486.1 26.2 8.9 0.3 10.7 47.6 il.2
AD-1784494 1 252 6.6 54.1 16.8 40.7 i0.5
AD-17R84302 1 03.8 155 74.6 204 92.5 6.3
AD-1784509.1 435 6.2 413 I15 60.7 157
AD-1784517.1 29 76 30.4 6.9 489 113
AD-17845724 1 77 231 75 23.6 3.9 268
AD-1784531 .1 43.8 71 38 128 92.8 22.1
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AD-1784539 1 30.5 4 277 22 50 169
AD-1784347 1 253 i.2 2.8 6.8 46.3 ig8
AD-1784465.1 30.6 7.8 45.5 I1.e 46.5 i3.2
AD-1784473 1 274 54 263 73 449 6.6
AD-1784480 .1 47.5 9.9 619 13.8 601 13.6
AD-1784487 1 34 128 373 7.1 455 i3
AD-1784495 1 37 6.7 79.2 222 74.7 6
AD-1784510.1 26.5 6.6 23 4.8 36.1 115
AD-1784518.1 48.2 133 32.2 124 32.7 233
AD-1784525 1 78.7 256 103 34.2 88.9 219
AD-1784332.1 28.3 4.7 324 3.7 33.5 245
AD-1784540.1 1069 215 86.8 21 944 318
AD-1784278.1 15 33 15 85 233 7.1
AD-1784286.1 12.7 4.1 16.3 3.2 247 27
AD-1784294 1 317 29 414 5.9 367 6.6
AD-1784301 .1 60.4 9.6 73.2 [§R 714 3
AD-1784308 1 it 3. 18 32 338 {8
AD-1784316.1 154 4.2 205 33 403 2.7
AD-1784323 1 212 75 36.4 7.3 33.9 6.6
AD-1784331 1 172 74 317 8.2 31 1.3
AD-1784339 1 176 5.3 194 28 8.4 32
AD-1784346.1 13.1 33 13.6 3 234 6.1
AD-1784353 1 12.1 8.1 10.2 3.6 133 32
AD-1784361 1 149 58 12.1 23 245 7.5
AD-1784279 1 12.3 3.6 204 6.3 314 7
AD-1784287 1 478 105 457 11 454 7.3
AD-1784295.1 13.3 4 145 6.5 1535 49
AD-1784302.1 19.3 2.7 205 34 227 6.8
AD-1784300.1 26.9 4.3 6.6 4.2 397 8.7
AD-1784317 1 14.4 7.6 20 3 64.2 6.2
AD-1784324 1 30.4 7.3 53.2 i1 4 2438 6.9
AD-1784332.1 9.6 4.1 23 ) 377 8
AD-1784340.1 298 104 338.4 14 43.4 28.7
AD-1784347 .1 i4.4 4 17.4 3 379 3
AD-1784354 1 284 {14 295 74 319 55
AD-1784362.1 i2.1 8.6 224 10.6 253 i2.1
AD-1784280 1 19.6 6.7 224 3.1 339 i1.5
AD-17R84788 1 26.4 6.3 44 4 8.1 603 i2.2
AD-1784310 1 9.6 57 31.2 128 60.7 i4.6
AD-1784318.1 3 97 148 439 84 4 i0.1
AD-1784325.1 26.7 58 36.3 td 38.3 i2.7
AD-1784333 1 18.6 5.9 357 4.7 381 7.

AD-1784335.1 23.2 6.1 8.6 6.8 0.3 .3
AD-1784363 1 112 5.6 19.2 76 285 47
AD-1784281 1 {5.1 59 16.4 43 234 3.4
AD-1784289.1 53.4 10.1 437 7.6 60.6 i2.1
AD-1784296.1 60.6 10.9 36.5 9.4 85.8 22
AD-1784303 .1 32.% 6.8 38.6 ] 386 4.1
AD-1784311 .1 40.2 4 432 13.1 31.6 8.3
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AD-1784319 .1 28.7 24 265 0.3 50 176
AD-1784326.1 358 $.3 412 3.9 63 1 164
AD-1784334 .1 36 9 552 12.1 46.5 1.9
AD-1784341 1 38.6 2.8 407 3.4 46.2 &3
AD-1784348 1 2 972 282 3 445 7.6
AD-1784356 1 18.1 8.1 23 74 397 6.8
AD-1784364 1 142 6.5 18.3 10.7 36.7 217
AD-1784282 1 20.5 37 247 2 25 4.1
AD-1784290.1 32.9 6.2 34 79 36.1 5
AD-1784297 1 36.2 6.6 523 3.1 50.5 13.6
AD-1784304 1 98.2 93 1018 9.5 1038 i3.7
AD-1784312 1 42.8 2.3 437 9.7 728 15
AD-1784320.1 41.8 43 393 7.5 83.3 8.2
AD-1784327 1 263 2.8 329 6.2 398 49
AD-1784335.1 21.6 2 48.9 9.4 46.4 11.9
AD-1784342 1 24.9 94 363 6.1 344 84
AD-1784340 1 19.7 7.5 225 35 358 7.1
AD-1784357 1 i7 4.8 3] 8.8 317 4.1
AD-1784365 1 312 1.9 394 3.9 38.6 55
AD-1784283 1 257 4.6 274 10.2 22.1 6.4
AD-1784291 1 243 5.1 196 74 3435 102
AD-17842098 1 23.1 6.2 296 117 272 4.1
AD-1784305 1 288 7.3 232 2.8 278 3.7
AD-1784313 1 349 78 319 74 431 6.1
AD-1784321 1 3 94 38.2 2.6 354 8.6
AD-1784328 1 40.5 9.9 30.2 8.3 60.2 111
AD-1784336.1 20 38 36 3.3 337 93
AD-1784343 1 207 1.8 304 9.1 518 74
AD-1784350.1 17.4 5.9 344 7.8 34.8 92
AD-1784358 1 20.2 3! 192 1.7 428 i1
AD-1784366.1 20.4 0.9 19.2 4.6 38 133
AD-1784284 1 332 a7 32 11 335 0.6
AD-1784262 1 237 6.8 317 6.1 38.5 126
AD-1784299 .1 304 6.8 349 104 36.9 1.9
AD-1784306.1 34.2 8.5 433 8.1 329 6.4
AD-1784314 1 46.2 115 37.7 7.7 54.5 3.2
AD-1784322 1 43 97 334 10 949 20.4
AD-1784329 1 15.8 6.1 30.4 10.4 398 it8
AD-1784337 1 293 78 42.1 10.5 46.3 i59
AD-1784344 1 454 i5.2 333 13 30.7 223
AD-1784351 .1 20.5 {04 8.2 8.4 47.8 i2.7
AD-1784359 1 14.2 3 42.2 12.6 33. 4.8
AD-1784367.1 16.3 7.9 5.2 9 274 5.7
AD-1784285 1 24 3.7 19.1 15 215 3
AD-1784763 1 26.2 54 213 3 {3 3.7
AD-1784300.1 243 6.9 38.7 b 36.8 7.1
AD-1784307.1 32.9 8.2 325 8.6 443 10.1
AD-1784315.1 25 2.1 64 .4 10.2 692 18.3
AD-1784330.1 2738 8.9 35.1 27 457 1.2
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AD-1784338 .1 244 108 36 7.2 495 138
AD-1784345.1 23.7 9.6 453 10.6 64,7 19
AD-1784352 1 16.5 7.1 265 7.6 46.6 124
AD-1784360 1 234 i.2 66.1 (4.9 66.1 21
AD-1784368 1 8.6 2.2 12.6 36 215 2.2
AD-1784384 1 145 54 373 9.3 34 i
AD-1784361 1 162 1.8 246 3.6 22.9 4.1
AD-1784398 | i8.9 4.3 18.8 23 8.4 2.1
AD-1784406.1 36.4 9.8 45 I8.6 382 7.6
AD-1784413 1 23 33 16 3 364 79
AD-1784421.1 22.8 3 161 3.: 25 1.9
AD-1784429 1 16.9 34 18.1 3 34 69
AD-1784436.1 13.5 6.2 33.1 3.6 325 94
AD-1784443 1 22 e 289 6.6 30.3 115
AD-1784451 1 16.9 72 193 3.7 214 4.2
AD-1784369 | i3 ¥ 12.4 1.8 22.6 2.3
AD-1784377 1 325 23 33.4 3 33. 94
AD-1784385 1 256 3.2 651 208 413 113
AD-1784362 1 20.2 4.1 392 1§ 433 188
AD-1784369 1 30.8 9.1 312 3.3 189 49
AD-1784407 1 35.6 956 35.1 28 313 46
AD-1784414 .1 355 78 307 35 34 3
AD-1784422. 10.8 i4 17.8 3.2 218 g1
AD-1784430 1 13.3 3.5 212 75 212 49
AD-1784437 1 253 2.4 378 3.8 354 8.3
AD-1784444 1 112 5.6 183 3 154 35
AD-1784452.1 10.7 49 12.4 6.2 225 82
AD-1784370.1 24.4 6.4 243 3.1 347 1§
AD-1784378 1 14.2 57 419 131 327 77
AD-1784400.1 35.7 123 374 16.5 66.6 14
AD-1784408 1 81.7 2138 83 182 46.2 1.5
AD-1784415 1 748 153 749 184 39 12.7
AD-1784423 1 301 3 30.7 4.7 43.6 6.3
AD-1784445 1 25.5 27 395 1§ 5! 393 i0.9
AD-1784453 1 312 6.5 26.4 t1.6 17.6 7
AD-1784371 .1 24.2 i9 25.7 7.1 364 5
AD-1784379 1 32.9 3 60 13 39.7 i2.1
AD-1784386.1 327 2. 54.2 157 487 Z1.5
AD-17843093 | 338 3.6 46.8 156 348 7.6
AD-1784401 1 513 i5.2 63.4 282 454 7
AD-1784400.1 72.2 §.5 9.6 20.1 34.6 128
AD-1784416.1 42.4 12.3 55.9 16.2 489 2.7
AD-1784424 1 22.9 7.1 49.6 213 04 i04
AD-1784431 1 20.1 3.5 363 6.3 521 0.2
AD-1784438 1 34.1 a1 36.0 93 397 8.4
AD-1784446.1 43 4 8.7 63.9 10.2 38 242
AD-1784454 1 33.2 b2 225 33 33.8 116
AD-1784372.1 22.8 37 294 6.7 242 32
AD-1784380.1 53.5 184 80.5 9.8 70.8 138
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AD-1784387 1 28.5 54 33.4 274 51 19
AD-1784394.1 34 59 RS 245 70.6 8.4
AD-1784402 1 437 3 65.4 16.2 428 i47
AD-1784410 1 779 i2.3 i06.6 26.1 32.8 73
AD-1784417 1 2572 6.8 454 T4 533 124
AD-1784425 1 304 9 40.5 12 393 8.8
AD-1784432 1 63 174 64 193 70.6 132
AD-1784439 | 37.6 9.1 46.9 152 44.7 12.9
AD-1784447 1 2.4 8.1 0.5 191 447 2.2
AD-1784455 1 427 116 60.9 3. 759 i2.2
AD-1784373 1 157 5.9 37.1 137 40.8 47
AD-1784381 1 47.1 i2.4 1069 9.6 714 97
AD-1784388.1 32.2 5.6 38.4 8.6 279 8.8
AD-1784395 1 31 8.3 6872 8.8 327 9.3
AD-1784403 .1 272 108 &% 135 40.6 6.6
AD-1784411.1 278 3.2 473 3.6 48.6 7.

AD-1784418 1 226 .5 62.9 3.9 687 231
AD-1784426 1 26.4 8 373 9.8 337 9.7
AD-1784433. 7.9 22 76.7 283 35 13.4
AD-1784440.1 285 8.3 36.7 I17 437 129
AD-1784448% 1 74 3 432 I6.8 62.6 217
AD-17844356.1 13 0.8 358 5.3 25 7
AD-1784382 1 26 7.1 57.6 7 45 1 114
AD-1784389 1 29.6 3 64.5 I3 359 24
AD-1784396 1 336 8.3 733 131 46.8 7.8
AD-1784404 1 283 5.6 457 10.2 381 10.2
AD-1784412.1 469 16.2 071 122 799 i6.7
AD-1784419 1 20.5 54 58 5.9 36.9 76
AD-1784427 1 55.7 131 36.5 5.6 67.5 i3
AD-1784434 1 378 0 41 13.1 45 1 44
AD-1784441 1 04.6 22 1063 i85 79.5 237
AD-1784449 1 18.9 34 338 5.4 35.6 4
AD-1784457.1 248 0.7 39.5 16.5 34.1 10.8
AD-1784375.1 234 i0.5 32 1.7 458 112
AD-1784383 1 23.3 37 427 18.5 54 i2.9
AD-1784390.1 30.9 6.4 72.2 22.6 50 i6.2
AD-1784397 1 254 47 33.6 95 301 6.1
AD-1784405 1 65.2 19 143.6 509 P10.5 384
AD-1784420 1 224 3.6 258 6.2 322 112
AD-1784428 1 22.1 22 339 13,1 345 23
AD-1784435.1 26.4 {1 81.9 10.3 434 0.5
AD-1784442 1 23.9 71 46.6 13.4 40.5 13.5
AD-1784450.1 20 0.8 46.5 2 473 14.6

CAZ Sequences

SEQ ID KO:1
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>NM 0000€7.3 Homo gapiens carbonic anhydrasge 2
WRNA

transcript variant 1,

ACACAGTGCAGGCGCCCAAGLCGLCGLCGCCAGAT CGGTGCCCGATTCCTGCCCTGOCCCEGACCECCAGLGCGACCAT
GTCCCATCACTGGGEEETACGGCARACACARCGE WvT(”\G CACTGGEATI »Z\a(::i’\“"’TCCCV’\”"’GCCZ\A GGGAGAGC
GCCAGTCCCCTGTTGACAT CGACACTCATACAGCCAAGTATGACCCTTCCCTGAAGCCCCTGTCTGTTTCCTATGAT

CAAGCAACTTCCCTGAGGATCCTCAACARTGGTCATGC "l‘(LZl \CGTGGAGTTTGATGACTCTCAGCGACARAGCAGT
GCTCAAGGGAGGACCCCTGGATGECACTTACA AGTTTCA (‘T“"""‘Lﬁ(,"“Cr.‘.’jG TCACTTGATGGACJ A
GTTCR (:'A\:rt"?\TAC TGTGEEAT

e 7 NI IO TR e alatalel
TTTGGGAAAGCTGTGCAGCAACCTGATGGACTGECCGETT
a0

Lsfz\ CGGEE

CCTTCACAA \GTTGCTTGATGETGCTGGATTCCATTA ./“&A CAAAGGGCAAGAGT GCTGACTTCACTAACTTCGATCCTC
TGGECCTCCTTCCTGAATCCTTGGATTACTGGAC CCAGGCTCACTGACCACCCCTCCTCTTICT GG/—;H“'"G' GTG

ACCTGGATTGTECTCAAGGAACCCATCAGCET ‘CAGCAC CGAGCAGGTGTTGAAATTCCGTAAACTTAACTTCAATGG
GGAGGGTGAACCCGAAGAACTGATGGT GGACAALTGGCGCCCAGT TC!\GCCAL TGAAGAACAGGCAAATCAAAGCTT
CCTTCAAATAAGATGGTCCCATAGTCTGTATCCARATAATGAATCTTCGEGTGTTTCCCTTTAGCTAAGCACAGATC

TACCTTGETGATTTGGACCCTEETTGCTTTGTGT CTAGTTTTCTAGACCCTTCATCTCTTACTTGATAGACTTACTA

ATAAAATGETGARGACTAGACCAATTGT CATGCTTCACACAACT GCTGTGECTGETTGETG ‘”’"""’G’l"l"“"f‘3G'T’AC"" A
GITTTTCTGTARCACAGAATATAGCGATAAGAAATAAGAATARAGTACCTTCACTTTGTT CACAGCAT CTAGGETGAT
GAGCACTCACAATTGTTCGACTAAAATCCTGOTTTTAAAACATAGGAAAGTAGAAT GGTTGAGT \-r??\ ATCCATAGCA
CAAGATAAATTGAGCTAGTTAAGGCAARATCAGGTAAAATAGTCATGATTCTATGTAATCTAAACCAGARAAAATAAR
TETTCATGATTTCAAGATGTTATATTAAAGAAAAACT TTAARART TAT TATATATTTATAGCAAAGTTATCTTAAR

ATCGAATTCTCTTGTARTTTAATGACTTTTGAAT TACAGAGATATAANTGAAGTATTATCTGTAAARATTGTTATAS
TAGAGTTGTGATACAGAGCTATATTTCCATTCAGACAATATATCATAACTTAATAAATATTGTATTTTAGATATATTC
TCTAATAARAATTCAGAATTCTA

2]
3]
O
—
)
/-«
(\)

\V4
"
3
{1
s
"
D

rse complement of SEQ ID NO:i

TAGAATTCTGAATTTTATTACGAGAATATATCTANAATACAATATTTATTAAGT TATGATATATTGTCTGAATEGAAR

TATACTCTGTATCACAACTCTAATT AATTTTTACAGATAATACTTCATTTATATCTCTGTAATTCAAAAGTC
Z\

ATTAAATTACAACAGAATTCATAT ACTTTGCTATAAATATATAATAATTTTTAAAGTTTTTCTTTAATA

1

PO BT TP ACATTACATAGART CATGACTATTTTACCTGA
T AT GOAT T TGO ACTCAAC C AT T O T AC T T T CCT AT CT T T T AAAAGC AGCATTT

SaTi e Ser A Y AL 5 _'_
TAGTCAACAATTGTCAGTGCT CATCACCCTACATGCT GTGAACARAGT CAAGGTACTTTATTCTTATTTCTTATCCY
ATATTCTGETGTTACAGAAAAACTACTACCATARACAAAGCACCAACCAGCCACAGCAGTTGTETCAAGCATGACAAT

TGGETCTAGTCTTCACATTTTATTAGTAAGTCTATCAAGTAAGAGAT GAAGGGT CTAGAAAACTAGACACAAAGCAAC

CAGGGTCCAAATCACCAAGGTAGATCTETGUTTAGCTAAAGGGARACACCOGAAGATTOATTAT TT GEATACAGACT
ATGEEACCATCTTATTTGARGGAAGCTTTGATT TGO TGTTCT TCAGTGECTGAGCT GEECGOCAGTTETCCACCAT

AGTTCTTCGGETTCACCCTCCCOATTGAACTTAAGT TTACGGAATT CACCTGCTCGCTGOTGACGCTGATEE
GITOCTTGAGE TCCAGGTCACACAT TCCAGARGAGGAGEEETGET CABT GAGCCT BGCTAGET COAGTAATCO

My
Lo

AAGCATTCAGGAAGGAGGCCACCAGGAT CGAAGTTAGT CAAGTCAGCACTCTTGCCCTTTGTTTTAATGGAATCCAG
CACATCAACAACTTTCTGAAGGCCCGETTTAGCGCTGCCAACCTTCARAAAAATACCTAGAACGGCCAGTCCATCAG
GTTGCTGCACAGCT ! 'GTTCCAGTGAACCAAGTCAAGTTCTGCAGCATATTTCTTT
TTATCCACAGTATGCICTGAACCTTGCTCCATCAAGTGAACCCCAGT GAAAGTGAAACTGAAT CAATCTGTAAGTGCC
ATCCAGGGGTCCTCCOTTGAGCACT GCTTTCT CCTGAGAGT CATCAAACT CCACGTTGAAAGCATGACCATTGTTGA
GGATCCTCAGGGAAGTTGCTTCGATCATAGGAAACAGACAGGGGETTCAGGGAAGGEGT CATACTTGGCT GTATGAGT G
TCGATGTCAACAGGEGACTGGCECTCTCCCTTGGCAAT GGGCAAGT CCTTATGCCAGTGUT CAGGTCCETTETGTTT
GCCOTACCCCCACTEGATGGGACATGETCOGCECTEECOETCEEEECAGGGTAGGAAT CGECACCEATCTEGCEECEEC
GGCTTGGECGLCTGCACT!Y

L
~
I
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WE CLAIM:

1. A double stranded ribonucleic acid (dsRNA} agent for inhibiting expression of Carbonic
anhydrase 2 (CAZ2), wherein the dsRNA agent comprises a sense strand and an antisense strand
forming a double stranded region, wherein the antisense strand comprises a nucleotide sequence
comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one of the
antisense sequences listed 1o any one of Tables 3-10, and wherein the sense strand comprises a
nucleotide sequence comprising at least 15 contiguous nuclectides, with €, 1, 2, or 3 mismatches,
from a sense sequence bisted in any oue of Tables 3-10 that corresponds to the antisense

sequence and wherein the dsRNA agent comprises at least one modified nuclectide.

2. The dsRNA agent of claim 1, wherein at least one of the sense strand and the antisense

strand is conjugated to one or more lipophilic moieties.

3 The dsRNA agent of claim 2, wherein the lipophilic motety is conjugated via a linker or
carriet,
4. The dsRNA agent of claim 2 or 3, wherein one or more lipophilic moieties are conjugated

to one or more internal positions on at least one strand.
5. The dsRNA agent of claim 4, wherein the one or more lipophilic moieties are conjugated

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

6. The dsRNA agent of any one of claims 2-5, wherein the lipophilic motety is an aliphatic,
alicyclic, or polyalicyclic compound.
7. The dsRNA agent of claim 6, wherein the lipophilic motety contains a saturated or

unsaturated C16 hydrocarbon chain.
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g. The dsRNA agent of any one of claims 2-7, wherein the lipophilic moiety is conjugated
via g carrier that replaces one or more nuclectide(s) in the internal position{s) or the double

stranded region.

9. The dsRNA agent of any one of claims 2-7, wherein the lipophilic mojety 18 conjugated
to the double-stranded iRNA agent via a linker containing an ether, thioether, urea, carbonate,
amine, amide, maleimide-thioether, disulfide, phosphodiester, sulfonamide hinkage, a product of

a chick reaction, or carbamate.

10, The double-stranded iIRNA agent of any one of claims 2-8, wherein the lipophilic moisty

is conjugated to a nucleobase, sugar moiety, or internucleosidic linkage.

11, The dsRNA agent of any of the preceding claims, wherein no more than five of the sense
strand nucleotides and not more than five of the nucleotides of the antisense strand are

unmodified nucleotides.

12, The dsRNA agent of any of the preceding claims, wherein all of the nucleotides of the

sense strand and all of the nucleotides of the antisense strand coraprise a modification.

13, The dsRNA agent of any of the preceding claims, wherein at least one of the modified
mnucleotides 13 selected from the group consisting of 4 deoxy-nucleotide, a 3 -terminal
deoxythimidine {dT} nucleotide, a 2'-C-methyl modified nuclectide, a 2'-fluoro modified
nucleotide, a 2'-deoxy~-modified nucleotide, a locked nucleotide, an unlocked nucleotide, a
conformationally restricted nuclectide, a constrained ethyl nucleotide, an abasic nucleotide, a 2'-
amino-modified nucleotide, a 2°-0-allyl-modified nucleotide, 27-C-alkyl-modified nucleotide, a
2’ -methoxyethyl modified nucleotide, a 2°-O-alkyl-modified nucleotide, a maorpholing
nuclectide, a phosphoramidate, a non-natural base comprising nucleotide, a tetrabydropyran
modified nucleotide, a 1,5-anhydrohexitol modified nucleotide, a cyclobhexenyl modified
nucleotide, a nuclectide comprising a phosphorothicate group, a nucleotide comprising a

methylphosphonate group, a nucleotide corprising a 5'-phosphate, a nucleotide comprising a 5'-
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phosphate mimic, a glycol modified nucleotide, and a 2-0-(N-methylacetamide) modified

nuclieotide; and combinations thereof.

14, The dsRNA agent of any of the preceding claims, wherein at least one strand comprises a

3 overhang of at least 2 nucleotides.

1S, The dsRNA agent of any of the preceding clairns, wherein the double stranded region 13

15-30 nucleotide pairs in length.

16, The dsRNA agent of claim 15, wherein the double stranded region 15 17-23 nuclectide

pairs in length.
17, The dsRNA agent of any of the preceding claims, wherein each strand has 19-3¢
nucleotides.

18, The dsRNA agent of any of the preceding claims, wherein the agent comprises at least

one phosphorothicate or methylphosphonate internucleotide linkage.

19, The dsRNA agent of any one of claims 2-18, further comprising a targeting ligand, e g,

a ligand that targets an ocular tissue.
20. The dsRNA agent of claim 19, wherein the ocular tissue is ciltary epithelium, an optic
nerve, a trabecular meshwork, a juxtacanalicular fissue, a ganglion {e.g., including a retinal

ganglion), episcleral veins or a Schlemm’s canal {e.g., including an endothelial cell).

21, The dsRNA agent of any one of the preceding claims, further comprising a phosphate or

phosphate mimic at the S7-end of the antisense strand.

The dsRNA agent of claim 21, wherein the phosphate mimic is a §”-vinyl phosphonate

B2

o
=
g

oy
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23, The dsRNA of anv one of claims 1-22 wherein the dsRNA agent targets a hotspot region

of an mRNA encoding CAZ.

24, A dsRNA agent that targets a hotspot region of a Carbonic anhvdrase 2 {CA2) mRNA.

25 A cell containing the dsRNA agent of any one of claims 1-24.

26. A pharmaceutical composition for inhibiting expression of a CAZ, comprising the dsRNA

agent of any one of claims 1-24 and a pharmaceutically acceptable buffer.

27, A method of inhibiting expression of CAZ in a cell, the method comprising:

a. contacting the cell with the dsRNA agent of any one of claims 1-24, ora
pharmaceutical composition of claim 26; and

b. maintaining the cell produced tu step (a) for a time sufficient to reduce levels of
CA2 mRNA, CAZ protein, or both of CA2 mRNA and protein, thereby inhibiting expression of

A2 in the cell,

28, The method of claim 27, wherein the cell is within a subject.

29, The method of claim 28, wherein the subject 1s 2 human.

30, The method of claim 29, wherein the subject has been diagnosed with a CAZ-associated

disorder.
31, A method of treating a subject diagnosed with a CA2-associated disorder comprising
administering to the subject a therapeutically effective amount of the dsRNA agent of any one of

claims 1-24 or a pharmaceutical composition of claim 26, thereby treating the disorder,

32, 'The method of claim 31, wherein the CAZ-associated disorder is glaucoma.
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33, The method of clatm 31 or 32, wherein treating comprises amelioration of at least one

sign or symptom of the disorder.

34, The method of any one of claims 31-33, wherein the treating comprises one or more of
{a) iohibtting or reducing tntraocular pressure; (b inhibiting or reducing the expression or
activity of CA2; (¢} decreasing the amount of aquecus humor; {d} inhibiting or reducing optic
nerve damage; (e) inhibiting or reducing retinal ganghion cell death; (f) medication to reduce

intraccular pressure; (g} laser treatment; (h} surgery; (1} or trabeculectomy.

35, The method of any one of claims 24-34, wherein the dsRNA agent is admimistered to the

subject intraocularly, intravenously, or topically.

36.  The method of claim 35, wherein the intraocular administration comprises intravitreal
administration {e.g., intravitreal injection}, transscleral administration (e.g., transscleral
injection), subconjunctival administration {e.g., subconjunctival injection}, retrobulbar
administration {e.¢., retrobulbar injection), intracameral administration {(e.g., intracameral

injection}, or subretinal administration {(e.g., subretinal injection).

37.  The method of any one of claims 24-36, further comprising administering to the subject
an additional agent or therapy comprising one or more of a prostaglandin analog, a beta blocker,
an alpha-adrenergic agonist, a carbonic anhydrase inhibitor, or an anti-CAZ2 agent sutiable for

treatment or prevention of a CAZ-associated disorder.
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