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COMPOSITIONS FOR TREATMENT OF CONDITIONS AND DISEASES
ASSOCIATED WITH POLYCYSTIN EXPRESSION

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 63/145,288, filed

February 3, 2021, which is incorporated herein by reference in its entirety.

BACKGROUND
[0002] Alternative splicing events in genes can lead to non-productive mRNA transcripts which
in turn can lead to aberrant protein expression, and therapeutic agents which can target the
alternative splicing events in genes can modulate the expression level of functional proteins in
patients and/or inhibit aberrant protein expression. Such therapeutic agents can be used to treat a

condition or disease caused by protein deficiency.

SUMMARY
[0003] Described herein, in certain embodiments, is a method of modulating expression of a
target protein in a cell having a pre-mRNA that is transcribed from a target gene and that
comprises a non-sense mediated RNA decay-inducing exon (NMD exon), the method
comprising: contacting an agent or a vector encoding the agent to the cell, whereby the agent
modulates splicing of the NMD exon from the pre-mRNA, thereby modulating the level of a
processed mRNA that is processed from the pre-mRNA, and modulating the expression of the
target protein in the cell, wherein the target protein is encoded by a PKD?2 gene.
[0004] Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof by modulating
expression of a target protein in a cell of the subject, comprising: contacting an agent or a vector
encoding the agent to the cell of the subject, whereby the agent modulates splicing of a non-
sense mediated mRNA decay-inducing exon (NMD exon) from a pre-mRNA that is transcribed
from a target gene and that comprises the NMD exon, thereby modulating the level of a
processed mRNA that is processed from the pre-mRNA, and modulating the expression of the
target protein in the cell of the subject, wherein the target protein encoded by a PKD2 gene.
[0005] In some embodiments, the target protein is polycystin 2.
[0006] In some embodiments, the disease or condition is a disease or condition associated with a
deficiency in amount or activity of polycystin 2. In some embodiments, the disease or condition

is a disease or condition associated with a deficiency in amount or activity of polycystin 1.
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[0007] In some embodiments, the disease or condition is a disease or condition associated with a
deficiency in amount or activity of a protein that polycystin 2 functionally augments,
compensates for, replaces, or functionally interacts with.

[0008] In some embodiments, the agent: (a) binds to a targeted portion of the pre-mRNA; (b)
modulates binding of a factor involved in splicing of the NMD exon; or (¢) a combination of (a)
and (b).

[0009] In some embodiments, the agent interferes with binding of the factor involved in splicing
of the NMD exon to a region of the targeted portion.

[0010] In some embodiments, the targeted portion of the pre-mRNA is proximal to the NMD
exon.

[0011] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides upstream of the 5’ end of the NMD exon.

[0012] In some embodiments, the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20
nucleotides, about 10 nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides,
about 1 nucleotides upstream of the 5’ end of the NMD exon.

[0013] In some embodiments, the targeted portion of the pre-mRNA 1s at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides downstream of the 3’ end of the NMD exon.

[0014] In some embodiments, the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20
nucleotides, about 10 nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides,

about 1 nucleotides downstream of the 3° end of the NMD exon.
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[0015] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides upstream of genomic site of GRCh38/ hg38: chr4:88031085.
[0016] In some embodiments, the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20
nucleotides, about 10 nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides,
about 1 nucleotides upstream of genomic site of GRCh38/ hg38: chr4:88031085.

[0017] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides downstream of genomic site of GRCh38/ hg38:
chr4:88031140.

[0018] In some embodiments, the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20
nucleotides, about 10 nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides,
about 1 nucleotides downstream of genomic site of GRCh38/ hg38: chr4:88031140.

[0019] In some embodiments, the targeted portion of the pre-mRNA is located in an intronic
region between two canonical exonic regions of the pre-mRNA, and wherein the intronic region
contains the NMD exon.

[0020] In some embodiments, the targeted portion of the pre-mRNA at least partially overlaps
with the NMD exon.

[0021] In some embodiments, the targeted portion of the pre-mRNA at least partially overlaps
with an intron upstream or downstream of the NMD exon.

[0022] In some embodiments, the targeted portion of the pre-mRNA comprises 5° NMD exon—
intron junction or 3> NMD exon-intron junction.

[0023] In some embodiments, the targeted portion of the pre-mRNA is within the NMD exon.
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[0024] In some embodiments, the targeted portion of the pre-mRNA comprises about 5, 6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or more
consecutive nucleotides of the NMD exon.

[0025] In some embodiments, the NMD exon comprises a sequence with at least 80%, at least
90%, or 100% sequence identity to a sequence selected from the group consisting of the
sequences listed in Table 2.

[0026] In some embodiments, the NMD exon comprises a sequence selected from the group
consisting of the sequences listed in Table 2.

[0027] In some embodiments, the pre-mRNA comprises a sequence with at least about 80%,
85%, 90%, 95%, 97%, or 100% sequence identity to a sequence selected from the group
consisting of the sequences listed in Table 2 or Table 3.

[0028] In some embodiments, the pre-mRNA is encoded by a genetic sequence with at least
about 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to a sequence selected from the
group consisting of the sequences listed in Table 2 or Table 3.

[0029] In some embodiments, the targeted portion of the pre-mRNA comprises a sequence with
at least 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to a region comprising at least 8
contiguous nucleic acids of a sequence selected from the group consisting of the sequences
listed in Table 2 or Table 3.

[0030] In some embodiments, the agent is an antisense oligomer (ASO) and wherein the ASO
comprises a sequence that is at least about 80%, 85%, 90%, 95%, 97%, or 100% sequence
identity to at least 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 or 18 contiguous nucleic acids of a
sequence selected from the group consisting of the sequences listed in Table 4.

[0031] In some embodiments, the targeted portion of the pre-mRNA is within the non-sense
mediated RNA decay-inducing exon GRCh38/ hg38: chr4:88031085-88031140.

[0032] In some embodiments, the targeted portion of the pre-mRNA is upstream or downstream
of the non-sense mediated RNA decay-inducing exon GRCh38/ hg38: chr4:88031085-
88031140.

[0033] In some embodiments, the targeted portion of the pre-mRNA comprises an exon-intron
junction of the non-sense mediated RNA decay-inducing exon GRCh38/ hg38: chr4:88031085
88031140.

[0034] In some embodiments, the polycystin 2 expressed from the processed mRNA is full-
length polycystin 2 or wild-type polycystin 2.

[0035] In some embodiments, the polycystin 2 expressed from the processed mRNA is at least

partially functional as compared to wild-type polycystin 2.
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[0036] In some embodiments, the polycystin 2 expressed from the processed mRNA is at least
partially functional as compared to full-length wild-type polycystin 2.

[0037] In some embodiments, the agent promotes exclusion of the NMD exon from the pre-
mRNA, thereby modulating the level of a processed mRNA that is processed from the pre-
mRNA and that lacks the NMD exon.

[0038] In some embodiments, the exclusion of the NMD exon from the pre-mRNA in the cell
contacted with the agent is increased by about 1.1 to about 10-fold, about 1.5 to about 10-fold,
about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-
fold, about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to
about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to
about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to
about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to
about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about
2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold,
or at least about 10-fold, compared to exclusion of the NMD exon from the pre-mRNA in a
control cell.

[0039] In some embodiments, the method results in an increase in the level of the processed
mRNA in the cell.

[0040] In some embodiments, the level of the processed mRNA in the cell contacted with the
agent is increased by about 1.1 to about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-
fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to
about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold,
about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold,
about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold,
about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold,
at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at
least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at least
about 10-fold, compared to a level of the processed mRNA in a control cell.

[0041] In some embodiments, the agent increases the expression of the target protein in the cell.
[0042] In some embodiments, a level of the target protein is increased by about 1.1 to about 10-
fold, about 1.5 to about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to
about 10-fold, about 1.1 to about 5-fold, about 1.1 to about 6-fold, about 1.1 to about 7-fold,
about 1.1 to about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-
fold, about 2 to about 7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-
fold, about 3 to about 7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to about 7-
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fold, about 4 to about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least about 1.5-
fold, at least about 2-fold, at least about 2.5-fold, at least about 3-fold, at least about 3.5-fold, at
least about 4-fold, at least about 5-fold, or at least about 10-fold, compared to a level of the
target protein produced in a control cell.

[0043] In some embodiments, a processed mRNA containing the NMD exon comprises a
premature termination codon (PTC). In some embodiments, the premature termination codon
(PTC) is downstream of the NMD exon. In some embodiments, the NMD exon comprises a
premature termination codon (PTC).

[0044] In some embodiments, the disease or condition is associated with a loss-of-function
mutation in the target gene or the target protein.

[0045] In some embodiments, the disease or condition is associated with haploinsufficiency of
the target gene, and wherein the subject has a first allele encoding functional polycystin 2, and a
second allele from which polycystin 2 is not produced or produced at a reduced level, or a
second allele encoding nonfunctional polycystin 2 or partially functional polycystin 2.

[0046] In some embodiments, one or both alleles are hypomorphs or partially functional.
[0047] In some embodiments, the disease or condition is selected from the group consisting of:
polycystic kidney disease with or without polycystic liver disease, autosomal dominant
polycystic kidney disease, and intracranial aneurysm.

[0048] In some embodiments, the disease or condition is associated with a mutation of a PKD/
or PKD2 gene, wherein the subject has a first allele encoding from which: (i) the target protein
is not produced or produced at a reduced level compared to a wild-type allele; or (ii) the target
protein produced is nonfunctional or partially functional compared to a wild-type allele, and a
second allele from which: (iii) the target protein is produced at a reduced level compared to a
wild-type allele and the target protein produced is at least partially functional compared to a
wild-type allele; or (iv) the target protein produced is partially functional compared to a wild-
type allele.

[0049] In some embodiments, the disease or condition is selected from the group consisting of’
polycystic kidney disease with or without polycystic liver disease, autosomal dominant
polycystic kidney disease, and intracranial aneurysm.

[0050] In some embodiments, the mutation is a hypomorphic mutation.

[0051] In some embodiments, the agent promotes exclusion of the NMD exon from the pre-
mRNA, thereby modulating the level of a processed mRNA that is processed from the pre-
mRNA and that lacks the NMD exon and increases the expression of the target protein in the

cell.
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[0052] In some embodiments, the agent is an antisense oligomer (ASQO) and wherein the
antisense oligomer comprises a backbone modification comprising a phosphorothioate linkage
or a phosphorodiamidate linkage.

[0053] In some embodiments, the agent is an antisense oligomer (ASO) and wherein the
antisense oligomer comprises a phosphorodiamidate morpholino, a locked nucleic acid, a
peptide nucleic acid, a 2’-O-methyl, a 2’-Fluoro, or a 2’-O-methoxyethyl moiety.

[0054] In some embodiments, the agent is an antisense oligomer (ASO) and wherein the
antisense oligomer comprises at least one modified sugar moiety.

[0055] In some embodiments, each sugar moiety is a modified sugar moiety.

[0056] In some embodiments, the agent is an antisense oligomer (ASO) and wherein the
antisense oligomer consists of from 8 to 50 nucleobases, 8 to 40 nucleobases, 8 to 35
nucleobases, 8 to 30 nucleobases, 8 to 25 nucleobases, 8 to 20 nucleobases, 8 to 15 nucleobases,
9 to 50 nucleobases, 9 to 40 nucleobases, 9 to 35 nucleobases, 9 to 30 nucleobases, 9 to 25
nucleobases, 9 to 20 nucleobases, 9 to 15 nucleobases, 10 to 50 nucleobases, 10 to 40
nucleobases, 10 to 35 nucleobases, 10 to 30 nucleobases, 10 to 25 nucleobases, 10 to 20
nucleobases, 10 to 15 nucleobases, 11 to 50 nucleobases, 11 to 40 nucleobases, 11 to 35
nucleobases, 11 to 30 nucleobases, 11 to 25 nucleobases, 11 to 20 nucleobases, 11 to 15
nucleobases, 12 to 50 nucleobases, 12 to 40 nucleobases, 12 to 35 nucleobases, 12 to 30
nucleobases, 12 to 25 nucleobases, 12 to 20 nucleobases, or 12 to 15 nucleobases.

[0057] In some embodiments, the agent is an antisense oligomer (ASO) and wherein the
antisense oligomer is at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least
99%, or 100%, complementary to the targeted portion of the pre-mRNA.

[0058] In some embodiments, the method comprises contacting a vector encoding the agent to
the cell.

[0059] In some embodiments, the agent is a polynucleotide comprising an antisense oligomer.
[0060] In some embodiments, the vector is a viral vector.

[0061] In some embodiments, the viral vector is an adenovirus-associated viral vector.

[0062] In some embodiments, the polynucleotide further comprises a modified snRNA.

[0063] In some embodiments, the modified human snRNA is a modified Ul snRNA or a
modified U7 snRNA.

[0064] In some embodiments, the modified human snRNA is a modified U7 snRNA and
wherein the antisense oligomer has a sequence at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 98%, at least 99%, or 100% identical to a sequence listed in Table 4
or Table 5.
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[0065] In some embodiments, the method further comprises assessing processed mRNA level or
expression level of the target protein.

[0066] In some embodiments, the subject is a human.

[0067] In some embodiments, the subject is a non-human animal.

[0068] In some embodiments, the subject is a fetus, an embryo, or a child.

[0069] In some embodiments, the cells are ex vivo.

[0070] In some embodiments, the agent is administered by intrathecal injection,
intracerebroventricular injection, intraperitoneal injection, intramuscular injection, subcutaneous
injection, intravitreal, or intravenous injection of the subject.

[0071] In some embodiments, the method further comprises administering a second therapeutic
agent to the subject.

[0072] In some embodiments, the second therapeutic agent is a small molecule.

[0073] In some embodiments, the second therapeutic agent is an antisense oligomer.

[0074] In some embodiments, the second therapeutic agent corrects intron retention.

[0075] In some embodiments, the method treats the disease or condition.

[0076] Described herein, in certain embodiments, is a composition comprising an agent or a
vector encoding the agent that modulates splicing of a non-sense mediated RNA decay-inducing
exon (NMD exon) from a pre-mRNA that is transcribed from a target gene and that comprises
the NMD exon, thereby modulating the level of a processed mRNA that is processed from the
pre-mRNA, and modulating expression of a target protein in a cell having the pre-mRNA,
wherein the target protein is encoded by a PKD2 gene.

[0077] Described herein, in certain embodiments, is a composition comprising an agent or a
vector encoding the agent that modulates splicing of a non-sense mediated mRNA decay-
inducing exon (NMD exon) from a pre-mRNA that is transcribed from a target gene and that
comprises the NMD exon, thereby treating a disease or condition in a subject in need thereof by
modulating the level of a processed mRNA that is processed from the pre-mRNA, and
modulating expression of a target protein in a cell of the subject, wherein the target protein is
encoded by a PKD?2 gene.

[0078] Described herein, in certain embodiments, is a pharmaceutical composition comprising
the composition as described herein; and a pharmaceutically acceptable excipient and/or a
delivery vehicle.

[0079] Described herein, in certain embodiments, is a composition comprising a non-sense
mediated RNA decay alternative splice site (NSASS) modulating agent or a viral vector
encoding the agent, wherein the agent modulates expression of a target protein in a cell

comprising a pre-mRNA that is transcribed from a target gene and encodes the target protein,
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wherein the pre-mRNA comprises an alternative 5’ splice-site downstream of a canonical 5’
splice-site, wherein a processed mRNA that is produced by splicing of the pre-mRNA at the
alternative 5’ splice-site undergoes non-sense mediated RNA decay, wherein the agent
modulates processing of the pre-mRNA by modulating splicing at the alternative 5” splice-sites;
and wherein the target gene is PKD2.

[0080] In some embodiments, the agent modulates processing of the pre-RNA by preventing or
decreasing splicing at the alternative 5’ splice-site.

[0081] In some embodiments, the agent modulates processing of the pre-RNA by promoting or
increasing splicing at the canonical 5’ splice-site.

[0082] In some embodiments, modulating the splicing of the pre-mRNA at the alternative 5’
splice-site increases the expression of the target protein in the cell.

[0083] In some embodiments, the processed mRNA that is produced by splicing of the pre-
mRNA at the alternative 5’ splice-site comprises a premature termination codon (PTC).

[0084] In some embodiments, the agent is a small molecule.

[0085] In some embodiments, the agent is a polypeptide.

[0086] In some embodiments, the polypeptide is a nucleic acid binding protein.

[0087] In some embodiments, the nucleic acid binding protein contains a TAL-effector or zinc
finger binding domain.

[0088] In some embodiments, the nucleic acid binding protein is a Cas family protein.

[0089] In some embodiments, the polypeptide is accompanied by or complexed with one or
more nucleic acid molecules.

[0090] In some embodiments, the agent is an antisense oligomer (ASO) complementary to the
targeted region of the pre-mRNA.

[0091] In some embodiments, the agent is at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 98%, at least 99%, or 100%, complementary to the targeted region of the
pre-mRNA encoding the target protein.

[0092] In some embodiments, the agent comprises a backbone modification comprising a
phosphorothioate linkage or a phosphorodiamidate linkage.

[0093] In some embodiments, the agent comprises a phosphorodiamidate morpholino.

[0094] In some embodiments, the agent comprises a locked nucleic acid.

[0095] In some embodiments, the agent comprises a peptide nucleic acid.

[0096] In some embodiments, the agent comprises a 2'- O-methyl.

[0097] In some embodiments, the agent comprises a 2'-Fluoro, or a 2'-O-methoxyethyl moiety.
[0098] In some embodiments, the agent comprises at least one modified sugar moiety.

[0099] In some embodiments, each sugar moiety is a modified sugar moiety.
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[00100] In some embodiments, the agent is an antisense oligomer, and wherein the agent
consists of from 8 to 50 nucleobases, 8 to 40 nucleobases, 8 to 35 nucleobases, 8 to 30
nucleobases, 8 to 25 nucleobases, 8 to 20 nucleobases, 8 to 15 nucleobases, 9 to 50 nucleobases,
9 to 40 nucleobases, 9 to 35 nucleobases, 9 to 30 nucleobases, 9 to 25 nucleobases, 9 to 20
nucleobases, 9 to 15 nucleobases, 10 to 50 nucleobases, 10 to 40 nucleobases, 10 to 35
nucleobases, 10 to 30 nucleobases, 10 to 25 nucleobases, 10 to 20 nucleobases, 10 to 15
nucleobases, 11 to 50 nucleobases, 11 to 40 nucleobases, 11 to 35 nucleobases, 11 to 30
nucleobases, 11 to 25 nucleobases, 11 to 20 nucleobases, 11 to 15 nucleobases, 12 to 50
nucleobases, 12 to 40 nucleobases, 12 to 35 nucleobases, 12 to 30 nucleobases, 12 to 25
nucleobases, 12 to 20 nucleobases, or 12 to 15 nucleobases.

[00101] In some embodiments, the composition comprises a vector encoding the agent.
[00102] In some embodiments, the agent is a polynucleotide comprising an antisense oligomer.
[00103] In some embodiments, the vector is a viral vector.

[00104] In some embodiments, the viral vector is an adenovirus-associated viral vector.
[00105] In some embodiments, the polynucleotide further comprises a modified snRNA.
[00106] In some embodiments, the modified human snRNA is a modified Ul snRNA or a
modified U7 snRNA.

[00107] In some embodiments, the modified human snRNA is a modified U7 snRNA and
wherein the antisense oligomer has a sequence at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 98%, at least 99%, or 100% identical to a sequence listed in Table 4
or Table 5.

[00108] Described herein, in certain embodiments, is a composition comprising a nucleic acid
molecule that encodes for the agent according to the composition as described herein.

[00109] In some embodiments, the nucleic acid molecule is incorporated into a viral delivery
system.

[00110] In some embodiments, the viral delivery system is an adenovirus-associated vector.
[00111] In some embodiments, the viral vector is an adenovirus-associated viral vector.
[00112] Described herein, in certain embodiments, is a method of modulating expression of a
target protein in a cell comprising a pre-mRNA that is transcribed from a target gene and
encodes the target protein, the method comprising: contacting a non-sense mediated RNA decay
alternative splice site (NSASS) modulating agent or a viral vector encoding the agent to the cell,
wherein the pre-mRNA comprises an alternative 5’ splice-site downstream of a canonical 5’
splice-site, wherein a processed mRNA that is produced by splicing of the pre-mRNA at the

alternative 5° splice-site undergoes non-sense mediated RNA decay, wherein the agent
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modulates processing of the pre-mRNA by modulating splicing at the alternative 5’ splice-site,
thereby modulating expression of the target protein; and wherein the target gene is PKD2.
[00113] In some embodiments, the agent: (a) binds to a targeted portion of the pre-mRNA; (b)
modulates binding of a factor involved in splicing at the alternative 5’ splice-site; or (c) a
combination of (a) and (b).

[00114] In some embodiments, the agent interferes with binding of the factor involved in
splicing at the alternative 5” splice-site to a region of the targeted portion.

[00115] In some embodiments, the targeted portion of the pre-mRNA is proximal to the
alternative 5° splice-site.

[00116] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides upstream of the alternative 5° splice-site.

[00117] In some embodiments, the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20
nucleotides, about 10 nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides,
about 1 nucleotides upstream of the alternative 5 splice-site.

[00118] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides downstream of the alternative 5’ splice-site.

[00119] In some embodiments, the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20
nucleotides, about 10 nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides,
about 1 nucleotides downstream of the alternative 5’ splice-site.

[00120] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500

nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
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nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides upstream of genomic site of GRCh38/ hg38: chr4 88036480.
[00121] In some embodiments, the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides upstream of genomic site of GRCh38/ hg38: chr4:88036480.
[00122] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides downstream of genomic site of GRCh38/ hg38:
chr4:88036480.

[00123] In some embodiments, the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides downstream of genomic site of GRCh38/ hg38:
chr4:88036480.

[00124] In some embodiments, the targeted portion of the pre-mRNA is located in a region
between the canonical 5° splice-site and the alternative 5” splice-site.

[00125] In some embodiments, the targeted portion of the pre-mRNA is located in an exon
region extended by the splicing at the alternative 5’ splice-site.

[00126] In some embodiments, the targeted portion of the pre-mRNA at least partially overlaps
with the alternative 5° splice-site.

[00127] In some embodiments, the targeted portion of the pre-mRNA at least partially overlaps
with a region upstream or downstream of the alternative 5 splice-site.

[00128] In some embodiments, the targeted portion of the pre-mRNA is within an exon region
extended by the splicing at the alternative 5’ splice-site.

[00129] In some embodiments, the targeted portion of the pre-mRNA comprises about 5, 6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or more
consecutive nucleotides of an exon region extended by the splicing at the alternative 5’ splice-

site.
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[00130] In some embodiments, the targeted portion of the pre-mRNA is located in an intronic
region between two canonical exons.

[00131] In some embodiments, the targeted portion of the pre-mRNA is located in one of the
two canonical exons.

[00132] In some embodiments, the targeted portion of the pre-mRNA is located in a region
spanning both an intron and a canonical exon.

[00133] In some embodiments, the level the target protein in the cell is increased about 1.1 to
about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold,
about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to about 6- fold, about 1.1 to about
7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to
about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to
about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to
about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least
about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at least about 3-fold, at least about
3.5-fold, at least about 4-fold, at least about 5-fold, or at least about 10-fold, compared to the
level of processed mRNA encoding the target protein in a control cell.

[00134] In some embodiments, modulation of splicing of the pre-mRNA increases production of
the processed mRNA encoding the target protein.

[00135] In some embodiments, the level of processed mRNA encoding the target protein in the
cell contacted with the agent is increased about 1.1 to about 10-fold, about 1.5 to about 10-fold,
about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-
fold, about 1.1 to about 6- fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to
about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to
about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to
about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to
about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about
2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold,
or at least about 10-fold, compared to the level of processed mRNA encoding the target protein
in a control cell.

[00136] In some embodiments, the target protein is the canonical isoform of the protein.
[00137] In some embodiments, the processed mRNA that is produced by splicing of the pre-
mRNA at the alternative 5’ splice-site comprises a premature termination codon (PTC).

[00138] In some embodiments, the NSASS modulating agent is the composition as described

herein.
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[00139] Described herein, in certain embodiments, is a pharmaceutical composition comprising
the composition as described herein; and a pharmaceutically acceptable excipient and/or a
delivery vehicle.

[00140] Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof, the method
comprising: administering to the subject a pharmaceutical composition to a subject in need
thereof, wherein the pharmaceutical composition comprises a composition comprising a non-
sense mediated RNA decay alternative splice site (NSASS) modulating agent or a viral vector
encoding the agent, wherein the agent modulates expression of a target protein in a cell
comprising a pre-mRNA that is transcribed from a target gene and encodes the target protein,
wherein the pre-mRNA comprises an alternative 5’ splice-site downstream of a canonical 5’
splice-site, wherein splicing of the pre-mRNA at the alternative 5’ splice-site leads to non-sense
mediated RNA decay of the alternatively spliced mRNA, wherein the agent modulates
processing of the pre-mRNA by modulating splicing at the alternative 5’ splice-sites; and
wherein the target gene is PKD?2 and a pharmaceutically acceptable excipient.

[00141] Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof, the method
comprising: administering to the subject the pharmaceutical composition as described herein.
[00142] In some embodiments, the disease is polycystic kidney disease with or without
polycystic liver disease, autosomal dominant polycystic kidney disease, or intracranial
aneurysm.

[00143] In some embodiments, the disease or condition is a disease or condition associated with
a deficiency in amount or activity of polycystin 2 or polycystin 1.

[00144] In some embodiments, the disease or condition is a disease or condition associated with
a deficiency in amount or activity of a protein that polycystin 2 functionally augments,
compensates for, replaces or functionally interacts with.

[00145] In some embodiments, the disease or the condition is caused by a deficient amount or
activity of the target protein.

[00146] In some embodiments, the agent increases the level of the processed mRNA encoding
the target protein in the cell.

[00147] In some embodiments, the level of processed mRNA encoding the target protein in the
cell contacted with the agent is increased about 1.1 to about 10-fold, about 1.5 to about 10-fold,
about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-
fold, about 1.1 to about 6- fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to
about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to
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about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to
about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to
about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about
2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold,
or at least about 10-fold, compared to the level of processed mRNA encoding the target protein
in a control cell.

[00148] In some embodiments, the agent increases the expression of the target protein in the
cell.

[00149] In some embodiments, the level the target protein in the cell is increased about 1.1 to
about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold,
about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to about 6- fold, about 1.1 to about
7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to
about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to
about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to
about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least
about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at least about 3-fold, at least about
3.5-fold, at least about 4-fold, at least about 5-fold, or at least about 10-fold, compared to the
level of processed mRNA encoding the target protein in a control cell.

[00150] In some embodiments, the method further comprises assessing mRNA levels or
expression levels of the target protein.

[00151] In some embodiments, the method further comprises assessing the subject’s genome for
at least one genetic mutation associated with the disease.

[00152] In some embodiments, at least one genetic mutation is within a locus of a gene
associated with the disease.

[00153] In some embodiments, at least one genetic mutation is within a locus associated with
expression of a gene associated with the disease.

[00154] In some embodiments, at least one genetic mutation is within the PKD?2 gene locus.
[00155] In some embodiments, at least one genetic mutation is within a locus associated with
PKD?2 gene expression.

[00156] In some embodiments, the subject is a human.

[00157] In some embodiments, the subject is a non-human animal.

[00158] In some embodiments, the subject is a fetus, an embryo, or a child.

[00159] In some embodiments, the cell or the cells is ex vivo, or in a tissue, or organ ex vivo.
[00160] In some embodiments, the agent is administered to the subject by

intracerebroventricular injection, intraperitoneal injection, intramuscular injection, intrathecal
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injection, subcutaneous injection, oral administration, synovial injection, intravitreal
administration, subretinal injection, topical application, implantation, or intravenous injection.
[00161] In some embodiments, the method treats the disease or condition.

[00162] Described herein, in certain embodiments, is a therapeutic agent for use in the method
as described herein.

[00163] Described herein, in certain embodiments, is a pharmaceutical composition comprising
the therapeutic agent as described herein and a pharmaceutically acceptable excipient.

[00164] Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof, comprising:
administering the pharmaceutical composition as described herein by intracerebroventricular
injection, intraperitoneal injection, intramuscular injection, intrathecal injection, subcutaneous
injection, oral administration, synovial injection, intravitreal administration, subretinal injection,
topical application, implantation, or intravenous injection to the subject.

[00165] In some embodiments, the method treats the subject.

[00166] Described herein, in certain embodiments, is a method of increasing expression of a
polycystin 2 protein in a cell having a processed mRNA that encodes the polycystin 2 protein
and that comprises a translation regulatory element that inhibits translation of the processed
mRNA, the method comprising contacting an agent or a vector encoding the agent to the cell,
wherein the agent modulates a structure of the translation regulatory element, thereby increasing
expression of the polycystin 2 protein in the cell.

[00167] Described herein, in certain embodiments, is a method of increasing expression of a
polycystin 2 protein in a cell having a processed mRNA that encodes the polycystin 2 protein
and that comprises a translation regulatory element that inhibits translation of the processed
mRNA, the method comprising contacting an agent or a vector encoding the agent to the cell,
wherein the agent (a) binds to a targeted portion of the processed mRNA; (b) modulates
interaction of the translation regulatory element with a factor involved in translation of the
processed mRNA,; or (c) a combination of (a) and (b), thereby increasing expression of the
polycystin 2 protein in the cell.

[00168] Described herein, in certain embodiments, is a method of modulating expression of an
polycystin 2 protein in a cell, the method comprising contacting an agent or a vector encoding
the agent to the cell, wherein the agent comprises an antisense oligomer with at least 80%
sequence identity to a sequence selected from the group consisting of a sequence of Table 4 or
Table 5.

[00169] Described herein, in certain embodiments, is a composition comprising an agent or a

vector encoding the agent, wherein the agent comprises an antisense oligomer with at least 80%
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sequence identity to a sequence selected from the group consisting of a sequence of Table 4 or
Table 5.

[00170] Described herein, in certain embodiments, is a composition comprising a vector
encoding an agent, wherein the agent comprises a polynucleic acid comprising a sequence with
at least 80% sequence identity to a sequence selected from the group consisting sequence of
Table 4 or Table 5.

[00171] Described herein, in certain embodiments, is a composition comprising an agent,
wherein the agent comprises an antisense oligomer that binds to a targeted portion of a
processed mRNA that encodes polycystin 2 protein, wherein the targeted portion of the
processed mRNA comprises at least one nucleotide of the main start codon of the processed
mRNA or is within the 5' UTR of the processed mRNA.

[00172] Described herein, in certain embodiments, is a composition comprising a vector
encoding an agent, wherein the agent comprises a polynucleic acid comprising a sequence that
binds to a targeted portion of a processed mRNA that encodes polycystin 2 protein, wherein the
targeted portion of the processed mRNA comprises at least one nucleotide of the main start
codon of the processed mRNA or is within the 5' UTR of the processed mRNA.

[00173] Described herein, in certain embodiments, is a composition comprising an agent,
wherein the agent modulates structure of a translation regulatory element of a processed mRNA
that encodes an polycystin 2 protein, thereby increasing expression of the polycystin 2 protein,
and wherein the translation regulatory element inhibits translation of the processed mRNA.
[00174] Described herein, in certain embodiments, is a composition comprising a vector
encoding an agent, wherein the agent modulates structure of a translation regulatory element of a
processed mRNA that encodes an polycystin 2 protein, thereby increasing expression of the
polycystin 2 protein, and wherein the translation regulatory element inhibits translation of the
processed mRNA.

[00175] Described herein, in certain embodiments, is a composition comprising an agent,
wherein the agent increases translation of a processed mRNA in a cell, wherein the processed
mRNA encodes polycystin 2 protein and comprises a translation regulatory element that inhibits
the translation of the processed mRNA, wherein the agent modulates a structure of the
translation regulatory element, thereby increasing translation efficiency and/or the rate of
translation of the processed mRNA, wherein the agent (a) binds to a targeted portion of the
processed mRNA; (b) modulates interaction of the translation regulatory element with a factor
involved in translation of the processed mRNA; or (¢) a combination of (a) and (b).

[00176] Described herein, in certain embodiments, is a composition comprising a vector

encoding an agent, wherein the agent increases translation of a processed mRNA in a cell,
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wherein the processed mRNA encodes polycystin 2 protein and comprises a translation
regulatory element that inhibits the translation of the processed mRNA, wherein the agent
modulates a structure of the translation regulatory element, thereby increasing translation
efficiency and/or the rate of translation of the processed mRNA, wherein the agent (a) binds to a
targeted portion of the processed mRNA; (b) modulates interaction of the translation regulatory
element with a factor involved in translation of the processed mRNA; or (c) a combination of (a)
and (b).

[00177] Described herein, in certain embodiments, is a method of increasing expression of a
target protein in a cell having a processed mRNA that encodes the target protein and comprises a
translation regulatory element that inhibits translation of the processed mRNA, the method
comprising delivering into the cell: (1) a first agent or a first nucleic acid sequence encoding the
first agent, and (2) a second agent or a second nucleic acid sequence encoding the second agent,
wherein the first agent modulates splicing of a pre-mRNA that is transcribed from an target gene
that encodes the target protein, and wherein the second agent modulates a structure of the
translation regulatory element of the processed mRNA that encodes the target protein, thereby
increasing the expression of the target protein in the cell, wherein the target protein is polycystin
2.

[00178] Described herein, in certain embodiments, is a method of increasing expression of a
target protein in a cell having a processed mRNA that encodes the target protein and comprises a
translation regulatory element that inhibits translation of the processed mRNA, the method
comprising delivering into the cell: (1) a first agent or a first nucleic acid sequence encoding the
first agent, and (2) a second agent or a second nucleic acid sequence encoding the second agent,
wherein the first agent modulates splicing of a pre-mRNA that is transcribed from an target gene
that encodes the target protein, and wherein the second agent (a) binds to a targeted portion of
the processed mRNA; (b) modulates interaction of the translation regulatory element with a
factor involved in translation of the processed mRNA; or (¢) a combination of (a) and (b),
thereby increasing the expression of the target protein in the cell, wherein the target protein is
polycystin 2. In some embodiments, the agent modulates a structure of the translation regulatory
element. In some embodiments, the agent: (a) binds to a targeted portion of the processed
mRNA; (b) modulates interaction of the translation regulatory element with a factor involved in
translation of the processed mRNA; or (¢) a combination of (a) and (b). In some embodiments,
the translation regulatory element is in a 5” untranslated region (5 UTR) of the processed
mRNA. In some embodiments, the translation regulatory element comprises at least a portion of
a 5’ UTR of the processed mRNA. In some embodiments, the translation regulatory element

comprises a secondary mRNA structure that involves base-pairing with at least one nucleotide of
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the main start codon of the processed mRNA. In some embodiments, the agent inhibits the
base-pairing with the at least one nucleotide of the main start codon of the processed mRNA. In
some embodiments, the mRNA secondary structure comprises a stem, a stem loop, a Guanine
quadruplex, or any combination thereof. In some embodiments, the agent does not bind to the
main start codon. In some embodiments, the agent binds to at least one nucleotide of the main
start codon. In some embodiments, the agent inhibits or reduces formation of a secondary
mRNA structure comprising the at least one nucleotide of the main start codon of the processed
mRNA. In some embodiments, the agent inhibits or reduces base-pairing of the at least one
nucleotide of the main start codon of the processed mRNA with another nucleotide of the
processed mRNA, optionally wherein the another nucleotide is another nucleotide of the 5' UTR
of the processed mRNA. In some embodiments, the translation regulatory element comprises at
least part of an upstream open reading frame (UORF). In some embodiments, the agent promotes
formation of a secondary mRNA structure that involves the at least part of the uORF. In some
embodiments, the translation regulatory element comprises an upstream start codon. In some
embodiments, the agent promotes formation of a secondary mRNA structure that involves base-
pairing with at least one nucleotide of the upstream start codon. In some embodiments, the agent
does not bind to the upstream start codon. In some embodiments, the agent binds to the upstream
start codon. In some embodiments, the agent promotes or increases formation of a secondary
mRNA structure comprising the at least one nucleotide of the upstream start codon. In some
embodiments, the agent promotes or increases base-pairing of the at least one nucleotide of the
upstream start codon with another nucleotide of the processed mRNA, optionally wherein the
another nucleotide is another nucleotide of the 5' UTR of the processed mRNA. In some
embodiments, the translation regulatory element comprises a Guanine quadruplex formed by a
G-rich sequence of the processed mRNA. In some embodiments, the agent inhibits formation of
the Guanine quadruplex. In some embodiments, the G-rich sequence comprises at least a portion
of 5” untranslated region (5> UTR) of the processed mRNA. In some embodiments, the G-rich
sequence is present in 5’ untranslated region (5 UTR) of the processed mRNA. In some
embodiments, the G-rich sequence comprises a sequence according to the formula Gx-N1-7-
Gx-N1-7-Gx-N1-7-Gx, where x>3 and Nis A, C, G or U. In some embodiments, the G-rich
sequence comprises a sequence GGGAGCCGGGCUGGGGCUCACACGGGGG. In some
embodiments, at least one, two, three or all four of the Gx sequences are structured, present in a
secondary structure, or base-paired with another nucleotide, optionally wherein the another
nucleotide is a C or a U. In some embodiments, the agent relaxes, promotes deformation of, or
inhibits or reduces formation of the Guanine quadruplex. In some embodiments, the agent

relaxes, promotes deformation, or inhibits or reduces base-pairing or a structure of at least one,
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two, three or all four of the Gx sequences of the Guanine quadruplex. In some embodiments,
the targeted portion of the processed mRNA is within the 5' UTR of the processed mRNA. In
some embodiments, the targeted portion of the processed mRNA has a sequence with at least
80% sequence identity to at least 8 contiguous nucleotides of a sequence selected from the group
consisting of a sequence in Table 3. In some embodiments, the targeted portion of the processed
mRNA comprises at least one nucleotide upstream of the codon immediately downstream from
the main start codon of the processed mRNA. In some embodiments, the targeted portion of the
processed mRNA is at least 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 150, 160, 180, or 200
nucleotides upstream of the main start codon of the processed mRNA. In some embodiments,
the targeted portion of the processed mRNA is about 20, 30, 40, 50, 60, 70, 80, 90, 100, 110,
120, 150, 160, 180, 200, or 220 nucleotides upstream of the main start codon. In some
embodiments, the processed mRNA has a sequence with at least 80% sequence identity to a
sequence selected from the group consisting of a sequence in Table 3. In some embodiments, the
agent comprises an antisense oligomer. In some embodiments, the antisense oligomer has at
least 80% sequence identity to a sequence selected from the group consisting of a sequence in
Table 4 or Table 5. In some embodiments, the translation regulatory element inhibits the
translation of the processed mRNA by inhibiting translation efficiency and/or rate of translation
of the processed mRNA. In some embodiments, the agent increases the expression of the
polycystin 2 protein in the cell by increasing the translation efficiency and/or rate of translation
of the processed mRNA. In some embodiments, the antisense oligomer has about 100%
sequence identity to a sequence selected from the group consisting of a sequence in Table 4 or
Table 5. In some embodiments, the antisense oligomer has at least 80% sequence identity to a
sequence selected from the group consisting of a sequence in Table 4 or Table 5. In some
embodiments, the antisense oligomer has about 100% sequence identity to a sequence selected
from the group consisting of a sequence in Table 4 or Table 5. In some embodiments, the agent
modulates binding of one or more factors that regulate translation of the processed mRNA. In
some embodiments, the antisense oligomer comprises a backbone modification comprising a
phosphorothioate linkage or a phosphorodiamidate linkage. In some embodiments, the antisense
oligomer comprises a phosphorodiamidate morpholino, a locked nucleic acid, a peptide nucleic
acid, a 2’-O-methyl moiety, a 2’-Fluoro moiety, or a 2’-O-methoxyethyl moiety. In some
embodiments, the antisense oligomer comprises at least one modified sugar moiety. In some
embodiments, each sugar moiety is a modified sugar moiety. In some embodiments, the
antisense oligomer consists of from 8 to 50 nucleobases, 8 to 40 nucleobases, 8 to 35
nucleobases, 8 to 30 nucleobases, 8 to 25 nucleobases, 8 to 20 nucleobases, 8 to 15 nucleobases,

9 to 50 nucleobases, 9 to 40 nucleobases, 9 to 35 nucleobases, 9 to 30 nucleobases, 9 to 25
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nucleobases, 9 to 20 nucleobases, 9 to 15 nucleobases, 10 to 50 nucleobases, 10 to 40
nucleobases, 10 to 35 nucleobases, 10 to 30 nucleobases, 10 to 25 nucleobases, 10 to 20
nucleobases, 10 to 15 nucleobases, 11 to 50 nucleobases, 11 to 40 nucleobases, 11 to 35
nucleobases, 11 to 30 nucleobases, 11 to 25 nucleobases, 11 to 20 nucleobases, 11 to 15
nucleobases, 12 to 50 nucleobases, 12 to 40 nucleobases, 12 to 35 nucleobases, 12 to 30
nucleobases, 12 to 25 nucleobases, 12 to 20 nucleobases, or 12 to 15 nucleobases. In some
embodiments, the vector comprises a viral vector encoding the agent. In some embodiments, the
viral vector comprises an adenoviral vector, adeno-associated viral (AAV) vector, lentiviral
vector, Herpes Simplex Virus (HSV) viral vector, or retroviral vector. In some embodiments, the
agent further comprises a cell penetrating peptide. In some embodiments, the agent comprises
the cell penetrating peptide conjugated to an antisense oligomer. In some embodiments, the
antisense oligomer is a phosphorodiamidate morpholino oligomer. In some embodiments, the
agent comprises a gene editing molecule or polynucleotide encoding a genomic editing
molecule. In some embodiments, the agent comprises a polynucleic acid polymer that binds to a
target motif of (i) the processed mRNA transcript, (ii) a pre-mRNA from which the processed
mRNA transcript is processed, or (iii) a gene encoding the pre-mRNA. In some embodiments,
the gene editing molecule comprises CRISPR-Cas9 or a functional equivalent thereof, and/or a
polynucleic acid polymer that binds to a target motif of (i) the processed mRNA transcript, (i) a
pre-mRNA from which the processed mRNA transcript is processed, or (iii) a gene encoding the
pre-mRNA. In some embodiments, the polynucleic acid polymer that binds to a target motif
comprises a guide RNA (gRNA). In some embodiments, the agent increases expression of the
polycystin 2 protein in the cell. In some embodiments, translation efficiency and/or rate of
translation of a processed mRNA that encodes the polycystin 2 protein in the cell is increased. In
some embodiments, the translation efficiency and/or rate of translation of the processed mRNA
that encodes the polycystin 2 protein in the cell contacted with the agent or the vector encoding
the agent is increased compared to the translation efficiency and/or rate of translation of the
processed mRNA in a control cell not contacted with the agent or the vector encoding the agent.
In some embodiments, the translation efficiency and/or rate of translation of the processed
mRNA that encodes the polycystin 2 protein in the cell contacted with the agent or the vector
encoding the agent is increased by about 1.1 to about 10-fold, about 1.5 to about 10-fold, about 2
to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold,
about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about
9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about
8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about
8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about
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9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-
fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at
least about 10-fold, compared to the translation efficiency and/or rate of translation of the
processed mRNA in a control cell not contacted with the agent or the vector encoding the agent.
In some embodiments, the translation efficiency and/or rate of translation of the processed
mRNA that encodes the polycystin 2 protein in the cell contacted with the agent or the vector
encoding the agent is increased by about 1.1 to about 10-fold, about 1.5 to about 10-fold, about 2
to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold,
about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about
9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about
8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about
8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about
9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-
fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at
least about 10-fold, compared to in the absence of the agent. In some embodiments, a level of
the polycystin 2 protein expressed in the cell contacted with the agent or the vector encoding the
agent is increased compared to the level of the polycystin 2 protein in a control cell not
contacted with the agent or the vector encoding the agent. In some embodiments, a level of the
polycystin 2 protein expressed in the cell contacted with the agent or the vector encoding the
agent is increased by about 1.1 to about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-
fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to
about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold,
about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold,
about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold,
about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold,
at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at
least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at least
about 10-fold, compared to the level of the polycystin 2 protein in a control cell not contacted
with the agent or the vector encoding the agent. In some embodiments, a level of the polycystin
2 protein expressed in the cell contacted with the agent or the vector encoding the agent is
increased by about 1.1 to about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-fold,
about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to about
6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold, about 2 to
about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold, about 2 to
about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold, about 3 to
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about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at least
about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at least about
3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at least about 10-
fold, compared to in the absence of the agent. In some embodiments, the polycystin 2 protein
translated from the processed mRNA is a functional polycystin 2 protein. In some embodiments,
the polycystin 2 protein is fully functional. In some embodiments, the polycystin 2 protein
translated from the processed mRNA is a wild-type polycystin 2 protein. In some embodiments,
the polycystin 2 protein translated from the processed mRNA is a full-length polycystin 2
protein. In some embodiments, the processed mRNA transcript is a mutant processed mRNA
transcript. In some embodiments, the processed mRNA transcript is not a mutant processed
mRNA transcript. In some embodiments, the processed mRNA is processed from a pre-mRNA
that is a mutant pre-mRNA. In some embodiments, the processed mRNA is processed from a
pre-mRNA that is not a mutant pre-mRNA. In some embodiments, the agent is a therapeutic
agent.

[00179] In some embodiments, a level of the target protein expressed in the cell is increased by
the delivery of (1) the first agent or the first nucleic acid sequence encoding the first agent, and
(2) the second agent or the second nucleic acid sequence encoding the second agent. In some
embodiments, the level of the target protein expressed in the cell is increased as compared to a
control cell. In some embodiments, the control cell is a cell that has not been contacted with the
first agent and that has not been contacted with the second agent, or wherein the control cell is a
cell to which the first nucleic acid sequence encoding the first agent has not been delivered and
to which the second nucleic acid sequence encoding the second agent has not been delivered. In
some embodiments, the control cell is a cell that has not been contacted with the first agent and
that has been contacted with the second agent, or wherein the control cell is a cell to which the
first nucleic acid sequence encoding the first agent has not been delivered and to which the
second nucleic acid sequence encoding the second agent has been delivered. In some
embodiments, the control cell is a cell that has not been contacted with the second agent and that
has been contacted with the first agent, or wherein the control cell is a cell to which the second
nucleic acid sequence encoding the second agent has not been delivered and to which the first
nucleic acid sequence encoding the first agent has been delivered. In some embodiments, the
level of the target protein expressed in the cell is increased by about 1.1 to about 10-fold, about
1.5 to about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold,
about 1.1 to about 5-fold, about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about
8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to
about 7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to
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about 7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to
about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about
2-fold, at least about 2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold,
at least about 5-fold, or at least about 10-fold, as compared to the control cell. In some
embodiments, the level of the target protein expressed in the cell, into which (1) the first agent
or the first nucleic acid sequence encoding the first agent, and (2) the second agent or the second
nucleic acid sequence encoding the second agent, are delivered, is increased by about 1.1 to
about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold,
about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to about 6-fold, about 1.1 to about
7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to
about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to
about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to
about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least
about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at least about 3-fold, at least about
3.5-fold, at least about 4-fold, at least about 5-fold, or at least about 10-fold, compared to in the
absence of the first agent or the second agent. In some embodiments, the level of the target
protein expressed in the cell, into which (1) the first agent or the first nucleic acid sequence
encoding the first agent, and (2) the second agent or the second nucleic acid sequence encoding
the second agent, are delivered, is increased by at least about 1.5-fold compared to in the
absence of the first agent or the second agent.

[00180] Also provided herein is a pharmaceutical composition comprising a therapeutic agent
disclosed herein and a pharmaceutically acceptable carrier or excipient.

[00181] Also provided herein is a pharmaceutical composition comprising a vector encoding a
therapeutic agent disclosed herein and a pharmaceutically acceptable carrier or excipient.
[00182] Also provided herein is a pharmaceutical composition comprising a composition

disclosed herein and a pharmaceutically acceptable carrier or excipient.

INCORPORATION BY REFERENCE
[00183] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[00184] The novel features of the disclosure are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present disclosure will be
obtained by reference to the following detailed description that sets forth illustrative
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embodiments, in which the principles of the disclosure are utilized, and the accompanying
drawings of which:

[00185] FIG. 1A - FIG. 1B depict a schematic representation of a target pre-mRNA that
contains a non-sense mediated mRNA decay-inducing exon (NMD exon) and therapeutic agent-
mediated exclusion of the nonsense-mediated mRNA decay-inducing exon to increase
expression of functional RNA or the full-length target protein . FIG. 1A shows a cell divided
into nuclear and cytoplasmic compartments. In the nucleus, a pre-mRNA transcript of a target
gene undergoes splicing to generate mRNA, and this mRNA is exported to the cytoplasm and
translated into target protein. For this target gene, some fraction of the mRNA contains a
nonsense-mediated mRNA decay-inducing exon (NMD exon mRNA) that is degraded in the
cytoplasm, thus leading to no target protein production. FIG. 1B shows an example of the same
cell divided into nuclear and cytoplasmic compartments. Treatment with a therapeutic agent,
such as an antisense oligomer (ASO), promotes the exclusion of the nonsense-mediated mRNA
decay-inducing exon and results in an increase in functional (productive) mRNA, which is in
turn translated into higher levels of target protein.

[00186] FIG. 2 depicts PKD2 NMD (non-sense mediated mRNA decay)-inducing exon
inclusion event. NMD-inducing exon inclusion event: UCSC Genome Browser snapshot of a
region in the PKD?2 gene (exons are rectangles and introns are lines with arrowheads) that
contains an NMD-inducing exon inclusion event (chr4:88031085-88031140) depicted by the
shaded area and black bar on the top. RNA sequencing traces from four representative human
kidney samples and mixed renal epithelial cells treated with cycloheximide (CHX) or DMSO
control are shown.

[00187] FIG. 3 depicts PKD2 NMD-inducing alt 5’ss event. NMD-inducing alt 5’ss event:
UCSC Genome Browser snapshot of a region in the PKD?2 gene (exons are rectangles and
introns are lines with arrowheads) that contains an NMD-inducing alternative 5” splice site event
(chr4:88036355-88036480) depicted by the shaded area and black bar on the top. RNA
sequencing traces from four representative human kidney samples and mixed renal epithelial
cells treated with cycloheximide (CHX) or DMSO control are shown. *alt_5 ss refers to an
alternative 5 splice site.

[00188] FIG. 4A - FIG. 4C depicts validation of NMD-inducing events. FIG. 4A shows
schematic representation of the NMD-inducing exon (chr4 88031085 88031140) event. FIG. 4B
shows schematic representation of the alternative 5’ splice site (Alt 5’ss) (chr4 88036354
88036480) event. *alt 5 ss refers to an alternative 5° splice site. In this example, the exon
resulting from the splicing at the alternative 5° splice-site (alt 5’ ss) contains an exon region

extended by the splicing at the alternative 5° splice-site (grey bar) in addition to the canonical
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exon 3 (black bar), and thus, is longer than the corresponding canonical exon 3 (black bar).
Consistently, the intron resulting from the splicing at the alternative 5 splice-site (alt 5’ ss) is
shorter than the corresponding canonical intron 3. FIG. 4C shows RT-PCR using RNA from
human kidney mixed epithelial cells and human kidney cortical epithelial cells treated with
either DMSO (-) or cycloheximide (CHX) (+). Primers were positioned in exon 2 and 4.

[00189] FIG. S depicts ASO walk design for the NMD exon inclusion event. The shaded
nucleotides correspond to the NMD-inducing exon 2X.

[00190] FIGs. 6A-B depict the ASO walk design for the Alt 5’ss event. The shaded nucleotides
correspond to portion of the extended exon 3 that results from the selection of the indicated Alt
5’ss. *alt 5 ss refers to an alternative 5 splice site.

[00191] FIG. 7A depicts the changes in productive PKD2 mRNA using primary renal mixed
epithelial cells transfected for 24 hours with the indicated ASOs (see macrowalk of FIGs. 6A-B)
at 80nM.

[00192] FIG. 7B depicts the changes in nonproductive PKD2 mRNA using primary renal mixed
epithelial cells transfected for 24 hours with the indicated ASOs (see macrowalk of FIGs. 6A-B)
at 80nM.

[00193] FIG. 8A depicts the changes in productive PKD2 mRNA using primary renal mixed
epithelial cells transfected for 24 hours with the indicated ASOs (see macrowalk of FIG. 5) at
80nM.

[00194] FIG. 8B depicts the changes in nonproductive PKD2 mRNA using primary renal mixed
epithelial cells transfected for 24 hours with the indicated ASOs (see macrowalk of FIG. 5) at
80nM.

[00195] FIG. 9A - FIG. 9E illustrate ASOs targeting two events to increase productive mRNA
and protein production. FIG. 9A depicts the effect of combination of ASOs on non-productive
exon inclusion NMD event utilization. FIG. 9B depicts the expression of EX2-EX3 productive
mRNA with ASO combinations. FIG. 9C depicts the effect of combination of ASOs on non-
productive alternative 5’ss NMD event utilization. FIG. 9D depicts the expression of EX3-EX4
productive mRNA with ASO combinations. FIG. 9E depicts the quantification of Polycystin 2
(PKD2) protein western blots after treatment with ASO combinations.

[00196] FIG. 10 illustrated an upstream open reading frame macrowalk of PKD2. Shaded
nucleotides correspond to the upstream open reading frame and the canonical start codon,

respectively.
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DETAILED DESCRIPTION

[00197] Certain specific details of this description are set forth in order to provide a thorough
understanding of various embodiments. However, one skilled in the art will understand that the
present disclosure may be practiced without these details. In other instances, well-known
structures have not been shown or described in detail to avoid unnecessarily obscuring
descriptions of the embodiments. Unless the context requires otherwise, throughout the
specification and claims which follow, the word “comprise” and variations thereof, such as,
“comprises” and “comprising” are to be construed in an open, inclusive sense, that is, as
“including, but not limited to.” Further, headings provided herein are for convenience only and
do not interpret the scope or meaning of the claimed disclosure.
[00198] As used in this specification and the appended claims, the singular forms “a,” “an,” and
“the” include plural referents unless the content clearly dictates otherwise. It should also be
noted that the term “or” is generally employed in its sense including “and/or” unless the content
clearly dictates otherwise.
[00199] The coordinate as used herein refers to the coordinate of the genome reference assembly
GRCh38 (Genome Research Consortium human build 38), also known as Hg38 (Human
genome build 38).
[00200] 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 in the practice or testing of the present disclosure, suitable methods and materials are
described below.
[00201] Alternative splicing events in PKD?2 gene can lead to non-productive mRNA transcripts
which in turn can lead to reduced protein expression, and therapeutic agents which can target the
alternative splicing events in PKD2 gene can modulate (e.g., increase) the expression level of
functional proteins in patients. Such therapeutic agents can be used to treat a condition caused
by polycystin 2 or polycystin 1 deficiency.
[00202] One of the alternative splicing events that can lead to non-productive mRNA transcripts
is the inclusion of an extra exon in the mRNA transcript that can induce non-sense mediated
mRNA decay. The present disclosure also provides compositions and methods for modulating
splicing of an extra exon from PKD2 pre-mRNA to increase the production of protein-coding
mature mRNA, and thus, translated functional polycystin 2. For example, the compositions and
methods provided herein can promote exclusion of an extra exon from PKD2 pre-mRNA,
thereby modulating the level of a processed mRNA that is processed from the pre-mRNA and

that lacks the extra exon.
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[00203] Another alternative splicing event that can lead to non-productive mRNA transcripts is
an alternative 5’ splice site event. For example, an exon resulting from the splicing at an
alternative 5’ splice-site (e.g., downstream of the canonical 5' ss) can result in a longer exon than
the corresponding canonical exon. For example, the intron resulting from the splicing at an
alternative 5 splice-site may be shorter than the corresponding canonical intron. The present
disclosure provides compositions and methods for modulating alternative splicing of PKD?2 pre-
mRNA to increase the production of protein-coding mature mRNA, and thus, translated
functional polycystin 2. For example, the compositions and methods provided herein can
modulate processing of PKD?2 pre-mRNA by preventing or decreasing splicing at the alternative
5’ splice-site.

[00204] These compositions and methods include antisense oligomers (ASOs) that can promote
constitutive splicing of PKD2 pre-mRNA. In various embodiments, functional polycystin 2 can
be increased using the methods of the disclosure to treat a condition caused by polycystin 2 or
polycystin 1 deficiency.

[00205] “Polycystin 2” also known as APC2, PKD4, Pc-2, TRPP2, Polycystic kidney disease 2,
transient receptor potential cation channel, as referred to herein, includes any of the recombinant
or naturally-occurring forms of polycystin 2 or variants or homologs thereof that have or
maintain polycystin 2 activity (e.g., at least 40% 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%,
98%, 99% or 100% activity). In some aspects, the variants or homologs have at least 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% amino
acid sequence identity across the whole sequence or a portion of the sequence (e.g., a 50, 100,
150 or 200 continuous amino acid portion) compared to a naturally occurring polycystin 2. In
some embodiments, polycystin 2 is substantially identical to the protein identified by the
UniProt reference number Q13563 or a variant or homolog having substantial identity thereto.
[00206] Autosomal dominant polycystic kidney disease (ADPKD) is a common
hereditary disease that accounts for 8—10% of end-stage renal disease. ADPKD is genetically
heterogeneous with loci mapped to chromosome 16p13.3 (PKDI) (1) and to chromosome 4q21—
23 (PKD2). The predicted structures of polycystin 1 (encoded by PKD1) and polycystin 2
(encoded by PKD?), and their similar disease profiles, suggest their involvement in a common
signaling pathway that links extracellular adhesive events to alterations in ion transport.
Polycystin 1 and polycystin 2 have been demonstrated to interact through their C-terminal
cytoplasmic tails. This interaction resulted in an up-regulation of polycystin 1 but not polycystin
2. The cytoplasmic tail of polycystin 2, but not polycystin 1, formed homodimers through a
region distinct from the domain required for interaction with polycystin 1. These results are

consistent with a mechanism whereby mutations in polycystin 2 could impede the function of
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polycystin 1 and thereby result in a disease presentation similar to that of polycystin 1 through
distinct molecular lesions of a common signaling pathway operational in normal tubulogenesis.
Data supports the idea that polycystin 1 and polycystin 2 participate in a common signaling
pathway that prevents cyst formation (Tsiokas et al., PNAS, Jun 1997, 94 (13) 6965-6970,
incorporated herein by reference in its entirety). Data also supports the idea that polycystin 1 and
polycystin 2 expression participate in a common signaling pathway that regulates a transition
that generally occurs during longer periods of starvation where autophagy is downregulated and
cell death increases; polycystin 1 and polycystin 2 can regulate this transition from survival to
death starvation in mIMCDs from survival to death (Decuypere, et al., Int. J. Mol. Sci. 2021, 22,
13511). In addition, while it is known that dosage changes in PKD1/PKD?2 are important in
ADPKD pathogenesis, how PKD1/PKD2 expression is regulated remains poorly understood;
although there is evidence of an upstream open reading frame (UORF) in PKD? that can repress
PKD2 translation (Tang, et al., FASEB J. 2013 Dec; 27(12):4998-5009).

[00207] The terms “non-sense mediated RNA decay exon” (or “NSE” or “NMD exon”) and
"NMD-inducing exon" (or NIE) are used interchangeably and can refer to an exon (e.g., a
noncanonical exon) that can activate the NMD pathway if present in a mature RNA transcript. In
constitutive splicing events, the intron containing an NIE is usually spliced out, but the intron or
a portion thereof (e.g., NIE) may be retained during alternative or aberrant splicing events.
Mature mRNA transcripts containing an NIE may be non-productive, for example, due to frame
shifts which induce the NMD pathway. In some embodiments, an NMD exon is an exon that
contains a premature stop codon (or premature termination codon (PTC)) or other sequences that
facilitate degradation of a mature RNA transcript containing the NMD exon. Inclusion of a NIE
in mature RNA transcripts may downregulate gene expression. In some embodiments, an NMD
exon is an exon created from alternative splicing events. For example, an NMD exon can be an
exon created from an alternative 5' splice site event. For example, an NMD exon can be an exon
that contains a canonical exon and at least a portion of an intron adjacent to the canonical exon.
For example, an NMD exon can be an exon that contains an entire canonical exon and at least a
portion of an intron immediately downstream of the canonical exon. In some embodiments the
NMD exon is a region within an intron (e.g., a canonical intron).

[00208] Alternative splicing can result in inclusion of at least one NSE in the mature mRNA
transcripts. The terms “mature mRNA,” and “fully-spliced mRNA,” are used interchangeably
herein to describe a fully processed mRNA. A mature mRNA that contains an NMD exon can be
non-productive mRNA and lead to NMD of the mature mRNA. NIE containing mature mRNA
may sometimes lead to reduced protein expression compared to protein expression from a

corresponding mature mRNA that does not contain the NIE.
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[00209] Pseudo splice sites have the same splicing recognition sequences as genuine splice sites
but are not used in splicing reactions. They outnumber genuine splice sites in the human genome
by an order of a magnitude and are normally repressed by thus far poorly understood molecular
mechanisms. Cryptic 5’ splice sites have the consensus NNN/GUNNNN or NNN/GCNNNN
where N is any nucleotide and / is the exon-intron boundary. Cryptic 3’ splice sites have the
consensus NAG/N. Their activation is positively influenced by surrounding nucleotides that
make them more similar to the optimal consensus of authentic splice sites, namely
MAG/GURAGU and YAG/G, respectively, where Mis Cor A, Ris Gor A, and Y is C or U.
[00210] Splice sites and their regulatory sequences can be readily identified by a skilled person
using suitable algorithms publicly available, listed for example in Kralovicova, J. and
Vorechovsky, I. (2007) Global control of aberrant splice site activation by auxiliary splicing
sequences: evidence for a gradient in exon and intron definition. Nucleic Acids Res., 35, 6399-
6413, (ncbi.nlm.nih.gov/pmc/articles/PMC2095810/pdf/gkm680.pdf)

Splicing and Nonsense-mediated mRNA Decay

[00211] Intervening sequences or introns are removed by a large and highly dynamic RNA-
protein complex termed the spliceosome, which orchestrates complex interactions between
primary transcripts, small nuclear RNAs (snRNAs) and a large number of proteins.
Spliceosomes assemble ad hoc on each intron in an ordered manner, starting with recognition of
the 57 splice site (5’ss) by Ul snRNA or the 3’splice site (3’ss) by the U2 pathway, which
involves binding of the U2 auxiliary factor (U2AF) to the 3’ss region to facilitate U2 binding to
the branch point sequence (BPS). U2AF is a stable heterodimer composed of a U2AF2-encoded
65-kD subunit (U2AF65), which binds the polypyrimidine tract (PPT), and a U2AF1-encoded
35-kD subunit (U2AF35), which interacts with highly conserved AG dinucleotides at 3°ss and
stabilizes U2AF65 binding. In addition to the BPS/PPT unit and 3’ss/5’ss, accurate splicing
requires auxiliary sequences or structures that activate or repress splice site recognition, known
as intronic or exonic splicing enhancers or silencers. These elements allow genuine splice sites
to be recognized among a vast excess of cryptic or pseudo-sites in the genome of higher
eukaryotes, which have the same sequences but outnumber authentic sites by an order of
magnitude. Although they often have a regulatory function, the exact mechanisms of their
activation or repression are poorly understood.

[00212] The decision of whether to splice or not to splice can be typically modeled as a
stochastic rather than deterministic process, such that even the most defined splicing signals can
sometimes splice incorrectly. However, under normal conditions, pre-mRNA splicing proceeds
at surprisingly high fidelity. This is attributed in part to the activity of adjacent cis-acting

auxiliary exonic and intronic splicing regulatory elements (ESRs or ISRs). Typically, these
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functional elements are classified as either exonic or intronic splicing enhancers (ESEs or ISEs)
or silencers (ESSs or ISSs) based on their ability to stimulate or inhibit splicing, respectively.
Although there is now evidence that some auxiliary cis-acting elements may act by influencing
the kinetics of spliceosome assembly, such as the arrangement of the complex between Ul
snRNP and the 5’ss, it seems very likely that many elements function in concert with trans-
acting RNA-binding proteins (RBPs). For example, the serine- and arginine-rich family of RBPs
(SR proteins) is a conserved family of proteins that have a key role in defining exons. SR
proteins promote exon recognition by recruiting components of the pre-spliceosome to adjacent
splice sites or by antagonizing the effects of ESSs in the vicinity. The repressive effects of ESSs
can be mediated by members of the heterogeneous nuclear ribonucleoprotein (hnRNP) family
and can alter recruitment of core splicing factors to adjacent splice sites. In addition to their roles
in splicing regulation, silencer elements are suggested to have a role in repression of pseudo-
exons, sets of decoy intronic splice sites with the typical spacing of an exon but without a
functional open reading frame. ESEs and ESSs, in cooperation with their cognate trans-acting
RBPs, represent important components in a set of splicing controls that specify how, where and
when mRNAs are assembled from their precursors.

[00213] The sequences marking the exon-intron boundaries are degenerate signals of varying
strengths that can occur at high frequency within human genes. In multi-exon genes, different
pairs of splice sites can be linked together in many different combinations, creating a diverse
array of transcripts from a single gene. This is commonly referred to as alternative pre-mRNA
splicing. Although most mRNA isoforms produced by alternative splicing can be exported from
the nucleus and translated into functional polypeptides, different mRNA isoforms from a single
gene can vary greatly in their translation efficiency. Those mRNA isoforms with premature
termination codons (PTCs) or premature stop codons at least 50 bp upstream of an exon junction
complex are likely to be targeted for degradation by the nonsense-mediated mRNA decay
(NMD) pathway. Mutations in traditional (BPS/PPT/3’ss/5’ss) and auxiliary splicing motifs can
cause aberrant splicing, such as exon skipping or cryptic (or pseudo-) exon inclusion or splice-
site activation and contribute significantly to human morbidity and mortality. Both aberrant and
alternative splicing patterns can be influenced by natural DNA variants in exons and introns.
[00214] Given that exon-intron boundaries can occur at any of the three positions of a codon, it
is clear that only a subset of alternative splicing events can maintain the canonical open reading
frame. For example, only exons that are evenly divisible by 3 can be skipped or included in the
mRNA without any alteration of reading frame. Splicing events that do not have compatible
phases will induce a frame-shift. Unless reversed by downstream events, frame-shifts can

certainly lead to one or more PTCs, probably resulting in subsequent degradation by NMD.
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NMD is a translation-coupled mechanism that eliminates mRNAs containing PTCs. NMD can
function as a surveillance pathway that exists in all eukaryotes. NMD can reduce errors in gene
expression by eliminating mRNA transcripts that contain premature stop codons or PTCs.
Translation of these aberrant mRNAs could, in some cases, lead to deleterious gain-of-function
or dominant-negative activity of the resulting proteins. NMD targets not only transcripts with
PTCs but also a broad array of mRNA isoforms expressed from many endogenous genes,
suggesting that NMD is a master regulator that drives both fine and coarse adjustments in
steady-state RNA levels in the cell.

Target Genes

[00215] The present disclosure provides compositions and methods for modulating alternative
splicing of a target to modulate the production of functional protein-coding mature mRNA, and
thus, translated functional the target protein, wherein the target is PK2. These compositions
and methods include antisense oligomers (ASOs) that can promote canonical splicing of the
target pre-mRNA, wherein the target is PKD2. In various embodiments, functional target protein
can be increased using the methods of the disclosure to treat a condition caused by target protein
deficiency, wherein the target is selected from the group consisting of PKD2.

[00216] In some embodiments, the methods of the invention are used to increase functional the
target protein production to treat a condition in a subject in need thereof, wherein the target is
PKD2. In some embodiments, the subject has a condition in which the target protein is not
necessarily deficient relative to wild-type, but where an increase in the target protein mitigates
the condition nonetheless, wherein the target is PKD2. In some embodiments, the condition is
caused by sporadic mutation. In some embodiments, the methods of the invention are used to
reduce functional target protein production to treat a condition in a subject in need thereof,
wherein the target is PKD2. In some embodiments, the methods of the invention are used to
modulate functional target protein production to treat a condition in a subject in need thereof,
wherein the target is PKD2.

Target Transcripts

[00217] In some embodiments, the methods of the present disclosure exploit the presence of NIE
in the pre-mRNA transcribed from the PKD?2 gene. Splicing of the identified PKD2 NIE pre-
mRNA species to produce functional mature PKD2 mRNA may be induced using a therapeutic
agent such as an ASQ that stimulates skipping of an NIE. The resulting mature PKD2 mRNA
can be translated normally without activating NMD pathway, thereby increasing the amount of
polycystin 2 in the patient’s cells and alleviating symptoms of a condition or disease associated
with PKD?2 deficiency, such as polycystic kidney disease with or without polycystic liver

disease, autosomal dominant polycystic kidney disease, and intracranial aneurysm.
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[00218] Canonical splicing of the identified target NSE pre-mRNA transcripts to produce the
functional, mature target mRNA can be induced using a therapeutic agent, such as an ASQ, that
promotes constitutive splicing of the target NSE pre-mRNA at the canonical splice sites. In
some embodiments, the resulting functional, mature target mRNA can be translated normally,
thereby increasing the amount of the functional target protein in the patient’s cells and
preventing symptoms of the target associated disease.

[00219] In various embodiments, the present disclosure provides a therapeutic agent that can
target PKD?2 pre-mRNA to modulate splicing or protein expression level. The therapeutic agent
can be a small molecule, nucleic acid oligomer, or polypeptide. In some embodiments, the
therapeutic agent is an ASQO. Various regions or sequences on the PKD2 pre-mRNA can be
targeted by a therapeutic agent, such as an ASO. In some embodiments, the ASO targets a PKD?2
NSE pre-mRNA transcribed from the PKD2 gene. In some embodiments, the ASO targets a
PKD2 NSE pre-mRNA transcribed from the PKD2 gene comprising non-sense mediated RNA
decay exons (NSEs). In some embodiments, the NSE comprises a portion of canonical intron 3
of a PKD2 pre-mRNA transcript (intron downstream of canonical exon 3 of the PKD2 pre-
mRNA transcript). In some embodiments, the NSE comprises the entire canonical exon 3 of a
PKD?2 pre-mRNA transcript. In some embodiments, the NSE comprises only a portion of
canonical intron 3 of a PKD?2 pre-mRNA transcript and the entire canonical exon 3 of a PKD?2
pre-mRNA transcript. In some embodiments, the NSE is included in a PKD2 pre-mRNA
transcript due to aberrant splicing. In some embodiments, the ASO targets a sequence within a
NSE of a PKD?2 pre-mRNA transcript. In some embodiments, the ASO targets a sequence
within exon 3 or 4 of a PKD?2 pre-mRNA transcript. In some embodiments, the ASO targets an
exon sequence upstream (or 5°) from the 5’ splice site of intron 3 following exon 3 of a PKD?2
pre-mRNA transcript. In some embodiments, the ASO targets an exon sequence downstream (or
3) from the 3’ splice site of intron 2 preceding exon 3 of a PKD2 pre-mRNA transcript. In some
embodiments, the ASO targets a sequence within an intron flanking the 3’ end of an NSE of a
PKD?2 pre-mRNA transcript. In some embodiments, the ASO targets a sequence within intron 2
or 3 or 4 of a PKD2 pre-mRNA transcript. In some embodiments, the ASO targets an intron
sequence upstream (or 5) from the 3’ splice site of intron 2 or 3 or 4 of a PKD2 pre-mRNA
transcript. In some embodiments, the ASO targets an intron sequence downstream (or 3°) from
the 5’ splice site of intron 2 or 3 or 4 of a PKD2 pre-mRNA transcript. In some embodiments,
the ASO targets a sequence within an intron flanking the 5” end of a NSE of a PKD2 pre-mRNA
transcript. In some embodiments, the ASO targets a sequence within intron 2 or 3 or 4 of a
PKD?2 pre-mRNA transcript. In some embodiments, the ASO targets a sequence within intron 2
or 3 or 4 of a PKD2 pre-mRNA transcript. In some embodiments, the ASO targets an intron
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sequence upstream (or 57) from the 3’ splice site of intron 2 or 3 or 4 of a PKD2 pre-mRNA
transcript. In some embodiments, the ASO targets an intron sequence downstream (or 3”) from
the 5’ splice site of intron 2 or 3 or 4 of a PKD2 pre-mRNA transcript. In some embodiments,
the ASO targets a sequence comprising an exon-intron boundary of a PKD2 pre-mRNA
transcript. In some embodiments, the exon is a NSE. An exon-intron boundary can refer to the
Junction of an exon sequence and an intron sequence. In some embodiments, the intron sequence
can flank the 5° end of the NSE, or the 3’ end of the exon. In some embodiments, the ASO
targets a sequence comprising both a portion of an intron and a portion of an exon.

[00220] In some embodiments, the diseases or conditions that can be treated or ameliorated
using the method or composition disclosed herein are not directly associated with the target
protein (gene) that the therapeutic agent targets. In some embodiments, a therapeutic agent
provided herein can target a protein (gene) that is not directly associated with a disease or
condition, but the modulation of expression of the target protein (gene) can treat or ameliorate
the disease or condition. For instance, targeting genes like PKD2 by a therapeutic agent
provided herein can treat or ameliorate polycystic kidney disease with or without polycystic
liver disease, autosomal dominant polycystic kidney disease, or intracranial aneurysm. In some
embodiments, such target genes like PKD?2 are said to be indicated for Pathway (kidney). In
some embodiments, such target genes like PKD?2 are said to be indicated for Pathway
(polycystic kidney disease with or without polycystic liver disease, or autosomal dominant
polycystic kidney disease). In some embodiments, such target genes like PKD?2 are said to be
indicated for Pathway (intracranial aneurysm).

[00221] In various embodiments, the present disclosure provides a therapeutic agent which can
target PKD2 pre-mRNA transcripts to modulate splicing or protein expression level. The
therapeutic agent can be a small molecule, polynucleotide, or polypeptide. In some
embodiments, the therapeutic agent is an ASQO. Various regions or sequences on the PKD2 pre-
mRNA can be targeted by a therapeutic agent, such as an ASO. In some embodiments, the ASO
targets a PKD2 pre-mRNA transcript containing an NIE. In some embodiments, the ASO targets
a sequence within an NIE of a PKD2 pre-mRNA transcript. In some embodiments, the ASO
targets a sequence upstream (or 5°) from the 5” end of an NIE of a PKD2 pre-mRNA transcript.
In some embodiments, the ASO targets a sequence downstream (or 3”) from the 3’ end of an
NIE of a PKD2 pre-mRNA transcript. In some embodiments, the ASO targets a sequence that is
within an intron flanking the 5’ end of the NIE of a PKD?2 pre-mRNA transcript. In some
embodiments, the ASO targets a sequence that is within an intron flanking the 3’ end of the NIE
of a PKD?2 pre-mRNA transcript. In some embodiments, the ASO targets a sequence comprising

an NIE-intron boundary of a PKD2 pre-mRNA transcript. An NIE-intron boundary can refer to
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the junction of an intron sequence and an NIE region. The intron sequence can flank the 5° end
of the NIE, or the 3’ end of the NIE. In some embodiments, the ASO targets a sequence within
an exon of a PKD?2 pre-mRNA transcript. In some embodiments, the ASO targets a sequence
within an intron of a PKD2 pre-mRNA transcript. In some embodiments, the ASO targets a
sequence comprising both a portion of an intron and a portion of an exon of a PKD2 pre-mRNA
transcript.
[00222] In some embodiments, the ASO targets a sequence about 4 to about 300 nucleotides
upstream (or 57) from the 5’ end of the NIE. In some embodiments, the ASO targets a sequence
about 1 to about 20 nucleotides, about 20 to about 50 nucleotides, about 50 to about 100
nucleotides, about 100 to about 150 nucleotides, about 150 to about 200 nucleotides, about 200
to about 250 nucleotides, or about 250 to about 300 nucleotides upstream (or 5’) from the 5’ end
of the NIE region. In some embodiments, the ASO may target a sequence more than 300
nucleotides upstream from the 5’ end of the NIE. In some embodiments, the ASO targets a
sequence about 4 to about 300 nucleotides downstream (or 3) from the 3’ end of the NIE. In
some embodiments, the ASO targets a sequence about 1 to about 20 nucleotides, about 20 to
about 50 nucleotides, about 50 to about 100 nucleotides, about 100 to about 150 nucleotides,
about 150 to about 200 nucleotides, about 200 to about 250 nucleotides, or about 250 to about
300 nucleotides downstream from the 3° end of the NIE. In some embodiments, the ASO targets
a sequence more than 300 nucleotides downstream from the 3’ end of the NIE.
[00223] In some embodiments, the ASOs disclosed herein target a NSE pre-mRNA transcribed
from PKD2genomic sequence. In some embodiments, the ASO targets a NSE pre-mRNA
transcript from a genomic sequence comprising a NSE of PKD2 genomic sequences. In some
embodiments, the ASO targets a NSE pre-mRNA transcript from a genomic sequence
comprising an intron flanking the 3° end of the NSE and an intron flanking the 5* end of a NSE
of PKD2 genomic sequences. In some embodiments, the ASO targets a NSE pre-mRNA
transcript comprising a sequence selected from the group consisting of the pre-mRNA
transcripts of Table 3. In some embodiments, the ASO targets a pre-mRNA sequence
comprising a NSE of PKD?2 pre-mRNA sequences. In some embodiments, the ASO targets a
pre-mRNA sequence comprising an intron flanking the 3’ end of the NSE of PKD2 pre-mRNA
sequences. In some embodiments, the ASO targets a pre-mRNA sequence comprising an intron
flanking the 5’ end of the NSE of PKD2 pre-mRNA sequences. In some embodiments, the
transcript is selected from the group consisting of the transcripts of Table 3.
[00224] In some embodiments, the PKD2 NIE containing pre-mRNA transcript is encoded by a
genetic sequence with at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100%

sequence identity to any one of the sequences listed in Table 2 or Table 3. In some
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embodiments, the PKD2 NIE pre-mRNA transcript comprises a sequence with at least about
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to any one of the
sequences listed in Table 2 or Table 3.

[00225] In some embodiments, the PKD2 NIE containing pre-mRNA transcript comprises a
sequence with at least about 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to any one
of the sequences listed in Table 2 or Table 3. In some embodiments, PKD2 NIE containing pre-
mRNA transcript is encoded by a sequence with at least about 80%, 85%, 90%, 95%, 97%, or
100% sequence identity to any one of the sequences listed in Table 2 or Table 3. In some
embodiments, the targeted portion of the pre-mRNA comprises a sequence with at least 80%,
85%, 90%, 95%, 97%, or 100% sequence identity to a region comprising at least 8 contiguous
nucleic acids of any one of the sequences listed in Table 2 or Table 3.

[00226] In some embodiments, the pre-mRNA transcript comprises a sequence with at least
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to a pre-mRNA
transcript of PKD2 pre-mRNA transcripts or a complement thereof described herein. In some
embodiments, the targeted portion of the pre-mRNA selected from the group consisting of
PKD?2 pre-mRNAs comprises a sequence with at least 80%, 85%, 90%, 95%, 97%, or 100%
sequence identity to a region comprising at least 8 contiguous nucleic acids of a sequence of the
pre-mRNA transcripts of Table 2 or Table 3 or complements thereof. In some embodiments, the
targeted portion of the pre-mRNA of PKD2 pre-mRNA comprises a sequence that is
complementary to at least 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 contiguous nucleic
acids of a sequence of Table 2 or Table 3 or a complement thereof.

[00227] In some embodiments, the ASOs disclosed herein target a NSE pre-mRNA transcribed
from a PKD?2 genomic sequence. In some embodiments, the ASO targets a NSE pre-mRNA
transcript from a PKD2 genomic sequence comprising a NSE. In some embodiments the NSE
comprises exon 3. In some embodiments the NSE is the third exon of a PKD?2 transcript. In
some embodiments, the ASO targets a NSE pre-mRNA transcript from a PKD2 genomic
sequence comprising exon 3 or 4. In some embodiments, the ASO targets a NSE pre-mRNA
transcript from a PKD2 genomic sequence comprising an intron flanking the 3’ end of the NSE
and an intron flanking the 5’ end of a NSE. In some embodiments, the intron flanking the 3° end
of the NSE is intron 3 and the intron flanking the 5’ end of a NSE is intron 2. In some
embodiments, the ASO targets a NSE pre-mRNA transcript from a PKD2 genomic sequence
comprising intron 2, exon 3 and intron 3. In some embodiments, the ASO targets a NSE pre-
mRNA transcript comprising exon 3 and exon 4. In some embodiments, the ASO targets a
PKD?2 pre-mRNA sequence comprising a NSE. In some embodiments, the ASO targets a PKD?2

pre-mRNA sequence comprising exon 3. In some embodiments, the ASO targets a PKD?2 pre-

-36-



WO 2022/169947 PCT/US2022/015074
mRNA sequence comprising an intron flanking the 3° end of the NSE. In some embodiments,
the ASO targets a PKD2 pre-mRNA sequence comprising intron 3. In some embodiments, the
ASO targets a PKD2 pre-mRNA sequence comprising an intron flanking the 5’ end of the NSE.
[00228] In some embodiments, the PKD2 pre-mRNA transcript is encoded by a genetic
sequence with at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% sequence
identity to the Ensembl reference number ENSG00000118762.8 or a complement thereof. In
some embodiments, the PKD?2 pre-mRNA transcript comprises a sequence with at least about
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to a PKD2 pre-mRNA
transcript or a complement thereof described herein.

[00229] In some embodiments, the targeted portion of the PKD2 pre-mRNA comprises a
sequence with at least 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to a region
comprising at least 8 contiguous nucleic acids of a sequence of sequence of Table 3 or
complements thereof. In some embodiments, the targeted portion of the PKD2 pre-mRNA
comprises a sequence with at least 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to a
region comprising at least 8 contiguous nucleic acids of a sequence selected from the group
consisting of sequences listed in Table 2 or Table 3 or complements thereof. In some
embodiments, the ASO comprises a sequence that is at least about 80%, 85%, 90%, 95%, 97%,
or 100% identical to any one the sequences of Table 4 or complements thereof.

[00230] In some embodiments, the ASOs disclosed herein target a NSE pre-mRNA transcribed
from a target genomic sequence. In some embodiments, the ASO targets a NSE pre-mRNA
transcript from a target genomic sequence comprising a NSE. In some embodiments, the ASO
targets a NSE pre-mRNA transcript from a target genomic sequence comprising an intron
flanking the 3’ end of the NSE and an intron flanking the 5’ end of a NSE. In some
embodiments, the ASO targets a NSE pre-mRNA transcript comprising a sequence selected
from the pre-mRNA transcript sequences of Table 3. In some embodiments, the ASO targets a
NSE pre-mRNA transcript comprising a sequence selected from the pre-mRNA transcript
sequences of Table 3 as represented by the Ensembl reference numbers. In some embodiments,
the ASO targets a target pre-mRNA sequence comprising a NSE. In some embodiments, the
ASO targets a target pre-mRNA sequence comprising an intron flanking the 3° end of the NSE.
In some embodiments, the ASO targets a target pre-mRNA sequence comprising an intron
flanking the 5’ end of the NSE. In some embodiments, the transcript is selected from the group
consisting of the transcript sequences of Table 3. In some embodiments, the transcript is selected
from the group consisting of the transcript sequences of Table 3 as represented by the Ensembl

reference numbers.
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[00231] In some embodiments, the target pre-mRNA transcript is encoded by a genetic sequence
with at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to
the gene sequence as represented by the Ensembl reference number or a complement thereof. In
some embodiments, the target pre-mRNA transcript comprises a sequence with at least about
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to target pre-mRNA
transcript or a complement thereof described herein.

[00232] In some embodiments, the targeted portion of the target pre-mRNA comprises a
sequence with at least 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to a region
comprising at least 8 contiguous nucleic acids of a sequence of Table 2 or a sequence of Table 3
or complements thereof. In some embodiments, the targeted portion of the target pre-mRNA
comprises a sequence with at least 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to a
region comprising at least 8 contiguous nucleic acids of a sequence of Table 3 as represented by
the Ensembl reference numbers or a sequence of Table 2 or complements thereof. In some
embodiments, the targeted portion of the target pre-mRNA comprises a sequence that is
complementary to at least 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 contiguous nucleic
acids of a sequence of Table 2 or Table 3 or a complement thereof.

[00233] In some embodiments, the ASO targets exon 3 of a PKD2 pre-mRNA comprising a
NSE. In some embodiments, the ASO targets a sequence about 2 nucleotides downstream (or 3”)
from the 5’ splice site of intron 3 to about 4 nucleotides upstream (or 5°) from the 3’ splice site
of intron 2. In some embodiments, the ASO targets a sequence about 2 nucleotides upstream (or
57) from the 5’ splice site of intron 3 to about 4 nucleotides downstream (or 3”) from the 3’
splice site of intron 2. In some embodiments, the ASO has a sequence according to any one of
the sequences listed in Table 4 or complements thereof.

[00234] In some embodiments, the ASO targets intron 3 of a PKD2 pre-mRNA comprising a
NSE. In some embodiments, the ASO targets a sequence about 4 to about 300 nucleotides
upstream (or 57) from the 3’ splice site of intron 3. In some embodiments, the ASO targets a
sequence about 4 to about 300 nucleotides downstream (or 3”) from the 3’ splice site of intron 3.
In some embodiments, the ASO targets a sequence about 4 to about 300 nucleotides upstream
(or 57) from the 5 splice site of intron 3. In some embodiments, the ASO targets a sequence
about 4 to about 300 nucleotides downstream (or 3’) from the 5° splice site of intron 3. In some
embodiments, the ASO targets a sequence about 6 to about 100 nucleotides upstream (or 5°)
from the 3’ splice site of intron 2. In some embodiments, the ASO targets a sequence about 4 to
about 300 nucleotides downstream (or 3’) from the 3’ splice site of intron 2. In some
embodiments, the ASO targets a sequence about 6 to about 100 nucleotides upstream (or 5°)

from the 5’ splice site of intron 2. In some embodiments, the ASO targets a sequence about 4 to
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about 300 nucleotides downstream (or 3’) from the 5’ splice site of intron 2. In some
embodiments, the ASO has a sequence according to any sequence of Table 4 or complements
thereof.

[00235] In some embodiments, the targeted portion of the PKD2 pre-mRNA is in intron 2, 3, or
4. In some embodiments, the targeted portion of the PKD2 pre-mRNA is in exon 2, 3, 4, or 5. In
some embodiments, hybridization of an ASO to the targeted portion of the NSE pre-mRNA
results in inclusion of canonical exon 3, and subsequently increases polycystin 2 production. In
some embodiments, hybridization of an ASO to the targeted portion of the NSE pre-mRNA
results in exclusion of a canonical exon, and subsequently decreases polycystin 2 production. In
some embodiments, hybridization of an ASO to the targeted portion of the NSE pre-mRNA
results in inclusion or exclusion of a canonical exon, and subsequently modulates polycystin 2
production. In some embodiments, the targeted portion of the PKD2 pre-mRNA is in exon 3 or
4. In some embodiments, the targeted portion of the PKD2 pre-mRNA is in intron 2. In some
embodiments, the targeted portion of the PKD2 pre-mRNA is in intron 3.

[00236] In some embodiments, the ASO targets exon 2x of a PKD2 NIE containing pre-mRNA
comprising NIE exon 2.

[00237] In some embodiments, the ASO targets exon (GRCh38/ hg38: chr4:88031085
88031140) of PKD?2.

[00238] In some embodiments, the ASO targets a sequence about 1500 nucleotides, about 1000
nucleotides, about 800 nucleotides, about 700 nucleotides, about 600 nucleotides, about 500
nucleotides, about 400 nucleotides, about 300 nucleotides, about 200 nucleotides, about 100
nucleotides, about 80 nucleotides, about 70 nucleotides, about 60 nucleotides, about 50
nucleotides upstream (or 5°) from the 5’ end of exon 2x of PKD2. In some embodiments, the
ASO targets a sequence about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides,
about 700 nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides,
about 300 nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides,
about 70 nucleotides, about 60 nucleotides, about 50 nucleotides upstream (or 5’) from
GRCh38/ hg38: chr4:88031085 88031140 of PKD2

[00239] In some embodiments, the ASO targets a sequence at most about 1500 nucleotides,
about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600 nucleotides,
about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200 nucleotides,
about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60 nucleotides, about
50 nucleotides upstream (or 57) from the 5’ end of exon 2x of PKD2. In some embodiments, the
ASO targets a sequence at most about 1500 nucleotides, about 1000 nucleotides, about 800

nucleotides, about 700 nucleotides, about 600 nucleotides, about 500 nucleotides, about 400
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nucleotides, about 300 nucleotides, about 200 nucleotides, about 100 nucleotides, about 80
nucleotides, about 70 nucleotides, about 60 nucleotides, about 50 nucleotides upstream (or 5°)
from GRCh38/ hg38: chr4:88031085 88031140 of PKD2.

[00240] In some embodiments, the ASO targets a sequence about 1500 nucleotides, about 1000
nucleotides, about 800 nucleotides, about 700 nucleotides, about 600 nucleotides, about 500
nucleotides, about 400 nucleotides, about 300 nucleotides, about 200 nucleotides, about 100
nucleotides, about 80 nucleotides, about 70 nucleotides, about 60 nucleotides, about 50
nucleotides downstream (or 3”) from the 3’ end of exon 2x of PKD2. In some embodiments, the
ASO targets a sequence about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides,
about 700 nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides,
about 300 nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides,
about 70 nucleotides, about 60 nucleotides, about 50 nucleotides downstream (or 3”) from
GRCh38/ hg38: chr4:88031085 88031140 of PKD2.

[00241] In some embodiments, the ASO targets a sequence at most about 1500 nucleotides,
about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600 nucleotides,
about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200 nucleotides,
about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60 nucleotides, about
50 nucleotides downstream (or 37) from the 3’ end of exon 2x of PKD2. In some embodiments,
the ASO targets a sequence at most about 1500 nucleotides, about 1000 nucleotides, about 800
nucleotides, about 700 nucleotides, about 600 nucleotides, about 500 nucleotides, about 400
nucleotides, about 300 nucleotides, about 200 nucleotides, about 100 nucleotides, about 80
nucleotides, about 70 nucleotides, about 60 nucleotides, about 50 nucleotides downstream (or
37) from GRCh38/ hg38: chr4:88031085 88031140 of PKD2.

[00242] In some embodiments, the ASO has a sequence complementary to the targeted portion
of the pre-mRNA according to any one of the sequences listed in Table 2 or Table 3.

[00243] In some embodiments, the ASO targets a sequence upstream from the 5° end of an NIE.
For example, ASOs targeting a sequence upstream from the 5’ end of an NIE (e.g., exon 2x of
PKD2) comprises a sequence that is at least about 80%, 85%, 90%, 95%, 97%, or 100%
complimentary to at least 8 contiguous nucleic acids of any one of the sequences listed in Table
2 or Table 3. For example, ASOs targeting a sequence upstream from the 5’ end of an NIE (e.g.,
exon (GRCh38/ hg38: chr4:88031085 88031140) of PKD2) can comprise a sequence with at
least 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to any one of the sequences listed
in Table 2 or Table 3.

[00244] In some embodiments, the ASOs target a sequence containing an exon-intron boundary

(or junction). For example, ASOs targeting a sequence containing an exon-intron boundary can
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comprise a sequence that is at least about 80%, 85%, 90%, 95%, 97%, or 100% complimentary
to at least 8 contiguous nucleic acids of any one of the sequences listed in Table 2 or Table 3. In
some embodiments, the ASOs target a sequence downstream from the 3’ end of an NIE. For
example, ASOs targeting a sequence downstream from the 3° end of an NIE (e.g., exon 2x of
PKD?2) can comprise a sequence with at least 80%, 85%, 90%, 95%, 97%, or 100% sequence
identity to any one of the sequences listed in Table 2 or Table 3. For example, ASOs targeting a
sequence downstream from the 3’ end of an NIE (e.g., exon (GRCh38/ hg38: chr4:88031085
88031140) of PKD2) can comprise a sequence with at least 80%, 85%, 90%, 95%, 97%, or
100% sequence identity to any one of the sequences listed in Table 2 or Table 3. In some
embodiments, ASOs target a sequence within an NIE.

[00245] In some embodiments, the ASO targets exon 2x of a PKD2 NIE containing pre-mRNA
comprising NIE exon 2. In some embodiments, the ASO targets a sequence downstream (or 3’)
from the 5° end of exon 2x of PKD2 pre-mRNA. In some embodiments, the ASO targets an
exon 2x sequence upstream (or 57) from the 3’ end of exon 2x of PKD2 pre-mRNA.

[00246] In some embodiments, the targeted portion of the PKD2 NIE containing pre-mRNA is
inintron 1, 2,3, 4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28,29, 30, 31, 32, 33,34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50. In
some embodiments, hybridization of an ASO to the targeted portion of the NIE pre-mRNA
results in exon skipping of at least one of NIE within intron 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,34, 35, 36, 37, 38, 39,
40, 41,42, 43, 44, 45, 46, 47, 48, 49, or 50, and subsequently increases polycystin 2 production.

>

In some embodiments, the targeted portion of the PKD2 NIE containing pre-mRNA is in intron
2 of PKD2. In some embodiments, the targeted portion of the PKD2 NIE containing pre-mRNA
is intron (GRCh38/ hg38:chr4 88019572 88036219) of PKD2.

[00247] In some embodiments, the methods and compositions of the present disclosure are used
to increase the expression of PKD2 by inducing exon skipping of a NIE of an PKD2 NIE
containing pre-mRNA. In some embodiments, the NIE is a sequence within any of introns 1-50.
In some embodiments, the NIE is a sequence within any of introns 1, 2, 3,4, 5,6,7, 8,9, 10, 11,
12, 13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,34, 35, 36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50. In some embodiments, the NIE can be any
PKD?2 intron or a portion thereof. In some embodiments, the NIE is within intron 2 of PKD2. In
some embodiments, the NIE is within intron (GRCh38/ hg38:chr4 88019572 88036219) of
PKD2.

Protein Expression
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[00248] In some embodiments, a mutation occurs in both alleles. In some embodiments, a
mutation occurs in one of the two alleles. In some embodiments, additional mutation occurs in
one of the two alleles. In some embodiments, the additional mutation occurs in the same allele
as the first mutation. In other embodiments, the additional mutation occurs is a trans mutation.
[00249] In some embodiments, the methods described herein are used to increase the production
of a functional polycystin 2 protein or RNA. As used herein, the term “functional” refers to the
amount of activity or function of a polycystin 2 protein or RNA that is necessary to eliminate
any one or more symptoms of a treated condition or disease, e.g., polycystic kidney disease with
or without polycystic liver disease, autosomal dominant polycystic kidney disease, and
intracranial aneurysm. In some embodiments, the methods are used to increase the production of
a partially functional polycystin 2 protein or RNA. As used herein, the term “partially
functional” refers to any amount of activity or function of polycystin 2 protein or RNA that is
less than the amount of activity or function that is necessary to eliminate or prevent any one or
more symptoms of a disease or condition. In some embodiments, a partially functional protein or
RNA will have at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%,
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at least 95% less activity
relative to the fully functional protein or RNA.

[00250] In some embodiments, the method is a method of increasing the expression of
polycystin 2 by cells of a subject having a NIE containing pre-mRNA encoding polycystin 2,
wherein the subject has polycystic kidney disease with or without polycystic liver disease,
autosomal dominant polycystic kidney disease, or intracranial aneurysm caused by a deficient
amount of activity of polycystin 2, and wherein the deficient amount of polycystin 2 is caused
by haploinsufficiency of polycystin 2. In such an embodiment, the subject has a first allele
encoding functional polycystin 2, and a second allele from which polycystin 2 is not produced.
In another such embodiment, the subject has a first allele encoding functional polycystin 2, and a
second allele encoding nonfunctional polycystin 2. In another such embodiment, the subject has
a first allele encoding functional polycystin 2, and a second allele encoding partially functional
polycystin 2. In any of these embodiments, the antisense oligomer binds to a targeted portion of
the NIE containing pre-mRNA transcribed from the second allele, thereby inducing exon
skipping of the NIE from the pre-mRNA and causing an increase in the level of mature mRNA
encoding functional polycystin 2, and an increase in the expression of polycystin 2 in the cells of
the subject.

[00251] In some embodiments, the method is a method of decreasing the expression of the target
protein by cells of a subject having a NSE pre-mRNA encoding the target protein, wherein the

subject has a disease caused by an excess amount of activity of the target protein, wherein the
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excess amount of the target protein is caused by a mutation, and wherein the target is any one
selected from the group consisting of PKD2. In some embodiments, the antisense oligomer
binds to a targeted portion of the NSE pre-mRNA transcribed from the allele carrying a
mutation, thereby increasing alternate splicing of NSEs into the pre-mRNA, and causing an
decrease in the level of mature mRNA encoding the functional target protein, and an decrease in
the expression of the target protein in the cells of the subject. In related embodiments, the
method is a method of using an ASO to decrease the expression of a functional protein or
functional RNA. In some embodiments, an ASO is used to decrease the expression of the target
protein in cells of a subject having a NSE pre-mRNA encoding the target protein, wherein the
subject has an excess in the amount or function of the target protein.

[00252] In some embodiments, the method is a method of modulating the expression of the
target protein by cells of a subject having a NSE pre-mRNA encoding the target protein,
wherein the subject has a disease caused by a deficient or excess amount of activity of the target
protein, wherein the deficient or excess amount of the target protein is caused by a mutation, and
wherein the target is any one selected from the group consisting of PKD2. In some
embodiments, the antisense oligomer binds to a targeted portion of the NSE pre-mRNA
transcribed from the allele carrying a mutation, thereby modulating alternate splicing of NSEs
into the pre-mRNA, and causing an modulation in the level of mature mRNA encoding the
functional target protein, and an modulation in the expression of the target protein in the cells of
the subject. In related embodiments, the method is a method of using an ASO to modulate the
expression of a functional protein or functional RNA. In some embodiments, an ASO is used to
modulate the expression of the target protein in cells of a subject having a NSE pre-mRNA
encoding the target protein, wherein the subject has an abnormality in the amount or function of
the target protein.

[00253] In some embodiments, the method is a method of increasing the expression of
polycystin 2 by cells of a subject having a NIE containing pre-mRNA encoding polycystin 2,
wherein the subject has polycystic kidney disease with or without polycystic liver disease,
autosomal dominant polycystic kidney disease, or intracranial aneurysm caused by a deficient
amount of activity of polycystin 2, and wherein the deficient amount of polycystin 2 is caused
by autosomal recessive inheritance.

[00254] In some embodiments, the method is a method of increasing the expression of
polycystin 2 by cells of a subject having a NIE containing pre-mRNA encoding polycystin 2,
wherein the subject has polycystic kidney disease with or without polycystic liver disease,

autosomal dominant polycystic kidney disease, or intracranial aneurysm caused by a deficient
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amount of activity of polycystin 2, and wherein the deficient amount of polycystin 2 is caused
by autosomal dominant inheritance.

[00255] In some embodiments, the method is a method of increasing the expression of
polycystin 2 by cells of a subject having a NIE containing pre-mRNA encoding polycystin 2,
wherein the subject has polycystic kidney disease with or without polycystic liver disease,
autosomal dominant polycystic kidney disease, or intracranial aneurysm caused by a deficient
amount of activity of polycystin 2, and wherein the deficient amount of polycystin 2 is caused
by X-linked dominant inheritance.
[00256] In related embodiments, the method is a method of using an ASO to increase the
expression of a protein or functional RNA. In some embodiments, an ASO may be used to
increase the expression of polycystin 2 in cells of a subject having a NIE containing pre-mRNA
encoding polycystin 2, wherein the subject has a deficiency, e.g., polycystic kidney disease with
or without polycystic liver disease, autosomal dominant polycystic kidney disease, or
intracranial aneurysm, in the amount or function of a polycystin 2.
[00257] In some embodiments, the NIE containing pre-mRNA transcript that encodes the
protein that is causative of the disease or condition is targeted by the ASOs described herein. In
some embodiments, a NIE containing pre-mRNA transcript that encodes a protein that is not
causative of the disease is targeted by the ASOs. For example, a disease that is the result of a
mutation or deficiency of a first protein in a particular pathway may be ameliorated by targeting
a NIE containing pre-mRNA that encodes a second protein, thereby increasing production of the
second protein. In some embodiments, the function of the second protein is able to compensate
for the mutation or deficiency of the first protein (which is causative of the disease or condition).
In some embodiments, the subject has (a) a first allele that is wild type and (b) a second allele
that is a mutant allele from which (i) polycystin 2 is produced at a reduced level compared to
production from a wild-type allele, (ii) polycystin 2 is produced in a form having reduced
function compared to an equivalent wild-type protein, or (iii) polycystin 2 or functional RNA is
not produced.
[00258] In some embodiments, the subject has:
(a) a first mutant allele from which
0 polycystin 2 is produced at a reduced level compared to production from a
wild-type allele,
(i)  polycystin 2 is produced in a form having reduced function compared to
an equivalent wild-type protein, or
(iii)  polycystin 2 or functional RNA is not produced; and

(b) a second mutant allele from which
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() polycystin 2 is produced at a reduced level compared to production from a
wild-type allele,
(ii)  polycystin 2 is produced in a form having reduced function compared to
an equivalent wild-type protein, or

(iii)  polycystin 2 is not produced, and

wherein the NIE containing pre-mRNA is transcribed from the first allele and/or the second
allele, and wherein when the subject has the first mutant allele (a)(iii) the second mutant allele is
not (b)(iii), and wherein when the subject has the second mutant allele (b)(ii1) the first mutant
allele is not (a)(iii). In these embodiments, the ASO binds to a targeted portion of the NIE
containing pre-mRNA transcribed from the first allele or the second allele, thereby inducing
exon skipping of the NIE from the NIE containing pre-mRNA and causing an increase in the
level of mMRNA encoding polycystin 2 and an increase in the expression of the target protein or
functional RNA in the cells of the subject. In these embodiments, the target protein or functional
RNA having an increase in expression level resulting from the exon skipping of the NIE from
the NIE containing pre-mRNA may be either in a form having reduced function compared to the
equivalent wild-type protein (partially-functional), or having full function compared to the
equivalent wild-type protein (fully-functional).

[00259] In some embodiments, the level of mRNA encoding polycystin 2 is increased 1.1 to 10-
fold, when compared to the amount of mRNA encoding polycystin 2 that is produced in a
control cell, e.g., one that is not treated with the antisense oligomer or one that is treated with an
antisense oligomer that does not bind to the targeted portion of the PKD2 NIE containing pre-
mRNA.

[00260] In some embodiments, a subject treated using the methods of the present disclosure
expresses a partially functional polycystin 2 from one allele, wherein the partially functional
polycystin 2 may be caused by a frameshift mutation, a nonsense mutation, a missense mutation,
or a partial gene deletion. In some embodiments, a subject treated using the methods of the
disclosure expresses a nonfunctional polycystin 2 from one allele, wherein the nonfunctional
polycystin 2 may be caused by a frameshift mutation, a nonsense mutation, a missense mutation,
a partial gene deletion, in one allele. In some embodiments, a subject treated using the methods
of the disclosure has a PKD2 whole gene deletion, in one allele.

Exon Inclusion

[00261] In some embodiments, the included NIE is the most abundant NIE in a population of
NIE containing pre-mRNAs transcribed from the gene encoding the target protein in a cell. In

some embodiments, the included NIE is the most abundant NIE in a population of NIE
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containing pre-mRNAs transcribed from the gene encoding the target protein in a cell, wherein
the population of NIE containing pre-mRNAs comprises two or more included NIEs. In some
embodiments, an antisense oligomer targeted to the most abundant NIE in the population of NIE
containing pre-mRNAs encoding the target protein induces exon skipping of one or two or more
NIEs in the population, including the NIE to which the antisense oligomer is targeted or binds.
In some embodiments, the targeted region is in a NIE that is the most abundant NIE in a NIE
containing pre-mRNA encoding polycystin 2.

[00262] The degree of exon inclusion can be expressed as percent exon inclusion, e.g., the
percentage of transcripts in which a given NIE is included. In brief, percent exon inclusion can
be calculated as the percentage of the amount of RNA transcripts with the exon inclusion, over
the sum of the average of the amount of RNA transcripts with exon inclusion plus the average of
the amount of RNA transcripts with exon exclusion.

[00263] A NSE can be created as a result of splicing in additional base pairs.

[00264] The degree of alternative splicing can be expressed as percent alternative splicing, e.g.,
the percent-age of transcripts in which a given NSE is included. In brief, percent alternative
splicing can be calculated as the percentage of the amount of RNA transcripts with the NSE,
over the sum of the average of the amount of RNA transcripts with a NSE plus the average of
the amount of RNA transcripts with only the canonical exons.

[00265] In some embodiments, an included NIE is an exon that is identified as an included NIE
based on a determination of at least about 5%, at least about 10%, at least about 15%, at least
about 20%, at least about 25%, at least about 30%, at least about 35%, at least about 40%, at
least about 45%, or at least about 50%, inclusion. In embodiments, a included NIE is an exon
that is identified as a included NIE based on a determination of about 5% to about 100%, about
5% to about 95%, about 5% to about 90%, about 5% to about 85%, about 5% to about 80%,
about 5% to about 75%, about 5% to about 70%, about 5% to about 65%, about 5% to about
60%, about 5% to about 55%, about 5% to about 50%, about 5% to about 45%, about 5% to
about 40%, about 5% to about 35%, about 5% to about 30%, about 5% to about 25%, about 5%
to about 20%, about 5% to about 15%, about 10% to about 100%, about 10% to about 95%,
about 10% to about 90%, about 10% to about 85%, about 10% to about 80%, about 10% to
about 75%, about 10% to about 70%, about 10% to about 65%, about 10% to about 60%, about
10% to about 55%, about 10% to about 50%, about 10% to about 45%, about 10% to about
40%, about 10% to about 35%, about 10% to about 30%, about 10% to about 25%, about 10%
to about 20%, about 15% to about 100%, about 15% to about 95%, about 15% to about 90%,
about 15% to about 85%, about 15% to about 80%, about 15% to about 75%, about 15% to
about 70%, about 15% to about 65%, about 15% to about 60%, about 15% to about 55%, about
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15% to about 50%, about 15% to about 45%, about 15% to about 40%, about 15% to about
35%, about 15% to about 30%, about 15% to about 25%, about 20% to about 100%, about 20%
to about 95%, about 20% to about 90%, about 20% to about 85%, about 20% to about 80%,
about 20% to about 75%, about 20% to about 70%, about 20% to about 65%, about 20% to
about 60%, about 20% to about 55%, about 20% to about 50%, about 20% to about 45%, about
20% to about 40%, about 20% to about 35%, about 20% to about 30%, about 25% to about
100%, about 25% to about 95%, about 25% to about 90%, about 25% to about 85%, about 25%
to about 80%, about 25% to about 75%, about 25% to about 70%, about 25% to about 65%,
about 25% to about 60%, about 25% to about 55%, about 25% to about 50%, about 25% to
about 45%, about 25% to about 40%, or about 25% to about 35%, inclusion. ENCODE data
(described by, e.g., Tilgner, et al., 2012, “Deep sequencing of subcellular RNA fractions shows
splicing to be predominantly co-transcriptional in the human genome but inefficient for
IncRNAs,” Genome Research 22(9):1616-25) can be used to aid in identifying exon inclusion.
[00266] In some embodiments, contacting cells with an ASO that is complementary to a targeted
portion of a PKD?2 pre-mRNA transcript results in an increase in the amount of polycystin 2
produced by at least 10, 20, 30, 40, 50, 60, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, or
1000%, compared to the amount of the protein produced by a cell in the absence of the
ASO/absence of treatment. In some embodiments, the total amount of polycystin 2 produced by
the cell to which the antisense oligomer is contacted is increased about 20% to about 300%,
about 50% to about 300%, about 100% to about 300%, about 150% to about 300%, about 20%
to about 50%, about 20% to about 100%, about 20% to about 150%, about 20% to about 200%,
about 20% to about 250%, about 50% to about 100%, about 50% to about 150%, about 50% to
about 200%, about 50% to about 250%, about 100% to about 150%, about 100% to about 200%,
about 100% to about 250%, about 150% to about 200%, about 150% to about 250%, about
200% to about 250%, at least about 10%, at least about 20%, at least about 50%, at least about
100%, at least about 150%, at least about 200%, at least about 250%, or at least about 300%,
compared to the amount of target protein produced by a control compound. In some
embodiments, the total amount of polycystin 2 produced by the cell to which the antisense
oligomer is contacted is increased about 1.1 to about 10-fold, about 1.5 to about 10-fold, about 2
to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold,
about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about
9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about
8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about
8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about
9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-
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fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at
least about 10-fold, compared to the amount of target protein produced by a control compound.
A control compound can be, for example, an oligonucleotide that is not complementary to a
targeted portion of the pre-mRNA.

[00267] In some embodiments, contacting cells with an ASO that is complementary to a targeted
portion of a PKD?2 pre-mRNA transcript results in an increase in the amount of mRNA encoding
PKD?2, including the mature mRNA encoding the target protein. In some embodiments, the
amount of mRNA encoding polycystin 2, or the mature mRNA encoding polycystin 2, is
increased by at least 10, 20, 30, 40, 50, 60, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, or
1000%, compared to the amount of the protein produced by a cell in the absence of the
ASO/absence of treatment. In some embodiments, the total amount of the mRNA encoding
polycystin 2, or the mature mRNA encoding polycystin 2 produced in the cell to which the
antisense oligomer is contacted is increased about 20% to about 300%, about 50% to about
300%, about 100% to about 300%, about 150% to about 300%, about 20% to about 50%, about
20% to about 100%, about 20% to about 150%, about 20% to about 200%, about 20% to about
250%, about 50% to about 100%, about 50% to about 150%, about 50% to about 200%, about
50% to about 250%, about 100% to about 150%, about 100% to about 200%, about 100% to
about 250%, about 150% to about 200%, about 150% to about 250%, about 200% to about
250%, at least about 10%, at least about 20%, at least about 50%, at least about 100%, at least
about 150%, at least about 200%, at least about 250%, or at least about 300%, compared to the
amount of mature RNA produced in an untreated cell, e.g., an untreated cell or a cell treated
with a control compound. In some embodiments, the total amount of the mRNA encoding
polycystin 2, or the mature mRNA encoding polycystin 2 produced in the cell to which the
antisense oligomer is contacted is increased about 1.1 to about 10-fold, about 1.5 to about 10-
fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to
about 5-fold, about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold,
about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-
fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-
fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-
fold, about 4 to about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold,
at least about 2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least
about 5-fold, or at least about 10-fold compared to the amount of mature RNA produced in an
untreated cell, e.g., an untreated cell or a cell treated with a control compound. A control
compound can be, for example, an oligonucleotide that is not complementary to a targeted

portion of the PKD2 NIE containing pre-mRNA.

-48-



WO 2022/169947 PCT/US2022/015074
[00268] In some embodiments, contacting cells with an ASO that is complementary to a targeted
portion of a PKD2 pre-mRNA transcript results in a decrease in the amount of polycystin 2
produced by at least 10, 20, 30, 40, 50, 60, 80, 100%, compared to the amount of the protein
produced by a cell in the absence of the ASO/absence of treatment. In some embodiments, the
total amount of polycystin 2 produced by the cell to which the antisense oligomer is contacted is
decreased about 20% to about 100%, about 50% to about 100%, about 20% to about 50%, or
about 20% to about 100% compared to the amount of target protein produced by a control
compound. In some embodiments, the total amount of polycystin 2 produced by the cell to
which the antisense oligomer is contacted is decreased about 1.1 to about 10-fold, about 1.5 to
about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about
1.1 to about 5-fold, about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-
fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about
7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about
7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about
8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-
fold, at least about 2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at
least about 5-fold, or at least about 10-fold, compared to the amount of target protein produced
by a control compound. A control compound can be, for example, an oligonucleotide that is not
complementary to a targeted portion of the pre-mRNA.

[00269] In some embodiments, the level of mRNA encoding polycystin 2 is decreased 1.1 to 10-
fold, when compared to the amount of mRNA encoding polycystin 2 that is produced in a
control cell, e.g., one that is not treated with the antisense oligomer or one that is treated with an
antisense oligomer that does not bind to the targeted portion of the PKD2 containing pre-mRNA.
[00270] In some embodiments, the level of mRNA encoding polycystin 2 is decreased 1.1 to 10-
fold, when compared to the amount of mRNA encoding polycystin 2 that is produced in a
control cell, e.g., one that is not treated with the antisense oligomer or one that is treated with an
antisense oligomer that does not bind to the targeted portion of the PKD2 pre-mRNA.

[00271] In some embodiments of the present invention, a subject can have a mutation in PKD2.
A variety of pathogenic variants have been reported to cause PKD?2 deficiency, including
missense variants, nonsense variants, single- and double-nucleotide insertions and deletions,
complex insertion/deletions, and splice site variants. In the presence of this pathogenic variant
approximately 2%-5% of transcripts are correctly spliced, allowing for residual enzyme activity.
In some embodiments, disease results from loss of function of PKD?2 caused by PKD?2
pathogenic variants that generate truncated proteins or proteins with altered conformations or

reduced activity.
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[00272] In some embodiments, a subject having any PKD2 mutation known in the art and
described as above can be treated using the methods and compositions described herein. In some
embodiments, the mutation is within any PKD?2 intron or exon. In some embodiments, the
mutation is within PKD2 exon 2, 3 or 4.

[00273] The NIE can be in any length. In some embodiments, the NIE does not comprise a full
sequence of an intron. In some embodiments, the NIE comprises a full sequence of an intron and
a full sequence of an exon upstream of the intron and a full sequence of an exon downstream of
the intron. In some embodiments, the NIE can be a portion of the intron. In some embodiments,
the NIE can comprise a 5’ end portion of a canonical intron sequence. In some embodiments, the
NIE can comprise a canonical 5’ss sequence of a canonical intron. In some embodiments, the
NIE can comprise a 3” end portion of a canonical intron. In some embodiments, the NIE can
comprise a canonical 3’ss sequence of a canonical intron. In some embodiments, the NIE can be
a portion within an intron without inclusion of a canonical 5’ss sequence of the intron. In some
embodiments, the NIE can be a portion within an intron without inclusion of a canonical 3’ss
sequence of the intron. In some embodiments, the NIE can be a portion within an intron without
inclusion of either a canonical 5’ss sequence or a canonical 3’ss sequence of the intron. In some
embodiments, the NIE can be from 5 nucleotides to 10 nucleotides in length, from 10
nucleotides to 15 nucleotides in length, from 15 nucleotides to 20 nucleotides in length, from 20
nucleotides to 25 nucleotides in length, from 25 nucleotides to 30 nucleotides in length, from 30
nucleotides to 35 nucleotides in length, from 35 nucleotides to 40 nucleotides in length, from 40
nucleotides to 45 nucleotides in length, from 45 nucleotides to 50 nucleotides in length, from 50
nucleotides to 55 nucleotides in length, from 55 nucleotides to 60 nucleotides in length, from 60
nucleotides to 65 nucleotides in length, from 65 nucleotides to 70 nucleotides in length, from 70
nucleotides to 75 nucleotides in length, from 75 nucleotides to 80 nucleotides in length, from 80
nucleotides to 85 nucleotides in length, from 85 nucleotides to 90 nucleotides in length, from 90
nucleotides to 95 nucleotides in length, or from 95 nucleotides to 100 nucleotides in length. In
some embodiments, the NIE can be at least 10 nucleotides, at least 20 nucleotides, at least 30
nucleotides, at least 40 nucleotides, at least 50 nucleotides, at least 60 nucleoids, at least 70
nucleotides, at least 80 nucleotides in length, at least 90 nucleotides, or at least 100 nucleotides
in length. In some embodiments, the NIE can be from 100 to 200 nucleotides in length, from
200 to 300 nucleotides in length, from 300 to 400 nucleotides in length, from 400 to 500
nucleotides in length, from 500 to 600 nucleotides in length, from 600 to 700 nucleotides in
length, from 700 to 800 nucleotides in length, from 800 to 900 nucleotides in length, from 900
to 1,000 nucleotides in length. In some embodiments, the NIE may be longer than 1,000

nucleotides in length.
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[00274] Inclusion of a NIE can lead to a frameshift and the introduction of a premature
termination codon (PTC) (or premature stop codon)) in the mature mRNA transcript rendering
the transcript a target of NMD. Mature mRNA transcript containing NIE can be non-productive
mRNA transcript which does not lead to protein expression. The PTC can be present in any
position downstream of an NIE. In some embodiments, the PTC can be present in any exon
downstream of an NIE. In some embodiments, the PTC can be present within the NIE. For
example, inclusion of exon 2x of PKD2 pre-mRNA in an mRNA transcript encoded by the
PKD? gene can induce a PTC in the mRNA transcript. For example, inclusion of exon
(GRCh38/ hg38: chr4:88031085 88031140) of PKD2 in an mRNA transcript encoded by PKD2.
Therapeutic Agents
[00275] In some embodiments, the agents as used herein refers to the therapeutic agents. In
some embodiments, the therapeutic agents as used herein refers to the agents.

[00276] In various embodiments of the present disclosure, compositions and methods
comprising a therapeutic agent are provided to modulate protein expression level of PKD2. In
some embodiments, provided herein are compositions and methods to modulate alternative
splicing of PKD2 pre-mRNA. In some embodiments, provided herein are compositions and
methods to induce exon skipping in the splicing of PKD2 pre-mRNA, e.g., to induce skipping of
a NMD exon during splicing of PKD2 pre-mRNA. In other embodiments, therapeutic agents
may be used to induce the inclusion of an exon in order to decrease the protein expression level.
[00277] A therapeutic agent disclosed herein can be a NIE repressor agent. A therapeutic agent
may comprise a polynucleic acid polymer. A therapeutic agent disclosed herein can be an
alternative splicing repressor agent. In some embodiments, a therapeutic agent may comprise a
polynucleic acid polymer. In other embodiments, a therapeutic agent may comprise a small
molecule. In other embodiments, a therapeutic agent may comprise a polypeptide. In some
embodiments, the therapeutic agent is a nucleic acid binding protein, with or without being
complexed with a nucleic acid molecule. In other embodiments, the therapeutic agent is a
nucleic acid molecule that encodes for another therapeutic agent. In further embodiments, the
therapeutic agent is incorporated into a viral delivery system, such as an adenovirus-associated
vector.

[00278] According to one aspect of the present disclosure, provided herein is a method of
treatment or prevention of a condition or disease associated with a functional polycystin 2 or
polycystin 1 deficiency, comprising administering a NIE repressor agent to a subject to increase
levels of functional polycystin 2, wherein the agent binds to a region of the pre-mRNA transcript
to decrease inclusion of the NIE in the mature transcript. For example, provided herein is a

method of treatment or prevention of a condition associated with a functional polycystin 2 or
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polycystin 1 deficiency, comprising administering a NIE repressor agent to a subject to increase
levels of functional polycystin 2, wherein the agent binds to a region of an intron containing an
NIE (e.g., exon 2x of PKD?2) of the pre-mRNA transcript or to a NIE-activating regulatory
sequence in the same intron. For example, provided herein is a method of treatment or
prevention of a condition associated with a functional polycystin 2 or polycystin 1 deficiency,
comprising administering a NIE repressor agent to a subject to increase levels of functional
polycystin 2, wherein the agent binds to a region of an intron containing an NIE (e.g., exon
(GRCh38/ hg38: chr4:88031085 88031140) of PKD?2) of the pre-mRNA transcript or to a NIE-
activating regulatory sequence in the same intron. For another example, provided herein is a
method of treatment or prevention of a condition associated with a functional-polycystin 2 or
polycystin 1 deficiency, comprising administering an alternative splicing repressor agent to a
subject to increase levels of functional polycystin 2, wherein the agent binds to a region of an
exon or an intron (e.g., exon 3 or 4, intron 2, 3 or 4 in human PKD?2 gene) of the pre-mRNA
transcript.

[00279] According to one aspect of the present disclosure, provided herein is a method of
treatment or prevention of a condition associated with a functional-polycystin 2 or polycystin 1
deficiency, comprising administering an alternative splicing repressor agent to a subject to
increase levels of functional polycystin 2, wherein the agent binds to a region of the pre-mRNA
transcript to decrease inclusion of the NSE in the mature transcript.

[00280] Alternatively, for example, provided herein is a method of treatment or prevention of a
condition associated with a functional target protein overexpression, comprising administering
an alternative splicing repressor agent to a subject to decrease levels of functional target protein,
wherein the agent binds to a region of an exon or an intron of the pre-mRNA transcript, wherein
the target protein is polycystin 2.

[00281] Where reference is made to reducing NIE inclusion in the mature mRNA, the reduction
may be complete, e.g., 100%, or may be partial. The reduction may be clinically significant. The
reduction/correction may be relative to the level of NIE inclusion in the subject without
treatment, or relative to the amount of NIE inclusion in a population of similar subjects. The
reduction/correction may be at least 10% less NIE inclusion relative to the average subject, or
the subject prior to treatment. The reduction may be at least 20% less NIE inclusion relative to
an average subject, or the subject prior to treatment. The reduction may be at least 40% less NIE
inclusion relative to an average subject, or the subject prior to treatment. The reduction may be
at least 50% less NIE inclusion relative to an average subject, or the subject prior to treatment.
The reduction may be at least 60% less NIE inclusion relative to an average subject, or the

subject prior to treatment. The reduction may be at least 80% less NIE inclusion relative to an
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average subject, or the subject prior to treatment. The reduction may be at least 90% less NIE
inclusion relative to an average subject, or the subject prior to treatment.

[00282] Where reference is made to increasing active polycystin 2 levels, the increase may be
clinically significant. The increase may be relative to the level of active polycystin 2 in the
subject without treatment, or relative to the amount of active polycystin 2 in a population of
similar subjects. The increase may be at least 10% more active polycystin 2 relative to the
average subject, or the subject prior to treatment. The increase may be at least 20% more active
polycystin 2 relative to the average subject, or the subject prior to treatment. The increase may
be at least 40% more active polycystin 2 relative to the average subject, or the subject prior to
treatment. The increase may be at least 50% more active polycystin 2 relative to the average
subject, or the subject prior to treatment. The increase may be at least 80% more active
polycystin 2 relative to the average subject, or the subject prior to treatment. The increase may
be at least 100% more active polycystin 2 relative to the average subject, or the subject prior to
treatment. The increase may be at least 200% more active polycystin 2 relative to the average
subject, or the subject prior to treatment. The increase may be at least 500% more active
polycystin 2 relative to the average subject, or the subject prior to treatment.

[00283] Where reference is made to decreasing functional-polycystin 2 levels, the decrease may
be clinically significant. The decrease may be relative to the level of functional-polycystin 2 in
the subject without treatment, or relative to the amount of functional-polycystin 2 in a
population of similar subjects. The decrease may be at least 10% less functional-polycystin 2
relative to the average subject, or the subject prior to treatment. The decrease may be at least
20% less functional-polycystin 2 relative to the average subject, or the subject prior to treatment.
The decrease may be at least 40% less functional-polycystin 2 relative to the average subject, or
the subject prior to treatment. The decrease may be at least 50% less functional-polycystin 2
relative to the average subject, or the subject prior to treatment. The decrease may be at least
80% less functional-polycystin 2 relative to the average subject, or the subject prior to treatment.
The decrease may be at least 100% less functional-polycystin 2 relative to the average subject,
or the subject prior to treatment.

[00284] In embodiments wherein the NIE repressor agent comprises a polynucleic acid polymer,
the polynucleic acid polymer may be about 50 nucleotides in length. The polynucleic acid
polymer may be about 45 nucleotides in length. The polynucleic acid polymer may be about 40
nucleotides in length. The polynucleic acid polymer may be about 35 nucleotides in length. The
polynucleic acid polymer may be about 30 nucleotides in length. The polynucleic acid polymer
may be about 24 nucleotides in length. The polynucleic acid polymer may be about 25

nucleotides in length. The polynucleic acid polymer may be about 20 nucleotides in length. The
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polynucleic acid polymer may be about 19 nucleotides in length. The polynucleic acid polymer
may be about 18 nucleotides in length. The polynucleic acid polymer may be about 17
nucleotides in length. The polynucleic acid polymer may be about 16 nucleotides in length. The
polynucleic acid polymer may be about 15 nucleotides in length. The polynucleic acid polymer
may be about 14 nucleotides in length. The polynucleic acid polymer may be about 13
nucleotides in length. The polynucleic acid polymer may be about 12 nucleotides in length. The
polynucleic acid polymer may be about 11 nucleotides in length. The polynucleic acid polymer
may be about 10 nucleotides in length. The polynucleic acid polymer may be between about 10
and about 50 nucleotides in length. The polynucleic acid polymer may be between about 10 and
about 45 nucleotides in length. The polynucleic acid polymer may be between about 10 and
about 40 nucleotides in length. The polynucleic acid polymer may be between about 10 and
about 35 nucleotides in length. The polynucleic acid polymer may be between about 10 and
about 30 nucleotides in length. The polynucleic acid polymer may be between about 10 and
about 25 nucleotides in length. The polynucleic acid polymer may be between about 10 and
about 20 nucleotides in length. The polynucleic acid polymer may be between about 15 and
about 25 nucleotides in length. The polynucleic acid polymer may be between about 15 and
about 30 nucleotides in length. The polynucleic acid polymer may be between about 12 and
about 30 nucleotides in length.

[00285] In embodiments wherein the alternative splicing repressor agent comprises a
polynucleic acid polymer, the polynucleic acid polymer may be about 50 nucleotides in length.
In embodiments wherein the alternative splicing modulator agent comprises a polynucleic acid
polymer, the polynucleic acid polymer may be about 50 nucleotides in length. The polynucleic
acid polymer may be about 45 nucleotides in length. The polynucleic acid polymer may be
about 40 nucleotides in length. The polynucleic acid polymer may be about 35 nucleotides in
length. The polynucleic acid polymer may be about 30 nucleotides in length. The polynucleic
acid polymer may be about 24 nucleotides in length. The polynucleic acid polymer may be
about 25 nucleotides in length. The polynucleic acid polymer may be about 20 nucleotides in
length. The polynucleic acid polymer may be about 19 nucleotides in length. The polynucleic
acid polymer may be about 18 nucleotides in length. The polynucleic acid polymer may be
about 17 nucleotides in length. The polynucleic acid polymer may be about 16 nucleotides in
length. The polynucleic acid polymer may be about 15 nucleotides in length. The polynucleic
acid polymer may be about 14 nucleotides in length. The polynucleic acid polymer may be
about 13 nucleotides in length. The polynucleic acid polymer may be about 12 nucleotides in
length. The polynucleic acid polymer may be about 11 nucleotides in length. The polynucleic

acid polymer may be about 10 nucleotides in length. The polynucleic acid polymer may be
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between about 10 and about 50 nucleotides in length. The polynucleic acid polymer may be
between about 10 and about 45 nucleotides in length. The polynucleic acid polymer may be
between about 10 and about 40 nucleotides in length. The polynucleic acid polymer may be
between about 10 and about 35 nucleotides in length. The polynucleic acid polymer may be
between about 10 and about 30 nucleotides in length. The polynucleic acid polymer may be
between about 10 and about 25 nucleotides in length. The polynucleic acid polymer may be
between about 10 and about 20 nucleotides in length. The polynucleic acid polymer may be
between about 15 and about 25 nucleotides in length. The polynucleic acid polymer may be
between about 15 and about 30 nucleotides in length. The polynucleic acid polymer may be
between about 12 and about 30 nucleotides in length.

[00286] The sequence of the polynucleic acid polymer may be at least 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 99.5%
complementary to a target sequence of an mRNA transcript, e.g., a partially processed mRNA
transcript. The sequence of the polynucleic acid polymer may be 100% complementary to a
target sequence of a pre-mRNA transcript.

[00287] The sequence of the polynucleic acid polymer may have 4 or fewer mismatches to a
target sequence of the pre-mRNA transcript. The sequence of the polynucleic acid polymer may
have 3 or fewer mismatches to a target sequence of the pre-mRNA transcript. The sequence of
the polynucleic acid polymer may have 2 or fewer mismatches to a target sequence of the pre-
mRNA transcript. The sequence of the polynucleic acid polymer may have 1 or fewer
mismatches to a target sequence of the pre-mRNA transcript. The sequence of the polynucleic
acid polymer may have no mismatches to a target sequence of the pre-mRNA transcript.
[00288] The polynucleic acid polymer may specifically hybridize to a target sequence of the pre-
mRNA transcript. For example, the polynucleic acid polymer may have 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, 99.5% or 100% sequence complementarity to a target sequence of
the pre-mRNA transcript. The hybridization may be under high stringent hybridization
conditions.

[00289] The polynucleic acid polymer comprises a sequence with at least 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%. 90%, 91%, 92%, 93%, 94%. 95%. 96%, 97%, 98%, 99%. or 99.5%
sequence identity to a sequence selected from the group consisting of the sequences listed in
Table 4. The polynucleic acid polymer may comprise a sequence with 100% sequence identity
to a sequence selected from the group consisting of the sequences listed in Table 4. The
polynucleic acid polymer is a sequence with at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 99.5% sequence identity to a

sequence selected from the group consisting of the sequences listed in Table 4. The polynucleic
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acid polymer is a sequence with 100% sequence identity to a sequence selected from the group
consisting of the sequences listed in Table 4.
[00290] Where reference is made to a polynucleic acid polymer sequence, the skilled person will
understand that one or more substitutions may be tolerated, optionally two substitutions may be
tolerated in the sequence, such that it maintains the ability to hybridize to the target sequence; or
where the substitution is in a target sequence, the ability to be recognized as the target sequence.
References to sequence identity may be determined by BLAST sequence alignment using
standard/default parameters. For example, the sequence may have 99% identity and still function
according to the present disclosure. In other embodiments, the sequence may have 98% identity
and still function according to the present disclosure. In another embodiment, the sequence may
have 95% identity and still function according to the present disclosure. In another embodiment,
the sequence may have 90% identity and still function according to the present disclosure.
Antisense Oligomers
[00291] Provided herein is a composition comprising an antisense oligomer that induces exon
skipping by binding to a targeted portion of a PKD2 NIE containing pre-mRNA. As used herein,
the terms “ASO” and “antisense oligomer” are used interchangeably and refer to an oligomer
such as a polynucleotide, comprising nucleobases that hybridizes to a target nucleic acid (e.g., a
PKD2 NIE containing pre-mRNA) sequence by Watson-Crick base pairing or wobble base
pairing (G-U). The ASO may have exact sequence complementary to the target sequence or near
complementarity (e.g., sufficient complementarity to bind the target sequence and enhancing
splicing at a splice site). ASOs are designed so that they bind (hybridize) to a target nucleic acid
(e.g., a targeted portion of a pre-mRNA transcript) and remain hybridized under physiological
conditions. Typically, if they hybridize to a site other than the intended (targeted) nucleic acid
sequence, they hybridize to a limited number of sequences that are not a target nucleic acid (to a
few sites other than a target nucleic acid). Design of an ASO can take into consideration the
occurrence of the nucleic acid sequence of the targeted portion of the pre-mRNA transcript or a
sufficiently similar nucleic acid sequence in other locations in the genome or cellular pre-mRNA
or transcriptome, such that the likelihood the ASO will bind other sites and cause “off-target”
effects is limited. Any antisense oligomers known in the art, for example in PCT Application
No. PCT/US2014/054151, published as WO 2015/035091, titled “Reducing Nonsense-Mediated
mRNA Decay,” incorporated by reference herein, can be used to practice the methods described
herein.
[00292] In some embodiments, ASOs “specifically hybridize” to or are “specific” to a target
nucleic acid or a targeted portion of a NIE containing pre-mRNA. Typically, such hybridization
occurs with a Tm substantially greater than 37 °C, preferably at least 50 °C, and typically
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between 60 °C to approximately 90 °C. Such hybridization preferably corresponds to stringent
hybridization conditions. At a given ionic strength and pH, the Tn is the temperature at which
50% of a target sequence hybridizes to a complementary oligonucleotide.

[00293] Oligomers, such as oligonucleotides, are “complementary” to one another when
hybridization occurs in an antiparallel configuration between two single-stranded
polynucleotides. A double-stranded polynucleotide can be “complementary” to another
polynucleotide if hybridization can occur between one of the strands of the first polynucleotide
and the second. Complementarity (the degree to which one polynucleotide is complementary
with another) is quantifiable in terms of the proportion (e.g., the percentage) of bases in
opposing strands that are expected to form hydrogen bonds with each other, according to
generally accepted base-pairing rules. The sequence of an antisense oligomer (ASO) need not be
100% complementary to that of its target nucleic acid to hybridize. In certain embodiments,
ASOs can comprise at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence complementarity to a
target region within the target nucleic acid sequence to which they are targeted. For example, an
ASO in which 18 of 20 nucleobases of the oligomeric compound are complementary to a target
region, and would therefore specifically hybridize, would represent 90 percent complementarity.
In this example, the remaining non-complementary nucleobases may be clustered together or
interspersed with complementary nucleobases and need not be contiguous to each other or to
complementary nucleobases. Percent complementarity of an ASO with a region of a target
nucleic acid can be determined routinely using BLAST programs (basic local alignment search
tools) and PowerBLAST programs known in the art (Altschul, ez al., J. Mol. Biol., 1990, 215,
403-410; Zhang and Madden, Genome Res., 1997, 7, 649-656).

[00294] An ASO need not hybridize to all nucleobases in a target sequence and the nucleobases
to which it does hybridize may be contiguous or noncontiguous. ASOs may hybridize over one
or more segments of a pre-mRNA transcript, such that intervening or adjacent segments are not
involved in the hybridization event (e.g., a loop structure or hairpin structure may be formed). In
certain embodiments, an ASO hybridizes to noncontiguous nucleobases in a target pre-mRNA
transcript. For example, an ASO can hybridize to nucleobases in a pre-mRNA transcript that are
separated by one or more nucleobase(s) to which the ASO does not hybridize.

[00295] The ASOs described herein comprise nucleobases that are complementary to
nucleobases present in a target portion of a NIE containing pre-mRNA. The term ASO embodies
oligonucleotides and any other oligomeric molecule that comprises nucleobases capable of
hybridizing to a complementary nucleobase on a target mRNA but does not comprise a sugar

moiety, such as a peptide nucleic acid (PNA). The ASOs may comprise naturally occurring
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nucleotides, nucleotide analogs, modified nucleotides, or any combination of two or three of the
preceding. The term “naturally occurring nucleotides” includes deoxyribonucleotides and
ribonucleotides. The term “modified nucleotides” includes nucleotides with modified or
substituted sugar groups and/or having a modified backbone. In some embodiments, all of the
nucleotides of the ASO are modified nucleotides. Chemical modifications of ASOs or
components of ASOs that are compatible with the methods and compositions described herein
will be evident to one of skill in the art and can be found, for example, in U.S. Patent No.
8,258,109 B2, U.S. Patent No. 5,656,612, U.S. Patent Publication No. 2012/0190728, and Dias
and Stein, Mol. Cancer Ther. 2002, 347-355, herein incorporated by reference in their entirety.
[00296] One or more nucleobases of an ASO may be any naturally occurring, unmodified
nucleobase such as adenine, guanine, cytosine, thymine, and uracil, or any synthetic or modified
nucleobase that is sufficiently similar to an unmodified nucleobase such that it is capable of
hydrogen bonding with a nucleobase present on a target pre-mRNA. Examples of modified
nucleobases include, without limitation, hypoxanthine, xanthine, 7-methylguanine, 5, 6-
dihydrouracil, 5-methylcytosine, and 5-hydroxymethoylcytosine.

[00297] The ASOs described herein also comprise a backbone structure that connects the
components of an oligomer. The term “backbone structure” and “oligomer linkages” may be
used interchangeably and refer to the connection between monomers of the ASO. In naturally
occurring oligonucleotides, the backbone comprises a 3’-5° phosphodiester linkage connecting
sugar moieties of the oligomer. The backbone structure or oligomer linkages of the ASOs
described herein may include (but are not limited to) phosphorothioate, phosphorodithioate,
phosphoroselenoate, phosphorodiselenoate, phosphoroanilothioate, phosphoraniladate,
phosphoramidate, and the like. See, e.g., LaPlanche, ef al., Nucleic Acids Res. 14:9081 (1986);
Stec, et al., J. Am. Chem. Soc. 106:6077 (1984), Stein, ef al., Nucleic Acids Res. 16:3209
(1988), Zon, et al., Anti-Cancer Drug Design 6:539 (1991); Zon, ef al., Oligonucleotides and
Analogues: A Practical Approach, pp. 87-108 (F. Eckstein, Ed., Oxford University Press,
Oxford England (1991)); Stec, et al., U.S. Pat. No. 5,151,510; Uhlmann and Peyman, Chemical
Reviews 90:543 (1990). In some embodiments, the backbone structure of the ASO does not
contain phosphorous but rather contains peptide bonds, for example in a peptide nucleic acid
(PNA), or linking groups including carbamate, amides, and linear and cyclic hydrocarbon
groups. In some embodiments, the backbone modification is a phosphorothioate linkage. In
some embodiments, the backbone modification is a phosphoramidate linkage.

[00298] In some embodiments, the stereochemistry at each of the phosphorus internucleotide
linkages of the ASO backbone is random. In some embodiments, the stereochemistry at each of

the phosphorus internucleotide linkages of the ASO backbone is controlled and is not random.
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For example, U.S. Pat. App. Pub. No. 2014/0194610, “Methods for the Synthesis of
Functionalized Nucleic Acids,” incorporated herein by reference, describes methods for
independently selecting the handedness of chirality at each phosphorous atom in a nucleic acid
oligomer. In some embodiments, an ASO used in the methods of the disclosure, including, but
not limited to, any of the ASOs set forth herein in Tables 5 and 6, comprises an ASO having
phosphorus internucleotide linkages that are not random. In some embodiments, a composition
used in the methods of the disclosure comprises a pure diastereomeric ASO. In some
embodiments, a composition used in the methods of the disclosure comprises an ASO that has
diastereomeric purity of at least about 90%, at least about 91%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, at least about 99%, about 100%, about 90% to about 100%, about 91% to about
100%, about 92% to about 100%, about 93% to about 100%, about 94% to about 100%, about
95% to about 100%, about 96% to about 100%, about 97% to about 100%, about 98% to about
100% , or about 99% to about 100%.
[00299] In some embodiments, the ASO has a nonrandom mixture of Rp and Sp configurations
at its phosphorus internucleotide linkages. For example, it has been suggested that a mix of Rp
and Sp is required in antisense oligonucleotides to achieve a balance between good activity and
nuclease stability (Wan, er al., 2014, “Synthesis, biophysical properties and biological activity of
second-generation antisense oligonucleotides containing chiral phosphorothioate linkages,”
Nucleic Acids Research 42(22): 13456-13468, incorporated herein by reference). In some
embodiments, an ASO used in the methods of the disclosure, including, but not limited to, any
of the ASOs set forth herein in SEQ ID NOs: 60-191, comprises about 5-100% Rp, at least about
5% Rp, at least about 10% Rp, at least about 15% Rp, at least about 20% Rp, at least about 25%
Rp, at least about 30% Rp, at least about 35% Rp, at least about 40% Rp, at least about 45% Rp,
at least about 50% Rp, at least about 55% Rp, at least about 60% Rp, at least about 65% Rp, at
least about 70% Rp, at least about 75% Rp, at least about 80% Rp, at least about 85% Rp, at
least about 90% Rp, or at least about 95% Rp, with the remainder Sp, or about 100% Rp. In
some embodiments, an ASO used in the methods of the disclosure, including, but not limited to,
any of the ASOs set forth herein comprise a sequence with at least about 80%, 85%, 90%, 95%,
97%, or 100% sequence identity to a region comprising at least 8 contiguous nucleic acids of
any one of SEQ ID NOs: 60-191, comprises about 10% to about 100% Rp, about 15% to about
100% Rp, about 20% to about 100% Rp, about 25% to about 100% Rp, about 30% to about
100% Rp, about 35% to about 100% Rp, about 40% to about 100% Rp, about 45% to about
100% Rp, about 50% to about 100% Rp, about 55% to about 100% Rp, about 60% to about
100% Rp, about 65% to about 100% Rp, about 70% to about 100% Rp, about 75% to about
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100% Rp, about 80% to about 100% Rp, about 85% to about 100% Rp, about 90% to about
100% Rp, or about 95% to about 100% Rp, about 20% to about 80% Rp, about 25% to about
75% Rp, about 30% to about 70% Rp, about 40% to about 60% Rp, or about 45% to about 55%
Rp, with the remainder Sp.

[00300] In some embodiments, an ASO used in the methods of the disclosure, including, but not
limited to, any of the ASOs set forth herein comprise a sequence with at least about 80%, 85%,
90%, 95%, 97%, or 100% sequence identity to a region comprising at least 8 contiguous nucleic
acids of any one of SEQ ID NOs: 60-191, comprises about 5-100% Sp, at least about 5% Sp, at
least about 10% Sp, at least about 15% Sp, at least about 20% Sp, at least about 25% Sp, at least
about 30% Sp, at least about 35% Sp, at least about 40% Sp, at least about 45% Sp, at least
about 50% Sp, at least about 55% Sp, at least about 60% Sp, at least about 65% Sp, at least
about 70% Sp, at least about 75% Sp, at least about 80% Sp, at least about 85% Sp, at least
about 90% Sp, or at least about 95% Sp, with the remainder Rp, or about 100% Sp. In
embodiments, an ASO used in the methods of the disclosure, including, but not limited to, any
of the ASOs set forth herein comprise a sequence with at least about 80%, 85%, 90%, 95%,
97%, or 100% sequence identity to a region comprising at least 8 contiguous nucleic acids of
any one of SEQ ID NOs: 60-191, comprises about 10% to about 100% Sp, about 15% to about
100% Sp, about 20% to about 100% Sp, about 25% to about 100% Sp, about 30% to about
100% Sp, about 35% to about 100% Sp, about 40% to about 100% Sp, about 45% to about
100% Sp, about 50% to about 100% Sp, about 55% to about 100% Sp, about 60% to about
100% Sp, about 65% to about 100% Sp, about 70% to about 100% Sp, about 75% to about
100% Sp, about 80% to about 100% Sp, about 85% to about 100% Sp, about 90% to about
100% Sp, or about 95% to about 100% Sp, about 20% to about 80% Sp, about 25% to about
75% Sp, about 30% to about 70% Sp, about 40% to about 60% Sp, or about 45% to about 55%
Sp, with the remainder Rp.

[00301] Any of the ASOs described herein may contain a sugar moiety that comprises ribose or
deoxyribose, as present in naturally occurring nucleotides, or a modified sugar moiety or sugar
analog, including a morpholine ring. Non-limiting examples of modified sugar moieties include
2’ substitutions such as 2’-O-methyl (2°-O-Me), 2’-O-methoxyethyl (2°MOE), 2’-O-aminoethyl,
2’F; N3’->P5’ phosphoramidate, 2’dimethylaminooxyethoxy, 2’dimethylaminoethoxyethoxy,
2’-guanidinidium, 2’-O-guanidinium ethyl, carbamate modified sugars, and bicyclic modified
sugars. In some embodiments, the sugar moiety modification is selected from 2’-O-Me, 2°F, and
2’MOE. In some embodiments, the sugar moiety modification is an extra bridge bond, such as in
a locked nucleic acid (LNA). In some embodiments the sugar analog contains a morpholine ring,

such as phosphorodiamidate morpholino (PMO). In some embodiments, the sugar moiety
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comprises a ribofuransyl or 2’deoxyribofuransyl modification. In some embodiments, the sugar
moiety comprises 2’4’-constrained 2’O-methyloxyethyl (¢cMOE) modifications. In some
embodiments, the sugar moiety comprises cEt 2’, 4’ constrained 2°-O ethyl BNA modifications.
In some embodiments, the sugar moiety comprises tricycloDNA (tcDNA) modifications. In
some embodiments, the sugar moiety comprises ethylene nucleic acid (ENA) modifications. In
some embodiments, the sugar moiety comprises MCE modifications. Modifications are known
in the art and described in the literature, e.g., by Jarver, et al., 2014, “A Chemical View of
Oligonucleotides for Exon Skipping and Related Drug Applications,” Nucleic Acid Therapeutics
24(1): 37-47, incorporated by reference for this purpose herein.

[00302] In some embodiments, each monomer of the ASO is modified in the same way, for
example each linkage of the backbone of the ASO comprises a phosphorothioate linkage or each
ribose sugar moiety comprises a 2’O-methyl modification. Such modifications that are present
on each of the monomer components of an ASO are referred to as “uniform modifications.” In
some examples, a combination of different modifications may be desired, for example, an ASO
may comprise a combination of phosphorodiamidate linkages and sugar moieties comprising
morpholine rings (morpholinos). Combinations of different modifications to an ASO are
referred to as “mixed modifications” or “mixed chemistries.”

[00303] In some embodiments, the ASO comprises one or more backbone modifications. In
some embodiments, the ASO comprises one or more sugar moiety modification. In some
embodiments, the ASO comprises one or more backbone modifications and one or more sugar
moiety modifications. In some embodiments, the ASO comprises a 2’MOE modification and a
phosphorothioate backbone. In some embodiments, the ASO comprises a phosphorodiamidate
morpholino (PMO). In some embodiments, the ASO comprises a peptide nucleic acid (PNA).
Any of the ASOs or any component of an ASO (e.g., a nucleobase, sugar moiety, backbone)
described herein may be modified in order to achieve desired properties or activities of the ASO
or reduce undesired properties or activities of the ASO. For example, an ASO or one or more
components of any ASO may be modified to enhance binding affinity to a target sequence on a
pre-mRNA transcript; reduce binding to any non-target sequence; reduce degradation by cellular
nucleases (i.e., RNase H); improve uptake of the ASO into a cell and/or into the nucleus of a
cell; alter the pharmacokinetics or pharmacodynamics of the ASO; and/or modulate the half-life
of the ASO.

[00304] In some embodiments, the ASOs are comprised of 2'-O-(2-methoxyethyl) (MOE)
phosphorothioate-modified nucleotides. ASOs comprised of such nucleotides are especially
well-suited to the methods disclosed herein; oligomers having such modifications have been

shown to have significantly enhanced resistance to nuclease degradation and increased
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bioavailability, making them suitable, for example, for oral delivery in some embodiments
described herein. See e.g., Geary, ef al., J Pharmacol Exp Ther. 2001; 296(3):890-7; Geary, et
al., J Pharmacol Exp Ther. 2001; 296(3):898-904.

[00305] Methods of synthesizing ASOs will be known to one of skill in the art. Alternatively or
in addition, ASOs may be obtained from a commercial source.

[00306] Unless specified otherwise, the left-hand end of single-stranded nucleic acid (e.g., pre-
mRNA transcript, oligonucleotide, ASO, etc.) sequences is the 5” end and the left-hand direction
of single or double-stranded nucleic acid sequences is referred to as the 5 direction. Similarly,
the right-hand end or direction of a nucleic acid sequence (single or double stranded) is the 3’
end or direction. Generally, a region or sequence that is 5’ to a reference point in a nucleic acid
is referred to as “upstream,” and a region or sequence that is 3’ to a reference point in a nucleic
acid is referred to as “downstream.” Generally, the 5° direction or end of an mRNA is where the
initiation or start codon is located, while the 3’ end or direction is where the termination codon
is located. In some aspects, nucleotides that are upstream of a reference point in a nucleic acid
may be designated by a negative number, while nucleotides that are downstream of a reference
point may be designated by a positive number. For example, a reference point (e.g., an exon-
exon junction in mMRNA) may be designated as the “zero” site, and a nucleotide that is directly
adjacent and upstream of the reference point is designated “minus one,” e.g., “-1,” while a
nucleotide that is directly adjacent and downstream of the reference point is designated “plus
one,” e.g., “+1.”

[00307] In some embodiments, the ASOs are complementary to (and bind to) a targeted portion
of a PKD2 NIE containing pre-mRNA that is downstream (in the 3’ direction) of the 5’ splice
site of the intron following the included exon in a PKD2 NIE containing pre-mRNA (e.g., the
direction designated by positive numbers relative to the 5 splice site). In some embodiments,
the ASOs are complementary to a targeted portion of the PKD2 NIE containing pre-mRNA that
is within the region about +1 to about +500 relative to the 5° splice site of the intron following
the included exon. In some embodiments, the ASOs may be complementary to a targeted portion
of a PKD2 NIE containing pre-mRNA that is within the region between nucleotides +6 and
+40,000 relative to the 5” splice site of the intron following the included exon. In some aspects,
the ASOs are complementary to a targeted portion that is within the region about +1 to about
+40,000, about +1 to about +30,000, about +1 to about +20,000, about +1 to about +15,000,
about +1 to about +10,000, about +1 to about +5,000, about +1 to about +4,000, about +1 to
about +3,000, about +1 to about +2,000, about +1 to about +1,000, about +1 to about +500,
about +1 to about +490, about +1 to about +480, about +1 to about +470, about +1 to about

+460, about +1 to about +450, about +1 to about +440, about +1 to about +430, about +1 to
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about +420, about +1 to about +410, about +1 to about +400, about +1 to about +390, about +1
to about +380, about +1 to about +370, about +1 to about +360, about +1 to about +350, about
+1 to about +340, about +1 to about +330, about +1 to about +320, about +1 to about +310,
about +1 to about +300, about +1 to about +290, about +1 to about +280, about +1 to about
+270, about +1 to about +260, about +1 to about +250, about +1 to about +240, about +1 to
about +230, about +1 to about +220, about +1 to about +210, about +1 to about +200, about +1
to about +190, about +1 to about +180, about +1 to about +170, about +1 to about +160, about
+1 to about +150, about +1 to about +140, about +1 to about +130, about +1 to about +120,
about +1 to about +110, about +1 to about +100, about +1 to about +90, about +1 to about +80,
about +1 to about +70, about +1 to about +60, about +1 to about +50, about +1 to about +40,
about +1 to about +30, or about +1 to about +20 relative to 5’ splice site of the intron following
the included exon. In some aspects, the ASOs are complementary to a targeted portion that is
within the region from about +1 to about +100, from about +100 to about +200, from about
+200 to about +300, from about +300 to about +400, or from about +400 to about +500 relative
to 57 splice site of the intron following the included exon.

[00308] In some embodiments, the ASOs are complementary to (and bind to) a targeted portion
of a PKD2 NIE containing pre-mRNA that is upstream (in the 5’ direction) of the 5’ splice site
of the intron following the included exon in a PKD2 NIE containing pre-mRNA (e.g., the
direction designated by negative numbers relative to the 5° splice site). In some embodiments,
the ASOs are complementary to a targeted portion of the PKD2 NIE containing pre-mRNA that
is within the region about -4 to about -270 relative to the 5° splice site of the intron following the
included exon. In some embodiments, the ASOs may be complementary to a targeted portion of
a PKD2 NIE containing pre-mRNA that is within the region between nucleotides -1 and -40,000
relative to the 5° splice site of the intron following the included exon. In some aspects, the ASOs
are complementary to a targeted portion that is within the region about -1 to about -40,000,
about -1 to about -30,000, about -1 to about -20,000, about -1 to about -15,000, about -1 to about
-10,000, about -1 to about -5,000, about -1 to about -4,000, about -1 to about -3,000, about -1 to
about -2,000, about -1 to about -1,000, about -1 to about -500, about -1 to about -490, about -1 to
about -480, about -1 to about -470, about -1 to about -460, about -1 to about -450, about -1 to
about -440, about -1 to about -430, about -1 to about -420, about -1 to about -410, about -1 to
about -400, about -1 to about -390, about -1 to about -380, about -1 to about -370, about -1 to
about -360, about -1 to about -350, about -1 to about -340, about -1 to about -330, about -1 to
about -320, about -1 to about -310, about -1 to about -300, about -1 to about -290, about -1 to
about -280, about -1 to about -270, about -1 to about -260, about -1 to about -250, about -1 to
about -240, about -1 to about -230, about -1 to about -220, about -1 to about -210, about -1 to
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about -200, about -1 to about -190, about -1 to about -180, about -1 to about -170, about -1 to
about -160, about -1 to about -150, about -1 to about -140, about -1 to about -130, about -1 to
about -120, about -1 to about -110, about -1 to about -100, about -1 to about -90, about -1 to
about -80, about -1 to about -70, about -1 to about -60, about -1 to about -50, about -1 to about -
40, about -1 to about -30, or about -1 to about -20 relative to 5 splice site of the intron following
the included exon.

[00309] In some embodiments, the ASOs are complementary to a targeted region of a PKD?2
NIE containing pre-mRNA that is upstream (in the 5° direction) of the 3’ splice site of the intron
preceding the included exon in a PKD2 NIE containing pre-mRNA (e.g., in the direction
designated by negative numbers). In some embodiments, the ASOs are complementary to a
targeted portion of the PKD2 NIE containing pre-mRNA that is within the region about -1 to
about -500 relative to the 3’ splice site of the intron preceding the included exon. In some
embodiments, the ASOs are complementary to a targeted portion of the PKD2 NIE containing
pre-mRNA that is within the region -1 to -40,000 relative to the 3’ splice site of the intron
preceding the included exon. In some aspects, the ASOs are complementary to a targeted portion
that is within the region about -1 to about -40,000, about -1 to about -30,000, -1 to about -
20,000, about -1 to about -15,000, about -1 to about -10,000, about -1 to about -5,000, about -1
to about -4,000, about -1 to about -3,000, about -1 to about -2,000, about -1 to about -1,000,
about -1 to about -500, about -1 to about -490, about -1 to about -480, about -1 to about -470,
about -1 to about -460, about -1 to about -450, about -1 to about -440, about -1 to about -430,
about -1 to about -420, about -1 to about -410, about -1 to about -400, about -1 to about -390,
about -1 to about -380, about -1 to about -370, about -1 to about -360, about -1 to about -350,
about -1 to about -340, about -1 to about -330, about -1 to about -320, about -1 to about -310,
about -1 to about -300, about -1 to about -290, about -1 to about -280, about -1 to about -270,
about -1 to about -260, about -1 to about -250, about -1 to about -240, about -1 to about -230,
about -1 to about -220, about -1 to about -210, about -1 to about -200, about -1 to about -190,
about -1 to about -180, about -1 to about -170, about -1 to about -160, about -1 to about -150,
about -1 to about -140, about -1 to about -130, about -1 to about -120, about -1 to about -110,
about -1 to about -100, about -1 to about -90, about -1 to about -80, about -1 to about -70, about
-1 to about -60, about -1 to about -50, about -1 to about -40, about -1 to about -30, or about -1 to
about -20 relative to 3’ splice site of the intron preceding the included exon. In some aspects, the
ASOs are complementary to a targeted portion that is within the region from about -1 to about -
100, from about -100 to about -200, from about -200 to about -300, from about -300 to about -
400, or from about -400 to about -500 relative to 3’ splice site of the intron preceding the

included exon.
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[00310] In some embodiments, the ASOs are complementary to a targeted region of a PKD?2
NIE containing pre-mRNA that is downstream (in the 3’ direction) of the 3’ splice site of the
intron preceding the included exon in a PKD2 NIE containing pre-mRNA (e.g., in the direction
designated by positive numbers). In some embodiments, the ASOs are complementary to a
targeted portion of the PKD2 NIE containing pre-mRNA that is within the region of about +1 to
about +40,000 relative to the 3’ splice site of the intron preceding the included exon. In some
aspects, the ASOs are complementary to a targeted portion that is within the region about +1 to
about +40,000, about +1 to about +30,000, about +1 to about +20,000, about +1 to about
+15,000, about +1 to about +10,000, about +1 to about +5,000, about +1 to about +4,000, about
+1 to about +3,000, about +1 to about +2,000, about +1 to about +1,000, about +1 to about
+500, about +1 to about +490, about +1 to about +480, about +1 to about +470, about +1 to
about +460, about +1 to about +450, about +1 to about +440, about +1 to about +430, about +1
to about +420, about +1 to about +410, about +1 to about +400, about +1 to about +390, about
+1 to about +380, about +1 to about +370, about +1 to about +360, about +1 to about +350,
about +1 to about +340, about +1 to about +330, about +1 to about +320, about +1 to about
+310, about +1 to about +300, about +1 to about +290, about +1 to about +280, about +1 to
about +270, about +1 to about +260, about +1 to about +250, about +1 to about +240, about +1
to about +230, about +1 to about +220, about +1 to about +210, about +1 to about +200, about
+1 to about +190, about +1 to about +180, about +1 to about +170, about +1 to about +160,
about +1 to about +150, about +1 to about +140, about +1 to about +130, about +1 to about
+120, about +1 to about +110, about +1 to about +100, about +1 to about +90, about +1 to about
+80, about +1 to about +70, about +1 to about +60, about +1 to about +50, about +1 to about
+40, about +1 to about +30, or about +1 to about +20, or about +1 to about +10 relative to 3’
splice site of the intron preceding the included exon.

[00311] In some embodiments, the targeted portion of the PKD2 pre-mRNA is within the region
-4e relative to the 5 end of the NSE to +2e relative to the 3° end of the NSE.

[00312] In some embodiments, the ASOs are complementary to a targeted region of a PKD?2
NIE containing pre-mRNA that is upstream (in the 5° direction) of the 3’ splice site of the intron
preceding the included exon in a PKD2 NIE containing pre-mRNA (e.g., in the direction
designated by positive numbers). In some embodiments, the ASOs are complementary to a
targeted portion of the PKD2 NIE containing pre-mRNA that is within the region of about +1 to
about +40,000 relative to the 3’ splice site of the intron preceding the included exon. In some
aspects, the ASOs are complementary to a targeted portion that is within the region about +1 to
about +40,000, about +1 to about +30,000, about +1 to about +20,000, about +1 to about
+15,000, about +1 to about +10,000, about +1 to about +5,000, about +1 to about +4,000, about
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+1 to about +3,000, about +1 to about +2,000, about +1 to about +1,000, about +1 to about

+500, about +1 to about +490, about +1 to about +480, about +1 to about +470, about +1 to
about +460, about +1 to about +450, about +1 to about +440, about +1 to about +430, about +1
to about +420, about +1 to about +410, about +1 to about +400, about +1 to about +390, about
+1 to about +380, about +1 to about +370, about +1 to about +360, about +1 to about +350,
about +1 to about +340, about +1 to about +330, about +1 to about +320, about +1 to about
+310, about +1 to about +300, about +1 to about +290, about +1 to about +280, about +1 to
about +270, about +1 to about +260, about +1 to about +250, about +1 to about +240, about +1
to about +230, about +1 to about +220, about +1 to about +210, about +1 to about +200, about
+1 to about +190, about +1 to about +180, about +1 to about +170, about +1 to about +160,
about +1 to about +150, about +1 to about +140, about +1 to about +130, about +1 to about
+120, about +1 to about +110, about +1 to about +100, about +1 to about +90, about +1 to about
+80, about +1 to about +70, about +1 to about +60, about +1 to about +50, about +1 to about
+40, about +1 to about +30, or about +1 to about +20, or about +1 to about +10 relative to 3’
splice site of the intron preceding the included exon.

[00313] In some embodiments, the targeted portion of the PKD2 NIE containing pre-mRNA is
within the region +100 relative to the 5’ splice site of the intron following the included exon to -
100 relative to the 3’ splice site of the intron preceding the included exon. In some
embodiments, the targeted portion of the PKD2 NIE containing pre-mRNA is within the NIE. In
some embodiments, the target portion of the PKD2 NIE containing pre-mRNA comprises a NIE
and intron boundary.

[00314] The ASOs may be of any length suitable for specific binding and effective enhancement
of splicing. In some embodiments, the ASOs consist of 8 to 50 nucleobases. For example, the
ASO may be 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34, 35, 40, 45, or 50 nucleobases in length. In some embodiments, the ASOs consist
of more than 50 nucleobases. In some embodiments, the ASO is from 8 to 50 nucleobases, 8 to
40 nucleobases, 8 to 35 nucleobases, 8 to 30 nucleobases, 8 to 25 nucleobases, 8 to 20
nucleobases, 8 to 15 nucleobases, 9 to 50 nucleobases, 9 to 40 nucleobases, 9 to 35 nucleobases,
9 to 30 nucleobases, 9 to 25 nucleobases, 9 to 20 nucleobases, 9 to 15 nucleobases, 10 to 50
nucleobases, 10 to 40 nucleobases, 10 to 35 nucleobases, 10 to 30 nucleobases, 10 to 25
nucleobases, 10 to 20 nucleobases, 10 to 15 nucleobases, 11 to 50 nucleobases, 11 to 40
nucleobases, 11 to 35 nucleobases, 11 to 30 nucleobases, 11 to 25 nucleobases, 11 to 20
nucleobases, 11 to 15 nucleobases, 12 to 50 nucleobases, 12 to 40 nucleobases, 12 to 35
nucleobases, 12 to 30 nucleobases, 12 to 25 nucleobases, 12 to 20 nucleobases, 12 to 15

nucleobases, 13 to 50 nucleobases, 13 to 40 nucleobases, 13 to 35 nucleobases, 13 to 30
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nucleobases, 13 to 25 nucleobases, 13 to 20 nucleobases, 14 to 50 nucleobases, 14 to 40
nucleobases, 14 to 35 nucleobases, 14 to 30 nucleobases, 14 to 25 nucleobases, 14 to 20
nucleobases, 15 to 50 nucleobases, 15 to 40 nucleobases, 15 to 35 nucleobases, 15 to 30
nucleobases, 15 to 25 nucleobases, 15 to 20 nucleobases, 20 to 50 nucleobases, 20 to 40
nucleobases, 20 to 35 nucleobases, 20 to 30 nucleobases, 20 to 25 nucleobases, 25 to 50
nucleobases, 25 to 40 nucleobases, 25 to 35 nucleobases, or 25 to 30 nucleobases in length. In
some embodiments, the ASOs are 18 nucleotides in length. In some embodiments, the ASOs are
15 nucleotides in length. In some embodiments, the ASOs are 25 nucleotides in length.

[00315] In some embodiments, two or more ASOs with different chemistries but complementary
to the same targeted portion of the NIE containing pre-mRNA are used. In some embodiments,
two or more ASOs that are complementary to different targeted portions of the NIE containing
pre-mRNA are used.

[00316] In some embodiments, the antisense oligonucleotides of the disclosure are chemically
linked to one or more moieties or conjugates, e.g., a targeting moiety or other conjugate that
enhances the activity or cellular uptake of the oligonucleotide. Such moieties include, but are not
limited to, a lipid moiety, e.g., as a cholesterol moiety, a cholesteryl moiety, an aliphatic chain,
e.g., dodecandiol or undecyl residues, a polyamine, or a polyethylene glycol chain, or
adamantane acetic acid. Oligonucleotides comprising lipophilic moieties and preparation
methods have been described in the published literature. In embodiments, the antisense
oligonucleotide is conjugated with a moiety including, but not limited to, an abasic nucleotide, a
polyether, a polyamine, a polyamide, a peptides, a carbohydrate, e.g., N-acetylgalactosamine
(GalNAc), N-Ac-Glucosamine (GluNAc), or mannose (e.g., mannose-6-phosphate), a lipid, or a
polyhydrocarbon compound. Conjugates can be linked to one or more of any nucleotides
comprising the antisense oligonucleotide at any of several positions on the sugar, base, or
phosphate group, as understood in the art and described in the literature, e.g., using a linker.
Linkers can include a bivalent or trivalent branched linker. In embodiments, the conjugate is
attached to the 3’ end of the antisense oligonucleotide. Methods of preparing oligonucleotide
conjugates are described, e.g., in U.S. Pat. No. 8,450,467, “Carbohydrate conjugates as delivery
agents for oligonucleotides,” incorporated by reference herein.

[00317] In some embodiments, the nucleic acid to be targeted by an ASO is a PKD2 NIE
containing pre-mRNA expressed in a cell, such as a eukaryotic cell. In some embodiments, the
term “cell” may refer to a population of cells. In some embodiments, the cell is in a subject. In
some embodiments, the cell is isolated from a subject. In some embodiments, the cell is ex vivo.
In some embodiments, the cell is a condition or disease-relevant cell or a cell line. In some

embodiments, the cell is in vitro (e.g., in cell culture).
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[00318] In some embodiments, an ASO that targets a pre-mRNA disclosed herein is selected
from the group consisting of the sequences listed in Table 4.

Pharmaceutical Compositions

[00319] Pharmaceutical compositions or formulations comprising the agent, e.g., antisense
oligonucleotide, of the described compositions and for use in any of the described methods can
be prepared according to conventional techniques well known in the pharmaceutical industry
and described in the published literature. In embodiments, a pharmaceutical composition or
formulation for treating a subject comprises an effective amount of any antisense oligomer as
described herein, or a pharmaceutically acceptable salt, solvate, hydrate or ester thereof. The
pharmaceutical formulation comprising an antisense oligomer may further comprise a
pharmaceutically acceptable excipient, diluent, or carrier.

[00320] Pharmaceutically acceptable salts are suitable for use in contact with the tissues of
humans and lower animals without undue toxicity, irritation, allergic response, etc., and are
commensurate with a reasonable benefit/risk ratio. (See, e.g., S. M. Berge, et al,, J.
Pharmaceutical Sciences, 66: 1-19 (1977), incorporated herein by reference for this purpose. The
salts can be prepared in situ during the final isolation and purification of the compounds, or
separately by reacting the free base form with a suitable organic acid. Examples of
pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino group formed
with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid
and perchloric acid or with organic acids such as acetic acid, oxalic acid, maleic acid, tartaric
acid, citric acid, succinic acid or malonic acid or by using other documented methodologies such
as ion exchange. Other pharmaceutically acceptable salts include adipate, alginate, ascorbate,
aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate,
camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate,
formate, fumarate, glucoheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate,
hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate,
malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate,
oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate,
pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate,
undecanoate, valerate salts, and the like. Representative alkali or alkaline earth metal salts
include sodium, lithium, potassium, calcium, magnesium, and the like. Further pharmaceutically
acceptable salts include, when appropriate, nontoxic ammonium, quaternary ammonium, and
amine cations formed using counterions such as halide, hydroxide, carboxylate, sulfate,

phosphate, nitrate, loweralkyl sulfonate and aryl sulfonate.
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[00321] In some embodiments, the compositions are formulated into any of many possible
dosage forms such as, but not limited to, tablets, capsules, gel capsules, liquid syrups, soft gels,
suppositories, and enemas. In embodiments, the compositions are formulated as suspensions in
aqueous, non-aqueous or mixed media. Aqueous suspensions may further contain substances
that increase the viscosity of the suspension including, for example, sodium
carboxymethylcellulose, sorbitol and/or dextran. The suspension may also contain stabilizers. In
embodiments, a pharmaceutical formulation or composition of the present disclosure includes,
but is not limited to, a solution, emulsion, microemulsion, foam or liposome-containing
formulation (e.g., cationic or noncationic liposomes).

[00322] The pharmaceutical composition or formulation described herein may comprise one or
more penetration enhancers, carriers, excipients or other active or inactive ingredients as
appropriate and well known to those of skill in the art or described in the published literature. In
embodiments, liposomes also include sterically stabilized liposomes, e.g., liposomes comprising
one or more specialized lipids. These specialized lipids result in liposomes with enhanced
circulation lifetimes. In embodiments, a sterically stabilized liposome comprises one or more
glycolipids or is derivatized with one or more hydrophilic polymers, such as a polyethylene
glycol (PEG) moiety. In some embodiments, a surfactant is included in the pharmaceutical
formulation or compositions. The use of surfactants in drug products, formulations and
emulsions is well known in the art. In embodiments, the present disclosure employs a
penetration enhancer to affect the efficient delivery of the antisense oligonucleotide, e.g., to aid
diffusion across cell membranes and /or enhance the permeability of a lipophilic drug. In some
embodiments, the penetration enhancers are a surfactant, fatty acid, bile salt, chelating agent, or
non-chelating nonsurfactant.

[00323] In some embodiments, the pharmaceutical formulation comprises multiple antisense
oligonucleotides. In embodiments, the antisense oligonucleotide is administered in combination
with another drug or therapeutic agent.

Combination Therapies

[00324] In some embodiments, provided herein is a composition comprising one or more NSE-
modulating agents. In some embodiments, provided herein is a composition comprising two or
more NSE-modulating agents. In some embodiments, provided herein is a composition
comprising one or more ASO complementary to a targeted region of PKD2 pre-mRNA. In some
embodiments, provided herein is a composition comprising two or more ASO complementary to
a targeted region of PKD2 pre-mRNA. In some embodiments, provided herein is a composition
comprising one or more ASO complementary to a same targeted region of PKD2 pre-mRNA. In

some embodiments, provided herein is a composition comprising two or more ASO
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complementary to a same targeted region of PKD2 pre-mRNA. In some embodiments, provided
herein is a composition comprising one or more ASO complementary to different targeted
regions of PKD?2 pre-mRNA. In some embodiments, provided herein is a composition
comprising two or more ASO complementary to different targeted regions of PKD2 pre-mRNA.
In some embodiments, provided herein is a composition comprising one or more ASOs of Table
4. In some embodiments, provided herein is a composition comprising two and more ASOs of in
Table 4.

[00325] In some embodiments, the therapeutics (e.g., ASOs) disclosed in the present disclosure
can be used in combination with one or more additional therapeutic agents. In some
embodiments, the one or more additional therapeutic agents can comprise a small molecule. For
example, the one or more additional therapeutic agents can comprise a small molecule described
in WO2016128343A1, WO2017053982A1, W0O2016196386A1, W0O201428459A1,
WO0201524876A2, WO2013119916A2, and W0O2014209841A2, which are incorporated by
reference herein in their entirety. In some embodiments, the one or more additional therapeutic
agents can comprise tolvaptan (Jynarque®, Samsca). In some embodiments, the one or more
additional therapeutic agents comprise an ASO that can be used to correct intron retention.

Treatment of Subjects

[00326] Any of the compositions provided herein may be administered to an individual.
“Individual” may be used interchangeably with “subject” or “patient.” An individual may be a
mammal, for example a human or animal such as a non-human primate, a rodent, a rabbit, a rat,
a mouse, a horse, a donkey, a goat, a cat, a dog, a cow, a pig, or a sheep. In embodiments, the
individual is a human. In embodiments, the individual is a fetus, an embryo, or a child. In other
embodiments, the individual may be another eukaryotic organism, such as a plant. In some
embodiments, the compositions provided herein are administered to a cell ex vivo.

[00327] In some embodiments, the compositions provided herein are administered to an
individual as a method of treating a disease or disorder. In some embodiments, the individual
has a genetic disease, such as any of the diseases described herein. In some embodiments, the
individual is at risk of having a disease, such as any of the diseases described herein. In some
embodiments, the individual is at increased risk of having a disease or disorder caused by
insufficient amount of a protein or insufficient activity of a protein. If an individual is “at an
increased risk” of having a disease or disorder caused insufficient amount of a protein or
insufficient activity of a protein, the method involves preventative or prophylactic treatment. For
example, an individual may be at an increased risk of having such a disease or disorder because
of family history of the disease. Typically, individuals at an increased risk of having such a

disease or disorder benefit from prophylactic treatment (e.g., by preventing or delaying the onset
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or progression of the disease or disorder). In embodiments, a fetus is treated in utero, e.g., by
administering the ASO composition to the fetus directly or indirectly (e.g., via the mother).
[00328] Suitable routes for administration of ASOs of the present disclosure may vary
depending on cell type to which delivery of the ASOs is desired. The ASOs of the present
disclosure may be administered to patients parenterally, for example, by intrathecal injection,
intracerebroventricular injection, intraperitoneal injection, intramuscular injection, subcutaneous
injection, or intravenous injection.
[00329] In embodiments, the antisense oligonucleotide is administered with one or more agents
capable of promoting penetration of the subject antisense oligonucleotide across the blood-brain
barrier by any method known in the art. For example, delivery of agents by administration of an
adenovirus vector to motor neurons in muscle tissue is described in U.S. Pat. No. 6,632,427,
“Adenoviral-vector-mediated gene transfer into medullary motor neurons,” incorporated herein
by reference. Delivery of vectors directly to the brain, e.g., the striatum, the thalamus, the
hippocampus, or the substantia nigra, is described, e.g., in U.S. Pat. No. 6,756,523, “Adenovirus
vectors for the transfer of foreign genes into cells of the central nervous system particularly in
brain,” incorporated herein by reference.
[00330] In some embodiments, the antisense oligonucleotides are linked or conjugated with
agents that provide desirable pharmaceutical or pharmacodynamic properties. In embodiments,
the antisense oligonucleotide is coupled to a substance, known in the art to promote penetration
or transport across the blood-brain barrier, e.g., an antibody to the transferrin receptor. In
embodiments, the antisense oligonucleotide is linked with a viral vector, e.g., to render the
antisense compound more effective or increase transport across the blood-brain barrier. In
embodiments, osmotic blood brain barrier disruption is assisted by infusion of sugars, e.g., meso
erythritol, xylitol, D(+) galactose, D(+) lactose, D(+) xylose, dulcitol, myo-inositol, L(-)
fructose, D(-) mannitol, D(+) glucose, D(+) arabinose, D(-) arabinose, cellobiose, D(+) maltose,
D(+) raffinose, L(+) thamnose, D(+) melibiose, D(-) ribose, adonitol, D(+) arabitol, L(-)
arabitol, D(+) fucose, L(-) fucose, D(-) lyxose, L(+) lyxose, and L(-) lyxose, or amino acids,
e.g., glutamine, lysine, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glycine,
histidine, leucine, methionine, phenylalanine, proline, serine, threonine, tyrosine, valine, and
taurine. Methods and materials for enhancing blood brain barrier penetration are described, e.g.,
in U.S. Pat. No. 9,193,969, “Compositions and methods for selective delivery of oligonucleotide
molecules to specific neuron types,” U.S. Pat. No. 4,866,042, “Method for the delivery of
genetic material across the blood brain barrier,” U.S. Pat. No. 6,294,520, “Material for passage
through the blood-brain barrier,” and U.S. Pat. No. 6,936,589, “Parenteral delivery systems,”

each incorporated herein by reference.
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[00331] In some embodiments, an ASO of the disclosure is coupled to a dopamine reuptake
inhibitor (DRI), a selective serotonin reuptake inhibitor (SSRI), a noradrenaline reuptake
inhibitor (NRI), a norepinephrine-dopamine reuptake inhibitor (NDRI), and a serotonin-
norepinephrine-dopamine reuptake inhibitor (SNDRI), using methods described in, e.g., U.S.
Pat. No. 9,193,969, incorporated herein by reference.

[00332] In some embodiments, subjects treated using the methods and compositions are
evaluated for improvement in condition using any methods known and described in the art.
[00333] In some cases, a therapeutic agent comprises a modified snRNA, such as a modified
human snRNA. In some cases, a therapeutic agent comprises a vector, such as a viral vector, that
encodes a modified snRNA. In some embodiments, the modified snRNA is a modified Ul snRNA
(see, e.g., Alanis et al., Human Molecular Genetics, 2012, Vol. 21, No. 11 2389-2398). In some
embodiments, the modified snRNA is a modified U7 snRNA (see, e.g., Gadgil et al., ] Gene Med.
2021;23:e3321). Modified U7 snRNAs can be made by any method known in the art including
the methods described in Meyer, K.; Schiimperli, Daniel (2012), Antisense Derivatives of U7
Small Nuclear RNA as Modulators of Pre-mRNA Splicing. In: Stamm, Stefan; Smith, Christopher
W. J.; Lihrmann, Reinhard (eds.) Alternative pre-mRNA Splicing: Theory and Protocols (pp.
481-494), Chichester: John Wiley & Sons 10.1002/9783527636778.ch45, incorporated by
reference herein in its entirety. In some embodiments, a modified U7 (smOPT) does not compete
with WT U7 (Stefanovic et al., 1995).

[00334] In some embodiments, the modified snRNA comprises an smOPT modification. For
example, the modified snRNA can comprise a sequence AAUUUUUGGAG. For example, the
sequence AAUUUUUGGAG can replace a sequence AAUUUGUCUAG in a wild-type U7
snRNA to generate the modified U& snRNA (smOPT). In some embodiments, a sSmOPT
modification of a U7 snRNA renders the particle functionally inactive in histone pre-mRNA
processing (Stefanovic et al., 1995). In some embodiments, a modified U7 (smOPT) is
expressed stably in the nucleus and at higher levels than WT U7 (Stefanovic et al., 1995). In
some embodiments, the snRNA comprises a Ul snRNP-targeted sequence. In some
embodiments, the snRNA comprises a U7 snRNP-targeted sequence. In some embodiments, the
snRNA comprises a modified U7 snRNP-targeted sequence and wherein the modified U7
snRNP-targeted sequence comprises smOPT. In some embodiments, the modified snRNA has
been modified to comprise a single-stranded nucleotide sequence that hybridizes to a PKD?2 pre-
mRNA. In some embodiments, the modified snRNA has been modified to comprise a single-
stranded nucleotide sequence that hybridizes to a PKD2 mRNA.

[00335] In some embodiments, the modified snRNA has been modified to comprise a single-

stranded nucleotide sequence that hybridizes to a target region of a PKD2 pre-mRNA or a
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processed PKD2 mRNA, such as a target region of a PKD2 pre-mRNA that modulates exclusion
of an NMD exon, a target region of a PKD2 pre-mRNA that modulates splicing at an alternative
5' ss, or a target region of a processed PKD2 mRNA that modulates translation of a PKD2
mRNA, such as a 5' UTR target region. In some embodiments, the modified snRNA has been
modified to comprise a single-stranded nucleotide sequence that comprises one or two or more
sequences of the ASOs disclosed herein. In some embodiments, the modified snRNA has been
modified to comprise a single-stranded nucleotide sequence that hybridizes to sequence of a
PKD?2 pre-mRNA with a mutation, such as a PKD2 NMD exon-containing pre-mRNA with a
mutation. In some embodiments, the modified snRNA has been modified to comprise a single-
stranded nucleotide sequence that comprises two or more sequences that hybridize to two or
more target regions of a PKD2 NMD exon-containing pre-mRNA. For example, a modified
snRNA can be modified to comprise a single-stranded nucleotide sequence that hybridizes to at
least 8 contiguous nucleic acids of a PKD2 NMD exon-containing pre-mRNA. In some
embodiments, the modified snRNA has been modified to comprise a single-stranded nucleotide
sequence that hybridizes to any of the target regions of a PKD2 NMD exon-containing pre-
mRNA disclosed herein. In some embodiments, the modified snRNA has been modified to
comprise a single-stranded nucleotide sequence that comprises two or more sequences that
hybridize to two or more target regions of a PKD2 NMD exon-containing pre-mRNA. For
example, a modified snRNA can be modified to comprise a single-stranded nucleotide sequence
that hybridizes to one or two or more sequences of an intron containing an NMD exon (e.g.,
exon 2x of PKD?2 (e.g., exon (GRCh38/ hg38: chr4:88031085 88031140) of PKD?2) of the pre-
mRNA transcript or to a NMD exon-activating regulatory sequence in the same intron. For
example, a modified snRNA can be modified to comprise a single-stranded nucleotide sequence
that hybridizes to a region within an NMD exon or upstream or downstream of an NMD exon
(e.g., exon 2x of PKD?2 (e.g., exon (GRCh38/ hg38: chr4:88031085 88031140) of PKD?2). In
some embodiments, the modified snRNA has a 5' region that has been modified to comprise a
single-stranded nucleotide sequence that hybridizes to a PKD2 NMD exon-containing pre-
mRNA. In some embodiments, the modified snRNA has a 3' region that has been modified to
comprise a single-stranded nucleotide sequence that hybridizes to a PKD2 NMD exon-
containing pre-mRNA.

[00336] In some embodiments, the modified snRNA has been modified to comprise a single-
stranded nucleotide sequence that hybridizes to a target region of a PKD2 pre-mRNA that
modulates exclusion of an NMD exon. For example, a modified snRNA can be modified to
comprise a single-stranded nucleotide sequence that hybridizes to a region that overlaps with an

NMD exon and an intron upstream of the NMD exon (e.g., exon 2x of PKD?2 (e.g., exon (GRCh38/
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hg38: chr4:88031085 88031140) of PKD?2). For example, a modified snRNA can be modified to
comprise a single-stranded nucleotide sequence that hybridizes to a region that overlaps with an
NMD exon and an intron downstream of the NMD exon (e.g., exon 2x of PKD?2 (e.g., exon
(GRCh38/ hg38: chr4:88031085 88031140) of PKD?2). For example, a modified snRNA can be
modified to comprise a single-stranded nucleotide sequence that is complementary to an intron
sequence that is downstream of an NMD exon (e.g., exon 2x of PKD2 (e.g., exon (GRCh38/ hg38:
chr4:88031085 88031140) of PKD2). For example, a modified snRNA can be modified to
comprise a single-stranded nucleotide sequence that is complementary to a 3' splice site of an
intron sequence that is downstream of an NMD exon (e.g., exon 2x of PKD?2 (e.g., exon (GRCh38/
hg38: chr4:88031085 88031140) of PKD?2). For example, a modified snRNA can be modified to
comprise a single-stranded nucleotide sequence that is complementary to a 5' splice site of an
intron sequence that is downstream of an NMD exon (e.g., exon 2x of PKD?2 (e.g., exon (GRCh38/
hg38: chr4:88031085 88031140) of PKD?2). For example, a modified snRNA can be modified to
comprise a single-stranded nucleotide sequence that is complementary to an intron sequence that
is upstream of an NMD exon (e.g., exon 2x of PKD2 (e.g., exon (GRCh38/ hg38: chr4:88031085
88031140) of PKD2). For example, a modified snRNA can be modified to comprise a single-
stranded nucleotide sequence that is complementary to a splice site of an intron sequence that is
upstream of an NMD exon (e.g., exon 2x of PKD?2 (e.g., exon (GRCh38/ hg38: chr4:88031085
88031140) of PKD?2). For example, a modified snRNA can be modified to comprise a single-
stranded nucleotide sequence that is complementary to a 3' splice site of an intron sequence that
is upstream of an NMD exon (e.g., exon 2x of PKD?2 (e.g., exon (GRCh38/ hg38: chr4:88031085
88031140) of PKD?2). For example, a modified snRNA can be modified to comprise a single-
stranded nucleotide sequence that is complementary to a 5' splice site of an intron sequence that
is upstream of an NMD exon (e.g., exon 2x of PKD?2 (e.g., exon (GRCh38/ hg38: chr4:88031085
88031140) of PKD?2).

[00337] In some embodiments, the modified snRNA has been modified to comprise a single-
stranded nucleotide sequence that hybridizes to a target region of a PKD2 pre-mRNA that
modulates splicing at an alternative 5' ss. For example, a modified snRNA can be modified to
comprise a single-stranded nucleotide sequence that hybridizes to a region that overlaps with an
alternative 5' ss of an intron of a PKD2 pre-mRNA (e.g., an alternative 5' ss of intron 3 of PKD2
(e.g., GRCh38/hg38: chr4 88036480) of PKD2). For example, a modified snRNA can be modified
to comprise a single-stranded nucleotide sequence that hybridizes to a region that overlaps with
an alternative 5' ss of an intron of a PKD2 pre-mRNA and an NMD exon upstream of the
alternative 5' ss (e.g., an alternative 5' ss of intron 3 of PKD2 (e.g., GRCh38/ hg38: chr4
88036480) of PKD2 and an NMD exon upstream of the alternative 5' ss (e.g., exon 2)). For
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example, a modified snRNA can be modified to comprise a single-stranded nucleotide sequence
that is complementary to an intronic sequence that is downstream of an alternative 5' ss of an
intron of a PKD?2 pre-mRNA (e.g., an intronic sequence that is downstream of an alternative 5' ss
of intron 3 of PKD2 (e.g., GRCh38/ hg38: chr4 88036480) of PKD?2). For example, a modified
snRNA can be modified to comprise a single-stranded nucleotide sequence that is complementary
to a sequence of an NMD exon (e.g., an alternative exon) that is upstream of an alternative 5' ss
of an intron of a PKD2 pre-mRNA (e.g., a sequence of an NMD exon (e.g., an alternative exon)
that is upstream of an alternative 5' ss of intron 3 of PKD?2 (e.g., GRCh38/ hg38: chr4 88036480)
of PKD?2). For example, a modified snRNA can be modified to comprise a single-stranded
nucleotide sequence that is complementary to an alternative 5' splice site of an intron that is
downstream of an NMD exon (e.g., an alternative exon) (e.g., an alternative 5' splice site of intron
3 (e.g., GRCh38/ hg38: chr4 88036480) of PKD?2 that is downstream of an NMD exon (e.g., an
alternative exon)).

[00338] In some embodiments, the modified snRNA has been modified to comprise a single-
stranded nucleotide sequence that hybridizes to a target region of a PKD2 mRNA that modulates
translation of a processed PKD2 mRNA, such as a 5' UTR target region. For example, a modified
snRNA can be modified to comprise a single-stranded nucleotide sequence that hybridizes to a 5'
UTR sequence of a processed PKD2 mRNA. For example, a modified snRNA can be modified
to comprise a single-stranded nucleotide sequence that hybridizes to an upstream open reading
frame start codon of a processed PKD2 mRNA. For example, a modified snRNA can be modified
to comprise a single-stranded nucleotide sequence that hybridizes to a sequence upstream of an
upstream open reading frame start codon of a processed PKD2 mRNA. For example, a modified
snRNA can be modified to comprise a single-stranded nucleotide sequence that hybridizes to a
sequence downstream of an upstream open reading frame start codon of a processed PKD?2
mRNA. For example, a modified snRNA can be modified to comprise a single-stranded nucleotide
sequence that hybridizes to a sequence upstream of a canonical open reading frame start codon of
a processed PKD2 mRNA. For example, a modified snRNA can be modified to comprise a single-
stranded nucleotide sequence that hybridizes to a sequence downstream of a first upstream open
reading frame start codon of a processed PKD2 mRNA and upstream of a second upstream open
reading frame start codon of a processed PKD2 mRNA. For example, a modified snRNA can be
modified to comprise a single-stranded nucleotide sequence that hybridizes to a sequence
upstream of a first upstream open reading frame start codon of a processed PKD2 mRNA and
upstream of a second upstream open reading frame start codon of a processed PKD2 mRNA. For
example, a modified snRNA can be modified to comprise a single-stranded nucleotide sequence

that hybridizes to a sequence upstream of a first upstream open reading frame start codon of a

-75-



WO 2022/169947 PCT/US2022/015074
processed PKD2 mRNA, upstream of a second upstream open reading frame start codon of a
processed PKD2 mRNA and upstream of a canonical open reading frame start codon of a
processed PKD2 mRNA.

Methods of Identifying Additional ASOs that Induce Exon Skipping

[00339] Also within the scope of the present disclosure are methods for identifying or
determining ASOs that induce exon skipping of a PKD2 NIE containing pre-mRNA. For
example, a method can comprise identifying or determining ASOs that induce NIE skipping of a
PKD?2 NIE containing pre-mRNA. ASOs that specifically hybridize to different nucleotides
within the target region of the pre-mRNA may be screened to identify or determine ASOs that
improve the rate and/or extent of splicing of the target intron. In some embodiments, the ASO
may block or interfere with the binding site(s) of a splicing repressor(s)/silencer. Any method
known in the art may be used to identify (determine) an ASO that when hybridized to the target
region of the exon results in the desired effect (e.g., NIE skipping, protein or functional RNA
production). These methods also can be used for identifying ASOs that induce exon skipping of
the included exon by binding to a targeted region in an intron flanking the included exon, orin a
non-included exon. An example of a method that may be used is provided below.

[00340] A round of screening, referred to as an ASO “walk” may be performed using ASOs that
have been designed to hybridize to a target region of a pre-mRNA. For example, the ASOs used
in the ASO walk can be tiled every 5 nucleotides from approximately 100 nucleotides upstream
of the 37 splice site of the intron preceding the included exon (e.g., a portion of sequence of the
intron located upstream of the target/included exon) to approximately 100 nucleotides
downstream of the 3’ splice site of the intron preceding the target/included exon and/or from
approximately 100 nucleotides upstream of the 5’ splice site of the intron following the included
exon to approximately 100 nucleotides downstream of the 5° splice site of the intron following
the target/included exon (e.g., a portion of sequence of the intron located downstream of the
target/included exon). For example, a first ASO of 15 nucleotides in length may be designed to
specifically hybridize to nucleotides +6 to +20 relative to the 3’ splice site of the intron
preceding of the target/included exon. A second ASO may be designed to specifically hybridize
to nucleotides +11 to +25 relative to the 3’ splice site of the intron preceding the target/included
exon. ASOs are designed as such spanning the target region of the pre-mRNA. In embodiments,
the ASOs can be tiled more closely, e.g., every 1, 2, 3, or 4 nucleotides. Further, the ASOs can
be tiled from 100 nucleotides downstream of the 5 splice site, to 100 nucleotides upstream of
the 37 splice site. In some embodiments, the ASOs can be tiled from about 1,160 nucleotides

upstream of the 3 splice site, to about 500 nucleotides downstream of the 5” splice site. In some
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embodiments, the ASOs can be tiled from about 500 nucleotides upstream of the 3’ splice site,
to about 1,920 nucleotides downstream of the 3’ splice site.

[00341] One or more ASOs, or a control ASO (an ASO with a scrambled sequence, sequence
that is not expected to hybridize to the target region) are delivered, for example by transfection,
into a disease-relevant cell line that expresses the target pre-mRNA (e.g., a NIE containing pre-
mRNA described herein). The exon skipping effects of each of the ASOs may be assessed by
any method known in the art, for example by reverse transcriptase (RT)-PCR using primers that
span the splice junction, as described in Example 4. A reduction or absence of a longer RT-PCR
product produced using the primers spanning the region containing the included exon (e.g.,
including the flanking exons of the NIE) in ASO-treated cells as compared to in control ASO-
treated cells indicates that splicing of the target NIE has been enhanced. In some embodiments,
the exon skipping efficiency (or the splicing efficiency to splice the intron containing the NIE),
the ratio of spliced to unspliced pre-mRNA, the rate of splicing, or the extent of splicing may be
improved using the ASOs described herein. The amount of protein or functional RNA that is
encoded by the target pre-mRNA can also be assessed to determine whether each ASO achieved
the desired effect (e.g., enhanced functional protein production). Any method known in the art
for assessing and/or quantifying protein production, such as Western blotting, flow cytometry,
immunofluorescence microscopy, and ELISA, can be used.

[00342] A second round of screening, referred to as an ASO “micro-walk” may be performed
using ASOs that have been designed to hybridize to a target region of a pre-mRNA. The ASOs
used in the ASO micro-walk are tiled every 1 nucleotide to further refine the nucleotide acid
sequence of the pre-mRNA that when hybridized with an ASO results in exon skipping (or
enhanced splicing of NIE).

[00343] Regions defined by ASOs that promote splicing of the target intron are explored in
greater detail by means of an ASO “micro-walk”, involving ASOs spaced in 1-nt steps, as well
as longer ASOs, typically 18-25 nt.

[00344] As described for the ASO walk above, the ASO micro-walk is performed by delivering
one or more ASOs, or a control ASO (an ASO with a scrambled sequence, sequence that is not
expected to hybridize to the target region), for example by transfection, into a disease-relevant
cell line that expresses the target pre-mRNA. The splicing-inducing effects of each of the ASOs
may be assessed by any method known in the art, for example by reverse transcriptase (RT)-
PCR using primers that span the NIE, as described herein (see, e.g., Example 4). A reduction or
absence of a longer RT-PCR product produced using the primers spanning the NIE in ASO-
treated cells as compared to in control ASO-treated cells indicates that exon skipping (or

splicing of the target intron containing an NIE) has been enhanced. In some embodiments, the
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exon skipping efficiency (or the splicing efficiency to splice the intron containing the NIE), the
ratio of spliced to unspliced pre-mRNA, the rate of splicing, or the extent of splicing may be
improved using the ASOs described herein. The amount of protein or functional RNA that is
encoded by the target pre-mRNA can also be assessed to determine whether each ASO achieved
the desired effect (e.g., enhanced functional protein production). Any method known in the art
for assessing and/or quantifying protein production, such as Western blotting, flow cytometry,
immunofluorescence microscopy, and ELISA, can be used.

[00345] ASOs that when hybridized to a region of a pre-mRNA result in exon skipping (or
enhanced splicing of the intron containing a NIE) and increased protein production may be
tested in vivo using animal models, for example transgenic mouse models in which the full-
length human gene has been knocked-in or in humanized mouse models of disease. Suitable
routes for administration of ASOs may vary depending on the disease and/or the cell types to
which delivery of the ASOs is desired. ASOs may be administered, for example, by intrathecal
injection, intracerebroventricular injection, intraperitoneal injection, intramuscular injection,
subcutaneous injection, or intravenous injection. Following administration, the cells, tissues,
and/or organs of the model animals may be assessed to determine the effect of the ASO
treatment by for example evaluating splicing (e.g., efficiency, rate, extent) and protein
production by methods known in the art and described herein. The animal models may also be
any phenotypic or behavioral indication of the disease or disease severity.

[00346] Also within the scope of the present disclosure is a method to identify or validate an
NMD-inducing exon in the presence of an NMD inhibitor, for example, cycloheximide. An
exemplary method is provided in Example 2.

[00347] Exemplary genes are summarized in Table 1. The sequence for each intron is
summarized in Table 2.

Table 1. List of exemplary target gene sequences

Gene Gene | Disease OMIM | Genetics

Symbol | ID No.

PKD2 5311 polycystic kidney disease with or 613095 | Haploinsufficient,
without polycystic liver disease, Loss-of-function
autosomal dominant polycystic kidney
disease, or intracranial aneurysm
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Table 2. PKD?2 sequences

PKD2

genomic
sequence

AGGCGGCGGCGGGCGCCGGGAAGAAAGGAACATGGCTCCTGAGGCGCACAG
CGCCGAGCGCGGCGCCGCGCACCCGCGCGCCGGACGCCAGTGACCGCGATG
GTGAACTCCAGTCGCGTGCAGCCTCAGCAGCCCGGGGACGCCAAGCGGCCG
CCCGCGCCCCGCGCGCCGGACCCGGGCCGGCTGATGGCTGGCTGCGCGGCCG
TGGGCGCCAGCCTCGCCGCCCCGGGCGGCCTCTGCGAGCAGCGGGGCCTGG
AGATCGAGATGCAGCGCATCCGGCAGGCGGCCGCGCGGGACCCCCCGGCCG
GAGCCGCGGCCTCCCCTTCTCCTCCGCTCTCGTCGTGCTCCCGGCAGGCGTGG
AGCCGCGATAACCCCGGCTTCGAGGCCGAGGAGGAGGAGGAGGAGGTGGAA
GGGGAAGAAGGCGGAATGGTGGTGGAGATGGACGTAGAGTGGCGCCCGGGC
AGCCGGAGGTCGGCCGCCTCCTCGGCCGTGAGCTCCGTGGGCGCGCGGAGCC
GGGGGCTTGGGGGCTACCACGGCGCGGGCCACCCGAGCGGGAGGCGGCGCC
GGCGAGAGGACCAGGGCCCGCCGTGCCCCAGCCCAGTCGGCGGCGGGGACC
CGCTGCATCGCCACCTCCCCCTGGAAGGGCAGCCGCCCCGAGTGGCCTGGGC
GGAGAGGCTGGTTCGCGGGCTGCGAGGTAAGAGCGCGCGACCCGCAGCGGC
AGATGCACGAACCAGAACGGCCGGCGCCGGCCGGGGCCATCGCCCGCTGCG
GCAGCTCCCCGGGCTCCATCTCGCATCCCCTCTGCGTTCCGCCTCCCTTGGAA
GCGCATTCCCCACCTCCGCTAGTGCTGCCCTATTTCCGGTACCCAGCGCGGA
ATTCCACTGCTCTTTTGTTGGTGCATATTITATTGGATACCTCCTTCTTCAGGAT
ATGTCACCATAGTCTTTTTTACTGAAAATTAGTGAAAGCCTAATTAGAGTGA
AAGAGTACATCTGGGTTTTGTTTTTTITTITITCTTGTAGAGGAAAAAATGAACA
TTACTTGTGTAACTGATGGTAGTTGCAACTGCATATTTGCCAATGTCACAAAA
TCTAAAGGAAAATGTTATAGTCACCCGTGGTTTCCTTCTTGCCTGGACACTCC
ATTGTCCCGGGCTGAAAAGGGTAGCAGTACAGTGCATATAATGTCAAGTTGT
GGGAGGAGTGTGGCAGATTGTCATTGGTGCATTTTTTTGGTGATGTGTGTGGT
TGTTTTGAGGAGTGGGAGCTGTTAAGAACACCACAAATAGAATAAAATAATA
TCGTGAAGTTATTTGGCCGTTTCTAATTCTAGACATTTTTCTAAAAACAGTTG
CAAAGGAAAGATTACATTGTTTTAAAAAAATTTGAAGTATGTTTTTAAATAA
CTAAATTAATGTTCTTTGAAATTCCACCAAAATGATGAAGTCACCAGATAGC
AGCTGATAAATGTGTCTGAGCCCAGTGCGCCCAGCTCTACAAAAGGCAGAAG
AGGAATTTTCAAATTTGCCAGTGCCCAGTAAGAGGACATGAATTTTCTAGTA
CCAGAGGAAATTCTCTTTTTACAAATTTTGTCAGAGGTATCCTTGGGAAAGTA
TTTCATTTGCTTTTACCCTCCAAATTATTTTAATCTATATTTTTAAGAGTTTCC
ATTCTCAGTTGAGTTTTTCTTGTTCTTCTCCTTCTGTCAGTTTTGAAAGTCTTG
CACAAAAACAATCCAGGTGTTGTTACAGCAGTGTGATTAAAACCAGGTCAGG
CCTACACTGAAATCCCAGTTCCACCACTCATTAGCTGTACGACCTTGAGCAA
GTTACTTATCCTCTCTGATACCCAATTTTITGGATTITTITTTTTTTTTTAAAGAGA
TGATCATAACGCTTAGGACTTGACTCTTTGGGAGAATTAAGTGAGTTAAGAC
ATAAAATGTGCAGCATGTATTTGTCATGTTATTAGCGCTTCAGAAATATAAAT
GTAAACATTTTGGTACTTCGTTTATGGAGATTCTTATACTAGTTAATTTTATTA
AAAGCATGATGGGGAACAGAAGATCCTTTTCGGATAACCTGTGTGAGTAAAT
TAATAAAACACTAACACTTTTTAAGATTCAAAACTGGATTAATTATGTTATTT
TACACCATTTAAAATGTGCATTTAAAAAATATTCACTGAAGTGAGAGAGAAG
TTCCTTTTAAGTTAATAAATAATGGTAAGTTGCATGATCCTTTTAACTCAGTT
TAAGCATTTGATAACACCCCTAACCTTGTTTGAATAAACTCAATAACAGAAT
ATAGAGAAATAAAATATATATTTCATATGAGTATGTATGTAAATTTATTTCTT
TTAAAGGAAAATTTCAGGAAACAAAATGAATAAGCTCATAGTCATAAAACCT
CTAGCCAAAGTGTGTCAATGGTCTGATTTGTAGGAGAGCAGACTCAGGAATC
GGGAATTTTTTTTITTITTTTTTAAGAGTCGGGGTTTCACTCTGTCACTGAGGCTG
GAGTGCGGGGAAGCAAACGTAGCTCACTGCGGCCTCAAACTCCTGGGCTCAA
GCTGCCCTCCCACCTCAGCTTCCCAAGTAGTTGGGATTACAGGTGCAAGCTG
CTGCTCCTAGCTGAAAAGTTTTAATTATATAAAATGTTTAAATAAATTGTTAT
TCCTTTCTTTTATGAAGAAATATAATTGATATTCTTGTCACTTATTAAATAAG
CAACATTTTAAAATGTTTAGCACCTACTGTGAAGATAGCACTGTGCTAGCTG
CTATGAATAAACTAGAATAGCATATCACTGTTTTCCTATGGACAAAAACCCA
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GAAATGTAAAATAAATAGCCATGAATGGGTTGAGATTCCCCCTGCCCCCTTT
GGATACTGATGACAGAAATCTTATATGCACTATGTAAGCAGTGCCCTAGGAT
CAGAACAGAAAGTAACTTGCAATTTTTAAAGGTGGGAGAAATGACTGAAGTT
TGGAGTGGTCAGGAGTTTCCCTGGAAGTCTCTTGCCTTTGTGACTTTGTATAG
CTCCCTCAAACTACCTGAGCCTGAGCTCCTCATTTATAAAATGGAAGAATTG
AACCTAGCTTCCAAGGTCCTTTCTAGCTTCACCATGCTCTGGTCTGTTGTTTA
ATGACATGAATCCAAGATGGACAACAAATGGTCGATTTTGCTCCTTCTACAG
TAAATAGATCTATCTTCTTAGCAGAAGTAAAATAGTAAAGAAAGAAGACATG
TTTGAGGCCTGTTGAGGCCTGTTTGCTGTATGCATTGTATCTAATCAAGGAAT
TGAGAATGTAGCCCTAAATATTAGGAAGGAGTTGAAAGTTTCTGAGCAGGAA
CAGAACATGCTGAAAGGAAATTGTGTCAGCAGCATGGTGTACAGGAGAGCT
TGGCAGAGAGAAAGGAGGCAAGAAGACCTGTGGGAGGCAGCCAGTAAGGA
GGTGAAGAGGGCCTGGACCAAAGGAAGCCAAGGATGACCGAAAGATTITAAA
GATGAAGCCCAGATTTAAAAGTATCCTCAAGTATTTGTTITATTCTTTTCTTAG
CAAATTCTTTTTAGTACAAAGATAAAATATGGCACTCTGAGTCATAAAATTIT
CTGAATTTCAGAAGTTGAATGTTTTTCTGAATGTATCAACCTGTTAAAGTCAG
TTCCTGTTTGTTATTTTAGGCGTATATTCTTGGGCTTTTTTTTTITTTTTCCTAGA
GAAACTATGAAGTACTAGCTGTGCAAGTCAGGGTGGGCTAAGCTGCTAAAAC
AGATACCTCCCTCCCCTTCAATACCCTGAAGAACAAGAAGTTAATTTTTTGCT
CGTGTAACATTTTAGAGAGGGTATTCCAGGTTGAATACCTGGAATAATGAAT
GAAATAATAAGTCGACTCTTATTTCTCCTAAAATAATTGGATCTTGACATTGA
AATTGGTGTGCTGATTGTATTTAATAAGTGACCTCCAATGCAGTTATTTCATT
TTGCCATACTTTATGTAATTTTITATTITTTTCTGCCTTCCCTTTCGATGTCTAAA
GGGAAGCATAATTAGTTATTGGAAAGGTTATTGAGACTTAAAAAAAGATTTG
AACATGGCTTTGGTTGATGCTACCACACAGAAACTGCAAACATCCAACTCAC
CGCTCTTAGTTGCTGTTCATGATAGTCTATGCACAGTGACTGATGAATTTAGC
CTGTCTTGAGGCTTCAGAACTTAGTCTTATGTCATCACGAGCAGAGCTTTATC
CTAAATTACAGGTTTTCAATGGGGGGGGGGGGGAGGGGCAGTTTTGCCCCTC
AGGGGACATTTGGCAATCTCTGGAGACATTTTTGATTGTCATACCTGGGGGG
ATGCCCCTGGCATCTCCTGGGTTGAGGTTAAGGATGCTGCTAATCTACAATG
CACAGTACAGCCACCCCACACACACACACTACAAAGCATTCTCCCACCCAAA
TTGCCAGGAGTGAGGACTTTGAGAAACCCTGCCCTAGACTGTTAAATTCAAA
AGGAAATAATGGTTTATTGCTCACAGTGTGCCAGGCACTGTGTTAAACTCCTT
ATATTCATAGTTTTGTTTTTATCCTCACAACAACCTGTGAAGAAAGAACTCTC
ATCCGTCACCACTTTACTGTTGAGGGCACTAAGCCTTCTAAAGGTTAAATGA
CTTGCCCAGGGCCGCAACTATTAGATGTTGCAGTCAGGATTTAATTCCAGGC
ACTTTGTGTTCAAAGTGTTTCTCATCCACTGTGCTATATGCCAGTAGTGCCCA
AACCTAACTTTAGCCAGCAATTGTCTGCATCTCTTCAGTTTATGAACATTTAT
TTATTAGGACATGCAGGATAATCATACCAACACAGTCCGTGTATCCAGAATT
CTAATTGATCTAGGGAGTGGGAGAGCCTGCCTCTCTATTTTTTTTAAATTGGT
GTGAAATATACATAACATAAAATTGGCCATTTTAACCATTTTAAGTATATAAT
TGAGTGACATTAGGTAGATTTATTATATTATGTAAATGGACTTAACACAATTT
ATTTCCAGAACTTTTTTATCATCCCAAACAGAAACTCTGTACTCATTAAACAG
TAACTCCCTGTTTCCCCACTCCCCCTTGCCCCAGACGCTAGTAACCTCCATTC
TACTTCCCCTTTCTGTGAGTCTCCCTGTTGTAGCTACCTGATGTAAGTGAAAT
CAGACCATGTTTGATCTTTTGTGTCTGGCTTATTCACTTAGCATAGTATTTTCA
AGGTTTATCCATGCGTGCAAATTCCCTTCTTTTTTATGACGAAATACTATTTA
ATTGTGTGTGTACATGTGCACACACAATGAAATACTATTTCATCATAAAAAG
GAAGTTTGTACACATATATACACACACACCAAATTITTGTTTATCCATTCATCA
GTTCATGGGCATTTGCGGTTTTTTTCCACCTTTCGACTGTTGTGACTTTCCGTT
TATTTTTAATCTGAACTTTACTCCATCACTTCCTCCCTTTCCTTTTTTATTCGCA
CCATAATTTTGAACAAGCAGACTTTGTATTTTCATTACTCTGGGGATTTTTTIT
GAGGGAGGCTTGCTACCCTTTGGGGTTGTGGTAAGGTTGTGCCAGTAACAGA
ATTCATGCAGTAAAAAACATTCATGGGACTTTCTTTTGTGATAGGTACTAGG
GATGCAGAGATGAATAATACAAGGTCTCGACCTTCAAGGAGCTCAGGGTTTA
GTAGGGAAAACAGAGGTATAAGTAAGTCATTGCAATGCCAGGTCCCAGATA
TGGGAGGATTCCAGCAAAGAGAGGATAAGGCCAGGCACAGCCGCTCATGCC
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TATAGTCCCAACACTTTGGGAAGCTGAGATGGGAGGATCACTTAAGCCCAGC
AGTTCAAGGCTACCCTGGGCAACATAGTGAGTGGCAAAAAATACAAAAATT
AGCCAGGCAGGGTGGCACATGCCTGTGGTCCCAGTTATTTGGGAGTTTGAGG
TGGGAGAATCACCTGAGCCTGGGAGATTGAGGCTGCAGTGAGCTGTGATCAC
GCCACTGCACTCCAGCCTGGGTGACACAGTGAGAGGTGAGAGCCTGTATCTA
AAAAAAAAAAAAAGAGAGGATCAGATTTACCTGGAGAGGTCAGAGAAGGTT
TCCAGAGGGAGTAAAACTTGAGCTTCATTTTGAAGAATGAGAGGGGAATAC
AAGGAGGGAAAAATAATAGGAACAAGACCTGTTCCTGTTACAGCAAACCTG
TAACTCCCACCATGGAATGGGCACGTTTTCCTGTAGACATTTGGAGCCAGTG
TGGGCTTCAAGCCTAGGGGGCTGATATGATCATTTGTCAATCTGAAGATGAC
TCTTGGAACAACGTAGAGGATAGGGTGAGGTGGGTAGGCTGGTGGCTGACA
GACTAGGTCAGGAGAGGGCTGACCAAGAGGAGGAGGGGTGACGAGGGCTG
GAACTAAGGCATATGAGCTGGGATGGAAAGAAGCTAGATAGAAAGGAAACA
AAAACCATCAGAACTGTGGAACCAACTCCATGGGAGGGATAAGAAGAGGGC
CTATTCTAGGGTGAAACCCAAATTTCTGGCATGGTACCATTAACCCAAACAG
AAAGAGGAGATTTCCAGAGAAAGAAAAGCAAATTTTGCGGGAGGTGAGTGT
GAGCTGTCTAGAGAATATGCAGGTAGAACTACATGTTAACTGTAACATATAC
TTGTCTGCACCTCAGGAGATGGCTGATTAAGAATTCAGGATTCAGGCCAGGC
ACGGTGGCACACGCCTTTAATCCCAGCTGCTTAAGAGACTGGGGCGGGAGGA
TTGCTTGAGCCTGGGAATCCGAGATCAGCCTGGGCAACATAGCAAGACACTG
TCTCTAAAAAAAAAAAAAAATTCAAGATTCTGGAGTCAATATTACTTAAGGT
AGCAACTGTCTATTCTATAGAAAATGGACAAATATAGATAAAAAGCCACTTC
CCTTTCTAAAAGTGTCCCTGCAATTCAAGTGAATACTAGGAAGGATTGTGTTC
ATTCTTCTAAACAAGACTCACATGTATCTTAGCACAAAAAGAGGATTCTTTTA
TGATACAAATGCACTGAGAATTTGGTCAGGCTATCACAATGAACTGATAGTT
CAGATGGATTTGAGTCTTTATACCACTCTGGAATCTGGACCAACTGGGCCTCC
TAAGGCCATTTTGCAGATCTGGGCTTGTTTCTGAAGCTACAGACAGGCCTCTT
CCAAGCACTCTAAGTGCTCCACAAATAATATTITCTGTTTCCCAGAACAACCCC
ACAAAAAGGTACTCTTACTCCATTTTTAGATGAGGAAGTGGAGGCTCATGAT
GTCAGGTAAGCTTTCTCAGCTCCCAAGTGGTTAAGCCCTCAGTTTAATGTCAT
TTGACTCCAGAGCCCTATGTTGCACCATGCCTTGATAATAGGCCATATGGGTT
TCATGTATTTCAGATGGGGAAGGTTAGTGTGAGGTGAAAGATACACAATTAA
CCTTTTAACCATGGAACTGAAATATTTACAGATGAAGTGATACAATAGCTGG
AATTAATTCCAAAATAATTGGGGTGGTACTGGTCCATGGCCTGTTAGGAACT
GGGCCGCAGAGCAGGAGGTGAGCAGCAGGCTAGTGAGCATTGCTACCCCCT
ATCATATCAGCAGTGGCATCAGATGGGTGAGGATGTAAATGAACTAGGATTG
GCATTGAGTTGATATTGTTGGATCTAGGTGATAGATTTATCATTATAATATTC
TCTCTTTGTGATATTTCTGATATTTTCTAAAATAAAAAGTTGTAGTTATTTATT
TATTTAGACGGAGTTTCACTCTTTTGCCCAGGTTGGAGTGCAGTGGTGTGATC
TCGGCTCACTGTAGCCTCCGCCTCCCGGGTTCAAGCGATTCTCCTGCCTCAGC
CTCCCGAGTAGCTGGGACTACAGCCTCCCGAGTAGCTCACCACCACACCCAG
CTAACTTTTGTATTTTTAGTAGAGAGGAGGTTTCACCATGTTAGATAGGCTGG
TCTCAAACTCCTGACCTCAGGTGATCCACCCACCTCGGCCTCCCAGAGTGCT
GGGATTACAGGCGTGAGCCAGTGTGCCCAGCCAATAAAAAGTTTTTGAAAGG
ATTTAGATAAAATAGTTGGGGAAATGGCATTTTTGTTCAAAGCCAATTATTTA
TGTTTGGAATATCTTTTGTGCTTGGAGTTCTCCATTACAGAGTTCCCCAGTGT
TCCTATTAATAAGTAACATTGAGCAGAGGAATGCACTGTTTAGATCAGCAGT
CCCCAACCTTTTTGGCACCAGGGACCGGCTTCATGGAAGACAATTTTTCCAC
AGACCTGGGGTAGGAAGTGTTTGGGGATGAAACTGTTCCACCTCAGATCATC
AGGCATTAGTGAGATTCTCATAAGGAGCAGGCAATCTAGATTCTTCACATGC
GCAGTTCACAATAGGGTTCTCACTCCTGTGAGAATCTAATGCCACCCCTGATC
TGACAGGAGGCGGAGCTCGGGCGGTAATGCTCACTTGCCTGCGGCTCACCTC
CTGCTGTGGGGCCCGGTTCCTAACAGGCCATGGACCAGTACCCGTCTGCAGC
CTGGGGACTGGGGACCCTGCTTTAGATGATGTACTCTGGCTTTGCATTCTGGC
ATTAGCTAAGCACCCTCTTAAAGGAAATTGGGTCTATACTCTCAGTCCGTGTT
CTCCCTAACACCTGGAAACATTGAATACCTTCAATGCTGGGAAGTTAACTCC
CACCACAACTAGAACAGCTATGGGAAAGACAACAGTTGATTTTGAAGAGTGT
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CACCAATTTGCACATGATTCCATCCTTAACCATTCTTATCCTATCAGCTCTGC
CAAACATGGAGAATAGTTGGCTGCAGGACAGCTATTTTTCCTACTTGTAGAT
GCAACTATTTCTCACCCACCAGGATGTAAAAGGTCCCTGTACCCTAAGATTG
GTCCTACATACACACCCAATGGGAAAATGAGATGAAAAATTTAAAGCAGTA
AATATTTGAGGAAGTAGATAGAGTAATTTAGAAAAAGAAAATACACAGGGC
CAAGCACAGTGGCTCACATCTGTAATCCCAGCACTTTGAGAGGCCAAGGTGA
GAGGATTGCTTGAGCTCAGGAGTTTGAGGCCAGCCTAGGCAATGTAGTGAGA
CCCCACCTCTACAAAAAATTAAAAACTTAGTTGGGCTTGGTAGTATGTACCT
GTAGTTTAAGAAACTTGGGAGGCTGAGCTGAGGCAGGAGGATTGTTTGAGCC
CGGGTGGTCAAGGCTGCAGTGGGCCATGATTGTGCCAGAGTACTCCAGCCTG
GGTGATAGAGTGAGACTCTGTCTCAAACAAAAAAAAAAACAGAGACAGAAA
AAAAGAAAGAAAATATATGGATGTATATCATATAAAAATATAAATAAGGGA
GGCCAAGTGCAGTGGCATGCCTGTAATCCCAGCACTTTGGGAGGCTGAAGCA
GGAGGATCACTTGAGGCCGAGAATTCGAGACCAGCCTGGGCAACGTATTGA
GACCTCATCTCTGCAAAAAATCAAAAAATGAGGCGGAAGGATGGCTTGAGC
CCAGGAGATCAAGCCTTCAGTGAGCTGTGATCGTACCACTACACTCCAGGCT
GGGTAACAGAGAGAGACCCTGCCTCAAGATAAATAAATTCATACATACATAC
ATACATACGTACATACATACATACATAAGAAGACTTGTTTCTTTCCATTTGCA
ATGTTTCATTCAAAGGCTAGAATTAAATTGCCGTAGGCCATCACAAGTTTAG
CTTGAATATTATTATTTTTTCAAGATGGAGTCTCACTCTGTCACCCAGGCTGG
AGTGCAGTGGTGTGATTTTGGCTCACTGCAACCTCTGTCTCCCGGGTTCAACC
GATTCTTCTGCCTCAGCCTCCCATGTAGCTGGGATTACAGGCGCCCGCCACCA
CACCTGGCTAAGTTTTGTATTTTTAGTAGAGACAGGGTTTCACCATGTTGGCC
AGACTGGTCTTGAACTCCTGACCTCAAGTGATCTACCCGCCTCACCCTCCCAA
AGTGCTGGGATTATAGGCTTGAGCCACTGCACCCAGCCTAGCTTGAAGAAAA
TTTGATAGGAGTTTGTTTTTTTCTATTTATAGGCCAAGCAATACCACGTATAA
ATATTAAGAATCATGGCTGTTCCTTAGTGCCTAGTTGTTTATAAACCATGGGA
AAGAATGAAATCATTGACCAAATGAGACAGGGTAACAGTCTTCCCTGGGAGT
AAAGAGACTAGCAGTCTCTATTGACATATATTTTAGGCCTGGCCTCCAAAAT
AAATTTACCCAAAGAAGTGATGTATTTGTGTCCAGGGCTACCGAGCCTAATC
TTTGGCTGCCTCTGTGTTATTCTAAGTTGTAATTTTCCATGTCATCTAAATTTG
TAATAATTCTTTAATATGATAGTGTTTCAGTGAACAAACATTCTGCTTGCTGC
ATTTCTTCTGAGTGAGTAATTCCCTGACAACTACCAGATCTTGGCAGAAGCA
AAGTTGGTCATAAGTTATGCTCCACTCTCAGTGCTGGTGAAACGTATGATGC
GTAACACAGTGTTTTTGAATTCAGTGCTGATTTTCCTAAAGGACATTTGGAAG
GAAAAAAGAAAAGGAAAGGAAATACCCAAATTCAGGAATAGAACTTACATA
TTATTATAAGACTTAAAAAATACATGAACACTAATGATGAACTCATTTCTTCG
AAGTAAAAGGCCTTATGCTATTTTITTCCCATTTCCCTATGTGGCTTGATTGTG
GCGAAAGTGGCTGTGTGAGTTTCCATTATTGAAGGAGTTAAGGTCTGTGGAA
TCAAAGCATGAGACAACATGCAAGGACCAGGTTGGTTTCCATTTAACAGCCA
ACCTAATCTAACTGAAAGGATTGAGAGGTTTGTCTTTTTTGGAAAGTGTTAA
GGTTCTTCCAAGTAACCAGCAATGTGACTTTACCACACTGTTCATTAACGGG
GCTTTGGATGGCCACCATGTCTGCTGCTGGCTGAGTCCAAAACTGCGGTCAC
TCTCTCCAGCAAGCTCATGGAGGGTTACGTCATCTTCACTCAGCCAGCCCAA
CGCTTTTTCCATCTGCTAAAATGTAGAACATGGTTGTTGATTCTACTCTTTCTA
CAAAGAAAGAGAGGGAACATGGATGAGTTGCTGCTTTTAAAGATTATATGTT
AATTGCTGTTTTAAAAATCTGCTCAGCTAAGCACGCTTAGTGTAATCAGTCAC
CATGGAGTTTTTTAATAGGACAGCTTCTGCTCTTACAGAGCAGAGTTTTTATG
CCAGTAGGTTAGAAGCATAACATGTTTCTATATTGAAGTGATTCTCCAACAA
GGACTTCTTTTCATCAGGGGTGACCTAAAAGTTATTACTTGAAATATAATTAC
ATCATGTTCTTAACTGGGTTTAGTAGTAGGATAATTACAAGGTTGTATCCACC
TCAAATAGGAAGAACTGATAAGTTTTGCACAATTATTTAACTCCTCTGTTAGG
CCTTCCTTATTTCCTGTTCTCTTTTTAAAATTTGACTAAGATATTGCTAATGGG
CTTGGGAGCCTATAAAATGATCAGAATTGTTGCCTTATGTTTITGCATGTTTGG
GGTAACATTGGAGCCAGATGTACTCTTAAATAAAAGGTAGGCCTACAAAACC
AGTTTCTCAGTTGCATTCAAAATGTGATTAAAAAAAAAAAAAGGAGAATCTC
CCTTATAGGTGAACTTTTITAATTTGTGCTTTATTTTCCCTTITTGCCATTCATGA
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GATTTCTTAAATAAAATGATATCTTTTCTTTTCTTCATTATTATTTTAAAGGTC
TCTGGGGAACAAGACTCATGGAGGAAAGCAGCACTAACCGAGAGAAATACC
TTAAAAGTGTTTTACGGGAACTGGTCACATACCTCCTTTTTCTCATAGTCTTG
TGCATCTGTAAGTAGAATATTTCCTTGCACTAATGGGAAAGTTTTGAAAAGA
TTTGACCTATCCAAATCATAATTAAAAGGAAGTGTGTATGCACCAGAGGGGC
AACTGGGAAGTTACCTTCTTACCTTTGTTTTTAATTCTAATATTTTTATTITGGG
CATTTGTTTATTGACTATCTTCCTATGGTAGAATGCAAGCTTTATAAGAGAAG
GGACGTGATTTGTTCTCTGCTGTACCCCCATTTCCCAAAACTGCAGATGGCAA
CAGAAGGCTCTGAAAAATATATAAGAAAGAATTTTTCTAATTGTGACTAAAT
TGTGACCAAATGCTAAGTGACTGTGGACTTGCGTTTAACACAGGACGGGAGA
GGCAAAGAGTTCAATTCCAATTTAGAATTTGGTCAAGTTCTCTTCTGCACTCT
GGTAAACATTAATTAAAAATCAGCATTATCTGACCAGCCAGTTCATCGTCAG
TGGTGGTGATTTTCACTATGAGATACGCGTGGCAACTTGCCAGACACCAAGA
AACCAAGTTAGAGGATTTTTGTATTAGATTCCTTAACAATGAATACAGTATC
ACCATTATTACAGTATCATCATTATTGTCATACTATTATTATATCAGTTAACA
TAAAGTCTGCATAAGAATTGTTTCCAGAAAAATGACTTTCCAAATTITAACTTT
CAGGAAATACAAATAATGCTACTAATATTGCTTTTATTGGCGTATACATGTA
ATATCCCCTTCTTTTGGATTTGGATATGTTGTGTCATTGCCTCATTTTAATTCA
TTATTTCTTCTCAATCTTTAATAATTGCTGGACTTTTACTCCACAAGAAACTTG
CTATAGGCCCATCTCTTTCGTCTTCTTTCCTTCTTTCAGTTCGTCTTCCCATCCT
CTGGTAGGGGGAGGGGAGGGATGCCTGAGCGAGAGACTAGCTGTAGGAACC
ATTTGTCTCAAAGTCCAGAAAGCCACAGGTGATGGATTTGTCCTCTGAATCA
AAGGGCGTTCGATGATGGATTTCTGTCATGTCTCATCTAAAGTCTTCACGAGA
ACAGATGAGGAAGCAGTTTTATGACCCCAGAGCCTCCTACCAAACTCCTCTG
AGAAAAGGTTTCCTTTTITTTTITTITTTTTTAAATTAGAGACAGAGTCTTGATC
TGTTTCACAGGCCGGAGTGCAGTGGCACAATCATAGCTCACTGCAGCCTCGA
GCTCCTAGGCTTCAGTGATCCTCCCACCTCAGTCACCCACGTAGCTGGGACTA
CAGCTGCACACCACCATGCCCAGCTAACTTTTAAAACATTTTTGTAGAGGTG
GGGTCTCACTTTGCTGCCTATACTGGTCTCCAGCTCCTAGCTTCAAGTGATCC
TCCTGCCTTGGAAGTTCTGGGATTATAGGCATGAGCCACTGCACCCAGCCTG
GATGTGATATTTTTATGTTTTAAATTGTTAGAGTTTAGAAACTTGAGATTGAG
TTTGCTGCCTGCATTAAAATGATGCTTAAACATTAAACTGCAGTGGCCTTAAA
TATTAACAAGTTGATTAGAATTACTAAGTTCTTTTCAAGCTTTACATATACAG
ACAAATTTCTTATGCAAAATAGAAGGTAACCCCTGTACGTAAGTCTAGAATT
TCAGCAGTCCCCAAAACTGACTGAGCATTAGAATCACTCTGATTTTAAAATA
CATATGTGGTTTTCCGAGATCTACTAACAGAGCCTCCATAATGTAGCCTAGA
GAAACGAGTTTTCAGATGTAGTGATAAATTTGGAAGGTAAGTCAGAGAAGTA
AGCTGAAGACAGAGTTTTAGGAAATATGCCTAAAGTCACATAATGAATTGGT
TTTCTTGTTTATTITGAGAATATTGTCGCTTTTTGTTCTTTTTCATGCAAATCAC
ATTTTATTTCTTATGTGAGTAGCTATATATTTAAAAATTTTGTTTTTGGAATAT
TGTAGAATCTCTACTTAAGAAAGTATCTTAGCAGTCATATGGTCTGACCTCAC
TGAATGCTAAATTCTCTTTAAAACATCCGTCTCAGATGGTTACTCATACTGCC
TCTGATTGAACAAGAGTCCCAGGTTAAGGGACTTACTTCTTTGAAATCGTTCA
TTTCATTTTTCTACAGCTATGTTAGAAAGTTCGTCCTTAGCAGTGAAGCCAGA
GTCTATCTCTTATAACTTCTACCCAGTTGCACCCTCCAAGCCTACCTATACCA
AGTATCTTTTTTCCACGTTGCTTTTCCAATTCAGCTCTTCGCAAGTTTGGAGAC
AAATACCTAATCTCCTCTAAGCCTTCTCCAGGTTAAGCCTTTCCAGTTCATCC
AGCTGTTGATTATGTGATTGGAGACACAAGTTTGAGTAACTCCCATGATGGA
AAGTCCCTCTGGTGAATGTTCTGTTCATCAGAGTCCCTAAGAAAGCACATGA
GCCTCACCATGGTGAGTGGGGCCATGAGATTCCTAAACCAGACACTACACTG
TGGCTTGTGCAACCTACCATGGCCAGACTCATGAGGCTGTTTCATCATATAA
ATAATTCCTTAGTCTCTTCACCAAAAACTGTGAAGCACTGTGTCCCCCAGCTG
TATGTGAGCTAGCCTGGGACCATAGTGGAGGACTCCTCTTTCAACCCTGTTA
AATTTCATCTTGTTAGGATCTGCCCATTTTTCCATTCTGTTGAAATTATCTTGG
AACTGGATTCATTCATCTCACATCAGCTACTCCCCGAAGCCTCACAGTATCAG
CAGAGTTATTATCTCTATCCATATCCTTGTAAATTATTAAACTAAAAAAGATT
GGTCTAAGAACATCAGTCCATTAATCAAGGCTCTTTGGTTGGAGTTCACTTCA
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TTATATTATCATCCAGCTCAGAGTGTTCATAAACAAGATGATAGGAAAGACT
TTTCCAAATGCCTGTCTGAGTAATTCCCCCATTCCTGTGATCTGTGAGCTGTT
GACCAGATTAAAAAGGAAGTGAGAATAACCAGGCAAGATTTACTCCTAGCA
AAACCTTACTGGCTTCTAGTGACTGAGTCCTTTCCCTATTGCTTACCAGCTAT
CTTTTTAATTACTAGTTTTAAAATCTTGCCAGCAATGTCAATATCAAATGACC
AAGAATATCAAACTCATTACTCTGTATGTAAATGAGATAGTGTACTTACCCCT
ATGGCTTAAGTATTAGGCTGTTCTTGCATTGCCCTAAATACCTGAGACTGGGT
AATTTATAAAAAAAGAGGTTTGGCCAGGCACTGTGGATCAGGCCTGTAATCT
CAGCACTTTGTCAGGCTGAAGCAGGTGTAATGGTGAGCCAAGAGTTCAAACT
TAGCCTGGACAACAAGGTGAAACCCCCTCTCTGCAAAAAATACAAAAATTAT
CTGGGCATGGTGGCATGCACCTGTAGTCCCAGCCACCCAGGAGGCTGAGGTG
GGAAAATTGTTTGAAGCTGGGAGTCAGTGATTGCAGTGAGCCATGATTGCAA
CACTGCACTCCATCCAGCCTGGGCGACAGAGCAAGACCCTGTCTCAAAAAAT
AAATAAATGAATAAATAAATAAAATAAATAAATAAATAGAAAAGAAAAAGA
AAGAAAAGAGATTTATTTGCCTCATGGTTCTGCAGGCTGTAAGGGAAGCATA
GCTCCAGCATCTGCTTCTGGGGAGGCCTCAGGAAGCTGTTACTCATGGCAGA
AGGTGAAGCAGGAGCTTGCACATCATGTGGCAAAAGCAGGAGCAAGAGAGA
GAGAATGGGGCAGGGAAGAAGCCCCACACTTTTAAATGACCAGATCGCATG
AGAAATCACTCGTTACCTCAAGGACAGTACCAAGAGGATGGTACTAAATTCC
TGAGAAATCCACCCCCATGATCTGATCACCTCGTACCAGGCCCCGCCTTCAG
CATTGGGGATTATGTTTCAACATGAGATTTGGATGGGGACAACATCCAAACT
ATATCACCTTGCATAGTAGGTAGGGTTTTAAAAAGCAGTTTGGCACAGTAAG
AAAAGTACAGATTTTTTTTGCATCAGACAGACCTGAGTTAAAATCCCAGCTT
CACTGCTAACATGCTAGGTAAATGTGGGCAAGTTAATTAACATTTCTAAGCC
TTTGTTTCCTCACTGGTAAAACAAGTATTTGGAAATATCATTGTGAAGATTAG
AAATAATACATGAAAAGATCCTAGGATGCTGTCTGTCATACAGTAGTAGTAG
TAAGAAGTTATTCTTGCCAAAGATTGTTGAGAATGGCAGAATTATCTCAGTT
CTAAGAGCTATAGTTTCTAATTATTTGAGCCTAGACTCAGATTCATTTGGAGC
AGCTAACTGCTCACCAAGAGCTTATTTTCCATCTTACCAATGAGGTTATGTGC
CCTGTGTTTTTAAAATCAGTCTACTTAACCAAGAGAACAGAAATGACATGAG
AATTAAGTAATCTCACTTTCTCTGTTATTTAGGATTTATTCCTACTCAAAACCT
GAGAGTTGCTATGAATTCACCATTAAAGCACTTATTAATATACATGGGTTACT
GTTATAAATAGCAATAGTATTGCTATTGTGTGAGTTAGGTGTTGAAGTTCAA
GAAAGGAATAAAGAATATTTAGAAGATCTTTGAAAACAGTGTCTGGGTACG
GTGGCTCATGCCTGTAATCTCAGCACTTTGGGAGGCCGAGGCAGGCAGATCA
CTTGAGGTCACGAGTTCAAGACCAGCCTGGGCAACTTGGCGAGACCTCGTCT
CTACAAGATATACAAAAATTAGCCGGGTATGTTGGCATGCACCTGTAATCCC
AGCTACTTAGGAGGCTGAAGCACAAGAATCACTTGAACCTGGGAAGCAGAG
GTTGCAGTGAGCCAAGATTGTACCACTGCACTCCAGCCTGGGCAATAGAGCA
ACACTCTGTCTCGAAAAAAAAAAAAAAAAAAAAAAAAAGAAAGAAAGAAG
GAAGGAAGGAAAGAAAAAAAAAGGAAAAAATGCAAGGAAGGTATTTGGTG
AATCTATAATAATAAAAATGTATTTGTCATTTCCTTTTTCTGTGCTCTCATTCT
ATAAAATTGAGTAAAAAATCTATATATAGTTTAAACACATTAATAGAAATCA
CAAAAGTTAGCTGAGTCAACATTGTAGAAACATAATATTTCTGTATGTCAAA
GAAATAGACAACATTAAAAAGCAGAAAGCAATTACAAAGAATGATTATAAG
AAACATCACAAAGGGTTAATATTTTAACACATTITGAAACTCAAAAATCACTG
AGAAAAGCAGTAGACTTCCATAAATATTTTATAGAGTAGAAAAAATAGGCC
AAGCACAGTGGCTCATGCCTGTAATTCCAGCACTTTGGGAGGCCGAGGAGGG
TGGATCACGAGGTCAGGAGTTCAAGACCAGCCCGGCCAAGATGGTGAAACC
CCATCTCTACTAAAAATACAAAAACTAGCCAGGCGTGGTGGCAGGTGCCTGT
AATCCCAGCTACTTGGGAGGCTGAGGCAGGGAATTGCTTAAACCCTTAAACC
CGGGAGGTGGAGGTTGCAGTGAGCCAAGTTCGCACCACTGCATTCCAGCCTG
GGCGACAGAACGAGACTCTGTCTCAGAAAAAGAAAAGAAAAGAATAGAAA
AAGAATCCATGGGCAGGCACAGTGGCTCATGCTTATAATCCCAGTACTCTAG
GAAGCCAAGGTGAGAGGATCAATTGAGGCCAGGAGTTCAAGGCCAGCCTGG
GCAACATAGCAAGACTTTGTCTCTATTAAAAATTTTAAAATTAGCCAGGCAT
GGTGACGCACACCTGTAGTCCCAATTACTTGGGAGCCTGAGGCAGGAGAACT
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GCTTGAGGCTGCAGTGAGCTATGATTAGACCACTGCACTCCAGCCTGAGCTA
CACAGTGAGACCTTGTGTCAAAAAAGTAAAAAAATAAAAATTAGCCAGGCA
TGGTGGCACATGCCTGTAGTCCCAGCTACTCAGGAGGCTGAGGCAAGAGGAT
GACTTGAGTCTGGAAGATGGAGACTGCAGTGAGCTGTGGTCATGCCACTGCA
CTCCAGCCTGGGTGACAGAGCAAGACCCTGTCTCAAAAAAAAAAAAAAGAA
AAGAAAAGAAAAATAAATAAAATTTATTCAAATACAAAAGTGATGTGGTTT
GACTCTGTGTTGCCACCCAGATCTCATCTCCAATTGTAATCCCCGTGTATTGA
CGGAGGTTCCTGGTAGGAGATGATTGGATCATGGGGATGGTTTCCCCTCTGC
TGTTCTCATGATAGTGAGTGAGTTCTCATGAAATCTGGTTGTTTGGTAGGTGT
CTGTCACTTACCCCTTCTTTTTCTCTCTCCTGCTGCCTTGTGAAGAAGGTACTT
CCTTCTCCTTTGCCTTCCACCATGATTATAAGTTTCCTGAGGCCTTCCCAGCC
ATTTGGAACTGTAAGTCAATTAAACCTCTTTCCTTTATAAATTACCGAGTCTC
AGGCAGTTTTTTATAGAAGTGTGAAAATGGTCTAATACAGAGACTTGGTACC
AGGAGTGGGGTACTGCTATAAAAAATAACCTGAAGATATGGAAGCGACTCT
GGAACTGGGTAACAGGCAGCAATTGGAACAGTTTGGAGGGCTCAGAAGAAG
ACAGGAAGATGTGGGAAAGTTTGGAATTTCCTAGAGACTTGTTGAATGGCTT
TGACCAATACACTGATAGTGATATGGACAATGAAGTCCAGGCTGAGATGGTC
TCAGGTGGAGATGAGGAACTTATTGGGAACTGGAGTAAACGTCACTCTTACA
TGTTTTAGCGAAGAGACTGGCAGCATTTTTCCCCTGCCCTAGAGATCTGTGGA
ACTTTGAACTTGAGAGACATGATTTAGAGTATCTGGCAGAAGATATTTCTAA
GCACCAAAGCATTCGAGAGGTGACCTGGCTTTTCCTGAAAGCATACAGTTAT
ATGTGCTCACAAAGAGATGGTTTGAAATTGGAACTTATGTTTAAAGGGGAAG
CAGAGTGCAACAAAAGTTTAGGGAGTTTGCAGCCTGACCATGTGGTAGAAA
AGAAAAACCCATTTTCTGGGGAGAAATTCAAGCTGGCTGGAGAAATTTGCAT
AAGTAACGAGGAGCTGAATGTGAGTTGCCAAGACAATGGGGTAAATGTCTC
CAGGGCGTTTCAGAAAATCTTCAGGGCAGACCCTCACAACACAAGCCTGGAG
GCCTAGAAGGGAAAAATGGTGTGAGCCAGGCCCAGGCCCAGGCCCCAGCTG
TTCTGTGCAGCCTTGGGACATGGCACCCTGTGTTCCAGCCACTCCAGCTCCAG
CTGTGGTTAAAAGGAGCCAAGGTACAGCTGGACCATTGCTTCAGAGGGTACA
AATCCCAAGCATTAGCAGCTTCCATGTGGTGTTGGGTCTTTGGGTGCACAGA
AGACAAAAGTTGAGCTTTGGAAGCCGCTGCCTAGATTTCAGAGGATGTATGG
AAACACCTCGATGTCCAGGCAGAAGTCTGCTGCAGGGGCAGAGCCTTATGGA
GAACCTCTGCTAGGGCAATGCAGGGGGGAAATGTGGGGTTGGAGCTCCCAC
ACAGAGTCCCCACTGGGGCACTGCCTCATGGAGCTGTGAGAAAAGGACCAC
CATCCTCCAGACTCCAGAATGGTAGATCCACCAACAGATTGCACTCTGCGCT
TAGAAAAGCTGCAGGCACTCAATGCCAGCCTGTGAAAGCAGCTGCAGGGGC
TGTACCCTGCAGAGCCACAGAGGTGGAGCTGTCCAAGGCCATGGGAGCCCA
CCCCTTGCATTAGCATGGAGACAGGGGATCAAAGGAGATTTTGGAGATCTAA
GATTTAATGAATGCCCTGTCGAGTTTCAGACTTGAATGGGGCCTGTGACCCCT
TTGTTTTGGCCAATTTCTCCTATTTGGAATGGGAACATATACCCAATGCCTGT
ACCCCCATTGTATCTTGGAAGTAACTAACTTGCTTTTGATTTTACAGACTCAG
GCAGAAGGGACTTGCCTTGTCTCAGATGAGACTTTGGACTTGAACTTTTGAG
TTAATGTTGGAACGAATTAAGACATTGGGGTTCTGTTGGGAAGGCGTATTTG
GTTTTGAAATGTGAGAAGGACATGAGATTTTGGAGGGGCCAGGGGTAGAAT
GATATGGTTTGACTCTGTGTCTCCACCCAAATCTCATCTCCAATTGTAATCCC
CATGTGTCAAGGGAGGGACCTGATGGGAGGTGACTGAATCATAGGGGCAGT
TTCCCCCATGCTGTTTGCATGATAGTGAGGGAGTTCTCATGAGATCTGGTTTT
TTGGTAAGTGTCTGGGCTTCCCCCTTTTCCCTCTCTCTCCTACTGCCTTGTGAA
GAAGGTACTTGCTTCTCCTTTGCCTTCTGCCATGATTGTAAGTTTCCTGAGGT
CTCCCCAGCCATTCAGAACTGTGAGTCAATTAAACCTCTTCCTGCCTATTCTC
AGGCAGTTCTTTATAGCAGTATGAAAATGGACTACTACAGAAAGTGTGTAAC
TTTAAACTCAGTAGTATCCAAAGAAGTAATGAAAATGGAGAAACGAACAAC
AAAATCATAGTACAATATGGTGTATGTACTAGGACAGGAAGAGCCCTTTTAA
GAAGAGATCTATGTATTTCCATTTGTTTATCTCTGAAAGAAAGCAACTTTGCC
TTGTATTCTGAAAAAGAAAGGAATATTTITATTTTACTTGTAAAAATCTTACAA
GGATGCTAGTCTAAATATAGTTTTCCTAATTTGCCAGAGAATCCATGAAGAT
CGAGTTGATAACAAGATCAGTGAAGTAAAGGTCAGTGAGTTAATCTCACAGC
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AGCTGCAGGCTAATTCCATTTCCAGTGAAAAACGTCTTGATTGCTCACCACAT
ATCTTTTCACCACAAACAGTTTCAGTCTTAAGATCACATGTTGCAATCCATGA
GAAGTAACTATTAAGCCTTCAACTATGACTGGAGGGCTCCTCGCCCTTTCTGA
TAAATTGACTGGACAAAAACTCAATTTTAAAATGACAAGAAATAGAAGATGT
ATAAATGTACTTTAAATGTGACCAAAATGGGTTGTGAAAACACAAGACACAA
TATCCAAAAATGCTGGCAACACAGTACACTGTAGAGTATTGGTTGTTTATTTA
CCCTTGCTATTGTGTGGCTGAGCTTACTGCCACTGCCCAGCATTGCAAGGGCA
TCAAACTGCCTATCACTAGCCTAGGAAAAGATCAAAATTCAAAATTCTAAGT
ACAGTTTCTACTGAATGCTTATCACTTTTGCACCATTTTAAAGTAAAAAAATC
AGTAAGTTGAACCATCATATATCCAAGATTGTCTGTATATAAATATTATACAT
CTTTCTCTCACTTTTAAAACAAAATAATACTAGCCAATACTACCATTCTCAAA
AGCACTTGTGTCAACAGCCTTTACCCCTTAAAGATTTTCCTCACAATTTTAAA
ATTGTTACTTACTATTTTCTTTGAAATGTTGACCAAACCTGGATTAAAAGATT
TGGGGGTTTTAGTGACTGTATTTCACAAACTCTCTTATTGATTCTGCAGCCTC
ACTTCTGCCTCCTAAAAAGCCCTCACCAAGGTCACGGGGGATGGCTCTTTTC
AGCCTCTTCCTGGCATTTGGTCCAGTGGCATTTGGCATTCTAGGACTTCCCTC
TTTGTCTTTGATAACTCCCTCTCTTCCTGTGTTCCTCCTTGCTGTGTTCACTTG
CTTCGCTTTCTTCTTTCTGAAGCATGTTTACACAGTGTTTTCTCTGATTGGGCC
TGTGACGTTCTTTAGGTCATCTTTTCCACAAATAATGCTTCAACTAGTACTTG
CGTGCCAGTGACTCCACGTCCCACTCATGAGCTCTGAACCTAGTACCAGCTTC
TGCTGGACATCTACAATGGGATCTCTCACAGGCCTCTCTCATTGGTAACATGC
CCCAGCCTGAACTCATCTCCCACCCATCTATCCAGCCATGCTCTCTAGTTCAC
CTGAACACTTGGGTGTCATCCTAGATGCTTTCCCTTCCCAGTCTTCTGTGATC
ATTCTGCCTCATCAGAGGCTCTCTAATCTGTCTTCTTTCCTATATCGCTCTTGT
CCCTATTTTAATCCTAATCATCTATTTCCTGACTTATTCATTCCTTAAGTTGGT
CAGTAATTTAATTAAAAACAGATTTAGGCCCTGACCTTAAATGTGATAAGTG
ATATGAAAGGAGATGACTGGGGAAAAGGATTTCCCTCAAGGAAGGCCTCTG
TGAAGCCTGAAGCAAGAATGAAAACGAGTCAGACGAAGAGAGAATTGTATG
AATGAAGGCTCTGAGGCAGGAAAACACTCAGATCATTCCAGAATCACTTAGA
AGCCAAGTGAAGCCAGTTCCTGGAGAGCAGATCATCAAATGAAGATGGAAA
GGTGACCAGGGGCCAGACCTGTAGTTTTGGTGGGCCTTGGTGAGGGATTTAC
AGTAGGACACCCCATGGTTTAAGTATGAAAGTGACAAGATTCCTTTAAGTTT
TAAGAGGCCTCGAAATATGAACCACAGATTAGATGGAAGCTACTCTCCCTGT
GTCTGGACTTTTTAGAATTTCCAAGAGCTGCTGTTTCTGGAACCAGATTAATA
CAAGTCAGTCTTCCATTTATTTATTTATGTATTTATTTGAGACAGGGTCTCACT
CTGTCACCCAGGCTGGGGTGCAGTGGCATGAACACAGCTCACTGCAGCTTGG
GGGCTCAAGAGATCCTCCTGCCTCAGCCTCCCATGTAGTTGGGACCACAGGC
ACCTACCACCCAGCTAATTTITATTTGTTGTAGAAATGAGGTCTCATTTTGCTG
CCCAGGCTGTTCTTGAACTCTTGGGCTCAAGCGATCCTCCTGCAACATCTTCC
CAAAGTGCTGGGATCACTCTTCCATTTAACATGCTATCTCAACGTCAAGATA
AACTTTAAAATCTTTAGATAATAGGCTGGCATTTTACTTAAACGATCTTTACT
TCTTCAGAACTGCCATTCCCTATAAATATCTGGTTCTTCAACCACATCAAACC
ACTTGTGATCTCAAAAAGCCTCAGCGTACACTGTCCTTTCTGTCATTCTAATT
CCTCCTCATCCTTCAAAATCAACTCAAGGACCAGATCCAGGGAGAAGCTTAG
TGGTGCCCACCCGAACCGGCCCCCTCCTTCGAGTTGTGCTGCCATTCGGGCCC
ACCTCTTCACACAGGGTTGTCAGACCAGACCAGCTCATGCGTTCACCGCCCTT
GCAGGGATGGGATGCAGCTGTGCACCTCTCAGTGCCGACACCTGGAGAGTCT
CACGAAATGTTGACAACATGGCCTGTTTCCATTTCTTGTTCACTAGGACTTCT
CATTTACTAACACACAGAATTTCCTGTAGTATGTCCACTTAATCAGTTCAAGC
CTAATAATTCCTTGATTTGGGTATAGTGCTTTGCATTTATATACTGATGGTCC
CCAACTTACGATGGTTCGATTTATGATTTTITCAACTTCATGGTGATGTGAAAG
TGATACACATTCTATAGAAACCACACTTTCAATTTTGAATTTTGGTCTTTTTCC
AGGCTACCATACTCTAAAGATAGAGCCACAGATCCCAGTCAGCCATGTGATT
ATGAGGGTAAGCGACCAATACTCTACAGTGTATTGTATTGCCAGATGGTTTIT
GCCCAACTAGCCTAATGTAAGTATTCTAAACATGTTTAAGGTAGGCCAGGCT
AAGCTGTGTTGCTCATTCAGTAGGTTAGGTATATTAAATGCATTTTCAACTTA
TGATATTTTCAATTTACAATGAGTTTATCAGGATGTAACTCTACTATAAGTCA
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AGGATCATCTTGTATAGCACTTTTAATTTATAGAGTCCCTTCAAATGTTTGTT
TGTATTTTATTTCCACTGCATCCCTGTGAGGATACCATAAGTTATACAGCTAA
CAAAACAGTTAGTTTTCCTGTGCAAAGTGATGGCTTCATCTTGTGGCAGATTA
CCTGGAATACTGTGGCCAAGGCATCTTAGTTCTACTGTCTTTATATATCTAGT
ACAGTTATATTTTTATGGCAGCTCTGATTTCTTCTTTGGCCCAAGGGTTATTA
AGAGAGGGAAAAAATTTAATTTCTTAACAGATATATATATCTATGTCAAGTC
ATATATTTAATTCAAACCCTTAATATTCCTAGGTAATTTTTGTCTACTTTCTCT
GTCAAAGATTGAAAGATACAGGGTTTTAAGTTTCCAACTGTAATTGTAGTTTT
GGTAATTGTTTTATTACTAACAGGTATTGCTCTGTATATTTTGATGTTCTGTTA
TTCAATACATAAGAATTCATTACAGTTGAATCATCATGTATAGTATAATTTAC
CAATGTAAAATAACCTTTTTATCAAACTGAGTATTCACCTTATAATGTCCTCT
GTCAGAGGATTATAATACCACTTAAAACCTTTTAAAAAATATTTTGTTCCTGA
TAATTTTAGCTTTGAGTGGTTTTCTTATAACAATTCTAGAGATGCGTTTITATT
TTTTAACCAAGATTTAAAGCTTTGTGATTTAGTAAGAGTCTAAACCATTCACA
GTTCATGCTTTTTTGTCAAATTTCTATTATTTAGTATTTTCCTCTCTTTTATATT
TTCCTGTTATTTTCCATTTCTATTCTTTIGTTAGACTGGAAATTTTTTCTTTGCT
TTCTTTTATCCTAGTGATTTGAAATTTATGTAATATATACTATTCTACAATACC
CTTTATTTGTTTTCAATATTTGAACCTATATTTTTCAACATTATTAAGAATAAA
ATAGTATTTGTTGCTATTTTGAAATGATAGACCATGTTTTTAAGGCAGGTTGG
TGGTTGTTAAGGCACCAGTATCGGCCAGGCACGATGGCTCACACCTGTAATC
TCAGCACTTTCGGAGGCCGAGGTGGGCAGATCGTTTGAGCCCAGCACTTTGG
CCGATACTGTGGTTTACTGTATTTTGTTCTAGTTTATTTITATGGAAAATGGGA
ATTCAGTGGTTAAGACAAGGATTAAATAGCAGAAGAAAGATGTGTACATAT
GTACAGATGTATGTGTCCTTTATATGTTTTTTAGTACTCTTGTCTCCTTTCTGG
TCCTCATTTAAGGTTATCTATTTCATGCAGTAAATTTTTCTTCACAATTCATIT
CATTTAGAGAGTGAATGCTACCTTCCAAGTGGGCTTTCTCCAGTTTTCCTTTC
AGGGACTTAAAGGAGAAGTGATGTTAACAGTTTTATATTITCCATTGCATTTTA
CAGTGTGCAGATGTCTTCACATATATTTCCCCATTTGAGCTTTACAAAAGCCC
TTAGTATTATTCTCATTGTCTAGATTCCAAAATCAGGCTTAGAGGAGTTAAAT
AGTTGTCCAGGATCTCAAGATGCAAGACCCACAATCATGAACAGAGGCAGA
TGTTCAGGATGGAGGCAAGCTGAAACTCAAAACCAAATCATTATGACTCCAA
ATTCAGGAGTCTTTTAGCTGCCACCTGCATGGGCTCTTGGTGTAGCTGACCAC
CAGAGTTTGTAGAGCTGTCATTCAGGTGTGCCATGGACTTTCCTGGGACCTG
GCACAGGAGAAGGACTGAGTTAATGTTTGCTGATTAAATATCTGTTACAGGC
TGGGCGCGGTGGCTCACGACCGTAATCCCAGCACTTTGGGAGGCCGAGCAGG
GAGGATCACTTGAGCTCACAAGTTTGAGACCAGCCTGGGCAGCATGGCGAA
ACCCCGTCTCTACAAAAAATTTGAAAATTAGCTGGCCATGGTGATGCATGCC
TGTAGTCCCAGGTACTCAGGAAGCTGAGGTGGGAGGATCACATGAGCCCATG
AGATTGAAGCTGCAGTGAGCTGAGATGGTGCCACTGCACTCCAGCCTTGGCC
ATAGAGCCAGACCTTATCTCAAAAAAAAAAAAAAAAAGTTACAATAATCTTC
CCTTCAAAGCTGGAAGGCATTATTTACCTGTCTGTCCAGCAGATGGTGCTAC
ATAACCAAGGGAATCTGTTGCTTGCCCTTGGTGAAGCTATTAAAGCCAATAC
AGATCTTGAGAATTTCAAAAGCAAAAATCAATACTGGATTATGAGTGCTCTA
GGAAAATAAAGAGATAAATTTTCAATTTACATACTTATATATAGTTATACCA
TATTTGTAAATAAAAATATATAAATAATTTATCAAAATTCCTTTTTAACAGCA
ACAACCACAGTAAACCCACAGGTTAAAAACTCCACAACAGTCTATATTAATC
AGTCAATGCAAAGTACATTCCAATTCCAAGTTAACTGAAAATAATCAACTTA
ATCATTTGGTTGGCTCTGAGCAGCCTTCACTGCTTGCTCTTGTGTCATGTTTCT
TTCTGTCCTCGATTGGCTATAGACTTACAGACGGCTTTTGCAGAGGACAGTGT
ACTCATGTCCATCCTTTGCATCCTTTGTGGGAGTTGGCTAGGCAGCACTCTCC
CTGGGGACACTATGAACTCCTCTTCTTGAGTGCAGAGATCACGTCTTGTTCAT
CTTCATGCCCAATACCTTGTTCCATAAATATGAATGGATTAGAATTCTAAACT
CTTAACTCTGCCCCAAGACAGTTCTGAGAGGTAGTAAGTCATATAACACCTG
AAGAGGACTGTTCTTGTCCTAATTACATTAGGTTATAAGATGACAGGTGAGG
GAGCCAAACCAGGGGGCCTGGAAATTATTCATACATCTCTAGATACAGTATA
CAAGTTGTGTGTATTATGTGTATTTACTCTGTAATTGATTGCTTGAGATGAAC
CCCCAAACACACTCGTGTTTGGATCATTATTATCTACCCTTCTCCTTAAATAA
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TCTTAATTTCCTATGATGCTTGAAAGGGAAAGAGGGGCCAGGTGTGGTGGTT
CACACCTGTAATCCCAGCACTTTGGGAGGCTGAGGTGGGAGCATCACCTGAG
GTCTGGAGTTCAAGACCAACCTGACCAACATGGTGAAACCCTGTCTCTACTA
AAAATAAAAAATCAGCTGGGCATGGTAGCACATGCCTGTAATCCCAGCTACT
TGGGAGGCTGAAGTGGGAGAATCGCTTGAACCTGGGAGGGGGAGGTTGCAG
TGAGCCGAGATCACTCCATTGCACTCCAGACTGGGCAACAACAGTGAAACTC
CGTCTCAAAAAAAAAAAAAAAAAAAAGGCAGAGTGGGGAAGAGAGCTGCA
TGAAGGAGAGATTTACTAAATAGTACTTAATCCCAAAATAATTTCTATAGGT
TTGAATATGATCCCTGAAATTTATTATAGGTTCAGGTAAGTATTAATCACGGG
TATTCAGAACTGTGGTTTAAAAAATGTATAGAACATGTTTCCTTCCCCTTGAA
ACTTTTTATCAGCTAATTATAGGAATTATATTATACCTGCAATCATTAAAGTC
CAGAATGAGACAGTACTTGGTAAAGTGCTGAAATTTATAATAAATGCATTAT
AGCAATCCAGTTAAGGAGGAAGAGCCACCATTATTGAACATTTGTTAAGTGT
CAGCCATTGTACTAGATAAATTTTAGTTATTATTTTTATTTAGGCACCAAAAA
ATCCATGGGATAGTTGGTTATCCCCATCTTACTGAAGAGGAAACTGAAGCTC
AGAAAGTTTAAGCAACTTGCACAGGTCACATAGCAAGTAAGGAGCATGGCC
AGGAATCAGACCCTGATCTCCTTTGGTCTACTAAGCTTGCAAAGGATCTTCCC
GCCTCCTTCCAAGACCATTCAATATTATCAGTAAATGTCCATGGCAAGGATG
TAGTTCGAGTTATAGGGTTCCATTCAAGATATGATTGGTAGGTGGGAAGCAG
ATATGTCTGTGTCAATCAGTATCCTGGAAGAAGGAGATGATGAACTCAAGTG
GTGATTAAGGGAAGTTTAATGAAGGGACTATTTACAGAGATGTGGTGGGGTT
AAGAGAACCAACAAGGGGAAGTGATGCACTCAAAAAGTTACTACCTCCAGG
CTTTAGGGGATTGGGGGAGGGAGTGGCACAGTGTGAACCCAGTGTGGTTGTG
AGAAAAGGGATTCCCTCAGCAGCCATGGCCAAGGTTAGAGTCTCCACTGCCA
AACTGCATCCAGGTGGTGAGGGAATGGAGAATAGGGGTGGGGTAACAAACT
CTGACCTCGGTATCCCCAAAGGGCAAAGGATTCCAGGTGGTACAGTTCGTAA
AGATTAGCCTCAGGGCACAGAACAGGGCAGAGAAGAATGGAGAATTGATCT
GGAGGAAACAAACAATGGCTTGCCCATGTTATTGCAGGGAGAGTAGGCTGG
TGTGCACAGCAGGAGGGTGGGGAGCCCAGCATATAGCTGTGTTGGGGCCTGT
GCAGATCAGCCTCACTGGCAGGGAGGATCTGAGCCGAGAGGTGGTGGAAGA
TGAAATCGAGTAGGCATGTTGGTAGTCCTAAATATCAAGTAAACGTTCCTGA
TCTTACATTGATACTCAATAGTAAGCCAATTTTGTTTCCCATAAGCCAATATT
AATATTACGTATTTCTTTTATAAGCCAGAGATATAGAGAGATACCCTAGAAG
AATGATAGGGGAAAGGAAGGCAAGGGTGAGAGAAGACCTTGTGTGAATTTG
TCCAAAATGTTTATCCACAGGAACAATCCCTTTGTGAAGGCTGCTGGTATGT
GAATGTGTGCCGGTTCCCTTGGGGCGTTCATTTGGATCTTTCTGTGTTCCAGT
GACCTACGGCATGATGAGCTCCAATGTGTACTACTACACCCGGATGATGTCA
CAGCTCTTCCTAGACACCCCCGTGTCCAAAACGGAGAAAACTAACTTTAAAA
CTCTGTCTTCCATGGAAGACTTCTGGAAGGTATTTGCAAATAACTTTGAAAGT
ACCTCTCTATCACAGAAAATTGTTCATTTGGCTTCATCATTTCAATGCATGAG
TATCGACAGGACCTGCTTTGCATTTAACACTGTGTGAGACGTAAGTTATGGT
GAGTTGTTAGAAGTTACTGTTCCTACTCTCAAAGGGGGTAAACTAACATTGA
GAACTTTGCCTGTGCCTTGCACTGTGCTGAGTGTTTCATATCTTACCTTATITA
ATTTCTATAGTCTAACTCTATAAGGTAAGTACTAAGACTATGCCCTAGTTTGT
TAATGAGGAAAATGAGATTCAGGATGTTTAAATGCGTATGGTCACATGGCTA
GGGAACAAGAAAAATTGATTTTTTTCTAGCCTGACAGCTACTTCATCCTAGTT
TGTAATTCATTCCATGAGTCAAGATTCAATAAATATTTATTGAGAATCTCCTA
GAATGTAAGGCCAATGAAGGGCAGTGTGGTTCTTCTGTCTTGCTTCGCCTTTT
GTGTTTTGTCTCTTTGTTGATGATGGCATGTATCCCCAGCTCTTAGAACAGTG
CTTGATTCAAAGTAAGCACATTCTTTCAAAGGTCTGCTGTTGGTGGGGCTTGG
TGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCAAGGCAGGAGGATTGC
TTTAGCCCAGGATTTTGAAACCAGCTGGGCACAACATAGTATGACTTTGTCTC
TCCAAAAAAGTTAAAGAATTAGCAGGGTGTGGTGGTACACACCTGCAGTCCC
AGCTACTCAGGAGGCTGAGGTGGGAGAATCACTTGAGCGATTGCTTGAGGTC
AAGGCTGCAGTGAGCCATGGCCATGCTACTGCATTCCAGCTGGGGCAACAGA
GTGAGACCCTTTCTCAAAAAAAATCCCCCCCAAAAAAAAACCCAAAAACAA
ACAAAAAAGGTCTGCTGTTGTGAAGTTCAACCCAATCCAGCCCCTTCCCAAG
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TTGTCACAAATTCCAACGTAGTTAACAGTATACCAATGAGTGATACCACAGG
AAAAATATTAAACTGATCTGAGGGATATGGGGCTTGGAATCTAAGAAAATTG
GAAGGGAAATTGAAAAGGAAATTATTATTTCTCCTTGGGGAGATAGTTTCTA
AAATTCTTACTACACCCTGGGGTCAGAGCTGTTGATTTTAAGGATAGAGACA
ACTGAGTCACAGGAAACTATTCATATATAAAAGTACCTGGCATCCAAAACCA
CACTTGTATAATATGAATCTTTCACCATCTGAGTAGGGCAAATCAGTCTATCT
CTGTTGATCATCTGACAAGGATAGCACACTGAGAAATAGATCTGTCTTCCCT
ACAGGCATAGCTAGTTGTACAAACTAACAAGAGACTTTTGTATACACATTCC
ATGATGATAAATGCCAATCACTAAAGGGACGAGGAGGGATTGGAGAGTTCA
CCATACAGCAAAATAGTCCAGACAGGTGAAAGGTCTATCAAATGCCAGGCT
GGTAATCAAAACTGTAGCCTTTTCTCTAAACAAAGTTTAGAACCATGATTGT
GTGGGACATTATTTTAATAAGGGAAAGTGCAGTTAATCATGACCCCACCTTT
AGTCCAAGAACAAAAATCAGAGCTGCCACGTATTAAGTACCCACTCTGTGCC
AGGTGCAGTAACTATGCAAAAGATGGGTTTTCCAGATGCAAGAACCTTGGTT
CAGAGGACCCTGCTCAAGGCCTCATAGCTAACAAATGATGGGGCAAGATGCT
ATCCCAAATCTCTCTGACAACAAAACTCATTCTTATCACTCTACTATTTTCAT
AGAGTTGCCAAATGCTTGGTTATGCAAACGATGCAGGCAGGGGCAAGACAG
CGGCTGAGCTTGGAACTTTTTCAGAGATGTTTCCTTTGCTTTTAGTTCACAGA
AGGCTCCTTATTGGATGGGCTGTACTGGAAGATGCAGCCCAGCAACCAGACT
GAAGCTGACAACCGAAGTTTCATCTTCTATGAGAACCTGCTGTTAGGGGTTC
CACGAATACGGCAACTCCGAGTCAGAAATGGATCCTGCTCTATCCCCCAGGA
CTTGAGAGATGAAATTAAAGAGTGCTATGATGTCTACTCTGTCAGTAGTGAA
GATAGGGCTCCCTTTGGGCCCCGAAATGGAACCGCGTAAGTGTCTGTGACTC
ATTGCCACTCGGTGATATTCATTCATTTATTCTCTGAACTCCCACCATTCATTC
ATTCATTCCCTGACACCTTCACCAAGGCAAAAATAAGTTCAGTGACTCTTCA
GTGCTTATATTTAAACCTTGGCCAACTTGACCTTTGACTTCTTAAGTTITTCACT
ACTTCTTAGCCTTCTTTTAGTTTCTACATGCATATTTTTCAGAAGACTAAATCG
TTGACCATATAACCCCTCAAAAATTAATTATCTGAGCGTTTGAAAATTTCATT
TAAGATGCCCTGGGCCCTGTTTTTACAGGTGCAGTAACATCATCCACTAAGTT
ATTTAACACAAGTTTTCTGGTTCAGGAACTCTTTTTATAGGTCTTGCAAACAG
GTTTTTGTTCAGAATGGAGTTATTTAATGTGTAAGCTTGTGAGGCAATTTTTT
GTTAGGTTTAAAGCCCATTTTGTTCAAATGTTTGAGATTTTAGGTATATATTT
GTACACGTGCATATTTACAGGGGCTTTTTGTACACTTTGGTACTCCTACTTCA
AACATCTTGTGTATTAAGGGAGGTCACTTACTATTTTAGAAGTATTGTAGTTA
TTATAAAGAAACAAGAAGACCTCCAAGGCCGTTTCAGGGTGGGCCTTTGCGG
TTGCTGTCCCTGGGTACGTCACTGGTCGGAGTCATCTTCTAAGCTTTGCTCAG
CTAATTCTGTCGGTTCATCTAGGTTCTTTTCTTGGAAACTGAGTTGCCCAGAA
TCCACATTTGTTACTATACAATGGGCAATCACCTTTTCAATTAGTATATTCTT
CTTGTACCTTCCAGTATACACTCTATTTAATACCAGAACCCATAAGAAACAA
ATTTAGTAAAAATCCAGGTTGGGCACAGTTTCTCATGCCTGTAATCCCAGCA
CTTTGGAAAGCCAAGGCGGACAGATCACTTGAGGTCAGGAGTTCAAGACCA
GCCTAGCCAACATGGTGAAACCCTGACTCTACTAAAAATACAAAAATTAGCT
GGGTGTGGTGACATGTGCCTATAGTCACAGCTATTCGGGAGGCTGAGGCAGG
AGAATTGCTTGAGCCCGAGTGGTGGGGGTTGCAGTGAGCTGAGGTCTCATCA
TTGCACTCCAGCCTGGGCAACAGAGCAAGACTCCCCCTCAAAAAAAAAAAA
AAACAAATTTAGTGAAAATCCAGAGCTTTAGAACAAAGGAACTAAATAGTCT
CAAAGGACATTATCATCCAAGTTATGATAGTGATTTCGCTTTCTTTAAAAAAA
AAATTATTACAGATAGAGTTTCTTGATGTTGCCCAGGCTGGCCTCAAACTCCT
GGGCTCAAGCAGTCCTCCAGCCTCAGCCTCCCAAGTAGCTGGGACTATGAGA
ATATGCCACCATGCCCAGCTTTATTTTGCTTTCTAATGTGCCTTTITTGTAGTTC
CTGCAAAGCATAAGCATGCCTTCATCTGTGGTACCCTTTCCAATATTTTATTT
ATCTCACATCACTAATAAGATAAATTTATACAGCCACTGCTCTGTGCCAGAC
ATTATTTAAGAAGTTATTTCACGCATTATCTCATCTGCCTTCACAAAACAACT
CTAAAATAGGTATCACCTCCATTTTATAGATGAAAAAACTGAGGCTCACTTG
CCCAAAGTGTCACAGCTAACAAATTGGACTGAACCAAGATTTAAGCAGCCTG
ACTCCAAAACCCATGTTTCGCCTACTAAACCTCTTCCATATTAATTCCTCCTC
CATATTAATTGCGTCGTTAGGGTGGCTTGTCGACGCTCTCAGCTCCCCATCAG
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TACTCAAGCTTCCTGAGGGCAGGGATTCTATTTTGTTAACTGCTGTATTCTCA
AAGCCTTGAACAATGCCTCATATGTAAAGATACTAATA

Alternative splice site event

Canonical
exon
chrd
88036220
88036353

TGACCTACGGCATGATGAGCTCCAATGTGTACTACTACACCCGGATGATGTC
ACAGCTCTTCCTAGACACCCCCGTGTCCAAAACGGAGAAAACTAACTTTAAA
ACTCTGTCTTCCATGGAAGACTTCTGGAAG

Canonical
ntron
chr4
88036354
88038250

gtatttgcaaataactttgaaagtacctctctatcacagaaaattgttcatttggcttcatcatttcaatgcatgagtatcgacaggacce
tgctttgcatttaacactgtgtgagacgtaagttatggtgagttgttagaagttactgttcctactctcaaagggggtaaactaacatt
gagaactttgcctgtgccttgcactgtgctgagtgtttcatatcttaccttatttaatttctatagtctaactctataaggtaagtactaag
actatgccctagtttgttaatgaggaaaatgagattcaggatgtttaaatgegtatggtcacatggctagggaacaagaaaaattg
atttttttctagcctgacagctacttcatcctagtttgtaattcattccatgagtcaagattcaataaatatttattgagaatctcctagaat
gtaaggccaatgaagggcagtgtggticttctgtcttgeticgecttttgtgttttgtctetttgttgatgatggcatgtatcceccagete
ttagaacagtgcttgattcaaagtaagcacattctttcaaaggtctgetgttggtggggcttggtggctcacgectgtaatceccage
actttgggaggccaaggcaggaggattgctttagcccaggattttgaaaccagcetgggceacaacatagtatgactttgtctctcca
aaaaagttaaagaattagcagggtgtggtogtacacacctgcagtcccagetactcaggaggctgaggtgggagaatcacttg
agcgattgcttgaggtcaaggctgcagtgagecatggccatgctactgeaticcagetggggcaacagagtgagaccctttete
aaaaaaaatcccccccaaaaaaaaacccaaaaacaaacaaaaaaggtetgetgtigtgaagticaacccaatccagecccttce
caagttgtcacaaattccaacgtagttaacagtataccaatgagtgataccacaggaaaaatattaaactgatctgagggatatgg
ggcttggaatctaagaaaattggaagggaaattgaaaaggaaattattatttctccttggggagatagtttctaaaattcttactaca
ccetgggetcagagcetgttgattttaaggatagagacaactgagtcacaggaaactattcatatataaaagtacctggeatccaaa
accacacttgtataatatgaatctttcaccatctgagtagggcaaatcagtctatctctgttgatcatctgacaaggatagcacactg
agaaatagatctgtcttccctacaggcatagcetagttgtacaaactaacaagagacttttgtatacacattccatgatgataaatgec
aatcactaaagggacgaggagggattggagagttcaccatacagcaaaatagtccagacaggtgaaaggtctatcaaatgeca
ggctggtaatcaaaactgtagecttttctctaaacaaagtttagaaccatgattgtgtgggacattattttaataagggaaagtgcag
ttaatcatgaccccacctttagtccaagaacaaaaatcagagctgccacgtattaagtacccactctgtgecaggtgcagtaacta
tgcaaaagatgggttttccagatgcaagaaccttggttcagaggaccctgctcaaggcctcatagctaacaaatgatggggcaa
gatgctatcccaaatctetctgacaacaaaactcattcttatcactctactattttcatagagttgecaaatgcettggttatgcaaacga
tgcaggcagggocaagacageggctgagcttggaactttticagagatgtttcctttgettttag

Exon
resulting
from
splicing at
the alt 5° ss
chr4
88036220
88036480

TGACCTACGGCATGATGAGCTCCAATGTGTACTACTACACCCGGATGATGTC
ACAGCTCTTCCTAGACACCCCCGTGTCCAAAACGGAGAAAACTAACTTTAAA
ACTCTGTCTTCCATGGAAGACTTCTGGAAGGTATTTGCAAATAACTTTGAAA
GTACCTCTCTATCACAGAAAATTGTTCATTTGGCTTCATCATTTCAATGCATG
AGTATCGACAGGACCTGCTTTGCATTTAACACTGTGTGAGACGTAAGTTATG

Intron
resulting
from
splicing at
the alt 5° ss
chr4
88036481
88038250

gtgagttgttagaagttactgttcctactctcaaagggggtaaactaacattgagaactttgectgtgecttgcactgtgetgagtgtt
tcatatcttaccttatttaatttctatagtctaactctataaggtaagtactaagactatgccctagtttgttaatgaggaaaatgagattc
aggatgtttaaatgcgtatggtcacatggctagggaacaagaaaaattgatttttttctagectgacagcetacttcatectagtttgta
attcattccatgagtcaagattcaataaatatttattgagaatctcctagaatgtaaggccaatgaagggcagtgtggttcttetgtett
gcttegecttttgtgttttgtetetttgtigatgatggcatgtatccccagetettagaacagtgcttgaticaaagtaagcacattcttte
aaaggtctgctgttggtgggocttggteactcacgectgtaatcccageacttitgggaggccaaggcaggaggattgctttage
ccaggattttgaaaccagctgggcacaacatagtatgactttgtctctccaaaaaagttaaagaattagcagggtgtggtggtaca
cacctgcagtcccagetactcaggaggctgaggtgggagaatcacttgagegattgettgaggtcaaggetgcagtgagecat
ggccatgctactgceattccagetggggcaacagagtgagacccttictcaaaaaaaatcceccccaaaaaaaaacccaaaaac
aaacaaaaaaggtctgetgttgtgaagticaacccaatccagecccticccaagttgtcacaaattccaacgtagttaacagtata
ccaatgagtgataccacaggaaaaatattaaactgatctgagggatatgggecttggaatctaagaaaattggaagggaaattg
aaaaggaaattattatttctcctiggggagatagtttctaaaattcttactacaccctggggtcagagcetgttgattitaaggatagag
acaactgagtcacaggaaactattcatatataaaagtacctggcatccaaaaccacacttgtataatatgaatctttcaccatctga
gtagggcaaatcagtctatctetgttgatcatctgacaaggatagcacactgagaaatagatctgtcttccctacaggcatagceta
gttgtacaaactaacaagagacttttgtatacacattccatgatgataaatgccaatcactaaagggacgaggagggattggaga
gttcaccatacagcaaaatagtccagacaggtgaaaggtctatcaaatgccaggctggtaatcaaaactgtagcectttictctaaa
caaagtttagaaccatgattgtgtgggacattattttaataagggaaagtgcagttaatcatgaccccacctttagtccaagaacaa
aaatcagagctgccacgtattaagtacccactctgtgccaggtgcagtaactatgcaaaagatgggttttccagatgcaagaace
ttggttcagaggaccctgetcaaggcectcatagetaacaaatgatggggcaagatgctatcccaaatctetctgacaacaaaact
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cattcttatcactctactattttcatagagttgccaaatgcttggttatgcaaacgatgcaggcaggggcaagacageggctgaget
tggaactttttcagagatgtttcctitgcttttag

NMD exon event

NMD exon
chr4
88031085
88031140

GCTACCATACTCTAAAGATAGAGCCACAGATCCCAGTCAGCCATGTGATTAT
GAGG

Canonical
mtron
containing
NMD exon
chr4
88019572
88036219

gtaagtagaatatttccttgcactaatgggaaagttttgaaaagatttgacctatccaaatcataattaaaaggaagtgtgtatgcac
cagaggggcaactgggaagttaccttcttacctttgtttttaattctaatatttttatttgg gcatttgtttattgactatcttcctatggtag
aatgcaagctttataagagaagggacgtgatttgttctctgetgtaccceecatttcccaaaactgcagatggcaacagaaggcetct
gaaaaatatataagaaagaatttttctaattgtgactaaattgtgaccaaatgctaagtgactgtggacttgegtttaacacaggacg
ggagaggcaaagagttcaattccaatttagaatttggtcaagttctcttctgcactctggtaaacattaattaaaaatcagcattatct
gaccagccagttcatcgtcagtggtggtgattttcactatgagatacgegtggcaacttgeccagacaccaagaaaccaagttaga
goatttttgtattagattccttaacaatgaatacagtatcaccattattacagtatcatcattattgtcatactattattatatcagttaacat
aaagtctgcataagaattgtttccagaaaaatgactttccaaatttaactttcaggaaatacaaataatgctactaatattgcttttattg
gcegtatacatgtaatatccccttcttttggatttggatatgttgtgtcattgecteatttaattcattatttcttctcaatctttaataattget
ggacttttactccacaagaaacttgctataggcccatctetttcgtettctttccttctttcagticgtetteccatectetggtagggge
aggggagggatgcctgagegagagactagetgtaggaaccatttgtctcaaagtccagaaagecacaggtgatggatttgtect
ctgaatcaaagggcgticgatgatggatttctgtcatgtctcatctaaagtcttcacgagaacagatgaggaagceagttttatgace
ccagagcctectaccaaactcctetgagaaaaggtttecttetttttttttttttttaaattagagacagagtcttgatctgtttcacagge
cggagtgcagtggcacaatcatagctcactgecagectcgagetcectaggcettcagtgatccteccacctcagtcacccacgtag
ctgggactacagctgcacaccaccatgceccagetaacttttaaaacatttttgtagaggtgggatctcactttgetgectatactggt
ctccagctectagcettcaagtgatectectgecttggaagttctgggattataggcatgagecactgcacccagectggatgtgat
atttttatgttttaaattgttagagtttagaaacttgagattgagtttgctgcctgcattaaaatgatgcttaaacattaaactgcagteg
ccttaaatattaacaagttgattagaattactaagttcttttcaagctttacatatacagacaaatttcttatgcaaaatagaaggtaacc
cctgtacgtaagtctagaatttcagcagtccccaaaactgactgagceattagaatcactcetgattttaaaatacatatgtggtittccg
agatctactaacagagcctccataatgtagcectagagaaacgagttttcagatgtagtgataaatttggaaggtaagtcagagaa
gtaagctgaagacagagttttaggaaatatgectaaagtcacataatgaattggttttcttgtttatttgagaatattgtcgctttttgttc
tttttcatgcaaatcacattttatttcttatgtgagtagctatatatttaaaaattttgtttttggaatattgtagaatctctacttaagaaagt
atcttagcagtcatatggtctgacctcactgaatgctaaattctctttaaaacatccgtctcagatggttactcatactgectctgattg
aacaagagtcccaggttaagggacttacttctttgaaatcgttcatttcatttttctacagcetatgttagaaagttegtecttagcagte
aagccagagtctatctcttataacttctacccagttgcacccteccaagectacctataccaagtatcttttttccacgttgettttccaat
tcagctcttcgcaagtttggagacaaatacctaatctcctctaagecttctccaggttaagectttccagttcatccagetgttgattat
gtgattggagacacaagtttgagtaactcccatgatggaaagtccctetggtgaatgttctgttcatcagagtccctaagaaagea
catgagcctcaccatggtgagtggggccatgagattcctaaaccagacactacactgtggcttgtgcaacctaccatggecaga
ctcatgaggctgtttcatcatataaataattccttagtctcttcaccaaaaactgtgaagceactgtgteccecagetgtatgtgageta
gcectgggaccatagtggaggactectetttcaaccctgttaaatttcatcttgttaggatctgeccatttttccattetgttgaaattate
ttggaactggattcattcatctcacatcagetactccccgaagectcacagtatcagcagagttattatctctatccatatecttgtaa
attattaaactaaaaaagattggtctaagaacatcagtccattaatcaaggcetctttggttggagttcacttcattatattatcatccag
ctcagagtgttcataaacaagatgataggaaagacttttccaaatgcctgtctgagtaattcceccattectgtgatctgtgagetgt
tgaccagattaaaaaggaagtgagaataaccaggcaagatttactcctagcaaaaccttactggcttctagtgactgagtectttc
cctattgcttaccagctatctttttaattactagttttaaaatcttgccagcaatgtcaatatcaaatgaccaagaatatcaaactcatta
ctctgtatgtaaatgagatagtgtacttaccectatggcttaagtattaggcetgticttgecattgecctaaatacctgagactgggtaa
tttataaaaaaagaggtttggccaggcactgtggatcaggcctgtaatctcageactttgtcaggctgaagcaggtgtaatggtga
gccaagagttcaaacttagectggacaacaaggtgaaacccectetctgcaaaaaatacaaaaattatctgggcatggtggcat
geacctgtagtcccagecacccaggaggctgaggtgggaaaattgtttgaagetgggagtcagtgattgcagtgagecatgatt
gcaacactgcactccatccagectgggcgacagagcaagaccctgtctcaaaaaataaataaatgaataaataaataaaataaa
taaataaatagaaaagaaaaagaaagaaaagagatttatttgcctcatggtictgcaggetgtaagggaagcatagetccageat
ctgcttctggggaggcctcaggaagcetgttactcatggcagaaggtgaagcaggagcttgcacatcatgtggcaaaagcagga
gcaagagagagagaatggggcagggaagaagcecccacacttttaaatgaccagatcgeatgagaaatcactcegttacctcaa
ggacagtaccaagaggatggtactaaattcctgagaaatccacceccatgatctgatcacctegtaccaggecccgecttcage
attggggattatgtttcaacatgagatttggatggggacaacatccaaactatatcaccttgcatagtaggtagggttttaaaaage
agtttggcacagtaagaaaagtacagattttttttgcatcagacagacctgagttaaaatcccagcettcactgctaacatgctaggt
aaatgtgggcaagttaattaacatttctaagectttgtttcctcactggtaaaacaagtatttggaaatatcattgtgaagattagaaat
aatacatgaaaagatcctaggatgctgtctgtcatacagtagtagtagtaagaagttattcttgccaaagattgttgagaatggcag
aattatctcagttctaagagctatagtttctaattatttgagcectagactcagattcatttggagcagcetaactgctcaccaagagcetta
ttttccatcttaccaatgaggttatgtgccctgtgtttttaaaatcagtctacttaaccaagagaacagaaatgacatgagaattaagt
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aatctcactttctctgttatttaggatttattcctactcaaaacctgagagttgctatgaattcaccattaaagcacttattaatatacatg
gottactgttataaatagcaatagtattgctattgtgtgagttaggtettgaagticaagaaaggaataaagaatatttagaagatcttt
gaaaacagtgtctgggtacggtggctcatgectgtaatctcageactttgggaggccgaggceaggceagatcacttgaggtcac

gagttcaagaccagcctgggcaacttggegagacctcgtctctacaagatatacaaaaattagecgggtatgttggcatgcacct
gtaatcccagctacttaggaggctgaagcacaagaatcacttgaacctgggaageagaggttgcagtgagcecaagattgtace

actgcactccagectgggcaatagagcaacactctgtctcgaaaaaaaaaaaaaaaaaaaaaaaaagaaagaaagaageaa

ggaaggaaagaaaaaaaaaggaaaaaatgcaaggaaggtatttggteaatctataataataaaaatgtatttgtcatttectttttct
gtgctctcattctataaaattgagtaaaaaatctatatatagtttaaacacattaatagaaatcacaaaagttagctgagtcaacattgt
agaaacataatatttctgtatgtcaaagaaatagacaacattaaaaagcagaaagcaattacaaagaatgattataagaaacatca
caaagggttaatattttaacacatttgaaactcaaaaatcactgagaaaagcagtagacttccataaatattttatagagtagaaaaa
ataggccaagcacagtggctcatgectgtaattccageactttgggaggccgaggagggtegatcacgaggtcaggagttcaa
gaccagcccggcecaagatggtgaaaccecatctctactaaaaatacaaaaactagecaggegtggtggcaggtgcctgtaate
ccagctacttgggaggctgaggcagggaattgcttaaacccettaaaccegggaggtggagottgcagtgagecaagttcgeac
cactgcattccagectgggcegacagaacgagactctgtctcagaaaaagaaaagaaaagaatagaaaaagaatccatgggea
ggcacagtggctcatgcttataatcccagtactctaggaagccaaggtgagaggatcaattgaggccaggagttcaaggecag
cctgggcaacatagcaagactttgtctctattaaaaattttaaaattagecaggceatggtgacgcacacctgtagtcccaattacttg
ggagcctgaggcaggagaactgcttgaggctgcagtgagctatgattagaccactgcactccagectgagcetacacagtgaga
ccttgtgtcaaaaaagtaaaaaaataaaaattagccaggeatggtggcacatgectgtagtcccagetactcaggaggcetgagg
caagaggatgacttgagtctggaagatggagactgcagtgagctgtggtecatgecactgcactccagectgggtgacagagea
agaccctgtctcaaaaaaaaaaaaaagaaaagaaaagaaaaataaataaaatttattcaaatacaaaagtgatgtggtttgactct
gtgttgccacccagatctcatctccaattgtaatcceegtgtattgacggaggttectggtaggagatgattggatcatggggatg

gtttccectetgetgttctcatgatagtgagtgagttctcatgaaatetggtigtttggtaggtetetgtecacttaceecttetttttetete
tectgetgecttgtgaagaaggtacttecttctectttgecttccaccatgattataagtttcctgaggecttcccagecatttggaact
gtaagtcaattaaacctctttcctttataaattaccgagtctcaggceagtttittatagaagtgtgaaaatggtctaatacagagacttg
gtaccaggagtggggtactgctataaaaaataacctgaagatatggaagegactetggaactgggtaacaggeagceaattgga
acagtttggagggctcagaagaagacaggaagatgtgegaaagtttggaatttcctagagacttgttgaatggctttgaccaata
cactgatagtgatatggacaatgaagtccaggctgagatggtctcaggtggagatgaggaacttattgggaactggagtaaacg
tcactcttacatgttttagcgaagagactggcagcatttttccectgecctagagatctgtggaactttgaacttgagagacatgattt
agagtatctggcagaagatatttctaagcaccaaagcattcgagaggtgacctggcttttcctgaaagcatacagttatatgtgcte
acaaagagatggtttgaaattggaacttatgtttaaaggg gcaagcagagtgcaacaaaagtitagggagtttgcagectgaccat
gtggtagaaaagaaaaacccattttctggggagaaattcaagetggctggagaaatttgcataagtaacgaggagcetgaatgte
agttgccaagacaatggggtaaatgtctccagggcegtttcagaaaatcticagggcagaccctcacaacacaagectggaggce
ctagaagggaaaaatggtetgageccaggceccaggeccaggcecccagetgtictgtgcagecttgggacatggcaccectgtgtt
ccagccactccagcetccagetgtggttaaaaggagccaaggtacagetggaccattgettcagagggtacaaatcccaageatt
agcagcttccatgtggtgttgggtctitgggtgcacagaagacaaaagtigagetttggaagecgcetgectagatttcagaggat
gtatggaaacacctcgatgtccaggcagaagtctgctgecaggggcagagecttatggagaacctcetgetagggcaatgecagg
ggggaaatgtgggoottggagctcccacacagagtecccactggggcactgectcatggagcetgtgagaaaaggaccaccate
ctccagactccagaatggtagatccaccaacagattgcactctgegettagaaaagcetgcaggceactcaatgecagectgtgaa
agcagcetgcaggggctgtaccctgecagagecacagaggtggagetgteccaaggecatgggageccaccecttgeattageat
ggagacaggggatcaaaggagattttggagatctaagatttaatgaatgcectgtegagtttcagacttgaatggggcctgtgac
ccctttgttttggccaatttctectatitggaatgggaacatatacccaatgectgtacecceattgtatcttggaagtaactaacttge
ttttgattttacagactcaggcagaagggacttgecttgtctcagatgagactttggacttgaacttttgagttaatgttggaacgaat
taagacattggggttctgtigggaaggegtatttggtitigaaatgtgagaaggacatgagatitiggaggggecaggggtagaa
tgatatggtttgactctgtgtctccacccaaatctcatctccaattgtaatccecatgtgtcaagggagggacctgatgggagotea
ctgaatcataggggcagtttcccccatgetgtitgcatgatagtgagggagttctcatgagatetggttttitggtaagtgtetggec
tteeeccttttecctetetctectactgecttgtgaagaaggtacttgettctectttgecttctgecatgattgtaagtttcctgaggtct
ccecagccattcagaactgtgagtcaattaaacctcttcctgectattctcaggcagttcetttatagcagtatgaaaatggactacta
cagaaagtgtgtaactttaaactcagtagtatccaaagaagtaatgaaaatggagaaacgaacaacaaaatcatagtacaatatg
gtgtatgtactaggacaggaagagcccttttaagaagagatctatgtatttccatttgtttatctctgaaagaaagcaactttgecttg
tattctgaaaaagaaaggaatattttattttacttgtaaaaatcttacaaggatgctagtctaaatatagttttcctaatttgccagagaa
tccatgaagatcgagttgataacaagatcagtgaagtaaaggtcagtgagttaatctcacagcagcetgcaggctaattccatttce
agtgaaaaacgtcttgattgctcaccacatatcttttcaccacaaacagtttcagtcttaagatcacatgttgcaatccatgagaagt
aactattaagccttcaactatgactggagggctcctegeccttictgataaattgactggacaaaaactcaattttaaaatgacaag
aaatagaagatgtataaatgtactttaaatgtgaccaaaatgggttgtgaaaacacaagacacaatatccaaaaatgetggcaac
acagtacactgtagagtattggttgtttatttacccttgetattgtgtggctgagettactgecactgeccageattgcaagggeate
aaactgcctatcactagectaggaaaagatcaaaattcaaaattctaagtacagtttctactgaatgcttatcacttttgcaccatttta
aagtaaaaaaatcagtaagttgaaccatcatatatccaagattgtctgtatataaatattatacatctttctctcacttttaaaacaaaat
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aatactagccaatactaccattctcaaaagcacttgtgtcaacagcectttaccccttaaagattttcctcacaattttaaaattgttactt
actattttctttgaaatgttgaccaaacctggattaaaagatttgg ogottitagtgactgtatttcacaaactctcttattgattctgcag
ccteacttctgectectaaaaagecctcaccaaggtcacgggggatggctettttcagectcttcctggceatttggtecagtggeat
ttggcattctaggacttccctetttgtetttgataacteccteteticctgtgttcctecttgetgtgticacttgettcgetttctictttctg
aagcatgtttacacagtgttttctctgattgggcctgtgacgtictttaggtcatcttttccacaaataatgcttcaactagtacttgegt
gccagtgactccacgteccactcatgagcetctgaacctagtaccagettetgetggacatctacaatgggatctctcacaggecte
tctcattggtaacatgccccagectgaactcatctecccaccceatctatccagecatgcetcetctagttcacctgaacacttgggtgtca
tectagatgctttcccttcecagtettetgtgatcattctgectcatcagaggtetetaatetgtettctttectatatcgetettgtecct
attttaatcctaatcatctatttcctgacttattcattccttaagttggtcagtaatttaattaaaaacagatttaggecctgaccttaaatg
tgataagtgatatgaaaggagatgactggggaaaaggatttccctcaaggaaggectetgtgaagectgaagecaagaatgaaa
acgagtcagacgaagagagaattgtatgaatgaaggctctgaggcaggaaaacactcagatcattccagaatcacttagaage
caagtgaagccagttcctggagagcagatcatcaaatgaagatggaaaggtgaccaggggccagacctgtagttttggtgggc
cttggtgagggatttacagtaggacaccccatggtttaagtatgaaagtgacaagattcctttaagttttaagaggcctcgaaatat
gaaccacagattagatggaagctactctceetgtgtetggactttttagaatttccaagagctgcetgtitctggaaccagattaatac
aagtcagtcttccatttatttatttatgtatttatttgagacagggtctcactctgtcacccaggetggggtgcagtggcatgaacaca
gctcactgeagcettgggggctcaagagatectectgectcagectcecatgtagtigggaccacaggceacctaccacccageta
attttatttgttgtagaaatgaggtctcattttgetgeccaggetgttcttgaactcttgggctcaagegatectectgeaacatcttce
caaagtgctgggatcactcttccatttaacatgctatctcaacgtcaagataaactttaaaatctttagataataggctggcattttact
taaacgatctttacttcttcagaactgccattccctataaatatctggttcttcaaccacatcaaaccacttgtgatctcaaaaagcecte
agcgtacactgtectttctgtcattctaattcctectcatecttcaaaatcaactcaaggaccagatccagggagaagcttagtggty
cccaccegaaccggcecccctecttcgagttgtgetgecattegggeccacctctticacacagggttgtcagaccagaccagcte
atgcgttcaccgeccttgcagggatgggatgcagcetgtgcacctctcagtgeccgacacctggagagtctcacgaaatgttgaca
acatggcctgtttccatttcttgttcactaggacttctcatttactaacacacagaatttcctgtagtatgtccacttaatcagttcaage
ctaataattccttgatttgggtatagtgctttgcatttatatactgatggtccccaacttacgatggttcgatttatgatttttcaacttcat
ggtgatgtgaaagteatacacattctatagaaaccacactttcaattttgaattttggtctttttccaggctaccatactctaaagatag
agccacagatcccagtcagecatgtgattatgagggtaagcgaccaatactctacagtgtattgtattgecagatggttttgecca
actagcctaatgtaagtattctaaacatgtttaaggtaggccaggctaagcetgtgttgctcattcagtaggttaggtatattaaatgea
ttttcaacttatgatattttcaatttacaatgagtttatcaggatgtaactctactataagtcaaggatcatcttgtatagcacttttaattta
tagagtcccttcaaatgtttgtttgtattttatttccactgeatccctgtgaggataccataagttatacagctaacaaaacagttagtett
cctgtgcaaagtgatggcttcatcttgtggcagattacctggaatactgtggccaaggcatcttagttctactgtctttatatatctagt
acagttatatttttatggcagctctgatttcttctttggcccaagggttattaagagagggaaaaaatttaatttcttaacagatatatat
atctatgtcaagtcatatatttaattcaaacccttaatattcctaggtaatttttgtctactttctctgtcaaagattgaaagatacagggtt
ttaagtttccaactgtaattgtagttttggtaattgttttattactaacaggtattgctctgtatattttgatgttctgttattcaatacataag
aattcattacagttgaatcatcatgtatagtataatttaccaatgtaaaataacctttttatcaaactgagtattcaccttataatgtcctct
gtcagaggattataataccacttaaaaccttttaaaaaatattttgttcctgataattttagctitgagtggttttcttataacaattctaga
gatgcgtttttattttttaaccaagatttaaagctttgtgatttagtaagagtctaaaccattcacagttcatgcttttttgtcaaatttctatt
atttagtattttcctctcttttatattttectgttattttccatttctattettttgttagactggaaattttttctttg ctitcttttatcctagtgattt
gaaatttatgtaatatatactattctacaataccctttatttgttttcaatatttgaacctatatttttcaacattattaagaataaaatagtatt
tgttgctattttgaaatgatagaccatgtttitaaggcaggttggtgsttgttaaggcaccagtatcggecaggeacgatggcetcac
acctgtaatctcagcactttcggaggccgaggtgggcagategtttgageccagceactttggecgatactgtggtttactgtatttt
gttctagtttattttatggaaaatgggaattcagtggttaagacaaggattaaatagcagaagaaagatgtgtacatatgtacagatg
tatgtgtcctttatatgttttttagtactcttgtctecttictggtectcatttaaggttatctatttcatgcagtaaatttttcttcacaattcatt
tcatttagagagtgaatgctaccttccaagtgggctttctecagttttectitcagggacttaaaggagaagtgatgttaacagttttat
atttccattgcattttacagtgtgcagatgtcttcacatatatttccccatttgagctttacaaaageccttagtattattctcattgtctag
attccaaaatcaggcttagaggagttaaatagttgtccaggatctcaagatgcaagacccacaatcatgaacagaggcagatgtt
caggatggaggcaagctgaaactcaaaaccaaatcattatgactccaaattcaggagtcttttagctgecacctgeatgggctett
gototagcetgaccaccagagtttgtagagctgtcattcaggtgtgccatggactttcetgggacctggcacaggagaaggactg
agttaatgtttgctgattaaatatctgttacaggctgggcgeggtggctcacgaccegtaatcccageactttgggaggecgagea
gggaggatcacttgagctcacaagtttgagaccagcectgggceageatggegaaaccccgtctctacaaaaaatttgaaaattag
ctggcecatggtgatgcatgcctgtagtcccaggtactcaggaagcetgaggtgggageatcacatgageccatgagattgaage
tgcagtgagctgagatggtgccactgcactccagecttggecatagagecagaccttatctcaaaaaaaaaaaaaaaaagttac
aataatcttcccttcaaagcetggaaggcattatttacctgtctgtccagcagatggtgctacataaccaagggaatctgttgettgee
cttggtgaagctattaaagccaatacagatcttgagaatttcaaaagcaaaaatcaatactggattatgagtectctaggaaaataa
agagataaattttcaatttacatacttatatatagttataccatatttgtaaataaaaatatataaataatttatcaaaattcctttttaacag
caacaaccacagtaaacccacaggttaaaaactccacaacagtctatattaatcagtcaatgcaaagtacattccaattccaagtt
aactgaaaataatcaacttaatcatttggttggctctgagcagcecttcactgettgetettgtgteatgtttetttctgtectcgattgget
atagacttacagacggcttttgcagaggacagtgtactcatgtccatcctttgeatcctttgtgggagttgoctaggcagcactctc
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cctggggacactatgaactectcttcttgagtgeagagatcacgtcttgttcatcttcatgeccaataccttgttccataaatatgaat
ggattagaattctaaactcttaactctgccccaagacagtictgagaggtagtaagtcatataacacctgaagaggactgttettgt
cctaattacattaggttataagatgacaggtgagggagccaaaccagggggcctggaaattattcatacatctctagatacagtat
acaagttgtgtgtattatgtgtatttactctgtaattgattgcttgagatgaacccccaaacacactegtgtttggatcattattatctac
ccttctccttaaataatcttaatttcctatgatgcttgaaagggaaagaggggccaggtgtggtggticacacctgtaatcccagea
ctitgggaggctgaggtgggagcatcacctgaggtctggagttcaagaccaacctgaccaacatggtgaaacccetgtetctact
aaaaataaaaaatcagctgggcatggtagceacatgectgtaatcccagetacttgggaggctgaagtgggagaategcetigaac
ctgggaggggoaggttgcagtgagecgagatcactceattgeacteccagactgggcaacaacagtgaaacteegtctcaaaa
aaaaaaaaaaaaaaaaggcagagtggggaagagagctgcatgaaggagagatttactaaatagtacttaatcccaaaataattt
ctataggtttgaatatgatccctgaaatttattataggttcaggtaagtattaatcacgggtattcagaactgtggtttaaaaaatgtat
agaacatgtttccttccecttgaaactttttatcagetaattataggaattatattatacctgcaatcattaaagtccagaatgagacag
tacttggtaaagtgctgaaatttataataaatgcattatagcaatccagttaaggaggaagagccaccattattgaacatttgttaagt
gtcagccattgtactagataaattttagttattatttttatttaggcaccaaaaaatccatgggatagttggttatccecatcttactgaa
gaggaaactgaagctcagaaagtttaagcaacttgcacaggtcacatagcaagtaaggageatggccaggaatcagaccctg
atctectttggtctactaagcttgcaaaggatcttcccgectectticcaagaccattcaatattatcagtaaatgtccatggcaaggat
gtagttcgagttatagggttccattcaagatatgattggtaggtggoaagcagatatgtctgtgtcaatcagtatcctggaagaagg
agatgatgaactcaagtggtgattaagggaagtttaatgaagggactatttacagagatgtggtegggttaagagaaccaacaa
ggggaagtgatgcactcaaaaagttactacctccaggcetttaggggattgggogagogagtoggcacagtgtgaacccagtgty
gttgtgagaaaagggattccctcagcagecatggcecaaggttagagtetccactgecaaactgeatccaggtggtgagggaat
ggagaataggggtgggotaacaaactctgacctcggtatccccaaagggcaaaggattccaggtggtacagticgtaaagatt
agcctcagggceacagaacagggcagagaagaatggagaattgatctggaggaaacaaacaatggcettgeccatgttattgea
gggagagtaggctggtgtgcacagcaggagggtegegagcccagcatatagetgtgttgggecctgtgcagatcagectcac
tggcagggaggatctgagecgagaggtggtggaagatgaaatcgagtaggcatgtiggtagtcctaaatatcaagtaaacgttc
ctgatcttacattgatactcaatagtaagccaattttgtttcccataagccaatattaatattacgtatttcttttataagccagagatata
gagagataccctagaagaatgataggegaaaggaaggcaagggtgagagaagaccttgtgtgaatttgtccaaaatgtttatce

acaggaacaatccctttgtgaaggctgctggtatgtgaatgtgtgccggticecttggggcgttcatttggatctttctgtgttccag

Table 3. Sequences of exemplary PKD2 pre-mRNA transcripts and mRNA transcript sequences

PKD2

pre-
mRNA
transcript

premrna AGGCGGCGGCGGGCGCCGGGAAGAAAGGAACATGGCTCCTGAG
ENST0000 | GCGCACAGCGCCGAGCGCGGCGCCGCGCACCCGCGCGCCGGAC
0237596.7 | GCCAGTGACCGCGATGGTGAACTCCAGTCGCGTGCAGCCTCAGC
AGCCCGGGGACGCCAAGCGGCCGCCLCGLCGCCCCGCGECGLCGGA
CCCGGGCCGGCTGATGGCTGGCTGCGCGGCCGTGGGCGCCAGCC
TCGCCGCCCCGGGCGGCCTCTGCGAGCAGCGGGGCCTGGAGATC
GAGATGCAGCGCATCCGGCAGGCGGCCGCGCGGGACCCCCCGG
CCGGAGCCGCGGCCTCCCCTTCTCCTCCGCTCTCGTCGTGCTCCC
GGCAGGCGTGGAGCCGCGATAACCCCGGCTTCGAGGCCGAGGA
GGAGGAGGAGGAGGTGGAAGGGGAAGAAGGCGGAATGGTGGT
GGAGATGGACGTAGAGTGGCGCCCGGGCAGCCGGAGGTCGGCC
GCCTCCTCGGCCGTGAGCTCCGTGGGCGCGCGGAGCCGGGGGCT
TGGGGGCTACCACGGCGCGGGCCACCCGAGCGGGAGGCGGCGC
CGGCGAGAGGACCAGGGCCCGCCGTGCCCCAGCCCAGTCGGCG
GCGGGGACCCGCTGCATCGCCACCTCCCCCTGGAAGGGCAGCCG
CCCCGAGTGGCCTGGGCGGAGAGGCTGGTTCGCGGGCTGCGAGgt
aagagcgcgcegacccgeageggceagatgcacgaaccagaacggecggegecggecggggccatcege
cegetgeggceageteccegggcetecatctecgeatecectetgegticcgecteecttggaagegceattecee
acctcecgctagtgcetgecctatttccggtacccagegeggaattccactgetcttttgttggtgcatatttattgg
atacctccttcttcaggatatgtcaccatagtcttttttactgaaaattagtgaaagcctaattagagtgaaagag
tacatctgggttttgtttttttttttcttgtagaggaaaaaatgaacattacttgtgtaactgatggtagttgcaactg
catatttgccaatgtcacaaaatctaaaggaaaatgttatagtcacccgtggtttecttettgectggacactee
attgtcccgggctgaaaagggtagcagtacagtgcatataatgtcaagttgtgggaggagteteocagattg
tcattggtgcatttttttggtgatgtgtotggtigttttgaggagtgggagetgttaagaacaccacaaatagaat
aaaataatatcgtgaagttatttggccgtitctaatictagacatttttctaaaaacagttgcaaaggaaagatta
cattgttttaaaaaaatttgaagtatgtttttaaataactaaattaatgttctttgaaatticcaccaaaatgatgaagt
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caccagatagcagctgataaatgtgtctgagcccagtgcgeccagcetctacaaaaggcagaagaggaattt
tcaaatttgccagtgcccagtaagaggacatgaattttctagtaccagaggaaattctctttttacaaattttgte
agaggtatccttgggaaagtatttcatttgcttttaccctccaaattattttaatctatatttttaagagtttccattct
cagttgagtttttcttgttctictectictgtcagttttgaaagtcttgcacaaaaacaatccaggtgttgttacage
agtgtgattaaaaccaggtcaggcctacactgaaatcccagttccaccactcattagetgtacgaccttgage
aagttacttatcctctctgatacccaatttttggatttittttttttttaaagagatgatcataacgcttaggacttgac
tctttgggagaattaagtgagttaagacataaaatgtgcagceatgtatttgtcatgttattagegcttcagaaata
taaatgtaaacattttggtacttcgtttatggagattcttatactagttaattttattaaaagcatgatggggaacag
aagatccttttcggataacctgtgtgagtaaattaataaaacactaacactttttaagattcaaaactggattaatt
atgttattttacaccatttaaaatgtgcatttaaaaaatattcactgaagtgagagagaagttccttttaagttaata
aataatggtaagttgcatgatccttttaactcagtttaageatttgataacaccectaaccttgtttgaataaacte
aataacagaatatagagaaataaaatatatatttcatatgagtatgtatgtaaatttatttcttttaaaggaaaattt
caggaaacaaaatgaataagctcatagtcataaaacctctageccaaagtgtgtcaatggtetgatttgtagga
gagcagactcaggaatcgggaatttttttttttittttaagagtcggggtttcactctgtcactgaggctggagty
cggggaagcaaacgtagetcactgeggectcaaactectgggetcaagetgeccteccaccteagettece
aagtagttgggattacaggtgcaagcetgctgctectagetgaaaagttttaattatataaaatgtttaaataaatt
gttattcctttcttttatgaagaaatataattgatattcttgtcacttattaaataagcaacattttaaaatgtttagca
cctactgtgaagatagcactgtgctagctgctatgaataaactagaatagcatatcactgttttcctatggacaa
aaacccagaaatgtaaaataaatagccatgaatgggttgagattcccectgeccectttggatactgatgaca
gaaatcttatatgcactatgtaagcagtgccctaggatcagaacagaaagtaacttgcaatttttaaaggtegg
agaaatgactgaagtttggagtggtcaggagtttccctggaagtctcttgecttigtgactttgtatagetecct
caaactacctgagcectgagctcctcatttataaaatggaagaattgaacctagcettccaaggtectttctagett
caccatgctctggtctgttgtitaatgacatgaatccaagatggacaacaaatggtcgattttgetccttctaca
gtaaatagatctatcttcttagcagaagtaaaatagtaaagaaagaagacatgtttgaggcctgttgaggect
gtttgctgtatgcattgtatctaatcaaggaattgagaatgtagecctaaatattaggaaggagttgaaagtttct
gagcaggaacagaacatgctgaaaggaaattgtgtcagcageatggtgtacaggagagcettggcagaga
gaaaggaggcaagaagaccigtgggaggcagecagtaaggaggtgaagageecctggaccaaaggaa
gccaaggatgaccgaaagatttaaagatgaagcccagatttaaaagtatcctcaagtatttgtttattcttttctt
agcaaattctttttagtacaaagataaaatatggcactctgagtcataaaattttctgaatttcagaagttgaatgt
ttttctgaatgtatcaacctgttaaagtcagttcctgtttgttattttaggcgtatattettgg g ctttttttttitttect
agagaaactatgaagtactagctgtgcaagtcagggtgggctaagctgctaaaacagataccteectecect
tcaataccctgaagaacaagaagttaattttttgctegtgtaacattttagagagggtattccaggttgaatacct
ggaataatgaatgaaataataagtcgactcttatttctcctaaaataattggatcttgacattgaaattggtgtgct
gattgtatttaataagtgacctccaatgcagttatttcattttgccatactttatgtaatttttattttttctgecttccct
ttcgatgtctaaagggaagcataattagttattggaaaggttattgagacttaaaaaaagatttgaacatggcett
tggttgatgctaccacacagaaactgcaaacatccaactcaccgctettagttgctgttcatgatagtctatge
acagtgactgatgaatttagcctgtcttgaggcttcagaacttagtcttatgtcatcacgagcagagctttatcct
aaattacaggttttcaatgggggeogooosooagooocagtittgcccctcaggggacatttggcaatctet
ggagacatttttgattgtcatacctggggggatgeccctggeatetectgggtigaggttaaggatgctgcta
atctacaatgcacagtacagccaccccacacacacacactacaaageattctcccacccaaattgecagga
gtgaggactttgagaaaccctgecctagactgttaaattcaaaaggaaataatggtttattgctcacagtgtge
caggcactgtgttaaactccttatattcatagttttgtttttatcctcacaacaacctgtgaagaaagaactctcat
ccgtcaccactttactgttgagggcactaagectictaaaggttaaatgacttgecccagggecgcaactatta
gatgttgcagtcaggatttaattccaggceactttgtgttcaaagtgtttctcatccactgtgctatatgeccagtagt
gcccaaacctaactttagccagcaattgtcetgcatctettcagtttatgaacatttatttattaggacatgcagga
taatcataccaacacagtccgtgtatccagaattctaattgatctagggagtgggagagectgectctetatttt
ttttaaattggtotgaaatatacataacataaaattggecattttaaccattttaagtatataattgagtgacattag
gtagatttattatattatgtaaatggacttaacacaatttatttccagaacttttttatcatcccaaacagaaactct
gtactcattaaacagtaactccctgtttccccactcceccttgecccagacgcetagtaacctccattctacttee
cctttctgtgagtctecctgtigtagetacctgatgtaagtgaaatcagaccatgtttgatcttttgtgtetggetta
ttcacttagcatagtattttcaaggtttatccatgcgtgeaaatteccttcttttttatgacgaaatactatttaattgt
gtgtgtacatgtgcacacacaatgaaatactatttcatcataaaaaggaagtttgtacacatatatacacacac
accaaattttgtttatccattcatcagttcatgggcatttgeggtttttttccacctttcgactgttgtgactttcegtt
tatttttaatctgaactttactccatcacttcctecctttecttttttattcgcaccataattttgaacaagcagactttg
tattttcattactctggggatttttttgagggaggcttgctaccctitgggettgtgotaaggttgtoccagtaaca
gaattcatgcagtaaaaaacattcatgggactttcttttgtgataggtactagggatgcagagatgaataatac
aaggtctcgaccticaaggagcetcagggtttagtagggaaaacagaggtataagtaagtcatigcaatgeca
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ggtcccagatatgggaggattccagcaaagagaggataaggecaggceacagecgcetcatgectatagtee
caacactttgggaagctgagatgggaggatcacttaagcccageagticaaggctaccetgggcaacatag
tgagtggcaaaaaatacaaaaattagccaggcagggtggcacatgectgtggteccagttatttgggagttt

gaggtgggagaatcacctgagcectgggagattgaggctgcagtgagcetgtgatcacgecactgeactcca
geetgggtgacacagtgagaggtgagagectgtatctaaaaaaaaaaaaaagagaggatcagatttacctg
gagaggtcagagaaggtttccagagggagtaaaacttgagcttcattttgaagaatgagaggggaatacaa
ggagggaaaaataataggaacaagacctgttectgttacagcaaacctgtaactceccaccatggaatgggce
acgttttcctgtagacatttggagccagtgtgggcttcaagectagggggctgatatgatcatttgtcaatctga
agatgactcttggaacaacgtagaggatagggtgaggtgggtaggctggtggctgacagactaggtcagg
agagggctgaccaagaggaggagggotgacgagggctggaactaaggcatatgagetgggatggaaa

gaagctagatagaaaggaaacaaaaaccatcagaactgtggaaccaactccatgggagggataagaaga
gggcctattctagggtgaaacccaaatttctggeatggtaccattaacccaaacagaaagaggagatttcca

gagaaagaaaagcaaattttgcgggagoteagtetgagctgtctagagaatatgcaggtagaactacatgtt
aactgtaacatatacttgtctgcacctcaggagatggctgattaagaattcaggattcaggcecaggeacggtes
gcacacgcctttaatcccagetgettaagagactggggcgggaggattgcttgagectgggaatccgagat
cagcctgggcaacatagcaagacactgtctctaaaaaaaaaaaaaaattcaagattctggagtcaatattact
taaggtagcaactgtctattctatagaaaatggacaaatatagataaaaagccacttccctttctaaaagtgtcee
ctgcaattcaagtgaatactaggaaggattgtgttcattcttctaaacaagactcacatgtatcttagcacaaaa
agaggattcttttatgatacaaatgcactgagaatttggtcaggctatcacaatgaactgatagttcagatggat
ttgagtctttataccactctggaatctggaccaactgggcctectaaggecattttgcagatctgggcttgtttct
gaagctacagacaggcctcticcaagcactctaagtgctccacaaataatatttetgtttcccagaacaacce

cacaaaaaggtactcttactccatttttagatgaggaagtggagoctcatgatgtcaggtaagctttctcaget

cccaagtggttaagecctcagtttaatgtcatttgactccagagecctatgttgecaccatgecttgataatagge
catatgggtttcatgtatttcagatggggaaggttagtgtgaggtgaaagatacacaattaaccttttaaccatg
gaactgaaatatttacagatgaagtgatacaatagctggaattaattccaaaataattggggteggtactggtee
atggcctgttaggaactgggccgcagageaggaggtgagcagcaggctagtgagceattgetacceectat
catatcagcagtggcatcagatgggtgaggatgtaaatgaactaggattggcattgagttgatattgttggate
taggtgatagatttatcattataatattctctctttgtgatatttctgatattttctaaaataaaaagttgtagttatttat
ttatttagacggagtttcactcttttgcccaggtiggagtgcagtggtgtgatctcggetcactgtagectecge
ctccegggttcaagcegattctectgectcagectececgagtagetgggactacagectcecgagtagetcac
caccacacccagctaacttttgtatttttagtagagaggaggtticaccatgttagataggctggtctcaaacte
ctgacctcaggtgatccacccaccteggecteccagagtgctgggattacaggegtgagecagtgtgccca
gccaataaaaagtttttgaaaggatttagataaaatagttgg ggaaatggcatttttgttcaaagccaattattta
tgtttggaatatcttttgtgcttggagttctccattacagagttccccagtgticctattaataagtaacattgagea
gaggaatgcactgtttagatcagcagtccccaacctttttggcaccagggaccggcttcatggaagacaattt
ttccacagacctggggtaggaagtgtitggggateaaactgticcacctcagatcatcaggcattagtgagat
tctcataaggagcaggcaatctagattcttcacatgegceagticacaatagggttctcactectgtgagaatct

aatgccacccctgatctgacaggaggeggagcetegggceggtaatgetcacttgectgeggcetcacctectg
ctgtggggcccggticctaacaggecatggaccagtaccegtetgcagectggggactggggaccctget

ttagatgatgtactctggctttgcattctggcattagctaagcacectcttaaaggaaattgggtctatactctca
gteegtgttctecectaacacctggaaacattgaataccttcaatgetgggaagttaactcccaccacaactag

aacagctatgggaaagacaacagttgattttgaagagtgtcaccaatttgcacatgattccatccttaaccatt

cttatcctatcagetctgecaaacatggagaatagttggctgcaggacagctatttttcctacttgtagatgcaa
ctatttctcacccaccaggatgtaaaaggtccctgtaccctaagattggtectacatacacacccaatgggaa
aatgagatgaaaaatttaaagcagtaaatatttgaggaagtagatagagtaatttagaaaaagaaaatacaca
gggccaagcacagtggctcacatctgtaatcccageactttgagaggccaaggtgagaggattgcttgage
tcaggagtttgaggccagcectaggcaatgtagtgagaccccacctctacaaaaaattaaaaacttagttggg

cttggtagtatgtacctgtagtttaagaaacttgggaggctgagetgaggcaggaggattgtitgageccgg

gtggtcaaggctgcagtgggccatgatigtgeccagagtactccagectgggtgatagagtgagactcetgtet
caaacaaaaaaaaaaacagagacagaaaaaaagaaagaaaatatatggatgtatatcatataaaaatataa

ataagggaggccaagtgcagtggcatgectgtaatcccageactttgggaggctgaagcaggaggatcac
ttgaggccgagaattcgagaccagectgggcaacgtattgagacctcatctctgcaaaaaatcaaaaaatg

aggcggaaggatggcttgageccaggagatcaagecttcagtgagcetgtgatcgtaccactacactccag

gctgggtaacagagagagaccctgectcaagataaataaattcatacatacatacatacatacgtacatacat
acatacataagaagacttgtttctttccatttgcaatgtttcattcaaaggctagaattaaattgccgtaggecat

cacaagtttagcttgaatattattattttttcaagatggagtctcactctgtcacccaggcetggagtgcagtggte
tgattttggctcactgcaacctctgtctcccgggttcaaccgattctictgectcagecteccatgtagetggga
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ttacaggcgceccgecaccacacctggctaagttttgtatttitagtagagacagggtttcaccatgttggccag
actggtcttgaactcctgacctcaagtgatctacccgectcaccctecccaaagtgcetgggattataggcttga
gccactgcacccagectagcettgaagaaaatttgataggagtttgtttttttctatttataggccaagcaatace
acgtataaatattaagaatcatggctgttccttagtgectagttgtttataaaccatgggaaagaatgaaatcatt
gaccaaatgagacagggtaacagtcticcctgggagtaaagagactageagtctctattgacatatattttag
gectggectccaaaataaatttacccaaagaagtgatgtatttgtgtccagggctaccgagectaatctttgge
tgcctetgtgttattctaagttgtaattttccatgtcatctaaatttgtaataattetttaatatgatagtgtttcagtga
acaaacattctgcettgctgcatttcttctgagtgagtaattccctgacaactaccagatettggcagaageaaa
gttggtcataagttatgctccactctcagtgctggtgaaacgtatgatgegtaacacagtgtttttgaattcagtg
ctgattttcctaaaggacatttggaaggaaaaaagaaaaggaaaggaaatacccaaattcaggaatagaact
tacatattattataagacttaaaaaatacatgaacactaatgatgaactcatttcttcgaagtaaaaggcecttatg
ctattttttcccatttcectatgtggettgattgtggcgaaagtggctgtgtgagtttccattattgaaggagttaa
ggtctgtggaatcaaagcatgagacaacatgcaaggaccaggttggtttccatttaacagecaacctaatcta
actgaaaggattgagaggtttgtcttttttggaaagtgttaaggttcttccaagtaaccagceaatgtgactttace
acactgttcattaacggggctttggatggccaccatgtctgetgetggetgagtccaaaactgeggtcactct
ctccagcaagctcatggagggottacgtcatcttcactcagecageccaacgctttttccatctgctaaaatgta
gaacatggttgttgattctactctttctacaaagaaagagagggaacatggatgagttgctgctittaaagatta
tatgttaattgctgttttaaaaatctgctcagetaagcacgcttagtgtaatcagtcaccatggagttttttaatag
gacagcttctgctcttacagagcagagtttttatgccagtaggttagaagcataacatgtttctatattgaagtg
attctccaacaaggacttcttttcatcaggggtgacctaaaagttattacttgaaatataattacatcatgttctta
actgggtttagtagtaggataattacaaggttgtatccacctcaaataggaagaactgataagttttgcacaatt
atttaactcctetgttaggecttecttatttcctgttctetttttaaaatttgactaagatattgctaatgggcttgega
gcctataaaatgatcagaattgttgecttatgttttgcatgtttgggotaacattggagecagatgtactcttaaat
aaaaggtaggcctacaaaaccagtttctcagttgcattcaaaatgtgattaaaaaaaaaaaaaggagaatcte
ccttataggtgaactttttaatttgtgctttattttcecttttgecattcatgagatttcttaaataaaatgatatctttte
ttttetteattattattttaaagGTCTCTGGGGAACAAGACTCATGGAGGAAAGC
AGCACTAACCGAGAGAAATACCTTAAAAGTGTTTTACGGGAACT
GGTCACATACCTCCTTTTTCTCATAGTCTTGTGCATCTgtaagtagaatat
ttecttgcactaatgggaaagttttgaaaagatttgacctatccaaatcataattaaaaggaagtgtgtatgcac
cagaggggcaactgggaagttaccttcttacctttgtttttaattctaatatttttatttgggcatttgtttattgacta
tettectatggtagaatgcaagctttataagagaagggacgtgattigttctetgetgtacceccatttcccaaa
actgcagatggcaacagaaggctctgaaaaatatataagaaagaatttttctaattgtgactaaattgtgacca
aatgctaagtgactgtggacttgcgtttaacacaggacgggagaggcaaagagttcaattccaatttagaatt
tggtcaagttctcttctgeactctggtaaacattaattaaaaatcageattatctgaccagecagttcatcgtcag
tggtggtgattttcactatgagatacgcgtggcaacttgccagacaccaagaaaccaagttagaggatttttgt
attagattccttaacaatgaatacagtatcaccattattacagtatcatcattattgtcatactattattatatcagtt
aacataaagtctgcataagaattgtttccagaaaaatgactttccaaatttaactttcaggaaatacaaataatg
ctactaatattgcttttattggcgtatacatgtaatatccccttcttttggatttggatatgttgtgtcattgectcattt
taattcattatttcttctcaatctttaataattgctggacttttactccacaagaaacttgctataggcccatctctttc
gtettetttecttctitcagttcgtctteccatectetggtagggggaggggaggsatgcctgagegagagact
agctgtaggaaccatttgtctcaaagtccagaaagcecacaggtgatggatttgtcctetgaatcaaagggcgt
tcgatgatggatttctgtcatgtctcatctaaagtcttcacgagaacagatgaggaagcagttttatgacccca
gagcctcctaccaaactcctctgagaaaaggtttecttttttttttttttttttaaattagagacagagtcttgatctg
tttcacaggccggagtgcagtggcacaatcatagcetcactgcagectcgagetectaggcettcagtgatect
cccacctcagtcacccacgtagcetgggactacagcetgcacaccaccatgeccagetaacttttaaaacatttt
tgtagaggtggggtctcactttgetgectatactggtetccagetectageticaagtgatectectgecttgga
agttctgggattataggcatgagccactgcacccagectggatgtgatatttttatgttttaaattgttagagttta
gaaacttgagattgagtttgctgectgcattaaaatgatgcttaaacattaaactgcagtggcecttaaatattaa
caagttgattagaattactaagttcttttcaagctttacatatacagacaaatttcttatgcaaaatagaaggtaac
ccctgtacgtaagtctagaatttcagcagtecccaaaactgactgageattagaatcactctgattttaaaatac
atatgtggttttccgagatctactaacagagcctccataatgtagectagagaaacgagttttcagatgtagtg
ataaatttggaaggtaagtcagagaagtaagctgaagacagagttttaggaaatatgcctaaagtcacataat
gaattggttttcttgtttatttgagaatattgtegetttttgttctttttcatgcaaatcacattttatttcttatgtgagta
gctatatatttaaaaattttgtttttggaatattgtagaatctctacttaagaaagtatcttagcagtcatatggtctg
acctcactgaatgctaaattctctttaaaacatccgtetcagatggttactcatactgectctgattgaacaaga
gteccaggttaagggacttacttetttgaaatcgttcatttcatttttctacagetatgttagaaagttegtecttag
cagtgaagccagagtctatctcttataacttctacccagttgcaccctccaagectacctataccaagtatetttt
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ttccacgttgcttttccaattcagetcttcgcaagtttggagacaaatacctaatctectctaagecttctccaggt
taagcctttccagttcatccagcetgttgattatgtgattggagacacaagtttgagtaactcccatgatggaaag
tecctetggtgaatgttctgttcatcagagtecctaagaaagcacatgagectcaccatggtgagtgggecca
tgagattcctaaaccagacactacactgtggcettgtgcaacctaccatggecagactcatgaggctgtttcat

catataaataattccttagtctcttcaccaaaaactgtgaagcactgtgtcccecagetgtatgtgagetagect
gggaccatagtggaggactcctctttcaaccctgttaaatttcatcttgttaggatctgeccatttttccattctgtt
gaaattatcttggaactggattcattcatctcacatcagetactcccecgaagectcacagtatcagcagagttat
tatctctatccatatccttgtaaattattaaactaaaaaagattggtctaagaacatcagtccattaatcaaggcete
tttggttggagttcacttcattatattatcatccagctcagagtgticataaacaagatgataggaaagacttttcc
aaatgcctgtctgagtaattccecccattectgtgatctgtgagetgtigaccagattaaaaaggaagtgagaat
aaccaggcaagatttactcctagcaaaaccttactggcttctagtgactgagtectttccctattgettaccage
tatctttttaattactagttttaaaatcttgccagcaatgtcaatatcaaatgaccaagaatatcaaactcattactc
tgtatgtaaatgagatagtgtacttacccctatggcttaagtattaggctgttcttgcattgecctaaatacctga

gactgggtaatttataaaaaaagaggtttggccaggeactgtggatcaggectgtaatctcageactttgteca

ggctgaagcaggtgtaatggtgagecaagagttcaaacttagectggacaacaaggtgaaaccecectetet
gcaaaaaatacaaaaattatctgggcatggtggcatgcacctgtagtcccagecacccaggaggcetgaggat
gggaaaattgtttgaagctgggagtcagtgattgcagtgagecatgattgcaacactgeactccatccagee
tgggcgacagagcaagaccctgtctcaaaaaataaataaatgaataaataaataaaataaataaataaatag

aaaagaaaaagaaagaaaagagatttatttgcctcatggtictgcaggctgtaagggaagcatagetccage
atctgcttctggggaggcectcaggaagctgttactcatggcagaaggtgaageaggagcttgcacatcatgt
ggcaaaagcaggagcaagagagagagaatggggcagggaagaagccccacacttttaaatgaccagat
cgcatgagaaatcactcgttacctcaaggacagtaccaagaggatggtactaaattcctgagaaatccacce
ccatgatctgatcacctegtaccaggecccgecticageattggggattatgtttcaacatgagatttggatgg
ggacaacatccaaactatatcaccttgcatagtaggtagggttttaaaaagcagtttggcacagtaagaaaag
tacagattttttttgcatcagacagacctgagttaaaatcccagettcactgetaacatgctaggtaaatgtgg g
caagttaattaacatttctaagcctttgtttcctcactggtaaaacaagtatttggaaatatcattgtgaagattag

aaataatacatgaaaagatcctaggatgctgtctgtcatacagtagtagtagtaagaagttattcttgccaaag

attgttgagaatggcagaattatctcagtictaagagctatagtttctaattatttgagectagactcagattcattt
ggagcagctaactgctcaccaagagcttattttccatcttaccaatgaggttatgtgccctgtgtttttaaaatca
gtctacttaaccaagagaacagaaatgacatgagaattaagtaatctcactttctctgttatttaggatttattcct
actcaaaacctgagagttgctatgaattcaccattaaagcacttattaatatacatgggttactgttataaatage
aatagtattgctattgtgtgagttaggtgttgaagticaagaaaggaataaagaatatttagaagatctttgaaa

acagtgtctgggtacggtggctcatgectgtaatctcageactttgggagaccgaggcaggceagatcacttg
aggtcacgagttcaagaccagcectgggcaacttggegagacctegtctctacaagatatacaaaaattage

cgggtatgttggcatgcacctgtaatcccagcetacttaggaggctgaagcacaagaatcacttgaacctggg
aagcagaggttgcagtgagccaagattgtaccactgcactccagectgggcaatagageaacactctgtet

€£aa22222222222223222222222822a2A2aZAAZLAALLAAL L2222 LAAAA
aatgcaaggaaggtatttggtgaatctataataataaaaatgtatttgtcatttcctttttctgtgctctcattctata
aaattgagtaaaaaatctatatatagtttaaacacattaatagaaatcacaaaagttagctgagtcaacattgta

gaaacataatatttctgtatgtcaaagaaatagacaacattaaaaagcagaaagcaattacaaagaatgattat
aagaaacatcacaaagggttaatattttaacacatttgaaactcaaaaatcactgagaaaagcagtagacttc

cataaatattttatagagtagaaaaaataggccaagcacagtggctcatgectgtaattccageactttggga

ggcecgaggagggotogatcacgaggtcaggagttcaagaccageccggcecaagatggtgaaaccecatct
ctactaaaaatacaaaaactagccaggcegtggtggcaggtgcctgtaatcccagetacttgggagactgag
gcagggaattgcttaaacccttaaacccgggaggtggaggttgcagtgagecaagttcgeaccactgceatt

ccagcctgggcegacagaacgagactctgtctcagaaaaagaaaagaaaagaatagaaaaagaatccatg

ggcaggcacagtggctcatgcttataatcccagtactctaggaagccaaggtgagaggatcaattgaggcece
aggagttcaaggccagcectgggcaacatagcaagactttgtctctattaaaaattttaaaattagccaggceat

ggtgacgcacacctgtagtcccaattacttgggagectgaggcaggagaactgcettgaggctgcagtgag

ctatgattagaccactgcactccagcectgagctacacagtgagaccttgtgtcaaaaaagtaaaaaaataaa

aattagccaggcatggtggcacatgectgtagtcccagcetactcaggaggctgaggcaagaggatgacttg
agtctggaagatggagactgcagtgagctgtggtcatgccactgcactccagectgggtgacagagcaag
accctgtctcaaaaaaaaaaaaaagaaaagaaaagaaaaataaataaaatttattcaaatacaaaagtgatgt
ggtttgactctgtgttgecacccagatctcatctecaattgtaatccccgtgtattgacggaggticctggtagg
agatgattggatcatggggatggtttcccetetgetgtictcatgatagtgagtgagttctcatgaaatctggtte
tttggtaggtgotctgtcacttaccecttetttttctetctectgetgecttgtgaagaaggtacttecttetectttge
cttccaccatgattataagtttcctgaggccttcccagcecatttggaactgtaagtcaattaaacctctttecttta
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taaattaccgagtctcaggcagttttttatagaagtgtgaaaatggtctaatacagagacttggtaccaggagt
ggggtactgctataaaaaataacctgaagatatggaagcgactctggaactgggtaacaggeageaattgg
aacagtttggagggctcagaagaagacaggaagatgtgggaaagtttggaatttcctagagacttgttgaat
ggctttgaccaatacactgatagtgatatggacaatgaagtccaggcetgagatggtctcaggtggagatgag
gaacttattgggaactggagtaaacgtcactcttacatgttttagecgaagagactggcagcatttttccectge
cctagagatctgtggaactttgaacttgagagacatgatttagagtatctggcagaagatatttctaagcacca
aagcattcgagaggtgacctggcttttcctgaaagceatacagttatatgtgctcacaaagagatggtttgaaat
tggaacttatgtttaaaggggaagcagagtgcaacaaaagtttagggagtttgcagectgaccatgtggtag
aaaagaaaaacccattttctggggagaaattcaagctggctggagaaatttgcataagtaacgaggagcetg
aatgtgagttgccaagacaatggggtaaatgtctccagggegttticagaaaatcttcagggcagaccctcac
aacacaagcctggaggcctagaagggaaaaatggtgtgagccaggeccaggeccaggecccagetgtt
ctgtgcagccttgggacatggeaccctgtgttccagecactccagetecagetgtggttaaaaggagecaa
ggtacagctggaccattgcttcagagggtacaaatcccaagcattagcagcettccatgtggtgttggotettt
gggtagcacagaagacaaaagttgagcetttggaagecgetgectagatttcagaggatgtatggaaacacct
cgatgtccaggcagaagtctgctgcaggggcagagcecttatggagaacctetgetagggcaatgcaggg
gggaaatgtggggtiggagcetcccacacagagtceccactggggcactgectcatggagetgtgagaaaa
ggaccaccatcctccagactccagaatggtagatccaccaacagattgcactctgegettagaaaagcetgc
aggcactcaatgccagectgtgaaagcagetgcaggggctgtaccctgecagagecacagaggtggaget
gtccaaggcecatgggagceccaccecttgeattagecatggagacaggggatcaaaggagattttggagatct
aagatttaatgaatgccctgtcgagtttcagacttgaatggggcctgtgaccectttgttitggccaatttctect
atttggaatgggaacatatacccaatgectgtacccccattgtatcttggaagtaactaacttgettttgattttac
agactcaggcagaagggacttgecttgtctcagatgagactttggacttgaacttttgagttaatgttggaacg
aattaagacattggggttctgttgggaaggcgtatttggttttgaaatgtgagaaggacatgagattttggagg
ggccaggggtagaatgatatggtttgactetgtgtctccacccaaatctcatctccaattgtaatccecatgtgt
caagggagggacctgatgggaggteactgaatcataggggcagtttccececatgetgtttgecatgatagtg
agggagttctcatgagatctggttttttggtaagtgtctgggcttceeccttttecctetetetectactgecttgtg
aagaaggtacttgcttctectttgecttetgecatgattgtaagtttectgaggtetccccagecattcagaactg
tgagtcaattaaacctcttcctgectattctcaggeagttctttatagcagtatgaaaatggactactacagaaa
gtgtgtaactttaaactcagtagtatccaaagaagtaatgaaaatggagaaacgaacaacaaaatcatagtac
aatatggtgotatgtactaggacaggaagagcccttttaagaagagatctatgtatttccatttgtttatctctgaa
agaaagcaactttgccttgtatictgaaaaagaaaggaatattttattitacttgtaaaaatcttacaaggatgct
agtctaaatatagttttcctaatttgccagagaatccatgaagatcgagttgataacaagatcagtgaagtaaa
ggtcagtgagttaatctcacagcagctgcaggctaattccatticcagtgaaaaacgtcttgattgctcaccac
atatcttttcaccacaaacagtttcagtcttaagatcacatgttgcaatccatgagaagtaactattaagecttca
actatgactggagggctcctegecctttctgataaattgactggacaaaaactcaattttaaaatgacaagaaa
tagaagatgtataaatgtactttaaatgtgaccaaaatgggttgtgaaaacacaagacacaatatccaaaaat
gctggcaacacagtacactgtagagtattggttgtttatttacccttgctattgtgtggctgagcettactgecact
gcccagcattgcaagggcatcaaactgectatcactagectaggaaaagatcaaaattcaaaattctaagta
cagtttctactgaatgcttatcacttttgcaccattttaaagtaaaaaaatcagtaagttgaaccatcatatatcca
agattgtctgtatataaatattatacatctttctctcacttttaaaacaaaataatactagccaatactaccattctca
aaagcacttgtgtcaacagectttaccccttaaagattttcctcacaattttaaaattgttacttactattttctttga
aatgttgaccaaacctggattaaaagatttgggggttttagtgactgtatttcacaaactctcttattgattctgea
gcctecacttctgectectaaaaagecctcaccaaggtcacgggggatggctcttttcagectcttectggeatt
tggtccagtggcatttggceattctaggacttcectetttgtctttgataactcectetettectgtgttectecttget
gtgttcacttgcttegctticttctttctgaagcatgtttacacagtgttttctetgatiggg cetgtgacgttctttag
gtcatcttttccacaaataatgcttcaactagtacttgegtgccagtgactccacgteccactcatgagetctga
acctagtaccagcttctgetggacatctacaatgggatctctcacaggectctetcattggtaacatgeeccag
cctgaactcatctcccacccatctatccagecatgetctctagttcacctgaacacttgggtgtcatectagatg
ctitcecttecccagtcttctgtgatcattctgectcatcagaggctetctaatctgtettctttecctatatcgetettgt
ccctattttaatcctaatcatctatttcctgacttattcattccttaagttggtcagtaatttaattaaaaacagattta
ggccctgaccttaaatgtgataagtgatatgaaaggagatgactggggaaaaggatttccctcaaggaagg
cctetgtgaagectgaagcaagaatgaaaacgagtcagacgaagagagaattgtatgaatgaaggctetga
ggcaggaaaacactcagatcattccagaatcacttagaagccaagtgaagecagttcctggagageagate
atcaaatgaagatggaaaggtgaccaggggccagacctgtagttttggtogoccttggtgagggatttaca
gtaggacaccccatggtttaagtatgaaagtgacaagattcctttaagttttaagaggcctcgaaatatgaacc
acagattagatggaagctactctccctgtgtetggactttttagaatttccaagagetgcetgtttctggaaccag
attaatacaagtcagtcttccatttatttatttatgtatttatttgagacagggtctcactctgtcacccaggetggg
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gtgcagtggcatgaacacagctcactgcagettgggggctcaagagatectectgectcagecteccatgt
agttgggaccacaggcacctaccacccagctaattttatttgttgtagaaatgaggtctcattttgctgeccag
getgttettgaactcttgggctcaagegatectectgcaacatcttcccaaagtgetgggatcactcttecattt
aacatgctatctcaacgtcaagataaactttaaaatctttagataataggctggcattttacttaaacgatctttac
ttcttcagaactgccattccctataaatatctggttcttcaaccacatcaaaccacttgtgatctcaaaaagecte
agcgtacactgtcctttctgtcattctaattcctectcatecttcaaaatcaactcaaggaccagatccagggag
aagcttagtggtgcccaccegaaccggececectecttcgagttgtgctgccattcgggceccacctettcaca
cagggttgtcagaccagaccagctcatgegttcaccgececttgeagggatgggatgcagetgtgcacctet
cagtgccgacacctggagagtctcacgaaatgttgacaacatggcectgtticcatttcttgticactaggactt
ctcatttactaacacacagaatttcctgtagtatgtccacttaatcagttcaagcectaataattecttgatttgggat
atagtgctttgcatttatatactgatggtcecccaacttacgatggttcgatttatgatttttcaacttcatggtgatgt
gaaagtgatacacattctatagaaaccacactttcaattttgaattttggtctttttccaggctaccatactctaaa
gatagagccacagatcccagtcagecatgtgattatgagggtaagegaccaatactctacagtgtattgtatt
gccagatggttttgcccaactagcectaatgtaagtattctaaacatgtttaaggtaggccaggctaagetgtgtt
gctcattcagtaggttaggtatattaaatgcattttcaacttatgatattttcaatttacaatgagtttatcaggatgt
aactctactataagtcaaggatcatcttgtatagcacttttaatttatagagtccecttcaaatgtttgtttgtattttat
ttccactgcatcectgtgaggataccataagttatacagcetaacaaaacagttagttttcctgtgecaaagtgatg
gcttcatcttgtggcagattacctggaatactgtggccaaggcatcttagttctactgtctttatatatctagtaca
gttatatttttatggcagctctgatttctictttggcccaagggttattaagagagggaaaaaatttaatttcttaac
agatatatatatctatgtcaagtcatatatttaattcaaacccttaatattcctaggtaatttttgtctactttctctgte
aaagattgaaagatacagggttttaagtttccaactgtaattgtagttttggtaattgttttattactaacaggtatt
gctetgtatattttgatgtictgttattcaatacataagaattcattacagttgaatcatcatgtatagtataatttace
aatgtaaaataacctttttatcaaactgagtattcaccttataatgtcctctgtcagaggattataataccacttaa
aaccttttaaaaaatattttgttcctgataattttagctttgagtggttttcttataacaattctagagatgcgtttttat
tttttaaccaagatttaaagctttgtgatttagtaagagtctaaaccattcacagttcatgcettttitgtcaaatttcta
ttatttagtattttcctetcttttatattttcctgttattttccatttctattetittgttagactggaaattttttctttgcttct
tttatcctagtgatttgaaatttatgtaatatatactattctacaataccctttatttgttttcaatatttgaacctatattt
ttcaacattattaagaataaaatagtatttgttgctattttgaaatgatagaccatgtttttaaggcaggttggte gt
tgttaaggcaccagtatcggccaggceacgatggctcacacctgtaatctcageactttcggaggecgaggt
gggcagatcgtttgagccecagceactttggccgatactgtggtttactgtattttgtictagtttattttatggaaaa
tgggaattcagtggttaagacaaggattaaatagcagaagaaagatgtgtacatatgtacagatgtatgtgte
ctttatatgttttttagtactcttgtctectttctggtectcatttaaggttatctatttcatgcagtaaatttttcttcaca
attcatttcatttagagagtgaatgctaccttccaagtgggctttctccagttttcctttcagggacttaaaggag
aagtgatgttaacagttttatatttccattgcattttacagtgtgcagatgtcttcacatatatttccecatttgaget
ttacaaaagcccttagtattattctcattgtctagattccaaaatcaggcttagaggagttaaatagttgtccagg
atctcaagatgcaagacccacaatcatgaacagaggcagatgttcaggatggaggcaagctgaaactcaa
aaccaaatcattatgactccaaattcaggagtcttitagctgecacctgcatgggetcttggtgtagetgacca
ccagagtttgtagagctgtcattcaggtgtgccatggactttcctgggacctggcacaggagaaggactgag
ttaatgtttgctgattaaatatctgttacaggetgggcgeggtggcetcacgaccgtaatcccageactttggga
ggecgageagggaggatcacttgagetcacaagtttgagaccagectgggcagceatggegaaacceegt
ctctacaaaaaatttgaaaattagctggcecatggtgatgcatgectgtagtcccaggtactcaggaagetgag
gtgggaggatcacatgageccatgagattgaagetgeagtgagetgagatggteccactgcactccagect
tggccatagagcecagaccttatctcaaaaaaaaaaaaaaaaagttacaataatcttcccttcaaagetggaag
gcattatttacctgtctgtccagcagatggtgctacataaccaagggaatctgttgcttgeccttggtgaageta
ttaaagccaatacagatcttgagaatttcaaaagcaaaaatcaatactggattatgagtgctctaggaaaataa
agagataaattttcaatttacatacttatatatagttataccatatttgtaaataaaaatatataaataatttatcaaa
attcctttttaacagcaacaaccacagtaaacccacaggttaaaaactccacaacagtctatattaatcagtca
atgcaaagtacattccaattccaagttaactgaaaataatcaacttaatcatttggttggctetgagcagcectte
actgcttgctcttgtgtcatgtttctttctgtectcgattggctatagacttacagacggcttttgcagaggacagt
gtactcatgtccatcctttgcatcctttgtgggagttggctaggcageactctcectggggacactatgaacte
ctettettgagtgcagagatcacgtcttgticatcttcatgeccaataccttgttccataaatatgaatggattaga
attctaaactcttaactctgccccaagacagttctgagaggtagtaagtcatataacacctgaagaggactgtt
cttgtcctaattacattaggttataagatgacaggtgagggagecaaaccagggggcctggaaattattcata
catctctagatacagtatacaagttgtgtgtattatgtgtatttactctgtaattgattgettgagatgaaccecca
aacacactcgtgtttggatcattattatctacccttctecttaaataatcttaatttectatgatgettgaaagggaa
agaggggccaggtgtggtgattcacacctgtaatcccageactttgggaggctgaggtgggagcatcacct
gaggtctggagttcaagaccaacctgaccaacatggtgaaaccetgtctctactaaaaataaaaaatcaget
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gggcatggtagcacatgcctgtaatcccagetacttgggaggctgaagtgggagaategettgaacctggg
agggggaggottgcagtgagecgagatcactccattgeactccagactgggcaacaacagtgaaacteegt
ctcaaaaaaaaaaaaaaaaaaaaggceagagtggggaagagagctgcatgaaggagagatttactaaata
gtacttaatcccaaaataatttctataggtttgaatatgatccctgaaatttattataggttcaggtaagtattaatc
acgggtattcagaactgtggtttaaaaaatgtatagaacatgtttccttccecttgaaactttttatcagetaattat
aggaattatattatacctgcaatcattaaagtccagaatgagacagtacttggtaaagtgctgaaatttataata
aatgcattatagcaatccagttaaggaggaagagccaccattattgaacatttgttaagtgtcagccattgtact
agataaattttagttattatttttatttaggcaccaaaaaatccatgggatagttggttatccecatcttactgaaga
ggaaactgaagctcagaaagtttaagcaacttgcacaggtcacatagcaagtaaggageatggcecaggaa
tcagaccctgatctectttggtctactaagcettgcaaaggatcttccecgectecticcaagaccattcaatattat
cagtaaatgtccatggcaaggatgtagttcgagttatagggttccattcaagatatgattggtaggteggaag
cagatatgtctgtgtcaatcagtatcctggaagaaggagatgatgaactcaagtggtgattaagggaagttta
atgaagggactatttacagagatgtggtgggettaagagaaccaacaaggggaagtgatgcactcaaaaa
gttactacctccaggctttaggggattgggggagogagtegcacagtgtegaacccagtgtggttgtgagaa
aagggattccctcagceagecatggecaaggttagagtctccactgecaaactgcatecaggtggtgaggg
aatggagaataggggoteggotaacaaactctgacctcggtatccccaaagggcaaaggattccaggtegt
acagttcgtaaagattagcctcagggcacagaacagggcagagaagaatggagaattgatctggaggaaa
caaacaatggcttgcccatgttattgcagggagagtaggctggtgtgcacagcaggagggtggggagece

agcatatagctgtgttgggocctgtgcagatcagectcactggcagggaggatctgagecgagaggtegt
ggaagatgaaatcgagtaggcatgttggtagtcctaaatatcaagtaaacgttcctgatcttacattgatacte

aatagtaagccaattttgtttcccataagccaatattaatattacgtatttcttttataagccagagatatagagag
ataccctagaagaatgataggggaaaggaaggcaagggteagagaagacctigteteaatttgtccaaaat
gtttatccacaggaacaatccctitgtgaaggctgctggtatgtgaatgtgteccggtteccttggggcgttca
tttggatctttctgtgttccag TGACCTACGGCATGATGAGCTCCAATGTGTAC
TACTACACCCGGATGATGTCACAGCTCTTCCTAGACACCCCCGTG
TCCAAAACGGAGAAAACTAACTTTAAAACTCTGTCTTCCATGGA
AGACTTCTGGAAGgtatttgcaaataactttgaaagtacctctctatcacagaaaattgttcatttgg
cttcatcatttcaatgcatgagtatcgacaggacctgctttgcatttaacactgtgtgagacgtaagttatggte
agttgttagaagttactgttcctactctcaaagggggtaaactaacattgagaactttgectgtgecttgcactg
tgctgagtgtttcatatcttaccttatttaatttctatagtctaactctataaggtaagtactaagactatgecctagt
ttgttaatgaggaaaatgagattcaggatgtttaaatgcgtatggtcacatggctagggaacaagaaaaattg
atttttttctagectgacagctacttcatcctagtttgtaattcattccatgagtcaagattcaataaatatttattga
gaatctcctagaatgtaaggccaatgaagggcagtgtggtictictgtctigettcgecttttgtgttttgtetettt
gttgatgatggcatgtatccccagetcttagaacagtgcttgattcaaagtaagcacattctttcaaaggtctge
tgttggtgggactiggtggctcacgectgtaatcccageactttgggaggccaaggcaggaggattgcttta
gcccaggattttgaaaccagetgggcacaacatagtatgactttgtetctccaaaaaagttaaagaattagca
gggtatogtootacacacctgecagtcccagcetactcaggaggctgaggtgggagaatcacttgagegattg
cttgaggtcaaggctgcagtgagcecatggcecatgctactgeattccagetggggcaacagagtgagaccect
ttctcaaaaaaaatcccccccaaaaaaaaacccaaaaacaaacaaaaaaggtctgctgtigtgaagttcaac
ccaatccagecccttcccaagttgtcacaaattccaacgtagttaacagtataccaatgagtgataccacagg
aaaaatattaaactgatctgagggatatggge cttggaatctaagaaaattggaagggaaattgaaaaggaa
attattatttctccttggggagatagtttctaaaattettactacaccctggggtcagagctgttgattttaaggat
agagacaactgagtcacaggaaactattcatatataaaagtacctggcatccaaaaccacacttgtataatat
gaatctttcaccatctgagtagggcaaatcagtctatctetgttgatcatctgacaaggatagcacactgagaa
atagatctgtcttccctacaggceatagcetagttgtacaaactaacaagagacttttgtatacacattccatgatg
ataaatgccaatcactaaagggacgaggagggattggagagttcaccatacagcaaaatagtccagacag
gtgaaaggtctatcaaatgecaggcetggtaatcaaaactgtagecttttctctaaacaaagtttagaaccatga
ttgtgtgggacattattttaataagggaaagtecagttaatcatgaccccacctttagtccaagaacaaaaate
agagctgccacgtattaagtacccactctgtgecaggtgcagtaactatgcaaaagatgggttttccagatge
aagaaccttggttcagaggaccctgctcaaggcectcatagetaacaaatgatgggecaagatgctatccca
aatctctctgacaacaaaactcattcttatcactctactattttcatagagttgccaaatgettggttatgcaaacg
atgcaggcaggggcaagacageggctgagcettggaacttittcagagatgtttectttgetittagTTCAC
AGAAGGCTCCTTATTGGATGGGCTGTACTGGAAGATGCAGCCCA
GCAACCAGACTGAAGCTGACAACCGAAGTTTCATCTTCTATGAG
AACCTGCTGTTAGGGGTTCCACGAATACGGCAACTCCGAGTCAG
AAATGGATCCTGCTCTATCCCCCAGGACTTGAGAGATGAAATTA
AAGAGTGCTATGATGTCTACTCTGTCAGTAGTGAAGATAGGGCT
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CCCTTTGGGCCCCGAAATGGAACCGCCgtaagtgtctgtgactcattgecacteggtg
atattcattcatttattctctgaactcccaccattcattcattcattccctgacaccttcaccaaggcaaaaataag
ttcagtgactcttcagtgcttatatttaaaccttggecaacttgacctttgacttcttaagttttcactacttcttage
cticttttagtttctacatgcatatttttcagaagactaaatcgttgaccatataacccctcaaaaattaattatctga
gcegtttgaaaatttcatttaagatgecctgggecctgtttttacaggtgcagtaacatcatccactaagttatttaa
cacaagttttctggttcaggaactctttttataggtcttgcaaacaggtttttgttcagaatggagttatttaatgtg
taagcttgtgaggcaattttttgttaggtttaaageccattttgticaaatgtttgagattttaggtatatatttgtaca
cgtgcatatttacaggggctttttgtacactttggtactcctacttcaaacatcttgtgtattaagggaggtcactt
actattttagaagtattgtagttattataaagaaacaagaagacctccaaggecgtttcagggtgggcctttge
ggttgctgtecctgggtacgtecactggteggagteatettctaagcetttgctcagcetaattctgteggttcatcta
ggttettttcttggaaactgagttgcccagaatccacatttgttactatacaatgggcaatcaccttttcaattagt
atattcttcttgtaccttccagtatacactctatttaataccagaacccataagaaacaaatttagtaaaaatcca
ggttgggcacagtttctcatgectgtaatcccageactttggaaagecaaggeggacagatcacttgaggte
aggagttcaagaccagcctagccaacatggtgaaaccctgactctactaaaaatacaaaaattagetgggte
tggtgacatgtgcctatagtcacagcetaticgggaggctgaggcaggagaattgcttgageccgagtggtg
ggggttgcagtgagctgaggtcetcatcattgecactccagectgggcaacagagcaagactceccctcaaaa
aaaaaaaaaaacaaatttagtgaaaatccagagcetttagaacaaaggaactaaatagtctcaaaggacattat
catccaagttatgatagtgatttcgctttctttaaaaaaaaaattattacagatagagtttcttgatgttgcccagg
ctggcectcaaactectgggcetcaageagtecteccagectcagectecccaagtagetgggactatgagaatat
gccaccatgeccagctttattttgetttctaatgtgcctttttgtagttcctgcaaagcataageatgectteatet
gtggtaccctttccaatattttatttatctcacatcactaataagataaatttatacagccactgetctgtgecaga
cattatttaagaagttatttcacgcattatctcatctgccttcacaaaacaactctaaaataggtatcacctecattt
tatagatgaaaaaactgaggctcacttgcccaaagtgtcacagctaacaaattggactgaaccaagatttaa
gcagcctgactccaaaacccatgtttcgectactaaacctettccatattaattcctectecatattaattgegte
gttagggtgocttgtcgacgctctcagetccecatcagtactcaagettcctgagggcagggattctattttgtt
aactgctgtattctcaaagccttgaacaatgcctcatatgtaaagatactaata

premrna
ENSTO0000
0502363.1

ATGTCTTCTCTCTCTTACAGCTCTTCAAATTCATCAATTTTAACAG
GACCATGAGCCAGCTCTCGACAACCATGTCTCGATGTGCCAAAG
ACCTGTTTGGCTTTGCTATTATGTTCTTCATTATTTTCCTAGCGTA
TGCTCAGTTGGCATACCTTGTCTTTGGCACTCAGGTCGATGACTT
CAGTACTTTCCAAGAGTGTATgtaagtatatatgaaattaagaagaaaaatttaatcagag
ttgtcactgcttctcaagaataaatcttcatatgaggttgctatatgaccaccaattatttaaaaccagttattttaa
gtaagaattaattaccttttcccaaaacattgatctacccatgcaaagaagacaatgcatcctgaaatgctgat
gcttaagatagcagceccaaagtagtaaaatacagttaacagacataggaaaccaacactgttctgaagactg
agtttttctttgcaccaaatgcagatggtagctictagaaggctgtttgcctatattcttactcctgttgaatattgtt
gccatatatttagaacttcaagttattttctaaggaaaaaaacaagatatttctaatattctaaggtaaactcaga
ccagtacaagaattttcagtttttttttccaaagatcccaaatgtgaaataaaacaacaaaaagcagccagtgt
cagatttctatgccatttagaaaggagttagtttaaaaaggaatggaagtaatagggttttgtocatagatatct
cgaattaatattgctgttgataaaagtgattttgctaagacccagcactgacaacacttggcecactttgatccca
ttttaagtacttgtcagaatattggatctitgaactcaaaccattitgggtttttgggotttttttgtittgtettttttgtt
ttgttttgtttttgaggcacggtcettgetetgttgecccaggctggagtgcagtggtgcaatcatagetcactgea
gecttgaactectaggcetcaagceaatectgetgectcagectgetgagtagetgggactacaagtgtatgee
accatgcctggccaatttttaactttttttatgagaagggatctcactgtgtageccagggtggtattgaactee
agggcctcacactgtectctcacctcagcettccaaaagtactgggattacaggcatgagecaccacaccag
gecctgttgttttttttttaaagaaatttttaactttagaccgagggtgactgttgtcaaggtttaggettaagatgtt
ttacctagattatgtgttgaaatgttatagccaattgctttataagttattgaataataattgtattttctttttetettertt
ttgagatggagtctegticcatcgeccaagcetagagtgcageggtgtaatctcagetcactgcaacctetgee
tccecgggttcaagegattctectgectcagecteccgaatagetgagattatgggegeacgecaccaagee
cagctaatttttgtatttttagtagagacggggtttcactatattggccaggctgtictcgaactcctgacctegt
gatccgeccgecteggecteccaaagtgctgggattacagacgtgatccaccgtgeccagcettgtgttttett
tttaaccaaatggaaataacctctgtagcatgaaagcattttattattattgcagaaggctttaattgctgataca
agtagcaagactttgtaaatgggattgacaattttctgttattcggcagctacctatactgctaaaaggtccaaa
aataatgaaatcatctttaagaaatgttgcatcaactagtggacattctttgttittgtattgtggtattttgttttattt
ttatagCTTCACTCAATTCCGTATCATTTTGGGCGATATCAACTTTGC
AGAGATTGAGGAAGCTAATCGAGTTTTGGGACCAATTTATTTCA
CTACATTTGTGTTCTTTATGTTCTTCATTCTTTT Ggtatgtacatttttatttata
gtgaggttcaatttaaacttcgtaaatecttgtctictctittctctcacactttatgtcctatcaattttaaataaaga
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cccaggaagtagaaaaaagtgtggatgttggaaaacttattttecttttattaattcacagttttgagactcatatc
aaatgtcttttctgtggtctttcattgatccatgtatatgtgtctattcaatgcaaaaaaaattagatctcttccatgg
tetttcatttctctetctatatatgtatctattccatgcaaaaaagaaattagatcaagtacaaatttataaagatac

ctaaaatagtgctttgcctaaaaagtagaatatgcttacatgctttttaaactcatatgtcageactttcgtagtca

cttgctagcatgacttttctetctttettettttctttttaaaaaataagaacggaaaagcaagcetagatctaagatg
tcgagtaatagttgagtgaatcattgcatgtcaaaattaggatattctgttttaaattatttatatcccattcatctag
agactgcctacagagaatattcaaataattaagtttaaaactaaatgtaacaatgaatggaaattgcattaaaat
tattttcaaaaataatttttttattctcttgatttggtacaaatgaacatttttaatgtttttgccctaagtcaattaagttt
ttttaaggtgttttgttcttttcttaacatttatatattcaattgtctactgagaaggtgttaagccagcttaatttagg
caatatttttcatctaaacactaacagtcatcttaagaacaattttcttaagaaaataacattttttccatttcagtaa
attgtgtaaagatcccttgaggaaggttaagtgatcacattitcagtaattcagtgtaataactctaaagtcagtc
caggtattactggttaagtatatggtatttattgattgggtattagatgtactgtattaatttcctgtttaaaaaaaat

tttttttccggggagacacagcectctggtgtaaaacaaaggtgtgttccctagetgtactttaacaggactgaa

aaggtcaggaatatcattcaagttcatatgtatcttgetgtatgcatggtttatggctcatttttaaacttacaccte
ttaagcttcttcttcctatcatatattaaaacaatggagagaagaataagcctctgttactctaccattgatagtac
ttcggattctagagtacctgaatctctactaagaaggcaaaaaccaggaattgagagtcectgeacctgaccct
tcagttgatctcaggccacctagttttctccgtttatcaatctgecaaacaaggatggatagagtcgtggcaac

tggaaaggctcaaatgtggaattgtitgaatgtggtectttagtaggcagcecatcttaccagatctagagtatte
agtcatcttaccagatcagtcaccagaacatgaaaagaagctcttagtttctatctttatactaaaattgtttttttg
tacgactgcacaaaaaagaattgctctecttgeacctecccagagatataggtggatagatacatacatacgta
catacatacatacatacatacatacatacatacatagacacatacatagatagaagtctactttcaatacaaac

ctgtcttttaaggaaatgacaagcetgageatagggttggccacctttctgagecgattgectggtattagtttatt
geccctgtttagcaagaaggcacagtgttaagaagtggctcagetgaaccaggataaccecactcttecce

cacatcaacaggaaagacatcctggtgcagatgtccatctgataattcagggaacctcgggagacaggatg
gagaggagggteagctagcettcctettcccacaccttcaagagectttctcaagcactttctattttttgaaatct
ctttagaggtcccagactttgatctgtttcaattaaggtattggcaggcattagttaacagecacttggaagcaa
aaatagaacattagatccctgagttggaagagagaaggotagaaggtgttacttggactgcaattatctgcact
tggaattgagcatttagtcaaaaacttatatgtattctatattctattctcatttctgetacagaattgtaaacaatat
tcttccttaatacagaaattcatageccactaaaataagagegttctcatttgttcatttctcaatcatttaataagt

atttactaagccactatatccatatatatatatatatcatatatactgtataatacacactgtagtgttttttgtggatt
gtgtactatgaggtagtatgttagatactgeccagtactggggtaaggaaaacagcectgattaggeecttacga
agattcctcagacttgtggggaaaacagacattatcaaatagaaatacttgcaaaccacagttatgtgttaaaa
aggaaaaacaaagtaaaaaaaaagtiggtegoooooaacctgatctecctggatacagtgettcgagaaag

tttgttgttggaaatgcaaaccattactactgtggaagggaaaggtcagaaaaatgaactcaccattactgaat
agtaatagtagctatcaattaggtggcacttacctgcatcaggacctgtcctgageactttacatagattgtcte
actaaccagcccaacaaatatgtaagggagatactattatttttcccattttattaatgtaaaacaattaaataatt
ctttaaaattagacttagaaaagtggagcaacaatcttagcagtgctaggactgaaatccaagtttgettgact

ccaaagtctatctctcttccagaaactttttctttactatctgectagtaggcctgctgtattectatttgcaacage
cttttaaactctttaaaaatgtgtcctgtaaatttcatatatgattatacaaaaaaacttggaataagcatacaattc
tacttatctgtgttaactgttgaaatttgaagagctttttggaattctatacccttcagtagtgtatgtaaaagtttct

aaatatagagaacatagataagcaaaaataatattaaataaaataatcgcaccattagtaggtaaatatactaa
tattttgttgtattttattcttgtatgttttcacaaagtatatcataaaatttttcctgtggcatgacttaacggagaaa
ataatcttcccaaaacatgtggcagcaaaactgttaatttattacatcaggctgggcacagtggctcacgcettg
caatcccagcactttgggaagccgaggcgggcagatcacttgaggecaggagttcgagaccagectggce
caacgtggtgaaacactgtctctactaaaaatacaacagttagccaggtgtagtggcacatgectgtaatcee
agctactcaggaggctgagactcaagaattgcettgaacccaggaggcagaggttgcagtaagetgaggte

gcgeccctgeactccagectgggcaacacagtgagactctgtctcaaaaaaaaaaatttttttttaaataaata
aataataaatttatgtcttcataaagcactcagattaggaaaaaaaggataaacaaaaaggcatgtgtcattttt
ttgattgataattccaaattatgtttcttectttaatttttgccctectttcatttacaaacagAATATGTTTT
TGGCTATCATCAATGATACTTACTCTGAAGTGAAATCTGACTTGG
CACAGCAGAAAGCTGAAATGGAACTCTCAGATCTTATCAGAAAG
gtaggaaaaaccttaattctcagaattcttctgtttctgacataaaatgagceattgtttcacccagattttcaaate
aacattgatccattgaaattgtttgaaataaagaatacattgctatatttcaggaataatttaaatgttcectatctt

ggagtcttgatggatatactgctatcttgaattttaattctgggaatccttttatgccctggaattaaattctcaaca
atcttttgacactttaagagctgagctgaaggttcatcaccttcattattttgacatctcctgtagetggctctcac
ttcaggatcctgagttgagaataaactagaagggaagattatataaagggatttccacctettetgtctcaatta
ccattttaaaaaaataaaaagttttagaggaaaacacttagtagttcaccctttacccttgaccttccacggeag
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ttttaaaataagcaaaggaaaagattcatgaattcaggccatagectggggcctgagaacttttacttatgcac
cttctcaggaagggtttcattgttaaatagaaggecaggacaggaaagttggecctctttgticttctcaatgta
acttctttatttggtttaaagtataaaatgtatacaacaacaaataaccacatttaaaatacacagtttgtttcccaa
catcattttgctaagtcatagtggctecttaactgtaatttttttttitattagtccaagecttaggattatgttatctgt
gatatatgttataatagaaaacttaagcctcttaaaacaaagtecttgggatgeggacctaagattcacattatctt
gattccgcataacagttgcttacattttagcaaatctccagtgtgtatgcaagcactectcacttggcacaattct
gatacacacaaactttggttaccccagttttgttatgtaacaccacctticaacaacacagttcaaatttcagttat
catagtatattaactctgagtaacagcacaaagtacaaactccactgctagcetcttcagtgtatagatcagttac
ctgagtaacagatgtgcaggctgagcaggctcactggtcagtcatgacactattttcagtctgttactaattgg
tcactgagcatctgctatccaattcacaaacaaagaaagcatgtagtgttgcttecttgtgttccagtaataage
ccatgtgacattttacaaaaatggataattgaaaaagagaatgggtgcagtggctcacgcatgttgggaggc
caaggcggatggatcacctgaggtcaggagttcgaaaccagectggccaacatggtgaaaccccatetct
actaaaaatacaaaattagctgagtgtggcgacagatgcctgtaatcccagetactggggaggctgaggea
ggagaatcgcttgcacctaggaggcggaggttgcagtgagecgagatcgtgecattgeactccagectgg
gtaacaagagcgaaactccgictcaaaaaaaaaaaagaaaagaaaagaaaagaaaaagagaatgggocta
gcaaagaaatgaaaaatggtaacactggaagtgaaaatcaaaacagagtaatggatttatagaagaaatag
ctgagtgaagaagaaataggagtgttgacactgcgatcattcaagagatccagatatggagecagaagaac
ttagggcaggtctatcaacttaaatgaggaaaatagctgtgataaaacagatgaagatgtcttgaggaaatga
tgcctgcaaaaaacttcacattaagggaagtcttattagagatatttcacaataatgaaagtacaaaagaaaaa
atgttggggctggacatggtggcttactcctgtaatcccageactttgagaggccaaggtgggtggatcactt
gaggccaggaagtcgagacaagectgatcaacatgatgaaaccecgtctctattaaaaatacaaaaattag
ccagacatgatggtgcacacctgtaattccagetactcaagtggctgaggcacgagaattgettgaaccag
ggaggcggaggttgcagtaagctgagattgcaccactgeaatccagecaggtgacagggtaagactgtgt
ctcaaaaataaataaaagaaaaatatgttggaagctcatccacatttaagaaggaatatgacaattcactaatg
catagaaaagaagttcactccacattgtaaagtgtacagtgtaatattatacaatgaaaacaaggcaagtgct
gtttaaactactctggatacattttttacaaagaaataaaacactttagtttttaatgtttctaatgttttacattttagt
gtattaaatcaatattagttttcttcttttttaagctcectatacatttataactgacactaagggagtgtttaatgtttt
gattaaaagttgtaaagatcacagaacaattgtaattcttcccactgattattcagatcattttgcacaatttcage
ttgcatggtcacttacagtgcegeactatgtgcaaagcaaggtcaggtctaaagticgctaatgaaaaatect
cggecaggggcagtggctcaccectgtaatcctageactttggaaggcgaggcaggcagatcgctigage
tcaggagttcaacaccagcectgggeaacatggtgagaccctgtetctacaaaaaaaaaaaaatagcaagg
cgtggtgactcacacctgtagtcccagetacttgtigggggctgagttgggaaaatcacttgagetcaggag
gtcgaggcetgcagtgagccagaatcacgecactgeccttctgectgggtgacagagtaagatcetgtetca
aaaaaagggaaaatcctcatctacatttcactgggttttttgtttgtitgtitgtttgtitatacacacttaaggaaat
tactgtctagaagatagataatataaaaaataaaaatgcaattcatgattcgggtticttggtattcctaagaact
gttgcacagtactttatgctctgaggcagacagcetatagcatatatagtaatttttgtttctatcacataaacttga
atacacatatgagtaaaagacctttagttcttcatgacttactgaaagaccctgactttttccatgtaactgttcca
caagtgttttatggaaaactggatacattaattcttcattcatccagcacgtacttgttgaatggccaatgtacac
caggtttgtagtagttactactgtgaatggaaagtaaaacagatgcaaaaggagaatacactaaaccaagtct
tttattttttctetetctgatagGGCTACCATAAAGCTTTGGTCAAACTAAAACT
GAAAAAAAATACCGTGGATGACATTTCAGAGAGTCTGCGGCAAG
GAGGAGGCAAGTTAAACTTTGACGAACTTCGACAAGATCTCAAA
GGgtgagaatcatgcttcctgaggttctgaaaaattcetgetictaaagataaattcctggtgataagagtatt
tctagcccaagggctcatacagatactttttttttttttttccagaggcaggtatctttctggaacatgttataagag
gaaaacttgcccccatttggtgattictectttcctectgeattttgatgtetetgtgttgagggtgaactgggtac
aaggaatgatttttatctgtatcctetetctaatttcagGAAGGGCCATACTGATGCAGAG
ATTGAGGCAATATTCACAAAGTACGACCAAGATGGAGACCAAG
AACTGACCGAACATGAACATCAGCAGATGAGAGACGACTTGGA
GAAAGAGAGGgtgggtctggtttaggagaaccggatttgatttggtacctacaacaccacagatgt
atcaaacactatagaagtagtgggttattgagtctcttgeccaticcecaccacactctetetetetetcagteg
gtttatgtgttagtaccctgtttattccagaaagaatatataacacaattatgtataaaaatgggtggttagcatg
atataaaaacgtcaaaatgaaaagcaagcaaaacaaaagtaaaaataatggattattaatgaagcttaaaaat
gcattcataaaaacacatatgcttattaagattgggctacaaattgggccctaagettgctggtaatcagettga
aaagagaagcctgattagctgcagagtccacaatgteccgtgagagtgaagaaaacaaaaaatgacttacca
agagatgtgaaattattctggttagttagtgg ctatttaaattgttaacttttttttctettttttttttttttgagatggag
tettgetetgecteccaggetggagtgcagtggcacaatcgegactcactgeaacctecacctecegggtte
aagcgattctcttgectcagecteccaagtagetaggactacaggeacatgecatcatgeccggctaattttt
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gtatttgtagtagatatggggtttcaccatgttggtctcaaactcctgactgcaagcaatetgeccaccttggee
tcccaaagtggtgggattacaggcagtagecaccgtgcctttcctaaattattaacatttataataaaattaaca
gecgecttecatttgaatactttttacaaaatagttaaaaataaacataagtgggctittatagtcagaaaaaaaa
attcaaagctttaccattaactttcaaaaataaatggttagacagcaacaacaaaaatctgtggtaactgaggt
acagagaacacagatgaatgttattacaaaagccactttcctatgagaagtctaggacagtggtttctaaatg
ccactccacagacagtgctagtaggtgacagacttctccagtcacagtgaaatttaagcataaagaaaatga
ggaaaatttttacaaggctctatttagacaaagttcttattctgacattacatctttcctactttggagcetgttgaat
gtattatcttttatgaaaagaaggcgatccaggttgagcatcecctaacccaaatatgtgagtctgaaatgctee
aaaacctaaaacttcttgagcacaaacatgatagtcaaaggtcatgcttaaaggaaatgctgtcattggagea
gtttggattttgggtittcagattagggatgctgaaccagtaagtataatgcaaacattccaaaatatttttgaaa
atcccaaatccaaaacacttctgatcccaagtatttcaaataagggatactcaacctgtaatatatttcttcatttc
tttatttattttattattattttaagatggctcatggeccactgcagectcaaactcctaggctcaagtgatctteeg
acctcaacctcccaggtagcetcaggtagetgggactgcaggceatgcatcaccatgectggctaattttttaaa
aaattttttgtggaggcagagtctcaccttgetgeccaggecagtctcaaactectggcttcaageagtactee
tgcctcagecteccaaagtattaggattacaggtgtgaccactatgectggeccatatttettcatttagttetttc
tttgcctgetgtgtttttaatgttctttcttgttcaaacaaaaagttggctattecttgetgttagttaaatttgecaat
ctatgaaactgaaaaatgcaggagtcccagectggtgttaaatacaaagaaatcccaggtaaatggceatge
acccagttectgettgeccaagtecttggtgaggcttctgtggggtctcagtgttctgetcctcactcagtgac
cecttgttcttcagGAGGACCTGGATTTGGATCACAGTTCTTTACCACGTC
CCATGAGCAGCCGAAGTTTCCCTCGAAGCCTGGATGACTCTGAG
GAGGATGACGATGAAGATAGCGGACATAGCTCCAGAAGGAGGG
GAAGCATTTCTAGTGGCGTTTCTTACGAAGAGTTTCAAGTgtaagtat
aaaggaattggcagaatttgcgttgacaagagtccacatgagaccaggcagttccctcatctetctgaattca
ctectttccattactaatcatccagcettttaaaaataacttatactggeccagacgeagtggctcatgectgtaate
ccaccactttgggaggccaaagcaggcaggtcatgaggtcagaagttcgagacgagcectggecaacata
gtgaaaccccatctctattaaaaatacaaaaaattagetgggcatggtggtgggocacctgtaatcctagetac
ttgggaggctgaggcaagagaattgctigaacccgggaggceggaggttacagagagecgagatggctee
actgcacaccagcctgggegacagtgcaagactctgtctcaaaaaaaaaaaaacttgtcaattggtattitat
ttcttacataatatgtttactataaaaattagcaaataagagcaaaagaaaacattaacatttcacatatttctace
aatgaaaaatgtttattaatatatcagtgtttgtgtctctatttgcatgtgtttatcaatgttictatatatttttatggce
taacatatggttcgtcctgaagaatgticetigtgcatitgagaagaatgaatattetgetgttcaagtgtictgta
gatgtttgttaggtctagtttgtttacagttttattcaggtctcccatttcctggttgatcttagatgtgcctagatgt
ggtattcacgtttgaaagtgggotattaaagtctccaagtattattagttggagttcatcecttcaattctgtaag
gttttgctttgtgtattttggaactctgtigttgggtgcatacatatttataactagtatattttcctaatatattgaccee
tattttctctctcaacttaatgaggctaaagaaaaaaaagaattgaccctgttttcattacaagatgttatccacttt
atctctagtaaaattctttgttttaagtattttttgtttgatattactgtaaccactccagctttcttitggttgctgtttg
catgataaatctttttccatccttttactttaaacttatttatatctttcagtctgaagtatgtctctectgtagacage
atataattggatcttatctttttatccagtttgacaatttctgtttttgattagattgcttaatccattcatttaatgttate
attgatgtagttgatttctgtctgctattttattttttgtittctagettacttttttttgttcotetttcactgctttcttgtac
attaagtgaatattttcaagtataacatttaaatttttttaatgatttttcattttttttagtcaggagttgctctaagact
tagtttatacaattaagttatgaaaaattacttcagatatatattaactgaatccagtgagatatagaaatcatttct
atttagcttttttcctcttecctetttttgtgctatatattcatctatctatatgtatatatagtcatctacatatgttgcaa
atcacattgttagaacaatgttacatttttataacacactgtgtaatatatagtatataattttatatctcttaatgaag
ctgagagaagaggaagtatatatttataaatgtgtatattaacctacttttttaccatttctaattctettettttgete
ctctggattcaagttatcatctgtcgtcattctetttctccgatacagcetttgetactgectacctectattattgtca
aatatattacatttctattatagaccttcagatccaattatgtacatatttttacacaactgctttttaaatcagttaag
gaacaaaaggagaaatgtacatatatactatattttatacctacacagttatctttaccagtgttctttgccttttca
tgtggattctgattactatctggagtcacttgctticagcataaagaatttcctitagtattttttgtaaagcaggttt
gctagcaatgaattctttcattttttgtttatctgagaatgtttttctttctectteatticctetggettgtattgtttctg
atgagaagacaggtgctaattttactgtggtcccctigtacatgatgactcaattttctctcaccactttcaagatt
tttttgcttttgtctttcattatttttactgtgatatgtctgggtataaatctctgagttcatcctacttagaaagtgttttt
tetgcettetttcactttctcttctectttgggaccegceattatgcatatgettaggggtatcacatatttctcettagge
tetgttegtegteattttttttcectetetgttcctcagagtgcatagtetgtattgatgtatcttcaagttcactgact
tgttcttctgtcagettgcttaaatctetgttgagetectetagttatttatttatttatttatttattttatatatatatatat
atatatatatatagagagagagagagagagagagagagaaagagagagagagagagacagggagaca
gggtctcactccatcacccaggcetggagtacagtggtetaatcatggctetctacagectgaacacctgggc
tcaaatgatcctectgectcaaccteccaagtagetaggactatgggcacatgetgecatgectggctaatttt
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taaaaaaaaatttgtagagatggcatcttgttatgttgcccaggttggtctcaaactccecggcectcaagtgate
cttcecgecteggecteccaaagtgctggggtcacaggtatgagecaccgeacttagectgaattttttatttatt
atacttttcaactccagaatttctatttggttctttttagcaatctetgtctctttattctgtatttgatgatatcctgtatt
tgatgagacaatgtcatcataacttcctttttttittaagagatagggtctctctetgtcacccaggctagagtge
agtggcatgatcctagctcactgcagectcgaactectgaactcaagcaatecteccacctcagectectaa
gtacctgacactacaggcatgagccactgtacccagctaatttttattttttgtagagatggggtctaagttgec
caggctggtctcaaactcctgggctcaagtgatectecctgetcaggeteccaaagtgctgggattacagge
atgaaccactggacccagcctcctttatttctttaaccatggtgggattttttattatttgtitgtitgttttaacctgtt
tgaatatatttataataggtaccttcaggtctttgtctgetaagtctgacatctgggecectctcaaagacagtttca
gttgtetttttttttttcttctigtgtatgggaacattttectgtttttttgtittgttttttgttgtitigtittgtigtigtigtte
ttgttaaagattggacatgttagataatatattgtaggaactctggctagtgattccctttcctccccaggacttgt
ttttatttctetttgettgtttacttittcatacagtetgtttcceccacagtgtctgectcetgactttattccttagaggg
cgcagctgtggccatgtacgtagtcactctgggaagacagtggttttagcagegtgctcattaactttctetga
cctetttgttatacctectgectetgtggatattagacccagttattacatttcattgtttactgattggtctattgtttt
ccagaatgccttgggatgtaatttgctccacagtctgatccacttaaattcaggectctttgcagggctagtttta
gaggccagtetttttttttttttttttttttttttgagacagagtctcactctgttgeccaggecggaatgtagte gty
cagtctcagctcactgcagcectcaatctctcaggctcaageaatcttcccacctcagettctcaagtagetag
gactacaggtgcacgccaccatgcectggttaatttttgcattttttatagagatggggttttaccatgttgecceg
gctggtctcaaactectgagttcaagcaatccacccacctcagectcacaaaaggecgggattacagatatg
caccaccacgcctggececctgaggecagtctttaactgtcttcttagetgtetctttcectggttctetetggtga
actagctggtaatttgtttatctcataaggctaccagattccttgtaaatgcttatccccacaatctecattgtttte
aagagcatcgttagtctttaatttcctcacgcttcattccaaataaagtccattcacttgagaagagttctatatte
ctatgacctgtgtctccccatgageaaaactgctactgetttacagagecagggacagtggeccacctetetg
tggcatcetgcetttatgaacaagtcactgggctcagatggcagtctetgattttctcaccttgcttcttctggeat
ggaaactccaccctacaagtgggaactgagtggaagaagagagcecccattccecttagecactcettaacag
gattagaacctctgcaacatgcatttaagaatgggaacaggctgggcacagtggctcacgectgtaatecta
gceactttgggaggtcaaggcaggaggattgcttgagecaggagttcaggaccagectgtgcaacatggty
agaccctcatctctacaagaaatagaaaaattaactggtgggttgtgtatacctgtaatcccagetacteggg
agcctgaagtgggaggattgcttgaacctggaggcagaggttgcagtgagtcaagattacaccattgeacg
ccagcctgggceaacagagtgagactetgtctcaaaaaaaaaaaaaaaaaaagagtaggaacattgaggct
gggcatggtgactcatgectgtaatcctageactatgggaggccaaggcaggagtatcacttgacgctagg
agttcaagaccaacctgggtaacatagcgagactttgtctctattaaaaaaaaaaaaaaaaaaggtgtaaaa
aacttttgtaacaagagtgggaaagccgggcacagtggctcacacctgtaatcccageactttggaaggce
aaggcaggcaggcggatcacctgaggtcaggagtttgagaccagectggecaacgtggtgaaaccccat
ctctactaaaaaatagaaaaattatctgggcatggtegtogcacacctgtagtcccagcetactcgggaggctg
aggcaggagaatcacttgaacctacgaggcagaagttgcagtaagccaagatcacgecactgeactcecag
cctgggegacagagcaagactctgictcaaaaaaaaaaaaagagtggaaatgttaggatgagaaatgctg
gcagcctgecectecctgggagatactgtagecctagactggaagttgggggagoaggogagecctgtget
cttagctgcacccatgtgaagttgtgcttctatcacatgagetggggacaggagagaaggctcagattatgg
cttcagtgccacagaatctcttcatactaaaatttagtagattttcttgaataaatgcetttttcatttgetgtacacce
ttaaaagtttctagaaatttttaatatttgagttttaaaaaataattticaacagttacagttatttcactaaagagag
agtctacagaaccctcttgccaccattgcagaggttgtetitggcttacgagtttttaaagtatttgtatacattett
taagttcaaaataatagaattgtaagtgaacatgctgttttcatactgtttttcaagctttatttaatatattgtaaatc
taattctattttattaaatagtctgccacagtataatgtctgatgtctecttagaattttattgtatggatgaacaatg
attatttaatttcctaccaattgttgggtottttttgtitgtttgtttgtitttgagactgggtctecactetgtcacccag
gctggagtgcaggagtocggtggaatgatcacggctcactgcagectcaacatcccaaggcetcaggtgat
ccttccacctcagectecgcaagtagetgggagtacaggceacatgecaccatgeccacctattttttagagatg
aagttttgccatcctgeccaggetggcetegaactectggectcaagegatctgcacactteegecteccaaa
atgccaggattacaggcgtgagccatcatgecctaccecccccatcaattgtttgatgtagecatttttcaatgat
ccgcegattaagaagceagcactcttttatagccaaaaattacacatatataaaattttcctttagaaaatgttctaa
aaatggaatgtctaactaaagggttaggcatacattcttaagacttctgatacgcgctgacttgecaggaaagtt
gtttcagttaacactcctaccageggceatccgagagttaatctgtaaagettgagacaacttagaaagtgtttc
aaatgattgtgttgcttaagaaaaaaatcttagcacttccttttgaaaagecagtggggctgaaaagacaatga
caagcactttgtcectetgtactgtgttttecttgcag CCTGGTGAGACGAGTGGACCGG
ATGGAGCATTCCATCGGCAGCATAGTGTCCAAGATTGACGCCGT
GATCGTGAAGCTAGAGATTATGGAGCGAGCCAAACTGAAGAGG
AGGGAGGTGCTGGGAAGGCTGTTGGATGGGGTGGCCGAGgtcagta
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gtcatgagctgaaaacaccgcetgctgagceatggtgttattaatgaaaatatatgttgctgacagttgtatttgaa
gtattgaagaagagtaaaaaaaatttacgtttatagaaattcacaatgatgtttccatttactctcattttcagatttt
tttctctgaaacagaaacactctttctataaaatctcttgctataaaacatcaatgtagtcatattgtctaaccctta
ggctgagatgtttatctttctccataactacagataaaattataatctggaggtgttactttcttaatactccatatg
ctaatggtcctgecttcactgcagggtagaattaagtgaaaaattactccagcaactctgagatttgctattata
tgctgtaaatctccagecttaccaaactacagattatttggtcectggacttcctaaggcatttecttctactgec
cccaacaccagtttetttttecctttttagGATGAAAGGCTGGGTCGTGACAGTGAA
ATCCATAGGGAACAGATGGAACGGCTAGTACGTGAAGAGTTGG
AACGCTGGGAATCCGATGATGCAGCTTCCCAGATCAGTCATGGT
TTAGGCACGCCAGTGGGACTAAATGGTCAACCTCGCCCCAGAAG
CTCCCGCCCATCTTCCTCCCAATCTACAGAAGGCATGGAAGGTG
CAGGTGGAAATGGGAGTTCTAATGTCCACGTATGATATGTGTGT
TT

premrna
ENSTO0000
0506367.1

GAATGATAGGGGAAAGGAAGGCAAGGGTGAGAGAAGACCTTGT
GTGAATTTGTCCAAAATGTTTATCCACAGGAACAATCCCTTTGTG
AAGGCTGCTGGTATGTGAATGTGTGCCGGTTCCCTTGGGGCGTTC
ATTTGGATCTTTCTGTGTTCCAGTGACCTACGGCATGATGAGCTC
CAATGTGTACTACTACACCCGGATGATGTCACAGCTCTTCCTAGA
CACCCCCGTGTCCAAAACGGAGAAAACTAACTTTAAAACTCTGT
CTTCCATGGAAGACTTCTGGAAGgtatttgcaaataactttgaaagtacctctctatcac
agaaaattgttcatttggcttcatcatttcaatgcatgagtatcgacaggacctgctttgcatttaacactgtgtg
agacgtaagttatggtgagttgttagaagttactgttcctactctcaaagggggtaaactaacattgagaacttt
gectgtgecttgeactgtgetgagtgtttcatatcttaccttatttaatttctatagtctaactctataaggtaagtac
taagactatgccctagtttgttaatgaggaaaatgagattcaggatgtttaaatgegtatggtcacatggetag
ggaacaagaaaaattgatttttttctagcctgacagctacttcatectagtttgtaattcattccatgagtcaagat
tcaataaatatttattgagaatctcctagaatgtaaggccaatgaagggcagtgtggttettctgtettgcttege
cttttgtgttttgtctctttgttgatgatggcatgtatccccagetettagaacagtgcttgattcaaagtaagecac
attctttcaaaggtctgctgttggteggoocttggtgactcacgectgtaatcccageactttgggaggccaag
gcaggaggattgctttageccaggattttgaaaccagetgggcacaacatagtatgactttgtctctccaaaa
aagttaaagaattagcagggtgtggtggtacacacctgcagtcccagetactcaggaggetgaggtggga
gaatcacttgagcgattgcttgaggtcaaggctgcagtgagcecatggecatgctactgeattccagetgggg
caacagagtgagaccctttctcaaaaaaaatccccecccaaaaaaaaacccaaaaacaaacaaaaaaggtc
tgctgttgtgaagttcaacccaatccagecccticccaagttgtcacaaattccaacgtagttaacagtatace
aatgagtgataccacaggaaaaatattaaactgatctgagggatatggggcttggaatctaagaaaattgga
agggaaattgaaaaggaaattattattictccttggggagatagtttctaaaattcttactacaccctggggtca
gagctgttgattttaaggatagagacaactgagtcacaggaaactattcatatataaaagtacctggceatcca
aaaccacacttgtataatatgaatctttcaccatctgagtagggcaaatcagtctatctctgttgatcatctgaca
aggatagcacactgagaaatagatctgtcttccctacaggcatagctagttgtacaaactaacaagagactttt
gtatacacattccatgatgataaatgccaatcactaaagggacgaggagggattggagagttcaccatacag
caaaatagtccagacaggtgaaaggtctatcaaatgccaggcetggtaatcaaaactgtagecttttctctaaa
caaagtttagaaccatgattgtgtgggacattattttaataagggaaagtgcagttaatcatgaccccaccttta
gtccaagaacaaaaatcagagcetgecacgtattaagtacccactetgtgccaggtgcagtaactatgcaaaa
gatgggttttccagatgcaagaaccttggttcagaggaccctgetcaaggectcatagetaacaaatgatgg
ggcaagatgctatcccaaatetctctgacaacaaaactcattcttatcactctactattttcatagagttgccaaa
tgcttggttatgcaaacgatgcaggcaggggcaagacageggctgagcettggaactttitcagagatgtttc
ctttgettttagTTCACAGAAGGCTCCTTATTGGATGGGCTGTACTGGAA
GATGCAGCCCAGCAACCAGACTGAAGCTGACAACCGAAGTTTCA
TCTTCTATGAGAACCTGCTGTTAGGGGTTCCACGAATACGGCAA
CTCCGAGTCAGAAATGGATCCTGCTCTATCCCCCAGGACTTGAG
AGATGAAATTAAAGAGTGCTATGATGTCTACTCTGTCAGTAGTG
AAGATAGGGCTCCCTTTGGGCCCCGAAATGGAACCGCgtaagtgtetgt
gactcattgccactcggtgatattcattcatttattctctgaactcccaccattcattcattcattcectgacacctt
caccaaggcaaaaataagttcagtgactcttcagtgcttatatttaaaccttggccaacttgacctttgacttctt
aagttttcactacttcttagccttcttttagtttctacatgcatatttttcagaagactaaatcgttgaccatataace
cctcaaaaattaattatctgagcgtttgaaaatttcatttaagatgccctgggecctgtttttacaggtgcagtaa
catcatccactaagttatttaacacaagttttctggttcaggaactctttttataggtcttgcaaacaggtttttgttc
agaatggagttatttaatgtgtaagcettgtgaggcaatttttigttaggtitaaagcccattttgttcaaatgtttga
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gattttaggtatatatttgtacacgtgcatatttacaggggctttttgtacactttggtactcctacttcaaacatctt
gtgtattaagggaggtcacttactattttagaagtattgtagttattataaagaaacaagaagacctccaagge
cgtttcagggtggecctttgeggttgetgtecctgggtacgtcactggtcggagtcatcttctaagcetttgetca
gctaattctgtcggttcatctaggttcttttcttggaaactgagttgcccagaatccacatttgttactatacaatg
ggcaatcaccttttcaattagtatattcttcttgtaccttccagtatacactctatttaataccagaacccataaga
aacaaatttagtaaaaatccaggttgggcacagtttctcatgectgtaatcccageactttggaaagecaagg
cggacagatcacttgaggtcaggagttcaagaccagcectagcecaacatggtgaaaccctgactctactaaa
aatacaaaaattagctgggtetgetgacatgtgectatagtcacagetattcgggaggctgaggcaggaga
attgcttgagececgagtggtggeogttgcagtgagctgaggtcteatcattgcactccagectgggcaaca
gagcaagactccccctcaaaaaaaaaaaaaaacaaatttagtgaaaatccagagcetttagaacaaaggaac
taaatagtctcaaaggacattatcatccaagttatgatagtgatttcgcetttctttaaaaaaaaaattattacagat
agagtttcttgatgttgcccaggctggectcaaactectgggctcaageagtcectecagectcagecteccaa
gtagctgggactatgagaatatgccaccatgcccagctttattttgetttctaatgtgecttittgtagttectgea
aagcataagcatgccttcatctgtggtaccctttccaatattttatttatctcacatcactaataagataaatttata
cagccactgctctgtgecagacattatttaagaagttatttcacgcattatctcatctgecttcacaaaacaacte
taaaataggtatcacctccattttatagatgaaaaaactgaggctcacttgeccaaagtgtcacagcetaacaaa
ttggactgaaccaagatttaagcagcectgactccaaaacccatgtttcgectactaaacctettccatattaatt
cctectecatattaattgegtegttagggtggcttgtcgacgctetcagetecccatcagtactcaagettectg
agggcagggattctattttgttaactgctgtattctcaaagcecttgaacaatgectcatatgtaaagatactaata
aatatgtgctggatgcattcgagtgatttctactccagggtggattgccaaaggggaccttecctgtcatatct
aaactatccttttattcttctacattctcaagtcactcccatttcttcttcecttcaactccaaacttettggaagaat
agtcttcatttgccacttccatttccttaccatcaattcacgtcttaaagcettaggttettgcttttgacatctcacca
ggaagctactagggacctctagttagcaaatccactgaacaaatctcagtttttatccecttcatactgtctgea
gaaagtggcagtgttgaccgctcattcttttgacttccatgaagaactctacactttgggttcttttaactctgaa
acccctttctetcacttctettattcccaggttctatattcatatcteegtcttttctttcttttetctetttcccatgacat
tcagatggcttccactgacatctttatttggtgactcatcatttcttcaacaatgtgecaggceatgttcccattget
agaagtcccccctcttctagtagtgeccttgatgctggagaaacaaagcageaggaaacagaagaaacgtc
ctttcttcacagagcttgcattctagtgatacaagacacatctctattccacctggatgtcccacacctettgtga
tttaatatgccccaaactaaactcategttticttatgagatctgctetttgttctgttaatggcactgecgtettect
attgcectgaaagagactccagagtceatttttgagccatgtttcctecttgecccaacttccaaatcagttacca
agttctgctggcagtcactgtggttacgacactctctcactecttecttteccttcccatcttcactgagtgactte
aggcctcattacctcttggttattgcagactttgctaagggagctgtgtcaggggtecctaagaccaccccca
ggttcagtgattcactagaaggactcagcatagaggcatccttacagctaaggtttattatggtgaaaggata
caaaagaaaaggcacatggcaatatctggggaaaacctggtgtaggcticcaggagceccteteccagtga
ggtcacataggatgtgctgaatttctccaggaacgagttgtagcaacatgtgtgaaatgtctatcagagagatt
aattagagactcagtgectggggtgttcactgggtactggtactggtttatgactagcatgtgecaaaattcce
gactctcagaaggaaagcaggtgttgagtgtaagccacattgcttatacaaatagcacaggceacagcaage
ctetettaccggtcagggaaagttgaatactggtgcagggagcetgtttatcagtcaagticccagatgecage
caaagtccaaccttgcaaacaggccttcctaaagaaaggcecatctcaggectgetgtgttaactcttttctgea
catgagccctetgttccteccccactecagtettcectgetgecaccagaccagecctgttgtgtgcctcttaga
actttcccttcacagactecttcatgtttgeecttcacaagetgaccacagaccacctttcaatctgecattcttta
tettatgggagcecaaactgaactacttctictettgaccaatggcetcacggttgaaaatgecctteccatttgtat
tagtctggtctcatgctgctgataaagacatacctgagactgggcaatttaccaaagaaagaggtttaatgga
cttacagttccacatggctgggoaggcctcacaatcatggtggaaggcgaggagceaagtcacgtettacgt
ggatggcagcaggcaaagagagagagcetigtgcagggaaaatcccacttataaaaccatcagatetegtg
agacttactcactatcatgagaccagcatgggaaagacctgcccccatgattcaattacctectaccgggttt
ctccaacaaaacatgggaattgtgggagttacaattcaagatgagtttggttggegacacagecaacccata
tgaccattcacctgtgcaagtccagatcctactcacctttcatggttcaggtecaacacagcttcttcctaaage
ctittctaatccatccctecactgecagatecccaaataaggacagctttcctetgatctgecagecttatttcttt
tetettttgcttcttattattatccaccttgtattttacttgtttaattataactettatttccctacttgttataaatttggg
agggaaaggacctttatatccccattagtgctgaagaagceatctgttttctaagagatcctctgaatatttgtgg
atgaaattcccaaatgctgacaatgcecacttgatgaacttgtecctettttggctgtaattttctctggggaccte
aagtcgtctagtcectgagcacagttacccagagaaggcagecgtataaactgagecagaggctctagage
agagcagaggctctagggacaaacagecctggeattggttcccgagtctgecctcaaaagetttgggacta
cattgacctcactaagcctcagggcecctcattcctaaagaggcetaataacagtatgagaattaaccaagaaa
acatgaactgccaggtcaggcacagtacccagcttgataggccttaatacatactttattttacaaggaacca
gctgtecttgtaattgecteaagtgttccactgattgtaactgtttgtittttggttttatttttaatcag TTGGAT
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CTACACAAGTGAAAAAGACTTGAATGGTAGTAGCCACTGGGGAA
TCATTGCAACTTATAGTGGAGCTGGCTATTATCTGGATTTGTCAA
GAACAAGAGAGGAAACAGCTGCACAAGTTGCTAGCCTCAAGAA
AAATGTCTGGCTGG

premrna CCAGTCGGCGGCGGGGACCCGCTGCATCGCCACCTCCCCCTGGA
ENST0000 | AGGGCAGCCGCCCCGAGTGGCCTGGGCGGAGAGGCTGGTTCGCG
0506727.1 | GGCTGCGAGgtaagagcgcgegacccgeageggcagatgcacgaaccagaacggccggcgc

cggceeggggccatcgeccgetgeggeagetecccgggctecatetegeateccctetgegticegectee
cttggaagcgcattccccacctecgetagtgetgecctatttccggtacccagegeggaattccactgetettt
tgttggtgcatatttattggatacctecttcttcaggatatgtcaccatagtcttttttactgaaaattagtgaaage
ctaattagagtgaaagagtacatctgggtittgtttttttttttcttgtagaggaaaaaatgaacattacttgtgtaa
ctgatggtagttgcaactgcatatttgccaatgtcacaaaatctaaaggaaaatgttatagtcaccegtggtttc
cttettgectggacactecattgtecccgggcetgaaaagggtagcagtacagtgcatataatgtcaagtigteg
gaggagtgtggcagattgteattggtgeattittttggtgatgtgtategttgttitgaggagtgggagetgttaa
gaacaccacaaatagaataaaataatatcgtgaagttatttggccgtttctaattctagacatttttctaaaaaca
gttgcaaaggaaagattacattgttttaaaaaaatttgaagtatgtttttaaataactaaattaatgttctttgaaatt
ccaccaaaatgatgaagtcaccagatagcagctgataaatgtgtctgageccagtgegeccagetctacaa
aaggcagaagaggaattttcaaatttgccagtgcccagtaagaggacatgaattttctagtaccagaggaaa
ttctetttttacaaattttgtcagaggtatccttgggaaagtatttcatttgettttaccctecaaattattttaatctat
atttttaagagtttccattctcagttgagtttttcttgttcttctecttctgtcagttttgaaagtcttgcacaaaaaca
atccaggtgttgttacagcagtgtgattaaaaccaggtcaggectacactgaaatcccagttccaccactcatt
agctgtacgaccttgagcaagttacttatcctctctgatacccaatttttggattttttttttttttaaagagatgatc
ataacgcttaggacttgactctttgggagaattaagtgagttaagacataaaatgtgcagcatgtatttgtcatg
ttattagcgcttcagaaatataaatgtaaacattttggtacttcgtttatggagattcttatactagttaattttattaa
aagcatgatggggaacagaagatccttttcggataacctgtgtgagtaaattaataaaacactaacacttttta
agattcaaaactggattaattatgttattttacaccatttaaaatgtgcatttaaaaaatattcactgaagtgagag
agaagttccttttaagttaataaataatggtaagttgcatgatccttttaactcagtttaagcatttgataacacce
ctaaccttgtttgaataaactcaataacagaatatagagaaataaaatatatatttcatatgagtatgtatgtaaat
ttatttcttttaaaggaaaatttcaggaaacaaaatgaataagctcatagtcataaaacctctagecaaagtgtg
tcaatggtctgatttgtaggagagcagactcaggaatcgggaattttttttttttttttaagagteggggtttcact
ctgtcactgaggctggagtgcggggaagcaaacgtagetcactgeggectcaaactectgggctcaaget
gceecteccacctcagcettcccaagtagttgggattacaggtgcaagetgcetgctectagetgaaaagttttaat
tatataaaatgtttaaataaattgttattcctttctittatgaagaaatataattgatattcttgtcacttattaaataag
caacattttaaaatgtttagcacctactgtgaagatagcactgtgctagetgctatgaataaactagaatagcat
atcactgttttcctatggacaaaaacccagaaatgtaaaataaatagccatgaatgggttgagattcccectge
ccectttggatactgatgacagaaatcttatatgcactatgtaagcagtgecctaggatcagaacagaaagta
acttgcaatttttaaaggtgggagaaatgactgaagtttggagtegtcaggagtttccctggaagtctcttgee
tttgtgactttgtatagceteccctcaaactacctgagectgagctectcatttataaaatggaagaattgaacctag
cttccaaggtcctttctagettcaccatgetctggtctgttgtttaatgacatgaatccaagatggacaacaaat
ggtcgattttgctecttctacagtaaatagatctatcettcttagcagaagtaaaatagtaaagaaagaagacatg
tttgaggcctgttgaggcectgtttgctgtatgcattgtatctaatcaaggaattgagaatgtageectaaatatta
ggaaggagttgaaagttictgagcaggaacagaacatgctgaaaggaaattgtgtcagcageatggtgtac
aggagagcttggcagagagaaaggaggcaagaagacctgtgggagocagcecagtaaggaggteaaga
gggcctggaccaaaggaagecaaggatgaccgaaagatttaaagatgaageccagatttaaaagtatect
caagtatttgtttattcttttcttagcaaattctttttagtacaaagataaaatatggcactctgagtcataaaattttc
tgaatttcagaagttgaatgtttttctgaatgtatcaacctgttaaagtcagttcctgttigttatittaggcgtatatt
cttgggcttttttttttttttcctagagaaactatgaagtactagetgtgcaagtcagggtgggctaagetgctaa
aacagatacctccctecccttcaataccctgaagaacaagaagttaattttttgctegtgtaacattttagagag
ggtattccaggttgaatacctggaataatgaatgaaataataagtcgactcttatttctcctaaaataattggate
ttgacattgaaattggtgtectgattgtatttaataagtgacctccaatgcagttatttcattttgecatactttatgt
aatttttattttttctgecttcectttcgatgtctaaagggaagcataattagttattggaaaggttattgagacttaa
aaaaagatttgaacatggctttggttgatgctaccacacagaaactgcaaacatccaactcaccgcetcttagtt
gctgttcatgatagtctatgcacagtgactgatgaatttagectgtcttgaggcticagaacttagtcttatgtcat
cacgagcagagctttatcctaaattacaggttttcaatgggggggogooooagooocagtittgccectca
ggggacatttggcaatctctggagacatttttgattgtcatacctggggggatgccccetggceatctectgggtt
gaggttaaggatgctgctaatctacaatgcacagtacagecaccecacacacacacactacaaagceattcte
ccacccaaattgccaggagtgaggactttgagaaaccctgecctagactgttaaaticaaaaggaaataatg
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gtttattgctcacagtgtgccaggceactgtgttaaactccttatattcatagttttgtttitatcctcacaacaacct
gtgaagaaagaactctcatccgtcaccactttactgttgagggcactaagecttctaaaggttaaatgacttge
ccagggccgcaactattagatgttgcagtcaggatttaattccaggcactttgtgttcaaagtgtttctcatcca
ctgtgctatatgccagtagtgcccaaacctaactttagccagceaattgtetgcatctettcagtttatgaacattt
atttattaggacatgcaggataatcataccaacacagtccgtgtatccagaattctaattgatctagggagteg
gagagcctgcectetetattttttttaaattggtgtgaaatatacataacataaaattggecattttaaccattttaag
tatataattgagtgacattaggtagatttattatattatgtaaatggacttaacacaatttatttccagaacttttttat
catcccaaacagaaactctgtactcattaaacagtaactccectgtttccccacteceecttgecccagacgceta
gtaacctccattctacttcecctttetgtgagtctecctgttgtagetacctgatgtaagtgaaatcagaccatgtt
tgatcttttgtgtctggcttattcacttageatagtattttcaaggtttatccatgegtgcaaatteccttcttttttatg
acgaaatactatttaattgtgtgtgtacatgtgcacacacaatgaaatactatttcatcataaaaaggaagtttgt
acacatatatacacacacaccaaattttgtttatccattcatcagttcatgggcatttgcggtttttttccaccttte
gactgttgtgactttccgtttatttttaatctgaactttactccatcacttcctecctttecttttttattcgcaccataat
tttgaacaagcagactttgtattttcattactctggggatttitttgagggaggcttgctaccctttggg gttgteg
taaggttgtgccagtaacagaattcatgcagtaaaaaacattcatgggactttctittgtgataggtactaggea
tgcagagatgaataatacaaggtctcgaccticaaggagetcagggtttagtagggaaaacagaggtataa
gtaagtcattgcaatgccaggtcccagatatgggaggaticcagcaaagagaggataaggccaggeacag
ccgctcatgectatagtcccaacactttgggaagctgagatgggaggatcacttaageccageagttcaag
gctaccctgggcaacatagtgagtggcaaaaaatacaaaaattagecaggeagggtggcacatgectgte
gtcecagttatttgggagtttgaggtgggagaatcacctgagectgggagattgaggctgcagtgagetgty
atcacgccactgcactccagcectgggtgacacagtgagaggtgagagectgtatctaaaaaaaaaaaaaa
gagaggatcagatttacctggagaggtcagagaaggtttccagagggagtaaaacttgagcettcattttgaa
gaatgagaggggaatacaaggagggaaaaataataggaacaagacctgttcctgttacagcaaacctgta
actcccaccatggaatgggcacgttttcctgtagacatttggagecagtgtgggcttcaagectaggggect
gatatgatcatttgtcaatctgaagatgactcttggaacaacgtagaggatagggtgaggtgggotaggctggt
ggctgacagactaggtcaggagagggctgaccaagaggaggaggggtgacgagggctggaactaagg
catatgagctgggatggaaagaagctagatagaaaggaaacaaaaaccatcagaactgtggaaccaactc
catgggagggataagaagagggcctatictagggtgaaacccaaatttctggcatggtaccattaacccaa
acagaaagaggagatttccagagaaagaaaagcaaattttgcgggaggtgagtetgagctgtctagagaat
atgcaggtagaactacatgttaactgtaacatatacttgtctgcacctcaggagatggctgattaagaattcag
gattcaggccaggceacggtggcacacgcectttaatcccagcetgcettaagagactggggcgggaggattge
ttgagcectgggaatccgagatcagectgggeaacatagcaagacactgtctctaaaaaaaaaaaaaaattce
aagattctggagtcaatattacttaaggtagcaactgtctattctatagaaaatggacaaatatagataaaaag
ccacttccctttctaaaagtgtcectgeaattcaagtgaatactaggaaggattgtgttcattcttctaaacaaga
ctcacatgtatcttagcacaaaaagaggattcttttatgatacaaatgcactgagaatttggtcaggctatcaca
atgaactgatagttcagatggatttgagtctttataccactctggaatctggaccaactgggcctcctaaggce
attttgcagatctgggcttgtttctgaagctacagacaggcctcttccaagcactctaagtgetccacaaataat
atttctgtttcccagaacaaccccacaaaaaggtactcttactccatttttagatgaggaagtggaggctcatg
atgtcaggtaagctttctcagetcccaagtggttaagecctcagtttaatgtcatttgactccagagecctatgtt
gcaccatgcecttgataataggccatatgggtttcatgtatttcagatggggaaggttagtgteaggotgaaagat
acacaattaaccttttaaccatggaactgaaatatttacagatgaagtgatacaatagctggaattaattccaaa
ataattggggtggtactggtccatggectgttaggaactgggccgeagagcaggaggtgageageaggct
agtgagcattgctacccectatcatatcagcagtggceatcagatgggtgaggatgtaaatgaactaggattg
gcattgagttgatattgttggatctaggtgatagatttatcattataatattctetctttgtgatatttctgatattttet
aaaataaaaagttgtagttatttatttatttagacggagtttcactcttttgcccaggttggagtgcagtggtatea
tcteggcetcactgtagectecgecteccgggticaagegattetectgectcagecteccgagtagetggga
ctacagcctcccgagtagetcaccaccacacccagcetaacttttgtattittagtagagaggaggtttcaccat
gttagataggctggtctcaaactcctgacctcaggtgatccacccaccteggecteccagagtgctgggatt
acaggcgtgagccagtgtgcccagecaataaaaagtttttgaaaggatttagataaaatagttggegaaatg
gcatttttgttcaaagccaattatttatgtttggaatatcttttgtgcttggagtictccattacagagttceccagtg
ttcctattaataagtaacattgagcagaggaatgeactgtttagatcagcagtccccaacctttttggcaccag
ggaccggcttcatggaagacaatttttccacagacctggggtaggaagtgtttggggoatgaaactgttccac
ctcagatcatcaggcattagtgagattctcataaggagcaggcaatctagattcttcacatgegcagttcaca
atagggttctcactcctgtgagaatctaatgecacceectgatctgacaggaggceggagetegggcggtaat
gcteacttgectgeggcetcacctectgetgtggggcceggttcctaacaggecatggaccagtacecgtetg
cagccetggggactggggaccctgcetttagatgatgtactctggetttgcattetggeattagetaagcaccecte
ttaaaggaaattgggtctatactctcagtccgtgttctccctaacacctggaaacattgaataccttcaatgetg
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ggaagttaactcccaccacaactagaacagcetatgggaaagacaacagttgattttgaagagtgtcaccaat
ttgcacatgattccatccttaaccattcttatcctatcagetctgecaaacatggagaatagttggctgcaggac
agctatttttcctacttgtagatgcaactatttctcacccaccaggatgtaaaaggtccctgtaccctaagattgg
tcctacatacacacccaatgggaaaatgagatgaaaaatttaaagcagtaaatatttgaggaagtagataga
gtaatttagaaaaagaaaatacacagggccaagcacagtggctcacatctgtaatcccageactttgagag
gcecaaggtgagaggattgcttgagcetcaggagtitgaggcecagectaggceaatgtagtgagaccecaccte
tacaaaaaattaaaaacttagttgggcttggtagtatgtacctgtagtttaagaaacttgggaggctgagetga
ggcaggaggattgtttgagccecgggtegtcaaggctgcagtgggccatgattgtgeccagagtactccage
ctgggtgatagagtgagactctgtctcaaacaaaaaaaaaaacagagacagaaaaaaagaaagaaaatat
atggatgtatatcatataaaaatataaataagggaggccaagtgcagtggcatgectgtaatcccageacttt
gggaggctgaagcaggaggatcacttgaggccgagaattcgagaccagectgggcaacgtattgagace
tcatctctgcaaaaaatcaaaaaatgaggceggaaggatggcttgageccaggagatcaagecticagtgag
ctgtgatcgtaccactacactccaggetgggtaacagagagagaccctgectcaagataaataaattcatac
atacatacatacatacgtacatacatacatacataagaagacttgtttctttccatttgcaatgtttcattcaaagg
ctagaattaaattgccgtaggccatcacaagtttagettgaatattattattttttcaagatggagtctcactctgt
cacccaggctggagtgcagtggtgtgattitggctcactgcaacctetgtetecccgggttcaaccgattcttct
gcctcagcecteccatgtagetgggattacaggegeccgecaccacacctggctaagttttgtatttttagtaga
gacagggtttcaccatgttggccagactggtcttgaactcctgacctcaagtgatctaccecgectcacectee
caaagtgctgggattataggcttgagecactgcacccagectagettgaagaaaatttgataggagtttgtett
tttctatttataggccaagcaataccacgtataaatattaagaatcatggctgttecttagtgectagttgtttataa
accatgggaaagaatgaaatcattgaccaaatgagacagggtaacagtcttccctgggagtaaagagacta
gcagtctctattgacatatattttaggcctggcctccaaaataaatttacccaaagaagtgatgtatttgtgteca
gggctaccgagectaatctttggetgectetgtgttattctaagttgtaattttccatgtcatctaaatttgtaataa
ttctttaatatgatagtgtttcagtgaacaaacattctgettgetgeatttcttctgagtgagtaattccctgacaac
taccagatcttggcagaagcaaagttggtcataagttatgetccactetcagtgctggtgaaacgtatgatge
gtaacacagtgtttttgaattcagtgctgattttcctaaaggacatttggaaggaaaaaagaaaaggaaagga
aatacccaaattcaggaatagaacttacatattattataagacttaaaaaatacatgaacactaatgatgaactc
atttcttcgaagtaaaaggccttatgctattttttcccatttccctatgtggcttgattgtggcgaaagtggctgtgt
gagtttccattattgaaggagttaaggtctgtggaatcaaagcatgagacaacatgcaaggaccaggttggtt
tccatttaacagccaacctaatctaactgaaaggattgagaggtttgtcttttttggaaagtgttaaggttctice
aagtaaccagcaatgtgactttaccacactgttcattaacggggctttggatggccaccatgtetgctgctgg
ctgagtccaaaactgeggtcactctctccagcaagcetcatggagggttacgtcatcettcactcagecagece
aacgctttttccatctgctaaaatgtagaacatggttgttgattctactctttctacaaagaaagagagggaaca
tggatgagttgctgcttttaaagattatatgttaattgctgttttaaaaatctgctcagctaagcacgcettagtgta
atcagtcaccatggagttttttaataggacagcttctgctcttacagagcagagtttttatgccagtaggttaga
agcataacatgtttctatattgaagtgattctccaacaaggacttcttttcatcaggggtgacctaaaagttatta
cttgaaatataattacatcatgttcttaactgggtttagtagtaggataattacaaggttgtatccacctcaaatag
gaagaactgataagttttgcacaattatttaactcctctgttaggcecttecttatttcctgttctetttttaaaatttga
ctaagatattgctaatgggcttgggagectataaaatgatcagaattgttgecttatgttttgeatgtttggggta
acattggagccagatgtactcttaaataaaaggtaggcctacaaaaccagtttctcagttgcattcaaaatgtg
attaaaaaaaaaaaaaggagaatctcccttataggtgaactttttaatttgtgctttattttcecttttgecattcatg
agatttcttaaataaaatgatatcttttcttttcttcattattattttaaagGTCTCTGGGGAACAAG
ACTCATGGAGGAAAGCAGCACTAACCGAGAGAAATACCTTAAA
AGTGTTTTACGGGAACTGGTCACATACCTCCTTTTTCTCATAGTC
TTGTGCATCTgtaagtagaatatttccttgcactaatgggaaagttttoaaaagatttgacctatccaa
atcataattaaaaggaagtgtgtatgcaccagaggggcaactgggaagttaccttcttacctttgtttttaattct
aatatttttatttggecatttgtttattgactatcttcctatggtagaatgcaagctttataagagaagggacgtgat
ttgttctetgetgtacccccatttcccaaaactgcagatggcaacagaaggctctgaaaaatatataagaaag
aatttttctaattgtgactaaattgtgaccaaatgctaagtgactgtggacttgegtttaacacaggacgggaga
ggcaaagagttcaattccaatttagaatttggtcaagttctettetgecactctggtaaacattaattaaaaatcag
cattatctgaccagccagttcatcgtcagtggtggtgattttcactatgagatacgcgtggceaacttgecagac
accaagaaaccaagttagaggatttttgtattagattccttaacaatgaatacagtatcaccattattacagtatc
atcattattgtcatactattattatatcagttaacataaagtctgcataagaattgtttccagaaaaatgactttcca
aatttaactttcaggaaatacaaataatgctactaatattgcttttattggcgtatacatgtaatatccecttcttttg
gatttggatatgttgtgtcattgcctcattttaattcattatttcttctcaatctttaataattgctggacttttactccac
aagaaacttgctataggcccatctctttegtcttetttecttctttcagticgtettcecatectetggtaggggga
ggggagooatgcctgagegagagactagetgtaggaaccatttgtctcaaagtccagaaagecacaggtg

-111-




WO 2022/169947

PCT/US2022/015074

atggatttgtcctctgaatcaaagggcgticgatgatggatttctgtcatgtctcatctaaagtcticacgagaa

cagatgaggaagcagttttatgaccccagagectcctaccaaactcctetgagaaaaggtttecttttttttttttt
tttttaaattagagacagagtcttgatctgtttcacaggccggagtgcagtggcacaatcatagetcactgcag
cctegagctectaggcettcagtgatecteccacctcagtcacccacgtagetgggactacagetgeacacca
ccatgcccagctaacttttaaaacatttttgtagaggtgg ggtetcactttgetgectatactggtctecagetee
tagcttcaagtgatcctectgecttggaagttctgggattataggcatgagecactgcacccagectggatgt

gatatttttatgttttaaattgttagagtttagaaacttgagattgagtttgctgcctgcattaaaatgatgcttaaac
attaaactgcagtggccttaaatattaacaagttgattagaattactaagttcttttcaagctttacatatacagac

aaatttcttatgcaaaatagaaggtaacccctgtacgtaagtctagaatttcagcagtccccaaaactgactga
gcattagaatcactctgattttaaaatacatatgtggttttccgagatctactaacagagcectccataatgtagec
tagagaaacgagttttcagatgtagtgataaatttggaaggtaagtcagagaagtaagetgaagacagagttt
taggaaatatgcctaaagtcacataatgaattggttttcttgtttatttgagaatattgtcgctttttgttctitttcatg
caaatcacattttatttcttatgtgagtagctatatatttaaaaattttgtttttggaatattgtagaatctctacttaag
aaagtatcttagcagtcatatggtctgacctcactgaatgctaaattctetttaaaacatcegtctcagatggtta
ctcatactgectctgattgaacaagagtcccaggttaagggacttacttctttgaaatcgttcatttcatttttctac
agctatgttagaaagttcgtccttagcagtgaagecagagtctatctcttataacttctacccagttgcacccte

caagcctacctataccaagtatcttttttccacgttgettttccaattcagetcticgcaagtttggagacaaatac
ctaatctcctctaagecttctccaggttaagectttccagttcatccagetgttgattatgtgattggagacacaa
gtttgagtaactcccatgatggaaagtcectetggtgaatgttctgttcatcagagtccctaagaaagcacatg
agcctcaccatggtgagtgggoccatgagattcctaaaccagacactacactgtggcttgtgcaacctacca
tggccagactcatgaggcetgtttcatcatataaataattccttagtctcttcaccaaaaactgtgaagcactgtgt
ccecccagetgtatgtgag ctagectgggaccatagtggaggactcectetttcaaccctgttaaatttcatcttgt
taggatctgeccatttttccattctgttgaaattatcttggaactggattcattcatctcacatcagetacteeecg

aagcctcacagtatcagcagagttattatctctatccatatecttgtaaattattaaactaaaaaagattggtcta

agaacatcagtccattaatcaaggctctttggttggagttcacttcattatattatcatccagetcagagtgttcat
aaacaagatgataggaaagacttticcaaatgcctgtetgagtaattcceccattectgtgatetgtgagetgtt
gaccagattaaaaaggaagtgagaataaccaggceaagatttactcctagcaaaaccttactggcttctagtg

actgagtcctttcectattgcettaccagctatctttttaattactagttttaaaatcttgccageaatgtcaatatcaa
atgaccaagaatatcaaactcattactctgtatgtaaatgagatagtgtacttacccctatggcttaagtattagg
ctgttcttgcattgcectaaatacctgagactgggtaatttataaaaaaagaggtttggccaggeactgtggat

caggcctgtaatctcageactttgtcaggcetgaagcaggtgtaatggtgagecaagagttcaaacttagect

ggacaacaaggtgaaaccccctctctgcaaaaaatacaaaaattatctgggeatggtggcatgeacctgta

gtcecagecacccaggaggctgaggtgggaaaattgtttgaagetgggagtcagtgattgcagtgagecat
gattgcaacactgcactccatccagectgggegacagagceaagaccctgtctcaaaaaataaataaatgaa
taaataaataaaataaataaataaatagaaaagaaaaagaaagaaaagagatttatttgcctcatggtictgea
ggctgtaagggaagcatagctccageatetgctictggggaggcctcaggaagetgttactcatggcagaa
ggtgaagcaggagcttgcacatcatgtggcaaaagcaggagcaagagagagagaatggggocagggaa

gaagccccacacttttaaatgaccagatcgcatgagaaatcactegttacctcaaggacagtaccaagagg

atggtactaaattcctgagaaatccacceccatgatctgatcacctegtaccaggecccgecttcageattgg
ggattatgtttcaacatgagatttggatggggacaacatccaaactatatcaccttgcatagtaggtagggtttt
aaaaagcagtttggcacagtaagaaaagtacagattttttttgcatcagacagacctgagttaaaatcccaget
tcactgctaacatgctaggtaaatgtgggcaagttaattaacatttctaagectttgtttcctcactggtaaaaca
agtatttggaaatatcattgtgaagattagaaataatacatgaaaagatcctaggatgctgtctgtcatacagta
gtagtagtaagaagttattcttgccaaagattgttgagaatggcagaattatctcagttctaagagcetatagttte
taattatttgagcctagactcagattcatttggagcagctaactgctcaccaagagcttattttccatcttaccaat
gaggttatgtgccctgtgtttttaaaatcagtctacttaaccaagagaacagaaatgacatgagaattaagtaat
ctcactttctctgttatttaggatttattcctactcaaaacctgagagttgctatgaattcaccattaaagcacttatt
aatatacatgggttactgttataaatagcaatagtattgctattgtgtgagttaggtgttgaagticaagaaagga
ataaagaatatttagaagatctttgaaaacagtgtctgggtacggtggctcatgectgtaatctcageactttgg
gaggccgaggcaggcagatcacttgaggtcacgagttcaagaccagectgggcaacttggcgagaccte

gtctctacaagatatacaaaaattagecgggtatgttggcatgcacctgtaatcccagetacttaggaggctg

aagcacaagaatcacttgaacctgggaagcagaggttgcagtgagccaagattgtaccactgcactccag

cctgggcaatagagcaacactctgtctcgaaaaaaaaaaaaaaaaaaaaaaaaagaaagaaagaaggaa
ggaaggaaagaaaaaaaaaggaaaaaatgcaaggaaggtatttggtgaatctataataataaaaatgtattt

gtcatttectttttctgtgctctcatictataaaattgagtaaaaaatctatatatagtttaaacacattaatagaaat

cacaaaagttagctgagtcaacattgtagaaacataatatttctgtatgtcaaagaaatagacaacattaaaaa
gcagaaagcaattacaaagaatgattataagaaacatcacaaagggttaatattttaacacatttgaaactcaa
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aaatcactgagaaaagcagtagacttccataaatattttatagagtagaaaaaataggccaagcacagtggc
tcatgcctgtaattccagceactttgggaggecgaggagggtggatcacgaggtcaggagttcaagaccag
cccggecaagatggtgaaaccccatetctactaaaaatacaaaaactagecaggegtggtggcaggtecct
gtaatcccagctacttgggaggctgaggcagggaattgcttaaacccttaaacccgggaggtggaggttgc
agtgagccaagttcgcaccactgcattccagectgggcgacagaacgagactcetgtctcagaaaaagaaa
agaaaagaatagaaaaagaatccatgggcaggceacagtggctcatgcttataatcccagtactctaggaag
ccaaggtgagaggatcaattgaggccaggagttcaaggccagectgggcaacatagecaagactttgtetct
attaaaaattttaaaattagccaggcatggtgacgcacacctgtagtcccaattacttgggagectgaggeag
gagaactgcttgaggctgcagtgagctatgattagaccactgcactccagectgagcetacacagtgagace
ttgtgtcaaaaaagtaaaaaaataaaaattagccaggceatggtggeacatgectgtagtcccagetactcag
gaggctgaggcaagaggatgacttgagtctggaagatggagactgcagtgagetgtggteatgecactge
actccagcectgggtgacagagcaagaccctgtctcaaaaaaaaaaaaaagaaaagaaaagaaaaataaat
aaaatttattcaaatacaaaagtgatgtggtttgactctgtgttgccacccagatctcatctecaattgtaatcee
cgtgtattgacggaggttcctggtaggagatgattggatcatggggatggtticcectetgetgttctcatgata
gtgagtgagttctcatgaaatctggttgtttggtaggtgtctgtcacttaceecttctttttctetctectgetgectt
gtgaagaaggtacttccttctectttgecttccaccatgattataagtttcctgaggecttcccagecatttggaa
ctgtaagtcaattaaacctctttcctttataaattaccgagtctcaggeagttttttatagaagtgtgaaaatggte
taatacagagacttggtaccaggagtggggtactgctataaaaaataacctgaagatatggaagcgactctg
gaactgggtaacaggcagcaattggaacagtttggagggctcagaagaagacaggaagatgtgggaaag
tttggaatttcctagagacttgttgaatggctttgaccaatacactgatagtgatatggacaatgaagtccagge
tgagatggtctcaggtggagatgaggaacttattgggaactggagtaaacgtcactcttacatgttttagega
agagactggcagcatttttccecctgecctagagatctgtggaactttgaacttgagagacatgatttagagtat
ctggcagaagatatttctaagcaccaaagceattcgagaggtgacctggcttttcctgaaagceatacagttatat
gtgctcacaaagagatggtttgaaattggaacttatgtttaaaggggaagecagagtgcaacaaaagtitagg
gagtttgcagectgaccatgtggtagaaaagaaaaacccattttctggggagaaattcaagetggetggaga
aatttgcataagtaacgaggagctgaatgtgagttgccaagacaatggggtaaatgtctccagggcegtttca
gaaaatcttcagggcagaccctcacaacacaagectggaggcctagaagggaaaaatggtgteagecag
gcecaggceccaggecccagcetgttetgtgcagecttgggacatggeacccetgtgttccagecactccaget
ccagctgtggttaaaaggagccaaggtacagetggaccattgettcagagggtacaaatcccaagceattag
cagcttccatgtggtottggotctttgggtagcacagaagacaaaagttgagcetttggaagecgetgcctagat
ttcagaggatgtatggaaacacctcgatgtccaggceagaagtetgetgcaggggcagagecttatggagaa
cctetgetagggcaatgcaggggggaaatgtgggettggagcteccacacagagtecccactggggcact
gcectcatggagcetgtgagaaaaggaccaccatccteccagactccagaatggtagatccaccaacagattge
actctgegcettagaaaagctgcaggceactcaatgecagectgtgaaagcagetgcaggggctgtaccctge
agagccacagaggtggagctgtccaaggecatgggageccacccecttgeattagecatggagacagggga
tcaaaggagattttggagatctaagatttaatgaatgccctgtcgagttticagacttgaatggggcctgtgace
cctttgttttggccaatttctectatttggaatgggaacatatacccaatgectgtacceccattgtatcttggaag
taactaacttgcttttgattttacagactcaggcagaagggacttgccttgtctcagatgagactttggacttga
acttttgagttaatgttggaacgaattaagacattggggttctgttgggaagecgtatttggtttgaaatgtgag
aaggacatgagattttggagggoccaggggtagaatgatatggtttgactctgtgtctccacccaaatcteat
ctccaattgtaatccccatgtgtcaagggagggacctgatgggaggteactgaatcataggggcagtttcee
ccatgctgtttgcatgatagtgagggagttctcatgagatctggtttittggtaagtgtetgggcttcceectttte
cctetetctectactgecttgtgaagaaggtacttgettctectttgecttctgecatgattgtaagtttcctgaggt
ctccecagcecattcagaactgtgagtcaattaaacctettcctgectattctcaggcagttctttatagcagtatg
aaaatggactactacagaaagtgtgtaactttaaactcagtagtatccaaagaagtaatgaaaatggagaaa
cgaacaacaaaatcatagtacaatatggtgtatgtactaggacaggaagagcccttttaagaagagatctatg
tatttccatttgtttatctctgaaagaaagcaactttgccttgtattctgaaaaagaaaggaatattttattttacttgt
aaaaatcttacaaggatgctagtctaaatatagttttcctaatttgccagagaatccatgaagatcgagttgata
acaagatcagtgaagtaaaggtcagtgagttaatctcacagcagctgcaggctaattccatttccagtgaaaa
acgtcttgattgctcaccacatatcttttcaccacaaacagtttcagtcttaagatcacatgttgcaatccatgag
aagtaactattaagccttcaactatgactggagggctcctegecctttctgataaattgactggacaaaaacte
aattttaaaatgacaagaaatagaagatgtataaatgtactttaaatgtgaccaaaatgggttgtgaaaacaca
agacacaatatccaaaaatgctggcaacacagtacactgtagagtattggttgtttatttacccttgetattgtgt
ggctgagcettactgecactgeccagceattgcaagggcatcaaactgectatcactagectaggaaaagate
aaaattcaaaattctaagtacagtttctactgaatgcttatcacttttgcaccattttaaagtaaaaaaatcagtaa
gttgaaccatcatatatccaagattgtctgtatataaatattatacatctttctctcacttttaaaacaaaataatact
agccaatactaccattctcaaaagcacttgtgtcaacagcectttaccecttaaagattttcctcacaattttaaaa
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ttgttacttactattttctttgaaatgttgaccaaacctggattaaaagatttgggogttttagtgactgtatttcaca
aactctcttattgattctgcagcectcacttctgectcctaaaaagcecctcaccaaggtcacgggggatggctet
tttcagcectettectggeatttggtecagtggcatttggeattctaggacttecctetttgtctttgataacteccte
tettectgtgttectecttgetgtgticacttgettcgetttctictttctgaageatgtttacacagtgttttctctgatt
gggcctgtgacgttctttaggtcatcttttccacaaataatgettcaactagtacttgegtgcecagtgactecac
gtcecactcatgagetctgaacctagtaccagcettctgetggacatctacaatgggatctctcacaggectete
tcattggtaacatgccccagectgaactcatctceccacccatctatccagecatgetctetagttcacctgaac
acttgggtgtcatcctagatgctttcecttcccagtcttctgtgatcattetgectcatcagaggctetetaatetg
tettctttectatatcgetettgtecctattttaatcctaatcatctatttectgacttattcattecttaagttggtcagt
aatttaattaaaaacagatttaggccctgaccttaaatgtgataagtgatatgaaaggagatgactggggaaa
aggatttccctcaaggaaggcectctgtgaagectgaagcaagaatgaaaacgagtcagacgaagagaga
attgtatgaatgaaggctctgaggcaggaaaacactcagatcattccagaatcacttagaagccaagtgaag
ccagttcctggagagcagatcatcaaatgaagatggaaaggtgaccaggggccagacctgtagttttggte
ggccttggtgagggatttacagtaggacaccccatggtttaagtatgaaagtgacaagattectttaagtttta
agaggcctcgaaatatgaaccacagattagatggaagctactctcectgtgtctggacttittagaatttccaa
gagctgcetgtttctggaaccagattaatacaagtcagtcttccatttatttatttatgtatttatttgagacagggtc
tcactctgtcacccaggetggggtgcagtggcatgaacacagcetcactgcagettgggggctcaagagate
ctectgectcagectcecatgtagttgggaccacaggeacctaccacccagctaattttatttgttgtagaaat
gaggtctcattttgctgcccaggcetgttcttgaactettgggctcaagegatcctectgcaacatcttcccaaa
gtgctgggatcactcttccatttaacatgctatctcaacgtcaagataaactttaaaatctttagataataggetg
gcattttacttaaacgatctttacticttcagaactgccattccctataaatatctggttcttcaaccacatcaaace
acttgtgatctcaaaaagcctcagegtacactgtcctttetgtcattctaattcctectcatecttcaaaatcaact
caaggaccagatccagggagaagcttagtggtgeccacccgaaccggecccctecttegagttgtectge
cattcgggcccacctcttcacacagggttgtcagaccagaccagcetcatgegttcaccgeccttgcagggat
gggatgcagcetgtgcacctetcagtgecgacacctggagagtctcacgaaatgtigacaacatggectgttt
ccatttcttgttcactaggacttctcatttactaacacacagaatttcctgtagtatgtccacttaatcagttcaage
ctaataattccttgatttgggtatagtgctttgcatttatatactgatggtccccaacttacgatggttcgatttatg
atttttcaacttcatggtgatgtgaaagtgatacacattctatagaaaccacactttcaattttgaattttggtettttt
ccaggctaccatactctaaagatagagccacagatcccagtcagecatgtgattatgagggtaagcgacca
atactctacagtgtattgtattgccagatggttttgcccaactagectaatgtaagtattctaaacatgtttaaggt
aggccaggctaagcetgtgttgctcaticagtaggttaggtatattaaatgcattttcaacttatgatattttcaattt
acaatgagtttatcaggatgtaactctactataagtcaaggatcatcttgtatagcacttttaatttatagagtcee
ttcaaatgtttgtttgtattttatttccactgcatcectgtgaggataccataagttatacagctaacaaaacagtta
gttttcctgtgcaaagtgatggcticatctigtggcagattacctggaatactgtggccaaggceatcttagttcta
ctgtctttatatatctagtacagttatatttttatggcagctctgatttcttctitggcccaagggttattaagagagg
gaaaaaatttaatttcttaacagatatatatatctatgtcaagtcatatatttaattcaaacccttaatattcctaggt
aatttttgtctactttctctgtcaaagattgaaagatacagggttttaagtttccaactgtaattgtagttttggtaatt
gttttattactaacaggtattgctctgtatattttgatgttctgttattcaatacataagaattcattacagttgaatca
tcatgtatagtataatttaccaatgtaaaataacctttttatcaaactgagtattcaccttataatgtcctctgtcag
aggattataataccacttaaaaccttttaaaaaatattttgttcctgataattttagctttgagtggttttcttataaca
attctagagatgcgtttttattttttaaccaagatttaaagctttgtgatttagtaagagtctaaaccattcacagttc
atgcttttttgtcaaatttctattatttagtattttcctctettttatattttcctgttattttccatttctattcttttgttagac
tggaaatttttctitgctttcttttatcctagtgatttgaaatttatgtaatatatactattctacaataccctttatttgtt
ttcaatatttgaacctatatttttcaacattattaagaataaaatagtatttgttgctattttgaaatgatagaccatgt
ttttaaggcaggttggtegttgttaaggcaccagtatcggecaggceacgatggcetcacacctgtaatctcage
actttcggaggccgaggtgggcagatcgtttgageccageactttggecgatactgtggtttactgtattttgtt
ctagtttattttatggaaaatgggaattcagtggttaagacaaggattaaatagcagaagaaagatgtgtacat
atgtacagatgtatgtgtcctttatatgttttttagtactcttgtctectttetggtecteatttaaggttatctatttcat
gcagtaaatttttcttcacaattcatttcatttagagagtgaatgctaccttccaagtgggctttctccagttttcctt
tcagggacttaaaggagaagtgatgttaacagttttatatttccattgeattttacagtgtgcagatgtcttcacat
atatttccccatttgagctttacaaaagceccttagtattattctcattgtctagattccaaaatcaggcttagagga
gttaaatagttgtccaggatctcaagatgcaagacccacaatcatgaacagaggcagatgttcaggatgga
ggcaagctgaaactcaaaaccaaatcattatgactccaaattcaggagtettttagetgecacctgeatgggc
tettggtgtagctgaccaccagagtttgtagagcetgtcattcaggtgtgccatggactttcctgggacctggea
caggagaaggactgagttaatgtttgctgattaaatatctgttacaggctgggcgeggtegctcacgacegt
aatcccagceactttgggaggccgagcagggaggatcacttgagctcacaagtitgagaccagectgggea
geatggcgaaaccccegtctctacaaaaaatttgaaaattagetggecatggtgatgcatgectgtagtecca
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ggtactcaggaagctgaggtgggaggatcacatgageccatgagattgaagcetgcagtgagetgagatgg
tgccactgceactccagecttggccatagagecagaccttatctcaaaaaaaaaaaaaaaaagttacaataat
cttcecttcaaagcetggaaggcattatttacctgtctgtccagcagatggtgctacataaccaagggaatctgt
tgcttgeecttggtgaagctattaaagccaatacagatcttgagaatttcaaaagcaaaaatcaatactggatt
atgagtgctctaggaaaataaagagataaattttcaatttacatacttatatatagttataccatatttgtaaataaa
aatatataaataatttatcaaaattcctttttaacagcaacaaccacagtaaacccacaggttaaaaactccaca
acagtctatattaatcagtcaatgcaaagtacattccaattccaagttaactgaaaataatcaacttaatcatttg
gttggctctgageagecttcactgettgetettgtgteatgtttetttetgtectecgattggetatagacttacaga
cggcttttgcagaggacagtgtactcatgtccatectttgeatectttgtgggagttggctaggcageactcete
cctggggacactatgaactectcttcttgagtgcagagatcacgtcttgttcatcticatgcccaataccttgttc
cataaatatgaatggattagaattctaaactcttaactctgecccaagacagtictgagaggtagtaagtcatat
aacacctgaagaggactgttcttgtcctaattacattaggttataagatgacaggtgagggagcecaaaccag
ggggcctggaaattattcatacatctctagatacagtatacaagttgtgtgotattatgtgtatttactctgtaattg
attgcttgagatgaacccccaaacacactegtgtttggatcattattatctaccecttetecttaaataatcettaattt
cctatgatgcttgaaagggaaagaggggccaggtgtegtggticacacctgtaatcccageactttgggag
gctgaggtgggagceatcacctgaggtctggagticaagaccaacctgaccaacatggtgaaaccctgtete
tactaaaaataaaaaatcagctgggcatggtagcacatgectgtaatcccagcetacttgggaggctgaagty
ggagaatcgcttgaacctgggagggggagottgcagtgagecgagatcactecattgeactccagactgg
gcaacaacagtgaaactccgtctcaaaaaaaaaaaaaaaaaaaaggcagagtggggaagagagcetgcat
gaaggagagatttactaaatagtacttaatcccaaaataatttctataggtttgaatatgatccctgaaatttatta
taggttcaggtaagtattaatcacgggtattcagaactgtggtttaaaaaatgtatagaacatgtttccttccect
tgaaactttttatcagctaattataggaattatattatacctgcaatcattaaagtccagaatgagacagtacttg
gtaaagtgctgaaatttataataaatgcattatagcaatccagttaaggaggaagagccaccattattgaacat
ttgttaagtgtcagccattgtactagataaattttagttattatttttatttaggcaccaaaaaatccatgggatagtt
ggttatccecatcttactgaagaggaaactgaagctcagaaagtttaagcaacttgcacaggtcacatagea
agtaaggagcatggccaggaatcagaccctgatcetectttggtetactaagettgcaaaggatcttcecgect
ccttccaagaccattcaatattatcagtaaatgtccatggcaaggatgtagttcgagttatagggttccattcaa
gatatgattggtaggtgggaagcagatatgtctgtgtcaatcagtatcctggaagaaggagatgatgaactc
aagtggtgattaagggaagtttaatgaagggactatttacagagatgtggtggggttaagagaaccaacaag
gggaagtgatgcactcaaaaagttactacctccaggcetttaggggattggoooaseegagtogcacagtat
gaacccagtgtggttgtgagaaaagggattccctcageagecatggecaaggttagagtetccactgecaa
actgcatccaggtggtgagggaatggagaataggggtggostaacaaactctgacctcggtatccccaaa
gggcaaaggattccaggtggtacagticgtaaagattagectcagggcacagaacagggcagagaagaa
tggagaattgatctggaggaaacaaacaatggcttgeccatgttattgcagggagagtaggctggtatgcac
agcaggagggtgggoagcccagcatatagctgtgttggggcctgtgecagatcagectcactggcaggga
ggatctgagccgagaggtggtggaagatgaaatcgagtaggcatgttggtagtcctaaatatcaagtaaac
gttcctgatcttacattgatactcaatagtaagccaattttgtttcccataagcecaatattaatattacgtatttctttt
ataagccagagatatagagagataccctagaagaatgataggggaaaggaaggcaagggtgagagaag
accttgtgtgaatttgtccaaaatgtttatccacagGAACAATCCCTTTGTGAAGGCTGC
TGGTATGTGAATGTGTGCCGGTTCCCTTGGGGCGTTCATTTGGAT
CTTTCTGTGTTCCAGTGACCTACGGCATGATGAGCTCCAATGTGT
ACTACTACACCCGGATGATGTCACAGCTCTTCCTAGACACCCCCG
TGTCCAAAACGGAGAAAACTAACTTTAAAACTCTGTCTTCCATG
GAAGACTTCTGGAAGgtatttgcaaataactttgaaagtacctctctatcacagaaaattgttcat
ttggcttcatcatttcaatgcatgagtatcgacaggacctgcetttgcatttaacactgtgtgagacgtaagttatg
gtgagttgttagaagttactgticctactctcaaagggggtaaactaacattgagaactttgectgtgecttgea
ctgtgctgagtgtttcatatcttaccttatttaatttctatagtctaactctataaggtaagtactaagactatgecct
agtttgttaatgaggaaaatgagattcaggatgtttaaatgcgtatggtcacatggctagggaacaagaaaaa
ttgatttttttctagcctgacagctacttcatcctagtttgtaattcattccatgagtcaagattcaataaatatttatt
gagaatctcctagaatgtaaggccaatgaagggcagtgtggtictictgtettgcticgecttttgtgttttgtcte
tttgttgatgatggcatgtatccccagetcttagaacagtgettgattcaaagtaagcacattctttcaaaggtcet
getgttggtggggcttggtggctcacgectgtaatcccageactttgggaggccaaggcaggaggattgett
tagcccaggattttgaaaccagcetgggceacaacatagtatgactttgtctctccaaaaaagttaaagaattage
agggtgtggstgotacacacctgcagtcccagcetactcaggaggctgaggtgggagaatcacttgagegatt
gcttgaggtcaaggetgcagtgagecatggcecatgctactgeattccagetggggcaacagagtgagace
ctttctcaaaaaaaatcccccccaaaaaaaaacccaaaaacaaacaaaaaaggtetgetgttgtgaagttca
acccaatccageccctteccaagtigtcacaaattccaacgtagttaacagtataccaatgagtgataccaca
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ggaaaaatattaaactgatctgagggatatggggcttggaatctaagaaaattggaagggaaattgaaaag
gaaattattatttctccttggggagatagtttctaaaattcttactacaccctggggtcagagcetgttgattttaag
gatagagacaactgagtcacaggaaactattcatatataaaagtacctggcatccaaaaccacacttgtataa
tatgaatctttcaccatctgagtagggcaaatcagtctatctctgttgatcatctgacaaggatagcacactgag
aaatagatctgtcttccctacaggcatagctagttgtacaaactaacaagagacttttgtatacacattccatga
tgataaatgccaatcactaaagggacgaggagggattggagagttcaccatacagcaaaatagtccagac
aggtgaaaggtctatcaaatgccaggcetggtaatcaaaactgtagecttttctctaaacaaagtttagaaccat
gattgtgtgggacattattttaataagggaaagtgcagttaatcatgaccccacctttagtccaagaacaaaaa
tcagagctgecacgtattaagtacccactetgtgecaggtgcagtaactatgcaaaagatgggttttccagat
gcaagaaccttggttcagaggaccctgctcaaggcectcatagctaacaaatgatggggcaagatgctatee
caaatctctctgacaacaaaactcattcttatcactctactattttcatagagttgccaaatgettggttatgcaaa
cgatgcaggcaggggceaagacageggctgagettggaactttttcagagatgtttectttgettttag TTC
ACAGAAGGCTCCTTATTGGATGGGCTGTACTGGAAGATGCAGCC
CAGCAACCAGACTGAAGCTGACAACCGAAGTTTCATCTTCTATG
AGAACCTGCTGTTAGGGGTTCCACGAATAC

premrna
ENSTO0000
0508588.5

AATGGTAGTAGCCACTGGGGAATCATTGCAACTTATAGTGGAGC
TGGCTATTATCTGGATTTGTCAAGAACAAGAGAGGAAACAGCTG
CACAAGTTGCTAGCCTCAAGAAAAATGTCTGGCTGGACCGAGGA
ACCAGGGCAACTTTTATTGACTTCTCAGTGTACAACGCCAACATT
AACCTGTTCTGTGTGGTCAGgtgtgtactgaggacatgcatcectectatttetgtgtggtt
gtacatacatcctattctggggttagccagaaaaacctttgectgcagttagetacatgaggatgccaaggac
ccagacggatagcaagggaggggtaaaaactgaaggcttaccgaaataaaggatatttgaggaagggag
ttgggatcctagaatattacgagttggaaagaaccataactctggtccaagttcatctcaatgetggaaccttte
cagaaaaagtattgtgtttttctaacatctgtctttacccattataaggatggttagtgccacatgttccatcacca
agtcceccggcecatcaaatcttgactcatttcctggagtttctcactctcagatgagcectetgetattagcacac
aagcacagtaaccggagtgcttgtaggatgctcagtaggatacccaggttacctgetegtgetcagggctac
caaaggcacgtaaagttccttccacagatectgggatgttgecatgatgaceectetgtgagatagtaacaaa
aatgacaaagattccactggcttgtctgggactcttcttcattcatttattcagcaaacattcattggacacttaat
atgggctaggcattgtictcggctcttgggacatgtcagcaaacaaaataaagatccgeaccttggeagage
ttgcatccaaccaggaggagactagagaataaacattaaacaatacaaataaatagtatagtatattagaagg
taataggtactattaaaaagaaagaaaaagcagagcaagaggaagtcagagttcacccactttaatcttcct
ggtgagcatgtcagcaacacccaaacatcactaacatggattattgcatgtatatttacacataagataagaa
gtgtttattctcataatagtctttgtcatcattcttgaggttaagttcaattctgctttatgtggcttgtiggattgtee
cagtccttgtatttaacaacatttgcagaaaatagtaccacattaaatcaattatagattatcccttatccaaaatg
cttaagaccagaatgtttgagatttaagaaatttttcaggttttggaatgtctgcatatatataatgagatatcttg
gggatgggacccaagtctaaacacaaaattcatttatgtttcataaatgaaacttaatgcacatagectgaagg
aaattttatttttcccttagggatgttgaatcaactgttgtgtgccageatgttgacaatgacctgtcacatgaagt
cgggtgtggaattttccacttgtgcgticatggeggtactcagaaagtttgggattttgaagcattttatatttca
gattttcacattagaaatactcaagctgtccttgcetcacagtggccaaaaaaaaagaaagaaagaaaagaaa
tactcaaccagtagtccagtagtagttatcactagaaatgaatgaaaatctattgcagtattattgagtttttccta
attattccagtgcagataaaaagaaaagaataaaaaggaagagaataaaaacagagaggceaactctgatat
tttagtaaattctatttatagaaggtcttgagtatttcttctgeticcteccttactttaaggatgaacattgttaaga
caactgcttcatttctctatactgtttttctaagtttctggaagtggttgactactgcagggccagaatgggecag
agaaatgacttgacacttgaaggccacttccttcecttttgagttcccaatgaagcetgtcacatacaaggctett
ggcttcagagttgctctectgagtttttgattctcaccectactctctaacacatcaaataggaaagaaagaaca
ggagaactgacaatgaaaaggaaggaaaattttcacacttctctgaccagttctaatttaccatagtcctgttett
acttgattattgctcatgcatgtgtectgtatgctcaggticcaggtgeggctacctgtectgtaatggcagaga
tagtgatggctagtagctgactaaagggcttitaaatgtctcaaaatgaagcagctagagattctatttctagtt
agaaaagaagtctgtatcattaactgaatcacccagctttctcagtgtgacacctacaaaatgggcatttgaca
agaaaaaaaccctcagtccagttatggtaaagcagtaaagatcagagcecatcagtatggatgtaaaatagtg
tatgttttagacaatcagacatctattgagtacccacctattaactataaggctctgggaagaagagagaaaac
taccctggaggacaaactatttgatgctatttaggtgttacataatgaatgaatgactcagttcctatctttatata
tgtacaaaatatatcctacttctcaaccagattacacatgttttgagtggatggtttatatttctttatattcttcatgt
tgcctagtagaaggacttgaatttaatagaagtcctagggccaggceatggtggetecttectgtaattccage
actctgaaaggcccaggceaggaggatcatttgageccaggagtttgagaccaacctgggcaaaagggca
agactcagtctctgccaaaaaaaaaaaaattagttgggcatggtactgcacacttacattcccagetactcag
gaggctaaggcaggagaatcccttgagecctggaattigaggcageagtgagctatgattgcaacactgea
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ctccagcectgggcaacaaagcegagtecctgtetcttaaaaaaataataacagaagtcctagaaaagtttgtat
gttgatttacttttacattaaaagtatatggcatgttgagcagcgtaaatatagaaaagtgtagggaagactga
gcaggaagtactcctttgggactgaaagacctcaggaagtcttattcctttgatggcacaaaattctccaagta
tggaattattagctatgataaaaatgttttgccgctagtttggggggactcatggtagcagtttcattaccttgta
atgcatgaacagaacagatggacatccattcctggctgtattcatgtgttgtigtigttatigttttaattgttcttat
ttacatgcaggttattggttgaattcccagcaacaggtggtgtgattccatcttggcaatttcagectttaaaget
gatccgatatgtcacaacttttgatttcttcctggcagcectgtgagattatcttttgtttetttatettttactatgtg gt
ggaagagatattggaaattcgcattcacaaactacactatttcaggagtttctggaattgtctggatgttgteat
cgttgtggtaggtttgagaacaacaccaaatttcctattctattctacaagcatgttaactagagtctttgatctee
tcagcattgtggatcttgatattcccaaaaaagaatctaaaagtcccectcaattatatcaacttctgttactaatt
attttctcattttgcatgagtaactttgctgagtatgaagtggagaggtatttacagtatgctctcagecacgeta
ataacaagagtatctcagtaattcatatttggctttagtatgccgtatgagatgtggaggagaaaacagtttttttt
ctttgtttttttttccactaatgatatttttcttcaactgctggtaaaaatcaatttatattttcctgeacatgtgtgaagt
tacagcaataaaaaaacttgtcggccaggtgtggtagetcatgectgtaatcccageacttggggagecca
aggcaggaggatcacttaagccccagagttcaagcccagecagggtaacatagtgagaccctgtctttaca
aaaaaaaaaaaatttaattagtcaggcatggtggcacacacctgtagtctcagetattccagaggecgaagt
gggaggatcatttgagcccaggaggctgaggctgcagtgagctataaatgcaccactgeactgcagectg
ggtgacagagtgagaccttgectcaaaaagaaaagaaaaaagaaaaatcatcctgaaaatattitgtgcgg
cagagaaaactttctgcagtttaaaattttctgcaaatagtctgcagagtacaaatgtaagttatattcatcaaag
ttttctgtatgaggtataagaaatcaaaggcaggcecatgcacagtggcetcatacctataatccctgeactttag
ggaactgaggtgggaggatcacttgagatcaggagtttgataccagectgggcaacatagtgagaccccat
ctctaaaaaataaaaataaaaaataaatcaaaggceagagtcataatcaagaccatgacaccatgtaaattctg
tgtctgetettgactctattataacttctaagatttttttcaagatgttttcecttcatecttatcacttaattaagcate
cgtcacttecttectgtggtttcagtgtataaaagaatttttacaagcettttctcecttcagcaataacaggtaaca
tttcgctaagtccagttgtacatttaagcatataacaacatgcttaattattagatgcttacaagcetttgcttggeat
aggtgtaccatgtattattctatgtctttccttcccactgtcectatgatagecattacctictgaaatctcagtaaat
gatgcactaccctattagcattctctettetgttagecctecttatgagagttattctttccctcatceccactectaa
aaattcatttggcectttgtggagtatttagatcaagtcattattaaactattccccactagaattattaatagttgat
aaaatatggaaaatatattattcatatgtgagtgaaagaacacttaaagcataaaaaagaactacatggccata
tattgcatggcaataactatattagcagcaataataattgtaatagtaataataataatggctaacactttagaag
cttetgtgttaggcatttcegggtgctittcatggtacagaagetcatttgttcctecatactaaccctcettcactact
ctgccactgcectctcaagecatggatatgtgcactttagagtttttacttaaagtaaaaattcctgtagaatagat
ggtgttgaccccatcagaccgtgatgcagttagaagtgcatecegtcttttacgatggccatacaacatcaca
caaatcaaggtaaacccttgatccccaaattctcaatgtattaataatgaacagagttacacaagaattttagca
tttaaggaaacaggagagacgataatactggaaataatttttcagaatatttctgttcggattgatggcagagt
gcaggccatatacattgacaattattccagaacacaattattgtttggagctaaaaggatgcaaaccctgecte
ttggcttatatggatttatttatgtttaggccattgaaataatggtagaaaggtaagtatgatatgctaattaagaa
cagacttcctttttatattttaaccaaagaactcaatatcaacaaaagactagtcagtggtattcaccctttttgat
catacacacctatcagtgaaagctttgactactacacaccctaatttattatctttatttgtaaattgtgtgcctact
ttggtgtaacaggtacatccgtaaaacatacacatacatagaattttaaagattggaataaaagttaatacaaat
agaattccaaaactttcttaccacctacctagaagttgtaacattttcttcccatagcccagtgaattgecttgea
cctgetttggcgaccaataggaagaaaggcaatgatatcatggaaattgtctetitggctcaacagecacag
cattttgcaagtgtttctttgaaaacttgcttcactgtgtttttcaattttttttttaaacaacacttaatactgccagac
aacaattcagacagtgtgctttttgtttataaagaacaaggaagggctactggaatctcacttgtectttgaaac
ttttgctgaccaagtgtagaagtgagggcatgccttctgetcacccacaaaacacacccetgtgetecactgga
ccttcaaaccagtggaaagacccaacgctttttgttttatctagccaaaatttgettatgcttacccaaaacctga
aaagaaattatattcttaatataaatacaatcacatcttgaaatcactttgaaattttctttattttecttttttctttcce
caacatatgttctgaagtacacaggctgcatcagtcagecatttgtcctgagcaatagtctttcaaaactagaa
gaattacttgaaaaaaagaagactattaaggaatttaaactcaaataatttattgaccacttgctaggttgtaca
gggtaaattttettettetttettttttttgagatggagtettgctetgtcacccagactggagtacagtggceaccatet
cggctcactgcaagctcetgectecegggttcacgcecattctccctectcagectectgagtagetgggactac
aggtgcctgccaccatgeccagcetaattttttgtatttttagtagagacagggtttcaccgagttagccaggat
ggtctegatetectgacctegtgatecgeccacctcagecteccaaagtgctgggattacaggegtgaacca
ccgegectggeccgactaattcatttattcagegagtgttttctgagcacctactatgtacttgecactgtictag
gcactggggatacaggaatgaacaaaatcacccaaatctctgeccteccaattttetggtatggagagaaag
ttettttgtagatagggatgagaatcccacagaaaactcaggagtgatgtaacaatgeaaatgetcacaaaat
ctctttccteatctttcattcectatttggaaggaaaggtttcaaagacattgatgtigtataaatgaccatcettctt
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cattattttataaacatttgtcctgtgcagagtaaaaacaactggactgcataacaaattatacctattgagagtt
gggotaaagagttaccattggatccagtccaccaacccaaatgtttttctacatgtattagetgagatgagcetect
catctcaggagaagcctattcccactgcaggcecttcttgagtetgetgtgttcatcattcccaccaccaacaca
aaaatacaagattggctctggaaatcctticacagagaaggaaggaaaggaagatggtgaggottggcttttta
gctgtgatcagcaaccaagctggtcetttgctatgagaatcagtgggaccatgatctctatggtcatctcagga
agggagggctaatgaagtggtctctggccatgattcctaagaagagagaatggacagcaaagatcgeage
acctgccacageccacctgetgeagattcagaccecctggtgggeccaggttgttatgactaacccctage
actgtctacatttagtggtgatggatgccaaggaggggecagtgtecccttggatctgattgtaaagettaga
accaaagcatatgtggaaagttgtagggtcatgagttaagggacagaaatgagcaagagagaageccttg
gctcatatattcccactgcaggccttettgagecctetgtattcatcattcecactgtetttcaageccaagetca
tgctttgttctcatgggcactcatttttaggatatcttttgtcectettgactttatgttgtgtgataccaactctttagt
agttttttgtattatttaacttcatgtgtttatctgctettgagtctcgagggcaggatttatgcagtttacttctgttta
ttcetcttagceccttgecacagtgctgtatacatagacatctactatatttttgttaaacagagcaaagaatggctg
gcaattggagaatgcagagaaaccgaaaaattttaaatttaaaaatcacaaataaaaacagcaggatgaag
gcaagaaagcaaaagggtggaaagtgattaaaatgaaggtggcagaaaaaacagaaagcattcctctttg
agtttgagtctgttatagtgtgatctctictgtgtatgcatgtatgtgtgtogtaatgtatatgtgcacacacatgeat
geatgccttegttgagtttctattccgaactaaggaaatgcaagcaatatactgttttacttattttatggcaggg
cttaacactttccatttgagtgagtgacttttaagaatgacatcgggtaagtataatggtgagececttataattaa
tacattggtgaagaaaaatatactagtcatattaaggtaagtttcatatttctaaaacactgtaataaaatataaat
attttgcttttcagCTGTCAGTGGTAGCTATAGGAATTAACATATACAGAA
CATCAAATGTGGAGGTGCTACTACAGTTTCTGGAAGATCAAAAT
ACTTTCCCCAACTTTGAGCATCTGGCATATTGGCAGATACAGTTC
AACAATATAGCTGCTGTCACAGTATTTTTTGTCTGGATTAAGgtaatt
tataaatttcatgttctacattttaaataatattttctttaaaaaaaatgagttccacaaaatcatggaatacttgaat
ttgaaattcaagtgaccagccaaagetgctcaatatttactttgagacagggtcteactetgtcacccaggcetg
gagtgcagtggtatgattacagctcattgcagectegacttcccaggeccaagegatceceteccaccttatcct
ccgaagtcactgggactacaggcatgtgccaccatacccggctaatttttaaattttttcgtagagacaaggtce
tcattatgttgcccaggcetggttitgaactcctgggttcaagcaatecteccacctcagecteccaaagtgctg
ggattacaggcatgagccaccgtgecaggcectcatattttacatataaagtaaactattgagactcatgtgatc
attcctctcactgtcaatgacatacttctgctatctgaattagtgcaagatcagtecctataggttttgtttaacaa
atgcagtaagaggcctttcagtgtgttagetgggcctggggecccaggetgctaacagatgagatgaacag
gtgaaggaaaaggaacttagagaaagagagggaaggageaggtggagggaaggggagagtigetgea
cttggaaatgcttgctagaagggatcgcectcttttccaggtagaggctgtaagggaagctttacctagaattaa
ggttggaacagacactgcttccaaatagttccttgetcactattttecttattgtcccaagatataatgtgcatttc
catgtgtgtgaaaggttatgacatttcatatacaacaagcctcaattctggagatgcaggaaatttcaataattc
tcaggcagcagctgcecattcggtcaccagcacaggcetctgattgtgctgtccagacagtaagtactagecac
atgtgcctatttaaattcaaatttaaattagttaagcttaaatacaattaaaaacgcagttecttggtectactgge
cacacattaagtgttcaatggctactgtctaggacagtggaaatgtagaacatttccatcatcacagaacgttc
tcttgaaaagcactgttctggaaggtacttaccegttatgtacttttctgagttggtattcatacctagaagacct
gaggtttatcacaagacatagacttggaccaggcgcagtggctcatgcectgtaattccageattttgggagg
ccgagataggtccectgageccaggagtcetgataccagectgggcaacatggceaaaacctcatctetacta
aaaatacaaaaattagctgggegtegtegcacgtegcctgtagtectagetacttaggaggcttaggeggga
ggattgcttgaatccagaaggeggagggtecagtgagecaagatcgeaccgetgeactccagectgggec
aacagagtgagaccctgtctcaaaaaaaaaaaaaaaatgcatagactttatcctgtatttctcatgctatttattt
attgacatgcttgttcaagagaaaccatcactaaagcacaaaaccttgatcataacatagtaataataatcaaa
cagcaaaaataataatagtaataagaatgttctgtggteatggaaatgttctatattttcattgtcctagacagta
gccactaaccatgtataggcatggaacacttaacatgtggctagtaggaccaagggactgaatttttaattgta
tttaatcttacttaatttaaatttgaatttagatatccacacatgtttggatagcacagtcagagectgtgetggts
aaaggatggcaggtgctgcctgagaattactgaagtttccttgattattattagtttaataataataatcaagata
gtaataataatcaagatagtaataataatcaagatctcagetgggcacagtggctcacgceactttgggaggct
gaggcgggcagatcacctgacgtegggtttgagaccagectggecaacatggtgaaaccetgtecctact
aaaaatacaaaaaaaaaaaattagcetgggtgtggtggcacgtgectatgatcccagetacttgggaatctga
ggcaggagaattgcttgaacccaggaagceagaggttgeggtgagetgaatcatgecactgeactccagece
tgggcaacagagcagcacttcgtctcaaaaaaaaaaaaaaaagatctcaaatgaattgggattgtattaagt
aatgattaagtaatgtgattacagcaatcctcaagaaatatttcactgtggccagtaacaatgtgtaacagace
tttaaacttctagagattttcctacaacatgtgtctcaggctgatgtgttttatttagtgcttctettggaaatgtett
geccctegatactttatcattaaggtctttaaggcagggatcatgactctactttttettttettttttttttitgggacgg
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agtcttgctetgtcgeccaggcetggagtgcagtggcacaatcttagetcactgecaaccteegtetectgggtt
cacgccattctcctgectcagecteccegagtagetgggactacaggeggcetgeccaccacgeccggcetaatt
ttttatatttttagtagagacggggtttcaccgtgttagccaggatggtctcgatctectgacctegtgatecace
caccteggcecteccaaagtgctgggattacaggettgagecaccacgeccggcectcatgactctacttctaa
tatctcatcatgtgctcttccactgaggcttctacttagagctacacaatctgggceagcecatcctcagtgecttat
ctaccaacatgctcaatatggctttgcagggttcactgtctaccagcagggttcactatctaccaacatgetca
atatttctttgcagtcaggcagagceaggctttgcagttcaggcagggcagcetggcetgcaggecccagetga
ctectggggatagaatgccaatatttcagacattgcagagatttgaggcaatgtacataaagcectccacata
taactgatgcacaataaatgacagttaatattatgcaacaagaatttcctggggggttttataattaatttttatttg
tgtgaagttttttcccteecttttactttaatectttttggggg gaaageatcactagtcacagttcacggcagect
cgacctceccaggctcaagceaacccteccacctcagectectgagtagetgaaaccacaggtgtgtgccace
acacctgactaatttatttttattttctaatgaaacagaatcttgccatattgeccaggctgatcttaaactcatgg
gctcaagcegatectectgectcagtettccaaagtgecgggattatagatgtgagcecactgcactcagectttt
tetttttttttttaattgtagatagcataaaacctactgttttaaccatgcttaagtgtacaattcagtggcattaagta
cattcacagtgttgtgcagccatcgccattatgctgcattattttcagaactttttcattattctaaactgaaacttt
gtatccattgaacactaactcccaattcccccagteectggtaacctccattctactttctgtcactgtgagtttg
actattctaagtacctaatttaagtggaatcatacagtatttgtccttttgtgtcaggcttatttcactttgcatgatg
ttttcaaggttcatccatgttgtaacctgtcagaatttaatttctittcaggatgaaataatgttttattatatacagte
acaccattttgtttatccattcatctattgatgtcttctetctcttacagCTCTTCAAATTCATCAA
TTTTAACAGGACCATGAGCCAGCTCTCGACAACCATGTCTCGAT
GTGCCAAAGACCTGTTTGGCTTTGCTATTATGTTCTTCATTATTTT
CCTAGCGTATGCTCAGTTGGCATACCTTGTCTTTGGCACTCAGGT
CGATGACTTCAGTACTTTCCAAGAGTGTATgtaagtatatatgaaattaagaaga
aaaatttaatcagagttgtcactgcttctcaagaataaatcttcatatgaggttgctatatgaccaccaattattta
aaaccagttattttaagtaagaattaattaccttttcccaaaacattgatctacccatgcaaagaagacaatgca
tcctgaaatgctgatgcttaagatagcageccaaagtagtaaaatacagttaacagacataggaaaccaaca
ctgttctgaagactgagttttictttgcaccaaatgcagatggtagcetictagaaggctgtttgcctatattcttac
tectgttgaatattgttgccatatatttagaacttcaagttattttctaaggaaaaaaacaagatatttctaatattct
aaggtaaactcagaccagtacaagaattttcagtttttttttccaaagatcccaaatgtgaaataaaacaacaaa
aagcagccagtgtcagatttctatgccatttagaaaggagttagtttaaaaaggaatggaagtaataggotttt
gtgcatagatatctcgaattaatattgctgttgataaaagtgattttgctaagacccagcactgacaacacttgg
ccactttgatcccattttaagtacttgtcagaatattggatctttgaactcaaaccattttgggtttitgg g gttttttt
gttttgtttttttttgtittgtttgtttttgaggcacggtcttgetetgttgecccaggetggagtegcagtggtgcaate
atagctcactgcagcecttgaactcctaggcetcaagcaatectgetgectcagectgetgagtagetgggact
acaagtgtatgccaccatgectggcecaatttttaactttttttatgagaagggatctcactgtgtageccagggt
ggtattgaactccagggcectcacactgtectctcacctcagettccaaaagtactgggattacaggeatgage
caccacaccaggccctgttgttttttttttaaagaaatttttaactttagaccgagggtgactgttgtcaaggttta
gggttaagatgttttacctagattatgtgttgaaatgttatagccaattgctttataagttattgaataataattgtat
tttctttttttttttttttttgagatggagtetcgticcatcgeccaagetagagtgecageggtgtaatctcagetcac
tgcaacctetgecteccgggttcaagegattetectgectcagecteccgaatagetgagattatgggegea
cgccaccaagcccagcetaatttttgtatttttagtagagacggggtttcactatattggccaggctgtictcgaa
ctectgacctegtgatccgeccgecteggectecccaaagtgetgggattacagacgtgatccacegtgece
agcttgtgttttctttttaaccaaatggaaataacctctgtagcatgaaagcattttattattattgcagaaggcttt
aattgctgatacaagtagcaagactttgtaaatgggattgacaattttctgttattcggcagctacctatactget
aaaaggtccaaaaataatgaaatcatctttaagaaatgttgcatcaactagtggacattctttgtttttgtattgte
gtgtittgttttatttttatagCTTCACTCAATTCCGTATCATTTTGGGCGATATC
AACTTTGCAGAGATTGAGGAAGCTAATCGAGTTTTGGGACCAAT
TTATTTCACTACATTTGTGTTCTTTATGTTCTTCATTCTTTTGgtatgta
catttttatttatagtgaggttcaatttaaacttcgtaaatccttgtctictctittctctcacactttatgtectatcaat
tttaaataaagacccaggaagtagaaaaaagtgtegatgttggaaaacttattticcttttattaattcacagtttt
gagactcatatcaaatgtcttttctgtggtctttcattgatccatgtatatgtgtctattcaatgcaaaaaaaattag
atctcttccatggtctttcatttctctctctatatatgtatctattccatgcaaaaaagaaattagatcaagtacaaat
ttataaagatacctaaaatagtgctttgcctaaaaagtagaatatgcttacatgctttttaaactcatatgtcagca
ctitcgtagtcacttgctagcatgacttttetctetttctictttictttttaaaaaataagaacggaaaagcaagceta
gatctaagatgtcgagtaatagttgagtgaatcattgcatgtcaaaattaggatattctgtittaaattatttatate
ccattcatctagagactgcctacagagaatattcaaataattaagtttaaaactaaatgtaacaatgaatggaa
attgcattaaaattattttcaaaaataatttttttattctcttgatttggtacaaatgaacatttttaatgtttttgeccta
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agtcaattaagtttttttaaggtgttttgttctttttcttaacatttatatattcaattgtctactgagaaggtgttaage
cagcttaatttaggcaatatttttcatctaaacactaacagtcatcttaagaacaattttcttaagaaaataacattt
tttccatttcagtaaattgtgtaaagatcccttgaggaaggttaagtgatcacattttcagtaattcagtgtaataa
ctctaaagtcagtccaggtattactggttaagtatatggtatttattgattgggtattagatgtactgtattaatttcc
tgtttaaaaaaaattttttttccggggagacacagcectctggtgtaaaacaaaggtgtgticcctagetgtacttt
aacaggactgaaaaggtcaggaatatcattcaagttcatatgtatcttgctgtatgcatggtttatggcteattett
aaacttacacctcttaagcttcttcttcctatcatatattaaaacaatggagagaagaataagectcetgttactcta
ccattgatagtacttcggattctagagtacctgaatcetctactaagaaggcaaaaaccaggaattgagagtce
tgcacctgacccttcagttgatctcaggccacctagttttctcegtttatcaatctgeccaaacaaggatggatag
agtcgtggcaactggaaaggctcaaatgtggaattgtttgaatgtggtectttagtaggcagecatcttacca
gatctagagtattcagtcatcttaccagatcagtcaccagaacatgaaaagaagctcttagtttctatctttatac
taaaattgtttttitgtacgactgcacaaaaaagaattgctctecttgeacctcccagagatataggtggataga
tacatacatacgtacatacatacatacatacatacatacatacatacatagacacatacatagatagaagtcta
ctttcaatacaaacctgtcttttaaggaaatgacaagctgagcatagggttggccacctttctgagecgattge
ctggtattagtttattgccectgtttagcaagaaggcacagtgttaagaagtggctcagetgaaccaggataa
ccccactettcccccacatcaacaggaaagacatcctggtgcagatgtccatctgataattcagggaaccte
gggagacaggatggagaggagggtgagctagcettcctcttcccacaccttcaagagectttctcaageactt
tetattttttgaaatctctttagaggtcccagactttgatctgtttcaattaaggtattggcaggcattagttaacag
ccacttggaagcaaaaatagaacattagatccctgagttggaagagagaaggtagaaggtgttacttggact
gcaattatctgcacttggaattgagcatttagtcaaaaacttatatgtattctatattctattctcatttctgetacag
aattgtaaacaatattcttccttaatacagaaattcatagcccactaaaataagagcgttctcatttgttcatttcte
aatcatttaataagtatttactaagccactatatccatatatatatatatatcatatatactgtataatacacactgta
gtgttttttgtggattgtgtactatgaggtagtatgttagatactgccagtactggggtaaggaaaacagectga
ttaggcccttacgaagattcctcagacttgtggggaaaacagacattatcaaatagaaatacttgcaaaccac
agttatgtgttaaaaaggaaaaacaaagtaaaaaaaaagttggtegeooooaacctgatctecctggataca
gtgcttcgagaaagtttgttgttggaaatgcaaaccattactactgtggaagggaaaggtcagaaaaatgaa
ctcaccattactgaatagtaatagtagctatcaattaggtggcacttacctgcatcaggacctgtectgageac
tttacatagattgtctcactaaccagcccaacaaatatgtaagggagatactattatttttcccattttattaatgta
aaacaattaaataattctttaaaattagacttagaaaagtggagcaacaatcttagcagtgctaggactgaaat
ccaagtttgcttgactccaaagtctatctctcttccagaaactttttctttactatctgectagtaggcectgetgtat
tcctatttgcaacagccttttaaactctttaaaaatgtgtcctgtaaatttcatatatgattatacaaaaaaacttgg
aataagcatacaattctacttatctgtgttaactgttgaaatttgaagagctttttggaattctatacccttcagtag
tgtatgtaaaagtttctaaatatagagaacatagataagcaaaaataatattaaataaaataatcgcaccattag
taggtaaatatactaatattttgttgtattttattcttgtatgttttcacaaagtatatcataaaatttttcctgtggcat
gacttaacggagaaaataatcttcccaaaacatgtggcagcaaaactgttaatttattacatcaggctgggcea
cagtggctcacgcettgcaatcccageactttgggaagecgaggegggcagatcactigaggccaggagtt
cgagaccagcctggcecaacgtggtgaaacactgtctctactaaaaatacaacagttagccaggtgtagtgg
cacatgcctgtaatcccagcetactcaggaggctgagactcaagaattgcttgaacccaggaggcagaggtt
gcagtaagctgaggtegegeccectgeactccagectgggcaacacagtgagactetgtetcaaaaaaaaa
aatttttttttaaataaataaataataaatttatgtcttcataaagcactcagattaggaaaaaaaggataaacaaa
aaggcatgtgtcatttttttgattgataattccaaattatgtttcttcctttaatttttgcectectttcatttacaaaca
SAATATGTTTTTGGCTATCATCAATGATACTTACTCTGAAGTGAA
ATCTGACTTGGCACAGCAGAAAGCTGAAATGGAACTCTCAGATC
TTATCAGAAAGgtaggaaaaaccttaattctcagaattcttctgtttctgacataaaatgageattgtt
tcacccagattttcaaatcaacattgatccattgaaattgtttgaaataaagaatacattgctatatttcaggaata
atttaaatgttccctatcttggagtcttgatggatatactgctatcttgaattttaattctgggaatccttttatgecct
ggaattaaattctcaacaatcttttgacactttaagagetgagctgaaggttcatcaccttcattattttgacatct
cctgtagcetggcetetcacttcaggatectgagttgagaataaactagaagggaagattatataaagggatttc
cacctcttctgtctcaattaccattttaaaaaaataaaaagttttagaggaaaacacttagtagttcaccctttace
cttgaccttccacggcagttttaaaataagcaaaggaaaagattcatgaattcaggccatageetggggect
gagaacttttacttatgcaccttctcaggaagggtttcattgttaaatagaagggcaggacaggaaagttggg
cctetttgttcttctcaatgtaacttctttatttggtttaaagtataaaatgtatacaacaacaaataaccacatttaa
aatacacagtttgtttcccaacatcattttgctaagtcatagtggetecttaactgtaatttttttttttattagtccaa
gccttaggattatgttatctgtgatatatgttataatagaaaacttaagectcttaaaacaaagtccttgggatgg
gacctaagattcacattatcttgattccgcataacagttgcttacattttagcaaatctccagtgtgtatgcaage
actcctcacttggcacaattctgatacacacaaactttggttaccccagttttgttatgtaacaccaccttcaaca
acacagttcaaatttcagttatcatagtatattaactctgagtaacagcacaaagtacaaactccactgctaget
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cticagtgtatagatcagttacctgagtaacagatgtgcaggctgageaggctcactggtcagtcatgacact
attttcagtctgttactaattggtcactgagcatctgctatccaattcacaaacaaagaaagcatgtagtgttgct
tecttgtgttccagtaataagcccatgtgacattttacaaaaatggataattgaaaaagagaatgggtecagty
gctcacgceatgttgggaggccaaggceggatggatcacctgaggtcaggagttcgaaaccagectggeca
acatggtgaaaccccatctctactaaaaatacaaaattagctgagtgtggcgacagatgectgtaatcccag
ctactggggaggctgaggcaggagaatcgcttgcacctaggaggcggaggttgcagtgagecgagateg
tgccattgcactccagectgggtaacaagagegaaactecgtctcaaaaaaaaaaaagaaaagaaaagaa
aagaaaaagagaatgggctagcaaagaaatgaaaaatggtaacactggaagtgaaaatcaaaacagagt
aatggatttatagaagaaatagctgagtgaagaagaaataggagtgttgacactgegatcattcaagagate
cagatatggagccagaagaacttagggcaggtctatcaacttaaatgaggaaaatagctgtgataaaacag
atgaagatgtcttgaggaaatgatgcctgcaaaaaacttcacattaagggaagtcttattagagatatttcaca
ataatgaaagtacaaaagaaaaaatgttggggactggacatggtggcttactcctgtaatcccageactttgag
aggccaaggtgggtggatcacttgaggccaggaagtcgagacaagectgatcaacatgatgaaacceegt
ctctattaaaaatacaaaaattagccagacatgatggtgcacacctgtaattccagcetactcaagtggetgag
gcacgagaattgcttgaaccagggaggcggaggttgcagtaagctgagattgcaccactgcaatccagee
aggtgacagggtaagactgtgtctcaaaaataaataaaagaaaaatatgttggaagctcatccacatttaaga
aggaatatgacaattcactaatgcatagaaaagaagttcactccacattgtaaagtgtacagtgtaatattatac
aatgaaaacaaggcaagtgctgtttaaactactctggatacattttttacaaagaaataaaacactttagttttta
atgtttctaatgttttacattttagtgtattaaatcaatattagttttcttcttttttaagctccctatacatttataactga
cactaagggagtgtttaatgttttgattaaaagttgtaaagatcacagaacaattgtaattcttcccactgattatt
cagatcattttgcacaatttcagcttgcatggtcacttacagtgecgeactatgtgcaaagcaaggtcaggtct
aaagttcgctaatgaaaaatccteggecaggggcagtggctcacccctgtaatectageactttggaaggce
gaggcaggcagatcgcttgagcetcaggagttcaacaccagectgggcaacatggtgagaccctgtctceta
caaaaaaaaaaaaatagcaaggcegtggtgactcacacctgtagtcccagetacttgttgggeectgagtte
ggaaaatcacttgagetcaggaggtegaggctgcagtgagecagaatcacgecactgeccttctgectgg
gtgacagagtaagatcctgtctcaaaaaaagggaaaatcctcatctacatttcactgggttttttgtttgtttgtet
gtttgtttatacacacttaaggaaattactgtctagaagatagataatataaaaaataaaaatgcaattcatgatt
cgggtttcttggtattcctaagaactgttgcacagtactttatgetctgaggcagacagctatagcatatatagt
aatttttgtttctatcacataaacttgaatacacatatgagtaaaagacctttagttcttcatgacttactgaaagac
cctgactttttccatgtaactgttccacaagtgttttatggaaaactggatacattaattcttcattcatccageac
gtacttgttgaatggccaatgtacaccaggtttgtagtagttactactgtgaatggaaagtaaaacagatgcaa
aaggagaatacactaaaccaagtcttttattttttctetctctgatagGGCTACCATAAAGCTTT
GGTCAAACTAAAACTGAAAAAAAATACCGTGGATGACATTTCAG
AGAGTCTGCGGCAAGGAGGAGGCAAGTTAAACTTTGACGAACTT
CGACAAGATCTCAAAGGgtgagaatcatgcttcctgaggttctgaaaaattcctgcttctaaa
gataaattcctggteataagagtatttctagcccaagggctcatacagatactttttttttttttttccagaggcag
gtatctttctggaacatgttataagaggaaaacttgcceccatttggtgatttctectttectectgeattttgatgt
ctetgtgttgaggetoaactggetacaaggaatgatttttatctgtatcctetetctaatttcag GAAGGG
CCATACTGATGCAGAGATTGAGGCAATATTCACAAAGTACGACC
AAGATGGAGACCAAGAACTGACCGAACATGAACATCAGCAGAT
GAGAGACGACTTGGAGAAAGAGAGGgtgggtctggtttaggagaaccggatttgat
ttggtacctacaacaccacagatgtatcaaacactatagaagtagtgggttattgagtctcttgeccattecce
accacactctctctctctetcagteggtttatgtgttagtaccctgtttattccagaaagaatatataacacaattat
gtataaaaatgggtggttagcatgatataaaaacgtcaaaatgaaaagcaagcaaaacaaaagtaaaaata
atggattattaatgaagcttaaaaatgcattcataaaaacacatatgcttattaagattgggctacaaattggge
cctaagcttgetggtaatcagcettgaaaagagaagectgattagetgcagagtccacaatgtecgtgagagt
gaagaaaacaaaaaatgacttaccaagagatgtgaaattattctggttagttagtggctatttaaattgttaactt
teetttctetttttttttttittgagatggagtettgetetgectecccaggetggagtgcagtggcacaatcgegacte
actgcaacctccaccteccgggttcaagegattctettgectcagecteccaagtagctaggactacaggea
catgccatcatgcccggctaatttttgtatttgtagtagatatggggtitcaccatgttggtetcaaactectgact
gcaagcaatctgeccaccttggecteccaaagtggtgggattacaggeagtagecaccgtgectttcctaaa
ttattaacatttataataaaattaacagccgcecttccatttgaatactttttacaaaatagttaaaaataaacataag
tgggctittatagtcagaaaaaaaaattcaaagctttaccattaactttcaaaaataaatggttagacagcaaca
acaaaaatctgtggtaactgaggtacagagaacacagatgaatgttattacaaaagccactttcctatgagaa
gtctaggacagtggtttctaaatgecactccacagacagtgctagtaggtgacagacttctccagtcacagtg
aaatttaagcataaagaaaatgaggaaaatttttacaaggctctatttagacaaagttcttattctgacattacat
ctitcctactttggagcetgttgaatgtattatcttttatgaaaagaaggcgatccaggtigagcatccctaaccca
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aatatgtgagtctgaaatgctccaaaacctaaaacttcttgagcacaaacatgatagtcaaaggtcatgcttaa
aggaaatgctgtcattggagcagtttggattttggottticagattagggatgctgaaccagtaagtataatge
aaacattccaaaatatttttgaaaatcccaaatccaaaacacttctgatcccaagtatttcaaataagggatact
caacctgtaatatatttcttcatttctttatttattttattattattttaagatggctcatggeccactgcagectcaaa
ctcctaggcetcaagtgatcttccgacctcaacctcccaggtagetcaggtagetgggactgecaggeatgeat
caccatgcctggctaattttttaaaaaattttttgtggaggcagagtctcaccttgetgeccaggecagtctcaa
actcctggcttcaagcagtactcctgectcagectcccaaagtattaggattacaggtgtgaccactatgect
ggcccatatttcttcatttagttttttctttgcctgetgtgtttttaatgttctttcttgttcaaacaaaaagttggctatt
ccttgetgttagttaaatttgccaatctatgaaactgaaaaatgcaggagteccagectggtgttaaatacaaa
gaaatcccaggtaaatggcatgcacccagttectgettgeccaagtecttggtgagecttetgtggggtetca
gtattctgetectcactcagtgaccecttgttcttcagGAGGACCTGGATTTGGATCACA
GTTCTTTACCACGTCCCATGAGCAGCCGAAGTTTCCCTCGAAGCC
TGGATGACTCTGAGGAGGATGACGATGAAGATAGCGGACATAG
CTCCAGAAGGAGGGGAAGCATTTCTAGTGGCGTTTCTTACGAAG
AGTTTCAAGTgtaagtataaaggaattggcagaatttgcgttgacaagagtccacatgagaccagg
cagttccctcatctctctgaattcactectttccattactaatcatccagcttttaaaaataacttatactggccaga
cgcagtggctcatgectgtaatcccaccactttgggaggccaaagcaggcaggtcatgaggtcagaagttc
gagacgagcctggcecaacatagtgaaaccccatctctattaaaaatacaaaaaattagetgggcatggtggt
gggcacctgtaatcctagctacttgggaggctgaggcaagagaattgettgaacccgggaggcggaggtt
acagagagccgagatggctccactgcacaccagectgggcegacagtgcaagactctgtctcaaaaaaaa
aaaaacttgtcaattggtgttttgtttcttacataatatgtttactataaaaattagcaaataagagcaaaagaaaa
cattaacatttcacatatttctaccaatgaaaaatgtttattaatatatcagtgtttgtgtctctatitgcatgtgtttat
caatgtttctatatatttttatggcctaacatatggttcgtcctgaagaatgttectigtgcatttgagaagaatgaa
tattctgctgttcaagtgttctgtagatgtttgttaggtetagtttgtttacagttttattcaggtcteccatttectggt
tgatcttagatgtgcctagatgtggtattcacgtttgaaagtgggetattaaagtctccaagtattattagttgga
gttcatcccttcaattctgtaaggttttgctttgtatattttggaactctgtigtigggtacatacatatttataactag
tatattttcctaatatattgaccctattttctetctcaacttaatgaggctaaagaaaaaaaagaattgaccetgttt
tcattacaagatgttatccactttatctctagtaaaattctttgttttaagtattttttgtitgatattactgtaaccacte
cagctttcttttggttgctgtttgcatgataaatctttttccatccttttactttaaacttatttatatctttcagtctgaa
gtatgtctctcctgtagacagceatataattggatcttatctttttatccagtttgacaatttctgtttttgattagattg
cttaatccattcatttaatgttatcattgatgtagttgattictgtctgctattttattttttgtittctagettacttttttttg
ttectetttcactgctticttgtacattaagtgaatattttcaagtataacatttaaatttttttaatgatttttcatttetttt
agtcaggagttgctctaagacttagtttatacaattaagttatgaaaaattacttcagatatatattaactgaatcc
agtgagatatagaaatcatttctatttagcttttttcctctteectctttttgtgctatatattcatctatctatatgtatat
atagtcatctacatatgttgcaaatcacattgttagaacaatgttacatttttataacacactgtgtaatatatagta
tataattttatatctcttaatgaagctgagagaagaggaagtatatatttataaatgtetatattaacctactttttta
ccatttctaattctcttcttttgctectctggattcaagttatcatetgtegteattetctttctccgatacagetttget
actgcctacctcctattattgtcaaatatattacatttctattatagaccttcagatccaattatgtacatatttttaca
caactgctttttaaatcagttaaggaacaaaaggagaaatgtacatatatactatattttatacctacacagttat
ctttaccagtgttctttgecttttcatgtggattctgattactatctggagtcacttgctttcagcataaagaatttce
tttagtattttttgtaaagcaggtttgctagcaatgaattctttcattttttgtttatctgagaatgtttttctttctectte
atttcctctggcttgtattgtitctgatgagaagacaggtgctaattttactgtggteccettgtacatgatgacte
aattttctctcaccactttcaagatttttttgettttgtctttcattatttttactgtgatatgtctgggtataaatctetga
gttcatcctacttagaaagtgttttttctgettctttcactttctetictectttgggacccgceattatgcatatgetta
gggotatcacatatttctettaggcetetgttcgtegtcattttttttcectetetgticctcagagtgcatagtetgta
ttgatgtatcttcaagttcactgacttgttctictgtcagettgcttaaatctetgtigagcetectetagttatttattta
tttatttatttattttatatatatatatatatatatatatatagagagagagagagagagagagagagaaagagag
agagagagagacagggagacagggtctcactccatcacccaggetggagtacagtggtgtaatcatgget
ctctacagectgaacacctgggctcaaatgatcectectgectcaaccteccaagtagetaggactatgggca
catgctgcecatgectggctaatttttaaaaaaaaatttgtagagatgg catcttgttatgttgcccaggttggtet
caaactcccggcectcaagtgatcecttccgecteggecteccaaagtgetggggtecacaggtatgagecace
gcacttagcctgaattttttatttattatacttttcaactccagaatttctatttggttctttttagcaatctctgtetettt
attctgtatttgatgatatcctgtatttgatgagacaatgtcatcataacttecttttttttttaagagatagggtetcet
ctetgtcacccaggctagagtgeagtggcatgatcctagetcactgeagectecgaactcctgaactcaagea
atcctcccacctcagectectaagtacctgacactacaggceatgagecactgtacccagctaatttttattttttg
tagagatggggtctaagttgcccaggcetggtctcaaactectgggcetcaagtgatcectecctgetcaggete
ccaaagtgctgggattacaggcatgaaccactggacccagcectectttattictttaaccatggtgggotttttt
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attatttgtttgtttgttttaacctgtttgaatatatttataataggtaccttcaggtctttgtctgctaagtctgacatct
gggccctctcaaagacagtttcagttgtetttttttitttcttcttgtgtatgggaacattttcctgtttttttgtittotttt
ttgttgttttgttttgtigtigttgttgttgttaaagattggacatgttagataatatattgtaggaactctggctagtg
attccctttcctccccaggacttgtttttatttctetttgcttgtttactttttcatacagtcetgtttccccacagtgtctg
cctctgactttattccttagagggcgeagcetgtggecatgtacgtagtcactectgggaagacagtggttttage
agcgtgctcattaactttctctgacctetttgttatacctectgectetgtggatattagacccagttattacattte
attgtttactgattggtctattgttttccagaatgecttgggatgtaatttgctccacagtctgatccacttaaatte
aggcctctttgcagggctagttttagaggccagtcttttttttttttttttttittttttgagacagagtcteactetgtt
gceccaggcecggaatgtagtggtgcagtctcagetcactgecagectcaatctctcaggetcaageaatcttee
cacctcagcttctcaagtagctaggactacaggtgcacgcecaccatgectggttaatttttgcattttttataga
gatggggttttaccatgtigccececggetggtetcaaactcctgagttcaagcaatccacccacctecagectea
caaaaggccgggattacagatatgcaccaccacgectggeccctgaggccagtctttaactgtcttcttaget
gtctetttcectggttctetetggtgaactagetggtaatttgtttatctcataaggctaccagattecttgtaaatg
cttatccccacaatctccattgttttcaagagcatcgttagtctttaatttcctcacgcettcattccaaataaagtee
attcacttgagaagagttctatattcctatgacctgtgtctccccatgageaaaactgcetactgetttacagage
cagggacagtggcccacctctctgtggcatectgctttatgaacaagtcactgggctcagatggcagtcetet
gattttctcaccttgettcttctggeatggaaactccaccctacaagtgggaactgagtggaagaagagagee
ccattceccttagecactcttaacaggattagaacctctgcaacatgcatttaagaatgggaacaggetgggc
acagtggctcacgcectgtaatcctageactttgggaggtcaaggcaggaggattgcttgagccaggagtic
aggaccagcctgtgcaacatggtgagaccctcatctctacaagaaatagaaaaattaactggtggattgtot
atacctgtaatcccagcetactcgggagcectgaagtgggaggattgcttgaacctggaggcagaggttgeag
tgagtcaagattacaccattgcacgecagectgggcaacagagtgagactctgtctcaaaaaaaaaaaaaa
aaaaagagtaggaacattgaggctgggcatggtggctcatgectgtaatcctagcactatgggaggcecaag
gcaggagtatcacttgacgctaggagttcaagaccaacctgggtaacatagegagactttgtctctattaaaa
aaaaaaaaaaaaaaggtgtaaaaaacttttgtaacaagagtgggaaagecgggcacagtggctcacacct
gtaatcccagceactttggaaggccaaggcaggcaggeggatcacctgaggtcaggagtttgagaccage
ctggccaacgtggtgaaaccccatctctactaaaaaatagaaaaattatctgggcatggtggtecacacctgt
agtcccagcetactcgggaggctgaggcaggagaatcacttgaacctacgaggceagaagttgcagtaagee
aagatcacgccactgcactccagectgggegacagagcaagactctgtctcaaaaaaaaaaaaagagteg
aaatgttaggatgagaaatgctggcagectgeecctecctgggagatactgtagecctagactggaagtts
ggggaggaggoagccectgtgctettagetgcacccatgtgaagttgtgcttctatcacatgagetggggac
aggagagaaggctcagattatggcticagtgccacagaatctcttcatactaaaatttagtagattttcttgaat
aaatgctttttcatttgctgtacacccttaaaagtttctagaaatttttaatatttgagttttaaaaaataattttcaac
agttacagttatttcactaaagagagagtctacagaaccctcttgecaccattgcagaggttgtctttggcttac
gagtttttaaagtatttgtatacatttittaagttcaaaataatagaattgtaagtgaacatgctgttttcatactgtttt
tcaagctttatttaatatattgtaaatctaattctattttattaaatagtctgecacagtataatgtctgatgtetectta
gaattttattgtatggatgaacaatgattatttaatttcctaccaattgttgg gtattttttgttgtitgtitgtttttgag
actgggtctcactctgtcacccaggcetggagtgcaggagtgcggtggaatgatcacggcetcactgeagect
caacatcccaaggcetcaggtgatccttccacctcagectegeaagtagetgggagtacaggceacatgecac
catgcccacctattttttagagatgaagttttgccatectgeccaggcetggctegaactectggectcaagega
tctgcacactteccgecteccaaaatgecaggattacaggegtgagecatcatgecctacccecccatcaatt
gtttgatgtagccatttttcaatgatccgegattaagaagcagceactcttttatageccaaaaattacacatatata
aaattttcctttagaaaatgttctaaaaatggaatgtctaactaaagggttaggcatacattcttaagacttctgat
acgcgctgacttgcaggaaagttgtttcagttaacactcctaccageggceatccgagagttaatctgtaaage
ttgagacaacttagaaagtgtttcaaatgattgtgttgcttaagaaaaaaatcttagcacttccttttgaaaagee
agtgggectgaaaagacaatgacaageactttgtccctetgtactgtgttttecttgcagCCTGGTGA
GACGAGTGGACCGGATGGAGCATTCCATCGGCAGCATAGTGTCC
AAGATTGACGCCGTGATCGTGAAGCTAGAGATTATGGAGCGAGC
CAAACTGAAGAGGAGGGAGGTGCTGGGAAGGCTGTTGGATGGG
GTGGCCGAGgtcagtagtcatgagctgaaaacaccgctgctgageatggtattattaatgaaaatat
atgttgctgacagttgtatttgaagtattgaagaagagtaaaaaaaatttacgtttatagaaattcacaatgatgt
ttccatttactcteattttcagatttttttctctgaaacagaaacactctttctataaaatctcttgctataaaacatca
atgtagtcatattgtctaacccttaggctgagatgtttatctttctccataactacagataaaattataatctggag
gtgttactttcttaatactccatatgctaatggtectgecttcactgcagggtagaattaagtgaaaaattactce
agcaactctgagatttgctattatatgctgtaaatctccagecttaccaaactacagattatttggtcectggact
tcctaaggceatttecttetactgececcaacaccagtttctttttecctttttagGATGAAAGGCTGG
GTCGTGACAGTGAAATCCATAGGGAACAGATGGAACGGCTAGTA
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CGTGAAGAGTTGGAACGCTGGGAATCCGATGATGCAGCTTCCCA

GATCAGTCATGGTTTAGGCACGCCAGTGGGACTAAATGGTCAAC

CTCGCCCCAGAAGCTCCCGCCCATCTTCCTCCCAATCTACAGAAG
GCATGGAAGGTGCAGGTGGAAATGGGAGTTCTAATGTCCACGTA
TGATATGTGTGTTTCAGTATGTGTGTTTCTAATAAGTGAGGAAGT
GGCTGTCCTGAATTGCTGTAACAAGCACACTATTTATATGCCCTG
ACCACCATAGGATGCTAGTCTTTGTGACCGATTGCTAATCTTCTG

CACTTTAATTTATTTTATATAAACTTTACCCA

premrna
ENSTO0000
0511337.5

ATACTTTCCCCAACTTTGAGCATCTGGCATATTGGCAGATACAGT
TCAACAATATAGCTGCTGTCACAGTATTTTITTGTCTGGATTAAGgt
aatttataaatttcatgttctacattttaaataatattttctttaaaaaaaatgagttccacaaaatcatggaatactt

gaatttgaaattcaagtgaccagccaaagctgctcaatatttactttgagacagggtctcactctgtcacccag
gctggagtgcagtggtatgattacagetcattgcagectegacttcccaggeccaagegatcctcecacctt

atcctecgaagtcactgggactacaggcatgtgccaccatacccggctaatttttaaattttttcgtagagaca

aggtctcattatgttgcccaggcetggttttgaactcctgggttcaagcaatecteccacctcagectcccaaag
tgctgggattacaggcatgagcecaccgtgecaggectcatattttacatataaagtaaactattgagactcatg
tgatcattcctctcactgtcaatgacatacttctgctatctgaattagtgcaagatcagtccctataggttttgtita
acaaatgcagtaagaggcctttcagtgtgttagetgggcctggggccccaggctgctaacagatgagatga
acaggtgaaggaaaaggaacttagagaaagagagggaaggagcaggtggagggaaggggagagitoc
tgcacttggaaatgcttgctagaagggatcgcectcttttccaggtagaggctgtaagggaagcetttacctaga
attaaggttggaacagacactgcttccaaatagttccttgctcactattttccttattgtcccaagatataatgtge
atttccatgtgtgtgaaaggttatgacatttcatatacaacaagcctcaattctggagatgcaggaaatttcaat

aattctcaggcagcagctgccattcggtcaccageacaggcetctgattgtgctgtccagacagtaagtacta

gccacatgtgectatttaaattcaaatttaaattagttaagcttaaatacaattaaaaacgeagttecttggtecta
ctggccacacattaagtgttcaatggctactgtctaggacagtggaaatgtagaacatttccatcatcacaga

acgttctcttgaaaagcactgttctggaaggtacttaccegttatgtacttttctgagttggtaticatacctagaa
gacctgaggtttatcacaagacatagacttggaccaggcgcagtggctcatgectgtaattccagceattttgg
gaggccgagataggtcccctgageccaggagtctgataccagectgggcaacatggceaaaaccteatcte
tactaaaaatacaaaaattagctggggotggtggcacgtgectgtagtectagetacttaggaggcttaggce

gggaggattgettgaatccagaaggeggagggtgcagtgagecaagatcgeaccgetgeactccagect

gggcaacagagtgagaccctgtctcaaaaaaaaaaaaaaaatgcatagactttatcctgtatttctcatgetat
ttatttattgacatgcttgticaagagaaaccatcactaaagcacaaaaccttgatcataacatagtaataataat
caaacagcaaaaataataatagtaataagaatgttctgtggteatggaaatgtictatattttcattgtcctagac
agtagccactaaccatgtataggcatggaacacttaacatgtggctagtaggaccaagggactgaatttttaa
ttgtatttaatcttacttaatttaaatttgaatttagatatccacacatgtttggatagcacagtcagagcectgtgct

ggtgaaaggatggcaggtectgectgagaattactgaagtttecttgattattattagtttaataataataatcaa
gatagtaataataatcaagatagtaataataatcaagatctcagctgggcacagtggctcacgceactttggga
ggctgaggcegggcagatcacctgacgtegggtttgagaccagectggecaacatggtgaaaccctgtece
tactaaaaatacaaaaaaaaaaaattagctgggtgtggtggcacgtgectatgatcccagetacttgggaate
tgaggcaggagaattgcttgaacccaggaagceagaggttgcggtgagctgaatcatgecactgeacteca

gcectgggcaacagagceagceacttcgtctcaaaaaaaaaaaaaaaagatctcaaatgaattgggattgtatta
agtaatgattaagtaatgtgattacagcaatcctcaagaaatatttcactgtggccagtaacaatgtgtaacag

acctttaaacttctagagattttcctacaacatgtgtctcaggcetgatgtgttttatttagtgcttctettggaaatgt
cttgcccctegatactttatcattaaggtetttaaggcagggatcatgactcetacttetttettttttettttttttgggac
ggagtcttgctetgtcgeccaggetggagtgcagtggcacaatcttagetcactgcaacctecgtetectgg

gttcacgccattctectgectcagectecegagtagetgggactacaggeggcetgecaccacgeecggcta
attttttatatttttagtagagacggggtttcaccgtgttagccaggatggtetcgatetectgacctegtgatee

acccacctcggecteccaaagtgctgggattacaggcettgagecaccacgeccggectcatgactetacttce
taatatctcatcatgtgctcttccactgaggcttctacttagagctacacaatctgggcagcecatcctcagtgce
ttatctaccaacatgctcaatatggctttgcagggttcactgtctaccagcagggttcactatctaccaacatge
tcaatatttctttgcagtcaggcagagcaggctttgcagticaggcagggcagcetggctgcaggecccaget
gactcctggggatagaatgccaatatttcagacattgcagagatttgaggcaatgtacataaagecctccaca
tataactgatgcacaataaatgacagttaatattatgcaacaagaatticctggggggttttataattaatttttatt
tgtgtgaagttttttcccteccttttactttaatectttttggggggaaagcatcactagtcacagticacggcage
ctcgaccteccaggcetcaagcaaccceteccacctcagectectgagtagetgaaaccacaggtgtgtgcca
ccacacctgactaatttatttttattttctaatgaaacagaatcttgccatattgcccaggcetgatcttaaactcatg
ggctcaagegatcctectgectcagteticcaaagtgecgggattatagatgtgagecactgeactcagectt
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tetttttttttttttaattgtagatagcataaaacctactgttttaaccatgcttaagtgtacaattcagtggcattaagt
acattcacagtgttgtgcagcecatcgecattatgctgeattattttcagaactttttcattattctaaactgaaacttt
gtatccattgaacactaactcccaattcceccagtecctggtaacctecattctactttetgtcactgtgagtttg
actattctaagtacctaatttaagtggaatcatacagtatttgtccttttgtgtcaggcttatttcactttgcatgatg
ttttcaaggttcatccatgtigtaacctgtcagaatttaatttcttttcaggatgaaataatgttttattatatacagtc
acaccattttgtttatccattcatctattgatgtcttctetctcttacagCTCTTCAAATTCATCAA
TTTTAACAGGACCATGAGCCAGCTCTCGACAACCATGTCTCGAT
GTGCCAAAGACCTGTTTGGCTTTGCTATTATGTTCTTCATTATTTT
CCTAGCGTATGCTCAGTTGGCATACCTTGTCTTTGGCACTCAGGT
CGATGACTTCAGTACTTTCCAAGAGTGTATgtaagtatatatgaaattaagaaga
aaaatttaatcagagttgtcactgcttctcaagaataaatcttcatatgaggttgetatatgaccaccaattattta
aaaccagttattttaagtaagaattaattaccttttcccaaaacattgatctacccatgcaaagaagacaatgca
tcctgaaatgetgatgcttaagatagcageccaaagtagtaaaatacagttaacagacataggaaaccaaca
ctgttctgaagactgagtttttctttgecaccaaatgcagatggtagettctagaaggctgtitgcctatattettac
tcctgttgaatattgttgccatatatttagaacttcaagttattttctaaggaaaaaaacaagatatttctaatattct
aaggtaaactcagaccagtacaagaattttcagtttttttttccaaagatcccaaatgtgaaataaaacaacaaa
aagcagccagtgtcagatttctatgccatttagaaaggagttagtttaaaaaggaatggaagtaatagggtitt
gtgcatagatatctcgaattaatattgctgttgataaaagtgattttgctaagacccagcactgacaacacttgg
ccactttgatcccattttaagtacttgtcagaatattggatctttgaactcaaaccattttgggtttttg g g ottttttt
gttttgtttttttttgtittgtittgtttttgaggcacggtettgetctgttgecccaggetggagtgcagtggtgcaatc
atagctcactgcagcecttgaactcctaggcetcaagcaatcctgetgectcagectgetgagtagetgggact
acaagtgtatgccaccatgcctggcecaatttttaactttttttatgagaagggatctcactgtgtagcccagggt
ggtattgaactccagggcectcacactgtectctcacctcageticcaaaagtactgggattacaggceatgage
caccacaccaggccctgttgttttttttttaaagaaatttttaactttagaccgagggtgactgttgtcaaggttta
ggeottaagatgttttacctagattatgtgttgaaatgttatagecaattgcetttataagttattgaataataattgtat
tetctttttttttttttttttgagatggagtctcgttccatcgeccaagetagagtgcageggtgtaatctcagetcac
tgcaacctctgectceccgggttcaagegattctectgectcagectcccgaatagetgagattatgggcgea
cgccaccaageccagcetaatttttgtatttttagtagagacggggtttcactatattggccaggctgttctcgaa
ctectgacctegtgatccgeccgectecggectcccaaagtgetgggattacagacgtgatccaccgtgece
agcttgtgttttctttttaaccaaatggaaataacctctgtagcatgaaagcattttattattattgcagaaggcttt
aattgctgatacaagtagcaagactttgtaaatgggattgacaattttctgttattcggcagctacctatactget
aaaaggtccaaaaataatgaaatcatctttaagaaatgttgcatcaactagtggacattctttgtttttgtattgty
gtgttttgttttatttttatagcttcactcaattccgtatcattttgggcgatatcaactttgcagagattgaggaage
taatcgagttttgggaccaatttatttcactacatttgtgtictttatgttcttcattcttttggtatgtacatttttatttat
agtgaggttcaatttaaacttcgtaaatccttgtcttctettttctctcacactttatgtcctatcaattttaaataaag
acccaggaagtagaaaaaagtgtggatgttggaaaacttattttccttttattaattcacagttttgagactcatat
caaatgtcttttctgtggtctttcattgatccatgtatatgtgtctattcaatgcaaaaaaaattagatctcticcatg
gtctttcatttctctetctatatatgtatctatticcatgcaaaaaagaaattagatcaagtacaaatttataaagata
cctaaaatagtgctttgcctaaaaagtagaatatgcttacatgctttttaaactcatatgtcageactttcgtagtc
acttgctagcatgacttttctctetttcticttticttittaaaaaataagaacggaaaagcaagctagatctaagat
gtcgagtaatagttgagtgaatcattgcatgtcaaaattaggatattctgttttaaattatttatatcccattcatcta
gagactgcctacagagaatattcaaataattaagtttaaaactaaatgtaacaatgaatggaaattgcattaaa
attattttcaaaaataatttttttattctcttgatttggtacaaatgaacatttttaatgtttttgccctaagtcaattaag
tttttttaaggtattttgtictttttcttaacatttatatattcaattgtctactgagaaggtettaagccagcettaattta
ggcaatatttttcatctaaacactaacagtcatcttaagaacaattttcttaagaaaataacattttttccatttcagt
aaattgtgtaaagatcccttgaggaaggttaagtgatcacattttcagtaattcagtgtaataactctaaagtca
gtccaggtattactggttaagtatatggtatttattgattgg stattagatgtactgtattaatttectgtttaaaaaa
aattttttttccggggagacacagcectetggtgtaaaacaaaggtgtgticectagetgtactttaacaggactg
aaaaggtcaggaatatcattcaagttcatatgtatcttgctgtatgcatggtttatggctcatttttaaacttacac
ctcttaagcttcttcttcctatcatatattaaaacaatggagagaagaataagcectcetgttactctaccattgatag
tacttcggattctagagtacctgaatctctactaagaaggcaaaaaccaggaattgagagtcctgcacctgac
ccttcagttgatctcaggcecacctagttttctccgtttatcaatctgeccaaacaaggatggatagagtegtggc
aactggaaaggctcaaatgtggaattgtttgaatgteotectttagtaggcagecatcttaccagatctagagt
attcagtcatcttaccagatcagtcaccagaacatgaaaagaagctcttagtttctatctttatactaaaattgtttt
tttgtacgactgcacaaaaaagaattgctctecttgecacctcccagagatataggtggatagatacatacatac
gtacatacatacatacatacatacatacatacatacatagacacatacatagatagaagtctactttcaatacaa
acctgtcttttaaggaaatgacaagctgageatagggttggccacctttctgagecgattgectggtattagttt
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attgcecctgtttagcaagaaggcacagtgttaagaagtggctcagetgaaccaggataaccecactcttee
cccacatcaacaggaaagacatcctggtgcagatgtecatctgataattcagggaacctcgggagacagg
atggagaggagggtgagctagettcctetticccacaccttcaagagcectttctcaageactttctattttttgaa
atctctttagaggtcccagactttgatctgtttcaattaaggtattggcaggcattagttaacagecacttggaa
gcaaaaatagaacattagatccctgagtiggaagagagaaggtagaaggtgttacttggactgcaattatet
gcacttggaattgagcatttagtcaaaaacttatatgtattctatattctattctcatttctgctacagaattgtaaac
aatattcttccttaatacagaaattcatagcccactaaaataagagegttcteatttgttcatttctcaatcatttaat
aagtatttactaagccactatatccatatatatatatatatcatatatactgtataatacacactgtagtgttttttgte
gattgtgtactatgaggtagtatgttagatactgccagtactggggtaaggaaaacagectgattaggecctt
acgaagattcctcagacttgtggggaaaacagacattatcaaatagaaatacttgcaaaccacagttatgtgtt
aaaaaggaaaaacaaagtaaaaaaaaagttggtegeeoooaacctgatctectggatacagtgcttcgag
aaagtttgttgttggaaatgcaaaccattactactgtggaagggaaaggtcagaaaaatgaactcaccattac
tgaatagtaatagtagctatcaattaggtggcacttacctgcatcaggacctgtectgagceactttacatagatt
gtetcactaaccagceccaacaaatatgtaagggagatactattatttttcecattttattaatgtaaaacaattaaa
taattctttaaaattagacttagaaaagtggagcaacaatcttagcagtgctaggactgaaatccaagtttgctt
gactccaaagtctatctctettccagaaactttttctttactatctgectagtaggectgetgtattectatttgcaa
cagccttttaaactctttaaaaatgtgtcctgtaaatticatatatgattatacaaaaaaacttggaataagcatac
aattctacttatctgtgttaactgttgaaatttgaagagctttttggaattctatacccttcagtagtgtatgtaaaa
gtttctaaatatagagaacatagataagcaaaaataatattaaataaaataatcgcaccattagtaggtaaatat
actaatattttgttgtattttattcttgtatgttttcacaaagtatatcataaaatttttcctgtggcatgacttaacgga
gaaaataatcttcccaaaacatgtggcagcaaaactgttaatttattacatcaggcetgggcacagtggctcac
gcttgcaatcccagceactttgggaagecgaggcgggcagatcacttgaggecaggagticgagaccage
ctggcecaacgtggtgaaacactgtctctactaaaaatacaacagttagecaggtgtagtggcacatgectgt
aatcccagcetactcaggaggctgagactcaagaattgettgaacccaggaggcagaggttgcagtaaget
gaggtcgegeccctgeactccagectgggcaacacagtgagactetgtctcaaaaaaaaaaatttttttttaa
ataaataaataataaatttatgtcttcataaagcactcagattaggaaaaaaaggataaacaaaaaggcatgtg
tcatttttttgattgataattccaaattatgtttcttcctttaatttttgccctectttcatttacaaacagAATATG
TTTTTGGCTATCATCAATGATACTTACTCTGAAGTGAAATCTGAC
TTGGCACAGCAGAAAGCTGAAATGGAACTCTCAGATCTTATCAG
AAAGgtaggaaaaaccttaattctcagaattcttctgtttctgacataaaatgageattgtttcacccagattt
tcaaatcaacattgatccattgaaattgtttgaaataaagaatacattgctatatttcaggaataatttaaatgttce
ctatcttggagtcttgatggatatactgctatcttgaattttaattctgggaatccttttatgccctggaattaaattce
tcaacaatcttttgacactttaagagctgagctgaaggttcatcaccttcattattttgacatctectgtagetgge
tctcacttcaggatcctgagttgagaataaactagaagggaagattatataaagggatttccacctettctgtct
caattaccattttaaaaaaataaaaagttttagaggaaaacacttagtagttcaccctttacccttgaccttccac
ggcagttttaaaataagcaaaggaaaagattcatgaattcaggccatagectggggcctgagaacttttactt
atgcaccttctcaggaagggtttcattgttaaatagaagggcaggacaggaaagttgggocctetttgticttct
caatgtaacttctttatttggtttaaagtataaaatgtatacaacaacaaataaccacatttaaaatacacagtttg
tttcccaacatcattttgctaagtcatagtggctecttaactgtaatttttttttttattagtccaagecttaggattat
gttatctgtgatatatgttataatagaaaacttaagectcttaaaacaaagtccttgggatgggacctaagattc
acattatcttgattccgcataacagttgettacattttagcaaatctecagtgtgtatgcaageactcctcacttg
gcacaattctgatacacacaaactttggttaccccagttttgttatgtaacaccaccttcaacaacacagttcaa
atttcagttatcatagtatattaactctgagtaacagcacaaagtacaaactccactgctagetcttcagtgtata
gatcagttacctgagtaacagatgtgcaggctgagcaggctcactggtcagtcatgacactattttcagtctgt
tactaattggtcactgagcatctgctatccaattcacaaacaaagaaagcatgtagtgttgcttccttgtgticca
gtaataagcccatgtgacattttacaaaaatggataattgaaaaagagaatgggtgcagtggcetcacgcatgt
tgggaggccaaggceggatggatcacctgaggtcaggagticgaaaccagectggecaacatggtgaaac
cccatctctactaaaaatacaaaattagetgagtgtggcgacagatgectgtaatcccagetactggggagg
ctgaggcaggagaatcgcttgcacctaggaggceggaggttgcagtgagecgagatcgtgecattgeacte
cagcctgggtaacaagagegaaactccgtctcaaaaaaaaaaaagaaaagaaaagaaaagaaaaagag
aatgggctagcaaagaaatgaaaaatggtaacactggaagtgaaaatcaaaacagagtaatggatttatag
aagaaatagctgagtgaagaagaaataggagtgttgacactgegatcattcaagagatccagatatggage
cagaagaacttagggcaggtctatcaacttaaatgaggaaaatagctgtgataaaacagatgaagatgtett
gaggaaatgatgcctgcaaaaaacttcacattaagggaagtcttattagagatatttcacaataatgaaagtac
aaaagaaaaaatgttgggoctggacatggtegcttactcctgtaatcccageactttgagaggccaaggts
ggtggatcacttgaggccaggaagtcgagacaagectgatcaacatgatgaaaccecegtctcetattaaaaat
acaaaaattagccagacatgatggtgcacacctgtaattccagcetactcaagtggctgaggcacgagaattg
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cttgaaccagggaggcggaggttgcagtaagctgagattgcaccactgcaatccagecaggtgacagggt
aagactgtgtctcaaaaataaataaaagaaaaatatgttggaagctcatccacatttaagaaggaatatgaca

attcactaatgcatagaaaagaagttcactccacattgtaaagtgtacagtgtaatattatacaatgaaaacaa
ggcaagtgctgtttaaactactctggatacattttttacaaagaaataaaacactttagtttttaatgtttctaatgtt
ttacattttagtgtattaaatcaatattagttttcttcttttttaagctcectatacatttataactgacactaagggagt
gtttaatgttttgattaaaagttgtaaagatcacagaacaattgtaattcttcccactgattattcagatcattttge
acaatttcagcttgcatggtcacttacagtgccgeactatgtgcaaagcaaggtcaggtctaaagticgetaat
gaaaaatcctcggecaggggceagtggctcaccectgtaatectageactttggaaggegaggcaggcaga
tegettgagetcaggagttcaacaccagectgggcaacatggtgagaccctgtctctacaaaaaaaaaaaa
atagcaaggcgtggtgactcacacctgtagtcccagetacttgttgggggctgagttgg gaaaatcacttga
gctcaggaggtegaggctgcagtgagecagaatcacgecactgecctictgectgggtgacagagtaaga
tcctgtctcaaaaaaagggaaaatcectcatctacatttcactgggttttitgtttgtttgtitgtttgtttatacacact
taaggaaattactgtctagaagatagataatataaaaaataaaaatgcaattcatgattcgggtttcttggtattc
ctaagaactgttgcacagtactttatgctctgaggcagacagcetatagcatatatagtaatttttgtttctatcaca
taaacttgaatacacatatgagtaaaagacctttagttcttcatgacttactgaaagaccctgactttttccatgta
actgttccacaagtgttttatggaaaactggatacattaattcttcattcatccagcacgtacttgttgaatggec
aatgtacaccaggtttgtagtagttactactgtgaatggaaagtaaaacagatgcaaaaggagaatacactaa
accaagtcttttattttttctctetetgatagGGCTACCATAAAGCTTTGGTCAAACTA
AAACTGAAAAAAAATACCGTGGATGACATTTCAGAGAGTCTGCG
GCAAGGAGGAGGCAAGTTAAACTTTGACGAACTTCGACAAGATC
TCAAAGGgtgagaatcatgcttcctgaggttctgaaaaattectgetictaaagataaattcctggtgat
aagagtatttctagcccaagggctcatacagatactttttttttttttttccagaggceaggtatctttctggaacatg
ttataagaggaaaacttgcccccatttggtgatttetectttcctectgeattttgatgtetctgtgtigagggtea
actgggtacaaggaatgatttttatctgtatcctctetctaatttcagGAAGGGCCATACTGATG
CAGAGATTGAGGCAATATTCACAAAGTACGACCAAGATGGAGA
CCAAGAACTGACCGAACATGAACATCAGCAGATGAGAGACGAC
TTGGAGAAAGAGAGGgtgggtctggtttaggagaaccggatttgatttggtacctacaacace
acagatgtatcaaacactatagaagtagtgggttattgagtctcttgcccattccccaccacactetetetetet
ctcagtcggtttatgtgttagtaccctgtttattccagaaagaatatataacacaattatgtataaaaatgggteg
ttagcatgatataaaaacgtcaaaatgaaaagcaagcaaaacaaaagtaaaaataatggattattaatgaag
cttaaaaatgcattcataaaaacacatatgcttattaagattgggctacaaattgggcectaagettgetggtaa
tcagcttgaaaagagaagcctgattagetgecagagtccacaatgtecgtgagagtgaagaaaacaaaaaat
gacttaccaagagatgtgaaattattctggttagttagtggctatttaaattgttaacttttttttctettttetettetttte
agatggagtcttgctetgecteccaggetggagtgcagtggcacaatcgegactcactgcaacctecaccte
ccgggttcaagcegattctettgectcagecteccaagtagetaggactacaggcacatgcecatcatgecegg
ctaatttttgtatttgtagtagatatggggtttcaccatgttggtctcaaactectgactgcaageaatetgeeca
ccttggcecteccaaagtggtgggattacaggeagtagecaccgtgectttcctaaattattaacatttataataa
aattaacagccgccttccatttgaatactttttacaaaatagttaaaaataaacataagtgggcttttatagtcag
aaaaaaaaattcaaagctttaccattaactttcaaaaataaatggttagacagcaacaacaaaaatctgtggta
actgaggtacagagaacacagatgaatgttattacaaaagccactttcctatgagaagtctaggacagtggtt
tctaaatgccactccacagacagtgctagtaggtgacagacttctccagtcacagtgaaatttaagcataaag
aaaatgaggaaaatttttacaaggctctatttagacaaagttcttattctgacattacatctttcctactttggagcet
gttgaatgtattatcttttatgaaaagaaggcgatccaggttgagcatccctaacccaaatatgtgagtctgaa
atgctccaaaacctaaaacttcttgagcacaaacatgatagtcaaaggtcatgcttaaaggaaatgetgtcatt
ggagcagtttggattitgggttttcagattagggatgctgaaccagtaagtataatgcaaacattccaaaatatt
tttgaaaatcccaaatccaaaacacttctgatcccaagtatttcaaataagggatactcaacctgtaatatatttc
ttcatttctttatttattttattattattttaagatggctcatggcccactgcagectcaaactcctaggctcaagtga
tettccgacctcaaccteccaggtagetcaggtagetgggactgecaggcatgcatcaccatgectggctaat
tttttaaaaaattttttgtggaggcagagtctcaccttgetgeccaggecagtctcaaactectggettcaagea
gtactcctgectcagecteccaaagtattaggattacaggtgteaccactatgectggeccatatttettcattta
gttttttctttgectgetgtgtttttaatgtictttcttgttcaaacaaaaagttggctattecttgetgttagttaaattt
gccaatctatgaaactgaaaaatgcaggagtcccagectggtgttaaatacaaagaaatcccaggtaaatg
gcatgcacccagttcctgcttgeccaagtecttggtgaggcttctgtgggatetcagtgtictgetectcacte
agtgaccecttgttcttcagGAGGACCTGGATTTGGATCACAGTTCTTTACCA
CGTCCCATGAGCAGCCGAAGTTTCCCTCGAAGCCTGGATGACTC
TGAGGAGGATGACGATGAAGATAGCGGACATAGCTCCAGAAGG
AGGGGAAGCATTTCTAGTGGCGTTTCTTACGAAGAGTTTCAAGTg
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taagtataaaggaattggcagaatttgegttgacaagagtccacatgagaccaggceagttccctcatctetet

gaattcactcctttccattactaatcatccagcttttaaaaataacttatactggccagacgcagtggctcatgee
tgtaatcccaccactttgggaggccaaagcaggcaggtcatgaggtcagaagttcgagacgagectggee
aacatagtgaaaccccatctctattaaaaatacaaaaaattagetgggcatggtggtgggcacctgtaatect

agctacttgggaggctgaggcaagagaattgcttgaacccgggaggcggaggttacagagagecgagat
ggcetccactgeacaccagectgggcegacagtgcaagactctgtctcaaaaaaaaaaaaacttgtcaattggt
gttttgtttcttacataatatgtttactataaaaattagcaaataagagcaaaagaaaacattaacatttcacatatt
tctaccaatgaaaaatgtttattaatatatcagtgtttgtgtctctatttgcatgtgtttatcaatgttictatatatttet

atggcctaacatatggttcgtcctgaagaatgttccttgtgcatttgagaagaatgaatattctgetgttcaagts
ttctgtagatgtttgttaggtctagtttgtitacagttttattcaggtcteecatttcctggttgatettagatgtgect

agatgtgetattcacgtttgaaagtggegotattaaagtctccaagtattattagttggagttcatcccttcaattct
gtaaggttttgctttgtgtattttggaactctgttgttgggtgcatacatatttataactagtatattttcctaatatatt
gaccctattttctctctcaacttaatgaggctaaagaaaaaaaagaattgaccctgttttcattacaagatgttat

ccactttatctctagtaaaattctttgttttaagtattttttgtitgatattactgtaaccactccagctttcttttggtte

ctgtttgcatgataaatctttttccatccttttactttaaacttatttatatctttcagtctgaagtatgtctctectgtag
acagcatataattggatcttatctttttatccagtttgacaatttctgtttttgattagattgcttaatccattcatttaat
gttatcattgatgtagttgatttctgtctgctattttattttttgtittctagettacttttttttgticctetticactgettte
ttgtacattaagtgaatattttcaagtataacatttaaatttttttaatgatttttcattttttttagtcaggagttgctcta
agacttagtttatacaattaagttatgaaaaattacttcagatatatattaactgaatccagtgagatatagaaatc
atttctatttagcttttttcctctteectetttttgtgctatatattcatctatctatatgtatatatagtcatctacatatgt
tgcaaatcacattgttagaacaatgttacatttttataacacactgtgtaatatatagtatataattttatatctcttaa
tgaagctgagagaagaggaagtatatatttataaatgtetatattaacctacttttttaccatttctaattctcttcttt
tgctectetggattcaagttatcatetgtegtcattctetttctccgatacagcetttgetactgectacctectattat
tgtcaaatatattacatttctattatagaccttcagatccaattatgtacatatttttacacaactgctttttaaatcag
ttaaggaacaaaaggagaaatgtacatatatactatattttatacctacacagttatctttaccagtgttctttgec
ttttcatgtggattctgattactatctggagtcacttgetttcagcataaagaatttcctttagtattttttgtaaagea
ggtttgctagcaatgaattctttcattttttgtttatctgagaatgtttttctttctecttcatttectetggettgtattgt
ttctgatgagaagacaggtgctaattttactgtggtececttgtacatgatgactcaattttctctcaccactttea
agatttttttgcttttgtctttcattatttttactgtgatatgtctgggtataaatctctgagttcatectacttagaaagt
gttttttctgcttctttcactttctettctectttgggacccgcattatgcatatgcttaggggtatcacatatttctett
aggctctgttegtegteatttttittccetetetgticctcagagtgcatagtctgtattgatgtatcttcaagttcact
gacttgttcttctgtcagcettgcttaaatctctgttgagctectctagttatttatttatttatttatttattttatatatata
tatatatatatatatatagagagagagagagagagagagagagaaagagagagagagagagacaggga

gacagggtctcactccatcacccaggcetggagtacagtggtgtaatcatggcetctctacagectgaacacct
gggctcaaatgatcctectgectcaacctcccaagtagetaggactatgggcacatgcetgecatgectggcet
aatttttaaaaaaaaatttgtagagatggcatcttgttatgttgcccaggttggtetcaaactcccggectcaagt
gatccttecgecteggecteccaaagtgetggggtecacaggtatgagecaccgeacttagectgaattttttat
ttattatacttttcaactccagaatttctatttggttctttttagcaatctctgtctctttattctgtatttgatgatatcct

gtatttgatgagacaatgtcatcataacttccttttttttttaagagatagggtetctetctgtcacccaggcetaga

gtgcagtggcatgatcctagetcactgcagectegaactectgaactcaagcaatectecccacctcagecte

ctaagtacctgacactacaggcatgagccactgtacccagctaatttttattttttgtagagatgg gotctaagtt
gcecaggctggtetcaaactectgggcetcaagtgatectecctgetcaggeteccaaagtgetgggattaca
ggcatgaaccactggacccagcectcctttatttctttaaccatggtggggttttttattatttgtitgtttgttttaac

ctgtttgaatatatttataataggtaccttcaggtctttgtctgctaagtctgacatctgggecctctcaaagaca

gtttcagttgtctttttttttttcticttgtgtatgg gaacattttcctgtttttttgtittgtittttgtigtittgtitigtigtte
ttgttgttgttaaagattggacatgttagataatatattgtaggaactctggctagtgattccctttcctceccagg
acttgtttttatttctetttgettgtttactttttcatacagtctgtttccccacagtgtctgectetgactttattccttag
agggcgcagcetgtggcecatgtacgtagtcactctgggaagacagtggttitagcagegtgcteattaacttte
tctgacctctttgttatacctectgectetgtggatattagacccagttattacatttcattgtttactgattggtctat
tgttttccagaatgccttgggatgtaatttgctccacagtctgatccacttaaattcaggectctttgcagggeta
gttttagaggccagtctttttttttttttttettttttttgagacagagtcteactetgttgeccaggecggaatgtagt
ggtgcagtctcagcetcactgecagectcaatetctcaggcetcaageaatcttcccacctcagcettctcaagtag

ctaggactacaggtgcacgcecaccatgectggttaatttttgeattttttatagagatggggttttaccatgttge

cccggcetggtctcaaactectgagticaagcaatccacccacctcagectcacaaaaggecgggattacag
atatgcaccaccacgcctggececctgaggcecagtctttaactgtcttcttagetgtctetttcectggttetetet

ggtgaactagctggtaatttgtttatctcataaggctaccagattecttgtaaatgcttatccccacaatctecatt
gttttcaagagcatcgttagtctttaatttcctcacgcttcattccaaataaagtccattcacttgagaagagttct
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atattcctatgacctgtgtctccccatgagcaaaactgcetactgetttacagagecagggacagtggeccace
tctetgtggcatcctgctttatgaacaagtcactgggctcagatggcagtcetetgatttictcaccttgettettcet
ggcatggaaactccaccctacaagtgggaactgagtggaagaagagagecccattccecttagecactett
aacaggattagaacctctgcaacatgcatttaagaatgggaacaggctgggcacagtggctcacgectgta
atcctagcactttgggaggtcaaggcaggaggattgcttgagecaggagttcaggaccagcectgtgecaaca
tggtgagaccctcatctctacaagaaatagaaaaattaactggtgggtigtgtatacctgtaatcccagetact
cgggagcectgaagtgggaggattgcttgaacctggaggcagaggttgcagtgagtcaagattacaccattg
cacgccagcectgggcaacagagtgagactctgtctcaaaaaaaaaaaaaaaaaaagagtaggaacattga
ggctgggcatggtggoctcatgectgtaatcctageactatgggaggccaaggcaggagtatcacttgacge
taggagttcaagaccaacctgggtaacatagcgagactttgtctctattaaaaaaaaaaaaaaaaaaggtgt
aaaaaacttttgtaacaagagtgggaaagecgggceacagtggctcacacctgtaatcccageactttggaa
ggecaaggceaggeaggceggatcacctgaggtcaggagtttgagaccagectggecaacgtggtgaaac
cccatctctactaaaaaatagaaaaattatctgggcatggtggtgcacacctgtagtcccagetactcgggag
gctgaggcaggagaatcacttgaacctacgaggeagaagttgcagtaagccaagatcacgcecactgeact
ccagcectgggcegacagagcaagactctgtctcaaaaaaaaaaaaagagtggaaatgttaggatgagaaat
gctggcagcectgececcteectgggagatactgtagecctagactggaagtigggggaggagegagecect
gtgctcttagetgeacccatgtgaagttgtacttctatcacatgagetggggacaggagagaaggcetcagatt
atggcttcagtgccacagaatctcttcatactaaaatttagtagattttcttgaataaatgctttttcatttgetgtac
acccttaaaagtttctagaaatttttaatatttgagttttaaaaaataattttcaacagttacagttatttcactaaag
agagagtctacagaaccctcttgccaccattgcagaggttgtctttggcttacgagtttttaaagtatttgtatac
attttttaagttcaaaataatagaattgtaagtgaacatgetgttttcatactgtttttcaagctttatttaatatattgt
aaatctaattctattttattaaatagtctgecacagtataatgtctgatgtctecttagaattttattgtatggatgaa
caatgattatttaatttcctaccaattgttgggtgttttttgtitgtitgtttgtitttgagactgggtctcactctgtcac
ccaggctggagtgcaggagtgcggtggaatgatcacggcetcactgecagectcaacatcccaaggetcag
gtgatccttccacctcagectcgcaagtagetgggagtacaggceacatgecaccatgeccacctattttttag
agatgaagttttgccatcctgeccaggetggetegaactectggectcaagegatctgcacactteecgectee
caaaatgccaggattacaggcgtgagcecatcatgecctacccecccatcaattgtitgatgtagecatttttca
atgatccgcgattaagaagcagceactcttttatagccaaaaattacacatatataaaattttcctttagaaaatgt
tctaaaaatggaatgtctaactaaagggttaggcatacattcttaagacttctgatacgegetgacttgcagga
aagttgtttcagttaacactcctaccagcggceatccgagagttaatctgtaaagettgagacaacttagaaagt
gtttcaaatgattgtgttgcttaagaaaaaaatcttagcacttccttttgaaaagccagtggggctgaaaagac
aatgacaagcactttgtccctctgtactgtgttttecttgcagCCTGGTGAGACGAGTGGAC
CGGATGGAGCATTCCATCGGCAGCATAGTGTCCAAGATTGACGC
CGTGATCGTGAAGCTAGAGATTATGGAGCGAGCCAAACTGAAGA
GGAGGGAGGTGCTGGGAAGGCTGTTGGATGGGGTGGCCGAGgtca
gtagtcatgagctgaaaacaccgcetgctgageatggtettattaatgaaaatatatgttgctgacagttgtattt
gaagtattgaagaagagtaaaaaaaatttacgtttatagaaattcacaatgatgtttccatttactctcattttcag
atttttttctctgaaacagaaacactctttctataaaatctcttgetataaaacatcaatgtagtcatattgtctaace
cttaggctgagatgtttatcttictccataactacagataaaattataatctggaggtgttactttcttaatactcca
tatgctaatggtcctgecttcactgcagggtagaattaagtgaaaaattactccagcaactctgagatttgetat
tatatgctgtaaatctccagcecttaccaaactacagattatttggtecctggacttectaaggceatttecttctact
gcceccaacaccagtttctttttecctttttagGATGAAAGGCTGGGTCGTGACAGTG
AAATCCATAGGGAACAGATGGAACGGCTAGTACGTGAAGAGTT
GGAACGCTGGGAATCCGATGATGCAGCTTCCCAGATCAGTCATG
GTTTAGGCACGCCAGTGGGACTAAATGGTCAACCTCGCCCCAGA
AGCTCCCGCCCATCTTCCTCCCAATCTACAGAAGGCATGGAAGG
TGCAGGTGGAAATGGGAGTTCTAATGTCCACGTATGATATGTGT
GTTTCAGTATGTGTGTTTCTAATAAGTGAGGAAGTGGCTGTCCTG
AATTGCTGTAACAAGCACACTATITATATGCCCTGACCACCATAG
GATGCTAGTCTTTGTGACCGATTGCTAATCTTCTGCACTTTAATTT
ATTTTATATAAACTTTACCCATGGTTCAAAGATTTTITTTTTCTTTT
TCTCATATAAGAAA

premrna
ENSTO0000
0512858.1

ACAGTTCAACAATATAGCTGCTGTCACAGTATTTTTTGTCTGGAT
TAAGgtaatttataaatttcatgttctacattttaaataatattttctttaaaaaaaatgagttccacaaaatcatg
gaatacttgaatttgaaattcaagtgaccagccaaagetgctcaatatttactttgagacagggtctcactctgt
cacccaggctggagtgcagtggtatgattacagctcattgcagectecgacttcccaggeccaagegatccte
ccaccttatcctccgaagtcactgggactacaggcatgtgccaccatacceggctaatttttaaattttttcgta
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gagacaaggtctcattatgttgcccaggcetggttttgaactcctgggttcaagcaatcctececacctcagecte
ccaaagtgctgggattacaggcatgagccaccgtgccaggectcatattttacatataaagtaaactattgag
actcatgtgatcattcctctcactgtcaatgacatacttctgetatctgaattagtgcaagatcagtecctatagg
ttttgtttaacaaatgcagtaagaggcctttcagtgtgttagctgggectggggccccaggcetgctaacagat
gagatgaacaggtgaaggaaaaggaacttagagaaagagagggaaggagcaggtggagggaaggog
agagttgctgcacttggaaatgcttgctagaagggatcgectcttttccaggtagaggctgtaagggaagcett
tacctagaattaaggttggaacagacactgcticcaaatagttccttgetcactattttccttattgtcccaagata
taatgtgcatttccatgtgtgtgaaaggttatgacatttcatatacaacaagcectcaattctggagatgcaggaa
atttcaataattctcaggcagcagctgecattcggtcaccagcacaggetctgattgtgctgtccagacagta
agtactagccacatgtgcctatttaaattcaaatttaaattagttaagcttaaatacaattaaaaacgeagttcctt
ggtectactggecacacattaagtgttcaatggctactgtctaggacagtggaaatgtagaacatttccatcat
cacagaacgttctcttgaaaagcactgttctggaaggtacttacccgttatgtacttttctgagttggtattcata
cctagaagacctgaggtttatcacaagacatagacttggaccaggcegeagtggctcatgectgtaattccag
cattttgggaggcecgagataggteccctgageccaggagtctgataccagectgggcaacatggcaaaac
ctcatctctactaaaaatacaaaaattagcetgggggtegtogcacgtgcctgtagtcctagetacttaggagg
cttaggcgggaggattgcttgaatccagaaggeggagggtgcagtgagecaagatcgeaccgcetgeacte
cagcctgggcaacagagtgagaccctgtctcaaaaaaaaaaaaaaaatgcatagactttatcctgtatttcte
atgctatttatttattgacatgcttgticaagagaaaccatcactaaagcacaaaaccttgatcataacatagtaa
taataatcaaacagcaaaaataataatagtaataagaatgttctgtggtgatggaaatgttctatattttcattgte
ctagacagtagccactaaccatgtataggcatggaacacttaacatgtggctagtaggaccaagggactga
atttttaattgtatttaatcttacttaatttaaatttgaatttagatatccacacatgtttggatagcacagtcagage
ctgtgctggtgaaaggatggcaggtactgectgagaattactgaagtttccttgattattattagtttaataataa
taatcaagatagtaataataatcaagatagtaataataatcaagatctcagctgggcacagtggetcacgeac
tttgggagoctgagecgggcagatcacctgacgtegggtttgagaccagectggecaacatggtgaaace
ctgtccctactaaaaatacaaaaaaaaaaaattagetgggtgtggtegcacgtgcctatgatcccagetactt
gggaatctgaggcaggagaattgcttgaacccaggaagcagaggttgeggtgagctgaatcatgecactg
cactccagectgggceaacagagcagceacttcgtctcaaaaaaaaaaaaaaaagatctcaaatgaattggga
ttgtattaagtaatgattaagtaatgtgattacagcaatcctcaagaaatatttcactgtggcecagtaacaatgtg
taacagacctttaaacttctagagattttcctacaacatgtgtctcaggctgatgtgttttatttagtgcttctcttg
gaaatgtcttgcccctcgatactttatcattaaggtctttaaggcagggatcatgactctacttttttttettettetettt
ttgggacggagtcttgcetetgtcgeccaggetggagtgecagtggcacaatcttagetcactgcaaccteegt
ctectgggttcacgcecattctectgectcagecteccgagtagetgggactacaggeggcetgecaccacge
ccggctaattttttatatttttagtagagacggggtticaccgtgttagccaggatggtetcgatctectgaccte
gtgatccacccaccteggecteccaaagtgetgggattacaggcttgagecaccacgeecggectcatgac
tctacttctaatatctcatcatgtgctcticcactgaggcttctacttagagetacacaatctgggceagcecatect
cagtgccttatctaccaacatgctcaatatggctttgcagggttcactgtctaccageagggttcactatctace
aacatgctcaatatttctttgcagtcaggcagagcaggctttgcagttcaggcagggcagetggetgecaggc
cccagctgactectggggatagaatgecaatatttcagacattgcagagatttgaggcaatgtacataaage
ccteccacatataactgatgcacaataaatgacagttaatattatgcaacaagaatttcctgggggottttataatt
aatttttatttgtgtgaagttttttcccteccttttactttaatectttttggggg gaaagcatcactagtcacagtica
cggceagcectecgacctecccaggcetcaageaacceteccacctcagectectgagtagetgaaaccacaggt
gtgtgccaccacacctgactaatttatttttattttctaatgaaacagaatcttgecatattgeccaggcetgatctt
aaactcatgggctcaagcegatcctectgectcagtcttccaaagtgecgggattatagatgtgagecactge
actcagcctttttttttttttttttaattgtagatagcataaaacctactgttttaaccatgcttaagtgtacaattcagt
ggcattaagtacattcacagtgttgtgcagccatcgecattatgetgcattattttcagaactttttcattattctaa
actgaaactttgtatccattgaacactaactcccaattcccccagtecctggtaacctecattetactttetgtca
ctgtgagtttgactattctaagtacctaatttaagtggaatcatacagtatttgtccttttgtgtcaggcttatttcac
tttgcatgatgttttcaaggttcatccatgttgtaacctgtcagaatttaatttcttitcaggatgaaataatgttttat
tatatacagtcacaccattttgtttatccattcatctattgatgtcttctetctettacagCTCTTCAAATT
CATCAATTTTAACAGGACCATGAGCCAGCTCTCGACAACCATGT
CTCGATGTGCCAAAGACCTGTTTGGCTTTGCTATTATGTTCTTCA
TTATTTTCCTAGCGTATGCTCAGTTGGCATACCTTGTCTTTGGCAC
TCAGGTCGATGACTTCAGTACTTTCCAAGAGTGTATgtaagtatatatgaa
attaagaagaaaaatttaatcagagttgtcactgctictcaagaataaatcttcatatgaggttgctatatgacca
ccaattatttaaaaccagttattttaagtaagaattaattaccttttcccaaaacattgatctacccatgcaaagaa
gacaatgcatcctgaaatgetgatgcttaagatagcageccaaagtagtaaaatacagttaacagacatagg
aaaccaacactgttctgaagactgagtttttctttgcaccaaatgcagatggtagcetictagaaggctgtttgcc

-130-




WO 2022/169947

PCT/US2022/015074

tatattcttactcctgttgaatattgttgccatatatttagaacttcaagttattttctaaggaaaaaaacaagatatt
tctaatattctaaggtaaactcagaccagtacaagaattttcagtttttttttccaaagatcccaaatgtgaaataa
aacaacaaaaagcagccagtgtcagatttctatgccatttagaaaggagttagtitaaaaaggaatggaagta
atagggttttgtgcatagatatctcgaattaatattgctgttgataaaagtgattttgctaagacccageactgac
aacacttggccactttgatcccattttaagtacttgtcagaatattggatctttgaactcaaaccattttgggttttt

gggattttittgtittgtttttttttgtettgtittgtttttgaggcacggtctigetetgttgeccaggetggagtacag
tggtgcaatcatagetcactgcagecttgaactectaggctcaagcaatectgetgectcagectgctgagta
gctgggactacaagtgtatgecaccatgectggcecaatttttaactttttttatgagaagggatcteactgtgta

gceccagggtggtattgaactccagggcectcacactgtcectetcacctcagettccaaaagtactgggattaca
ggcatgagccaccacaccaggcecctgttgttttttttttaaagaaatttttaactttagaccgagggtgactgttg
tcaaggtttagggttaagatgttttacctagattatgtgtigaaatgttatagecaattgetttataagttattgaata
ataattgtattttctettttettttttttttgagatggagtctegticcatcgeccaagctagagtgcageggtgtaate
tcagctcactgcaacctctgectececcgggticaagegattetectgectcagectecccgaatagetgagattat
gggcgeacgcecaccaageccagcetaatttttgtatttttagtagagacggggtttcactatattggecaggcetg
ttctcgaactectgacctegtgatcegeccgecteggecteccaaagtgetgggattacagacgtgatccac

cgtgcccagcttgtgttttctitttaaccaaatggaaataacctctgtagcatgaaagcattttattattattgcag

aaggctttaattgctgatacaagtagcaagactttgtaaatgggattgacaattttctgttattcggcagcetacct
atactgctaaaaggtccaaaaataatgaaatcatctttaagaaatgttgcatcaactagtggacattctttgtettt
gtattgtggtettttgttttatttttatagettcactcaattccgtatcattttgggcgatatcaactttgcagagattg

aggaagctaatcgagttttgggaccaatttatttcactacatttgtgttctttatgttcticattctittggtatgtaca
tttttatttatagtgaggttcaatttaaacttcgtaaatccttgtcttctcttttctctcacactttatgtcctatcaatttt
aaataaagacccaggaagtagaaaaaagtgtggatgttggaaaacttattttccttttattaattcacagttttga
gactcatatcaaatgtcttttctgtggtctttcattgatccatgtatatgtgtctattcaatgcaaaaaaaattagat

ctcttccatggtctttcatttctetctctatatatgtatctattccatgcaaaaaagaaattagatcaagtacaaattt
ataaagatacctaaaatagtgctttgcctaaaaagtagaatatgcttacatgctttttaaactcatatgtcageac
tttcgtagtcacttgctagcatgacttttctetctteticttttctitttaaaaaataagaacggaaaagcaagceta

gatctaagatgtcgagtaatagttgagtgaatcattgcatgtcaaaattaggatattctgtittaaattatttatate
ccattcatctagagactgcctacagagaatattcaaataattaagtttaaaactaaatgtaacaatgaatggaa

attgcattaaaattattttcaaaaataatttttttattctcttgatttggtacaaatgaacatttttaatgtttttgeccta

agtcaattaagtttttttaaggtottttgttctttttcttaacatttatatattcaattgtctactgagaaggtgttaage

cagcttaatttaggcaatatttttcatctaaacactaacagtcatcttaagaacaattttcttaagaaaataacattt
tttccatttcagtaaattgtgtaaagatcccttgaggaaggttaagtgatcacattttcagtaattcagtgtaataa
ctctaaagtcagtccaggtattactggttaagtatatggtatttattgattgggtattagatgtactgtattaatttcc
tgtttaaaaaaaattttttttccggggagacacagectetggtgtaaaacaaaggtgtgttccctagetgtacttt
aacaggactgaaaaggtcaggaatatcattcaagttcatatgtatctigctgtatgcatggtttatggctcattttt
aaacttacacctcttaagcttcttcttectatcatatattaaaacaatggagagaagaataagcectetgttactcta
ccattgatagtacttcggattctagagtacctgaatctctactaagaaggcaaaaaccaggaattgagagtce

tgcacctgacccttcagttgatctcaggccacctagttttctcegtttatcaatctgeccaaacaaggatggatag
agtcgtggcaactggaaaggctcaaatgtggaattgtitgaatgtggtectttagtaggcagecatcttacca

gatctagagtattcagtcatcttaccagatcagtcaccagaacatgaaaagaagctcttagtttctatctttatac
taaaattgtttttttgtacgactgcacaaaaaagaattgctctecttgecacctcccagagatataggtggataga
tacatacatacgtacatacatacatacatacatacatacatacatacatagacacatacatagatagaagtcta

ctttcaatacaaacctgtcttttaaggaaatgacaagctgagcatagggttggccacctttctgagecgattge
ctggtattagtttattgccectgtttagcaagaaggcacagtgttaagaagtggctcagetgaaccaggataa

ccecactettcccccacatcaacaggaaagacatcectggtgcagatgtccatetgataattcagggaaccte

gggagacaggatggagaggagggtgagctagcttcctcttcccacaccttcaagagectttctcaageactt
tctattttttgaaatctctttagaggtcccagactttgatctgtttcaattaaggtattggcaggcattagttaacag
ccacttggaagcaaaaatagaacattagatccctgagtiggaagagagaaggtagaaggtettacttggact
gcaattatctgcacttggaattgagcatttagtcaaaaacttatatgtattctatattctattctcatttctgctacag
aattgtaaacaatattcttccttaatacagaaattcatagcccactaaaataagagcgttcteatttgttcatttcte
aatcatttaataagtatttactaagccactatatccatatatatatatatatcatatatactgtataatacacactgta
gtgttttttgtggattgtgtactatgaggtagtatgttagatactgccagtactggggtaaggaaaacagectga
ttaggccecttacgaagattcctcagacttgtggggaaaacagacattatcaaatagaaatacttgcaaaccac
agttatgtgttaaaaaggaaaaacaaagtaaaaaaaaagttggtgggeoooaacctgatctectggataca

gtgcttcgagaaagtttgttgttggaaatgcaaaccattactactgtggaagggaaaggtcagaaaaatgaa

ctcaccattactgaatagtaatagtagctatcaattaggtggcacttacctgeatcaggacctgtcctgageac
tttacatagattgtctcactaaccagcccaacaaatatgtaagggagatactattatttttcccattttattaatgta
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aaacaattaaataattctttaaaattagacttagaaaagtggagcaacaatcttagcagtgctaggactgaaat
ccaagtttgcttgactccaaagtctatctctcttccagaaactttttctttactatctgectagtaggcectgetgtat
tectatttgcaacagccttttaaactctttaaaaatgtgtectgtaaatticatatatgattatacaaaaaaacttgg
aataagcatacaattctacttatctgtgttaactgttgaaatttgaagagctttttggaattctatacccttcagtag
tgtatgtaaaagtttctaaatatagagaacatagataagcaaaaataatattaaataaaataatcgcaccattag
taggtaaatatactaatattttgttgtattttattcttgtatgttttcacaaagtatatcataaaatttttcctgtggcat
gacttaacggagaaaataatcttcccaaaacatgtggcagcaaaactgttaatttattacatcaggetgggca
cagtggctcacgcettgcaatceccageactttgggaagecgaggegggcagatcactigaggecaggagtt
cgagaccagcctggcecaacgtggtgaaacactgtctctactaaaaatacaacagttagccaggtgtagtgg
cacatgcctgtaatcccagetactcaggaggctgagactcaagaattgettgaacccaggaggceagaggtt
gcagtaagctgaggtegegeccectgcactccagectgggcaacacagtgagactetgtectcaaaaaaaaa
aatttttttttaaataaataaataataaatttatgtcttcataaagcactcagattaggaaaaaaaggataaacaaa
aaggcatgtgtcatttttttgattgataattccaaattatgtttcttcctttaatttttgcectectttcatttacaaaca
sAATATGTTTTTGGCTATCATCAATGATACTTACTCTGAAGTGAA
ATCTGACTTGGCACAGCAGAAAGCTGAAATGGAACTCTCAGATC
TTATCAGAAAGgtaggaaaaaccttaattctcagaattcttctgtttctgacataaaatgageattgtt
tcacccagattttcaaatcaacattgatccattgaaattgtitgaaataaagaatacattgctatatttcaggaata
atttaaatgttccctatcttggagtcttgatggatatactgctatcttgaattttaattctgggaatccttttatgecct
ggaattaaattctcaacaatcttttgacactttaagagetgagctgaaggttcatcaccttcattattttgacatct
cctgtagcetggctctecacttcaggatectgagttgagaataaactagaagggaagattatataaagggatttce
cacctcttctgtctcaattaccattttaaaaaaataaaaagttttagaggaaaacacttagtagttcaccctttace
cttgaccttccacggcagttttaaaataagcaaaggaaaagattcatgaattcaggccatageetggggect
gagaacttttacttatgcaccttctcaggaagggtttcattgttaaatagaagggcaggacaggaaagttegg
cctctttgttcttctcaatgtaacttctttatttggtitaaagtataaaatgtatacaacaacaaataaccacatttaa
aatacacagtttgtttcccaacatcattttgctaagtcatagtggetecttaactgtaatttttttttttattagtccaa
gccttaggattatgttatctgtgatatatgttataatagaaaacttaagectcttaaaacaaagtccttgggatgg
gacctaagattcacattatcttgattccgcataacagttgcttacattttagcaaatctccagtgtgtatgcaage
actcctcacttggcacaattctgatacacacaaactttggttaccccagttttgttatgtaacaccaccttcaaca
acacagttcaaatttcagttatcatagtatattaactctgagtaacagcacaaagtacaaactccactgctaget
cttcagtgtatagatcagttacctgagtaacagatgtgcaggcetgageaggctcactggtcagtcatgacact
attttcagtctgttactaattggtcactgagcatctgctatccaattcacaaacaaagaaagceatgtagtgttgct
tecttgtgttccagtaataagcccatgtgacattttacaaaaatggataattgaaaaagagaatgggtecagty
gctcacgceatgttgggaggccaaggeggatggatcacctgaggtcaggagticgaaaccagectggeca
acatggtgaaaccccatctctactaaaaatacaaaattagctgagtgtggcgacagatgectgtaatcccag
ctactggggaggctgaggcaggagaatcgcettgcacctaggaggcggaggttgcagtgagecgagateg
tgccattgcactccagectgggtaacaagagegaaactccgtetcaaaaaaaaaaaagaaaagaaaagaa
aagaaaaagagaatgggctagcaaagaaatgaaaaatggtaacactggaagtgaaaatcaaaacagagt
aatggatttatagaagaaatagctgagtgaagaagaaataggagtgttgacactgcgatcattcaagagatc
cagatatggagccagaagaacttagggcaggtctatcaacttaaatgaggaaaatagetgtgataaaacag
atgaagatgtcttgaggaaatgatgcctgcaaaaaacttcacattaagggaagtcttattagagatatttcaca
ataatgaaagtacaaaagaaaaaatgttggggactggacatggtggcttactectgtaatcccageactttgag
aggccaaggtgggtggatcacttgaggccaggaagtcgagacaagectgatcaacatgatgaaaccecgt
ctctattaaaaatacaaaaattagccagacatgatggtgcacacctgtaattccagetactcaagtggctgag
gcacgagaattgcttgaaccagggaggcggaggttgcagtaagcetgagattgcaccactgcaatccagee
aggtgacagggtaagactgtgtctcaaaaataaataaaagaaaaatatgttggaagctcatccacatttaaga
aggaatatgacaattcactaatgcatagaaaagaagttcactccacattgtaaagtgtacagtgtaatattatac
aatgaaaacaaggcaagtgctgtttaaactactctggatacattttttacaaagaaataaaacactttagttttta
atgtttctaatgttttacattttagtgtattaaatcaatattagttttcticttttttaagctcectatacatttataactga
cactaagggagtgtttaatgttttgattaaaagttgtaaagatcacagaacaattgtaattcttcccactgattatt
cagatcattttgcacaatttcagettgcatggtcacttacagtgccgeactatgtgcaaagcaaggtcaggtct
aaagttcgctaatgaaaaatcctcggecaggggceagtggetcaccectgtaatectageactttggaagge
gaggcaggcagatcgcttgagctcaggagticaacaccagectgggcaacatggtgagaccctgtctceta
caaaaaaaaaaaaatagcaaggcgtggtgactcacacctgtagtcccagetacttgttggggectgagttg
ggaaaatcacttgagcetcaggaggtegaggctgcagtgagcecagaatcacgecactgeccttctgectgg
gtgacagagtaagatcctgtctcaaaaaaagggaaaatcctcatctacatttcactgggttttttgtttgtttgttt
gtttgtttatacacacttaaggaaattactgtctagaagatagataatataaaaaataaaaatgcaattcatgatt
cgggtttcttggtattcctaagaactgttgcacagtactttatgctctgaggcagacagctatagcatatatagt

-132-




WO 2022/169947

PCT/US2022/015074

aatttttgtttctatcacataaacttgaatacacatatgagtaaaagacctttagttcttcatgacttactgaaagac
cctgactttttccatgtaactgttccacaagtgttttatggaaaactggatacattaattcttcattcatccageac
gtacttgttgaatggccaatgtacaccaggtttgtagtagttactactgtgaatggaaagtaaaacagatgcaa
aaggagaatacactaaaccaagtcttttattttttctctetctgatagGGCTACCATAAAGCTTT
GGTCAAACTAAAACTGAAAAAAAATACCGTGGATGACATTTCAG
AGAGTCTGCGGCAAGGAGGAGGCAAGTTAAACTTTGACGAACTT
CGACAAGATCTCAAAGGGTGAGAATCATGCTTCCTGAGGTTCTG
AAAAATTCCTGCTTCTAAAGATAAATTCCTGGTGATAAGAGTATT
TCTAGCCCAAGGGCTCATACAGATACTTTTTTTTTTTTTTTCCAGA
GGCAGGTATCTTTCTGGAACATGTTATAAGAGGAAAACTTGCCC
CCATTTGGTGATTTCTCCTTTCCTCCTGCATTTTGATGTCTCTGTG
TTGAGGGTGAACTGGGTACAAGGAATGATTTTTATCTGTATCCTC
TCTCTAATTTCAGGAAGGGCCATACTGATGCAGAGATTGAGGCA
ATATTCACAAAGTACGACCAAGATGGAGACCAAGAACTGACCG
AACATGAACATCAGCAGATGAGAGACGACTTGGAGAAAGAGAG
Ggtgggtctgatttaggagaaccggatttgatttggtacctacaacaccacagatgtatcaaacactatagaa
gtagtgggttattgagtctcttgeccattccccaccacactetetetctetetcagteggtttatgtgttagtacee
tgtttattccagaaagaatatataacacaattatgtataaaaatgggtggttagcatgatataaaaacgtcaaaa
tgaaaagcaagcaaaacaaaagtaaaaataatggattattaatgaagcttaaaaatgcattcataaaaacaca
tatgcttattaagattgggctacaaattgggccctaagettgetggtaatcagettgaaaagagaagectgatt
agctgcagagtccacaatgtccgtgagagtgaagaaaacaaaaaatgacttaccaagagatgtgaaattatt
ctggttagttagtgg ctatttaaattgttaacttttttttctetttttttttttittgagatggagtetigetetgectecca
ggctggagtgcagtggcacaatcgegactcactgcaacctecaccteccgggttcaagegattetettgect
cagcctcccaagtagetaggactacaggceacatgecatcatgeccggetaatttttgtatttgtagtagatatg
gggtttcaccatgttggtctcaaactectgactgcaagceaatctgeccacctiggecteccaaagtggtggga
ttacaggcagtagccaccgtgcectttcctaaattattaacatttataataaaattaacagecgecttccatttgaa
tactttttacaaaatagttaaaaataaacataagtgggcttttatagtcagaaaaaaaaattcaaagcetttaccatt
aactttcaaaaataaatggttagacagcaacaacaaaaatctgtggtaactgaggtacagagaacacagatg
aatgttattacaaaagccactttcctatgagaagtctaggacagtggtttctaaatgccactccacagacagtg
ctagtaggtgacagacttctccagtcacagtgaaatttaagcataaagaaaatgaggaaaatttttacaaggce
tctatttagacaaagttcttattctgacattacatctttcctactttggagctgttgaatgtattatcttttatgaaaag
aaggcgatccaggttgagcatccctaacccaaatatgtgagtctgaaatgctccaaaacctaaaacttettga
gcacaaacatgatagtcaaaggtcatgcttaaaggaaatgctgtcattggagcagtttggattttgggttttca
gattagggatgctgaaccagtaagtataatgcaaacattccaaaatatttttgaaaatcccaaatccaaaacac
ttctgatcccaagtatttcaaataagggatactcaacctgtaatatatttcttcatttctttatttattttattattatttta
agatggctcatggceccactgcagcctcaaactectaggctcaagtgatcttccgacctcaaccteccaggta
gctcaggtagcetgggactgcaggeatgceatcaccatgectggctaattttttaaaaaattttttgtggaggcag
agtctcaccttgetgeccaggcecagtctcaaactectggcettcaagcagtactcctgectcagectcccaaag
tattaggattacaggtgtgaccactatgcctggeccatatttcttcatttagttttttetttgectgetgtgtttttaat
gttctttcttgttcaaacaaaaagttggctattecttgetgttagttaaatttgccaatctatgaaactgaaaaatge
aggagtcccagcectggtgttaaatacaaagaaatcccaggtaaatggeatgecacccagttectgettgecca
agtccttggtgaggcttetgtggggtctcagtgttetgctecteactcagtgaceccttgttettcagGAGG
ACCTGGATTTGGATCACAGTTCTTTACCACGTCCCATGAGCAGCC
GAAGTTTCCCTCGAAGCCTGGATGACTCTGAGGAGGATGACGAT
GAAGATAGCGGACATAGCTCCAGAAGGAGGGGAAGCATTTCTA
GTGGCGTTTCTTACGAAGAGTTTCAAGTgtaagtataaaggaattggcagaatttg
cgttgacaagagtccacatgagaccaggcagttcectcatctetctgaattcactcetttccattactaatcate
cagcttttaaaaataacttatactggccagacgcagtggctcatgectgtaatcccaccactttgggaggcca
aagcaggcaggtcatgaggtcagaagticgagacgagectggcecaacatagtgaaaccccatctcetattaa
aaatacaaaaaattagctgggcatggtegtegocacctgtaatcctagetacttgggaggctgaggcaaga
gaattgcttgaacccgggaggcggaggttacagagagecgagatggctecactgcacaccagectgggc
gacagtgcaagactctgtctcaaaaaaaaaaaaacttgtcaattggtgttttgtitcttacataatatgtttactat
aaaaattagcaaataagagcaaaagaaaacattaacatttcacatatttctaccaatgaaaaatgtttattaatat
atcagtgtttgtgtctctatttgcatgtgtitatcaatgtttctatatatttttatggectaacatatggttcgtectgaa
gaatgttccttgtgcatttgagaagaatgaatattctgctgttcaagtgtictgtagatgtttgttaggtctagttty
tttacagttttattcaggtcteccatttcctggttgatcttagatgtgcctagatgtggtattcacgtttgaaagtgg
ggtattaaagtctccaagtattattagttggagttcatcccttcaattctgtaaggttttgctitgtatattttggaac
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tetgttgttgggtegcatacatatttataactagtatattttcctaatatattgaccctatttictctctcaacttaatga

ggctaaagaaaaaaaagaattgaccctgttttcattacaagatgttatccactttatctctagtaaaattctttgtet
taagtattttttgtttgatattactgtaaccactccagctttcttttggttgetgtitgcatgataaatctttttccatect
tttactttaaacttatttatatctttcagtctgaagtatgtctetcctgtagacagcatataattggatcttatctttttat
ccagtttgacaatttctgtttttgattagattgcttaatccattcatttaatgttatcattgatgtagttgatttctgtctg
ctattttattttttgttttctagcttacttttttttgttcctctttcactgctttcttgtacattaagtgaatattttcaagtata
acatttaaatttttttaatgatttttcattttttttagtcaggagttgctctaagacttagtttatacaattaagttatgaa
aaattacttcagatatatattaactgaatccagtgagatatagaaatcatttctatttagcttttttcctcttceotett
tttgtgctatatattcatctatctatatgtatatatagtcatctacatatgttgcaaatcacattgttagaacaatgtta
catttttataacacactgtgtaatatatagtatataattttatatctcttaatgaagctgagagaagaggaagtatat
atttataaatgtgtatattaacctacttttttaccatttctaattctcttcttttgctectetggattcaagttatcatctgt
cgtcattctctttctccgatacagctttgetactgectacctectattattgtcaaatatattacatttctattatagac
cttcagatccaattatgtacatatttttacacaactgctttttaaatcagttaaggaacaaaaggagaaatgtaca
tatatactatattttatacctacacagttatctttaccagtgttctttgecttttcatgtggattctgattactatctgga
gtcacttgctttcagcataaagaatttcctttagtattttttgtaaagcaggtttgctagcaatgaattctttcatttttt
gtttatctgagaatgtttttctttctecttcatttectetggettgtattgttictgatgagaagacaggtgctaatttta
ctgtggtccccttgtacatgatgactcaattttctctcaccactttcaagatttttttgettttgtetttcattatttttac

tgtgatatgtctgggtataaatctctgagticatectacttagaaagtgttttttctgettctttcactttctettctect
ttgggacccegcattatgcatatgcttaggggtatcacatatttctcttaggetctgttegtegteattttttttcecte
tetgttcctcagagtgcatagtctgtattgatgtatcttcaagttcactgacttgttcttctgtcagettgettaaate
tetgttgagetcctetagttatttatttatttatttatttattttatatatatatatatatatatatatatagagagagaga

gagagagagagagagaaagagagagagagagagacagggagacagggtctcactccatcacccagge
tggagtacagtggtgtaatcatggctctctacagectgaacacctgggctcaaatgatcctectgectcaace
tcccaagtagcetaggactatgggcacatgcetgecatgectggctaatttttaaaaaaaaatttgtagagatggc
atcttgttatgttgcccaggttggtctcaaactccecggectcaagtgatcecttcegecteggecteccaaagty

ctggggtcacaggtatgagccaccgeacttagectgaattttttatttattatacttttcaactccagaatttctatt
tggttctttttagcaatctetgtetetttattctgtatttgatgatatectgtatttgatgagacaatgtcatcataactt
ccttttttttttaagagatagggtctetetetgtcacccaggetagagtgeagtggcatgatectagetcactge

agcctcgaactectgaactcaagcaatccteccacctcagectectaagtacctgacactacaggceatgage
cactgtacccagctaatttttattttttgtagagatggggtctaagttgeccaggcetggtctcaaactectgggct
caagtgatcctcectgetcaggetcccaaagtgetgggattacaggcatgaaccactggacccagectectt
tatttctttaaccatggtggggttttttattatttgtitgtitgttttaacctgtttgaatatatttataataggtaccttca
ggtctttgtctgctaagtctgacatctgggecctctcaaagacagtttcagttgtetttttttttttcttcttgtgtatg

ggaacattttcctgtttttttgtettgtittttgtigtittgttttgtigttgttgttgtigttaaagattggacatgttagata
atatattgtaggaactctggctagtgattccctttcctccccaggacttgtttttatttctctttgctigtttactttttc

atacagtctgtttccccacagtgtetgectctgactttattcettagagggcegceagetgtggccatgtacgtagt
cactctgggaagacagtggttttagcagegtgctcattaactttctctgacctetttgttatacctectgectetgt
ggatattagacccagttattacatttcattgtttactgattggtctattgttttccagaatgecttgggatgtaatttg
ctccacagtctgatccacttaaattcaggectctttgcagggctagttttagaggccagtettttttttetttettettet
tttttgagacagagtctcactctgttgcccaggecggaatgtagtggtgcagtctcagetcactgcagectca

atctctcaggcetcaagceaatcttcccacctcagettctcaagtagetaggactacaggtgcacgcecaccatge
ctggttaatttttgcattttttatagagatgggettttaccatgttgccccggcetggtctcaaactectgagticaa

gcaatccacccacctcagectcacaaaaggecgggattacagatatgcaccaccacgectggeccctgag
gcecagtctttaactgtcttcttagetgtetetttcectggtictetetggtgaactagetggtaatttgtttatctcata
aggctaccagattcettgtaaatgcttatccccacaatctecattgttttcaagagcatcgttagtctttaatttect
cacgcttcattccaaataaagtccattcacttgagaagagttctatattcctatgacctgtgtetccccatgage

aaaactgctactgctttacagagccagggacagtggcccacctetetgtggcatectgetttatgaacaagtc
actgggctcagatggcagtctctgattttctcaccttgettctictggcatggaaactccaccctacaagtggg

aactgagtggaagaagagagccccattccecttagecactcttaacaggattagaacctctgcaacatgeat

ttaagaatgggaacaggctgggcacagtggcetcacgectgtaatectageactttgggagetcaaggcag

gaggattgcttgagccaggagttcaggaccagcectgtgcaacatggtgagaccctcatctctacaagaaat

agaaaaattaactggtgggttgtetatacctgtaatcccagcetactcgggagcectgaagtgggaggattgctt
gaacctggaggcagaggttgcagtgagtcaagattacaccattgcacgecagectgggceaacagagtga

gactctgtctcaaaaaaaaaaaaaaaaaaagagtaggaacattgaggctgggcatggtggctcatgectgt

aatcctagcactatgggaggccaaggcaggagtatcacttgacgctaggagttcaagaccaacctgggtaa
catagcgagactttgtctctattaaaaaaaaaaaaaaaaaaggtetaaaaaacttttgtaacaagagtgggaa
agccgggcacagtggctcacacctgtaatcccagceactttggaaggcecaaggcaggeaggceggatcace
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tgaggtcaggagtttgagaccagcctggccaacgtggtgaaaccccatctctactaaaaaatagaaaaatta
tctgggcatggtggtgcacacctgtagtcccagetactcgggaggctgaggcaggagaatcacttgaacct
acgaggcagaagttgcagtaagccaagatcacgecactgcactccagectgggcegacagagcaagactc
tgtctcaaaaaaaaaaaaagagtggaaatgttaggatgagaaatgctggcagectgeecctecctgggaga
tactgtagccctagactggaagttggeggagoagosascectgtgctcttagetgcacccatgtgaagttgt
gcttctatcacatgagctggggacaggagagaaggctcagattatggeticagtgecacagaatctcttcata
ctaaaatttagtagattttcttgaataaatgctttttcatttgctgtacacccttaaaagtttctagaaatttttaatatt
tgagttttaaaaaataattttcaacagttacagttatttcactaaagagagagtctacagaaccctcttgecacca
ttgcagaggttgtctitggcttacgagtttttaaagtatttgtatacattttttaagttcaaaataatagaattgtaag
tgaacatgctgttttcatactgtttttcaagctttatttaatatattgtaaatctaattctattttattaaatagtctgeca
cagtataatgtctgatgtctccttagaattttattgtatggatgaacaatgattatttaatttcctaccaattgttggg
tgttttttgtttgtttgtitgtttitgagactgggtctcactctgtcacccaggetggagtgcaggagtgeggtgga
atgatcacggctcactgcagectcaacatcccaaggcetcaggtgatecttccacctcagectegeaagtage
tgggagtacaggcacatgccaccatgeccacctattttttagagatgaagttttgccatcctgeccaggetgg
ctcgaactectggectcaagcegatctgcacacttccgecteccaaaatgecaggattacaggegtgagecat
catgccctacccccccatcaattgtttgatgtagcecatttttcaatgatccgegattaagaagcagcactctttta
tagccaaaaattacacatatataaaattttcctttagaaaatgttctaaaaatggaatgtctaactaaagggttag
gcatacattcttaagacttctgatacgegctgacttgcaggaaagttgtttcagttaacactcctaccageggce
atccgagagttaatctgtaaagcttgagacaacttagaaagtgtttcaaatgattgtgttgcttaagaaaaaaat
cttagcacttccttttgaaaagccagtggggctgaaaagacaatgacaagceactttgtccetetgtactgtgttt
tecttgcagCCTGGTGAGACGAGTGGACCGGATGGAGCATTCCATCGG
CAGCATAGTGTCCAAGATTGACGCCGTGATCGTGAAGCTAGAGA
TTATGGAGCGAGCCAAACTGAAGAGGAGGGAGGTGCTGGGAAG
GCTGTTGGATGGGGTGGCCGAGgtcagtagtcatgagetgaaaacaccgetgetgag
catggtgttattaatgaaaatatatgttgctgacagttgtatttgaagtattgaagaagagtaaaaaaaatttacg
tttatagaaattcacaatgatgtttccatttactctcattttcagatttttttctctgaaacagaaacactctttctataa
aatctcttgctataaaacatcaatgtagtcatattgtctaacccttaggctgagatgtttatetttctccataactac
agataaaattataatctggaggtgttactttcttaatactccatatgctaatggtectgecttcactgcagggtag
aattaagtgaaaaattactccagcaactctgagatttgctattatatgctgtaaatctccagecttaccaaactac
agattatttggtcectggacttectaaggcatttecttctactgcecccaacaccagtttcttttteectttttagG
ATGAAAGGCTGGGTCGTGACAGTGAAATCCATAGGGAACAGAT
GGAACGGCTAGTACGTGAAGAGTTGGAACGCTGGGAATCCGATG
ATGCAGCTTCCCAGATCAGTCATGGTTTAGGCACGCCAGTGGGA
CTAAATGGTCAACCTCGCCCCAGAAGCTCCCGCCCATCTTCCTCC
CAATCTACAGAAGGCATGGAAGGTGCAGGTGGAAATGGGAGTT
CTAATGTCCACGTATGATATGTGTGTTTCAGTATGTGTGTTTCTA
ATAAGTGAGGAAGTGGCTGTCCTGAATTGCTGTAACAAGCACAC
TATTTATATGCCCTGACCACCATAGGATGCTAGTCTTTGTGACCG
ATTGCTAATCTTCTGCACTTTAATTTATTTTATATAAACTTTACCC
ATGGTT

transcript

transcript
ENST0000
0237596.7

AGGCGGCGGCGGGCGCCGGGAAGAAAGGAACATGGCTCCTGAG
GCGCACAGCGCCGAGCGCGGCGCCGCGCACCCGCGCGCCGGAC
GCCAGTGACCGCGATGGTGAACTCCAGTCGCGTGCAGCCTCAGC
AGCCCGGGGACGCCAAGCGGCCGCCCGCGCCCCGCGCGCCGGA
CCCGGGCCGGCTGATGGCTGGCTGCGCGGCCGTGGGCGCCAGCC
TCGCCGCCCCGGGCGGCCTCTGCGAGCAGCGGGGCCTGGAGATC
GAGATGCAGCGCATCCGGCAGGCGGCCGCGCGGGACCCCCCGG
CCGGAGCCGCGGCCTCCCCTTCTCCTCCGCTCTCGTCGTGCTCCC
GGCAGGCGTGGAGCCGCGATAACCCCGGCTTCGAGGCCGAGGA
GGAGGAGGAGGAGGTGGAAGGGGAAGAAGGCGGAATGGTGGT
GGAGATGGACGTAGAGTGGCGCCCGGGCAGCCGGAGGTCGGCC
GCCTCCTCGGCCGTGAGCTCCGTGGGCGCGCGGAGCCGGGGGCT
TGGGGGCTACCACGGCGCGGGCCACCCGAGCGGGAGGCGGCGC
CGGCGAGAGGACCAGGGCCCGCCGTGCCCCAGCCCAGTCGGCG
GCGGGGACCCGCTGCATCGCCACCTCCCCCTGGAAGGGCAGCCG
CCCCGAGTGGCCTGGGCGGAGAGGCTGGTTCGCGGGCTGCGAGG
TCTCTGGGGAACAAGACTCATGGAGGAAAGCAGCACTAACCGA
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GAGAAATACCTTAAAAGTGTTTTACGGGAACTGGTCACATACCT
CCTTTTTCTCATAGTCTTGTGCATCTTGACCTACGGCATGATGAG
CTCCAATGTGTACTACTACACCCGGATGATGTCACAGCTCTTCCT
AGACACCCCCGTGTCCAAAACGGAGAAAACTAACTTTAAAACTC
TGTCTTCCATGGAAGACTTCTGGAAGTTCACAGAAGGCTCCTTAT
TGGATGGGCTGTACTGGAAGATGCAGCCCAGCAACCAGACTGAA
GCTGACAACCGAAGTTTCATCTTCTATGAGAACCTGCTGTTAGGG
GTTCCACGAATACGGCAACTCCGAGTCAGAAATGGATCCTGCTC
TATCCCCCAGGACTTGAGAGATGAAATTAAAGAGTGCTATGATG
TCTACTCTGTCAGTAGTGAAGATAGGGCTCCCTTTGGGCCCCGAA
ATGGAACCGCTTGGATCTACACAAGTGAAAAAGACTTGAATGGT
AGTAGCCACTGGGGAATCATTGCAACTTATAGTGGAGCTGGCTA
TTATCTGGATTTGTCAAGAACAAGAGAGGAAACAGCTGCACAAG
TTGCTAGCCTCAAGAAAAATGTCTGGCTGGACCGAGGAACCAGG
GCAACTTTTATTGACTTCTCAGTGTACAACGCCAACATTAACCTG
TTCTGTGTGGTCAGGTTATTGGTTGAATTCCCAGCAACAGGTGGT
GTGATTCCATCTTGGCAATTTCAGCCTTTAAAGCTGATCCGATAT
GTCACAACTTTTGATTTCTTCCTGGCAGCCTGTGAGATTATCTTTT
GTTTCTTTATCTTTTACTATGTGGTGGAAGAGATATTGGAAATTC
GCATTCACAAACTACACTATTTCAGGAGTTTCTGGAATTGTCTGG
ATGTTGTGATCGTTGTGCTGTCAGTGGTAGCTATAGGAATTAACA
TATACAGAACATCAAATGTGGAGGTGCTACTACAGTTTCTGGAA
GATCAAAATACTTTCCCCAACTTTGAGCATCTGGCATATTGGCAG
ATACAGTTCAACAATATAGCTGCTGTCACAGTATTTTTTGTCTGG
ATTAAGCTCTTCAAATTCATCAATTTTAACAGGACCATGAGCCAG
CTCTCGACAACCATGTCTCGATGTGCCAAAGACCTGTTTGGCTTT
GCTATTATGTTCTTCATTATTTTCCTAGCGTATGCTCAGTTGGCAT
ACCTTGTCTTTGGCACTCAGGTCGATGACTTCAGTACTTTCCAAG
AGTGTATCTTCACTCAATTCCGTATCATTTTGGGCGATATCAACT
TTGCAGAGATTGAGGAAGCTAATCGAGTTTTGGGACCAATTTAT
TTCACTACATTTGTGTTCTTTATGTTCTTCATTCTTTTGAATATGT
TTTTGGCTATCATCAATGATACTTACTCTGAAGTGAAATCTGACT
TGGCACAGCAGAAAGCTGAAATGGAACTCTCAGATCTTATCAGA
AAGGGCTACCATAAAGCTTTGGTCAAACTAAAACTGAAAAAAAA
TACCGTGGATGACATTTCAGAGAGTCTGCGGCAAGGAGGAGGCA
AGTTAAACTTTGACGAACTTCGACAAGATCTCAAAGGGAAGGGC
CATACTGATGCAGAGATTGAGGCAATATTCACAAAGTACGACCA
AGATGGAGACCAAGAACTGACCGAACATGAACATCAGCAGATG
AGAGACGACTTGGAGAAAGAGAGGGAGGACCTGGATTTGGATC
ACAGTTCTTTACCACGTCCCATGAGCAGCCGAAGTTTCCCTCGAA
GCCTGGATGACTCTGAGGAGGATGACGATGAAGATAGCGGACAT
AGCTCCAGAAGGAGGGGAAGCATTTCTAGTGGCGTTITCTTACGA
AGAGTTTCAAGTCCTGGTGAGACGAGTGGACCGGATGGAGCATT
CCATCGGCAGCATAGTGTCCAAGATTGACGCCGTGATCGTGAAG
CTAGAGATTATGGAGCGAGCCAAACTGAAGAGGAGGGAGGTGC
TGGGAAGGCTGTTGGATGGGGTGGCCGAGGATGAAAGGCTGGG
TCGTGACAGTGAAATCCATAGGGAACAGATGGAACGGCTAGTAC
GTGAAGAGTTGGAACGCTGGGAATCCGATGATGCAGCTTCCCAG
ATCAGTCATGGTTTAGGCACGCCAGTGGGACTAAATGGTCAACC
TCGCCCCAGAAGCTCCCGCCCATCTTCCTCCCAATCTACAGAAGG
CATGGAAGGTGCAGGTGGAAATGGGAGTTCTAATGTCCACGTAT
GATATGTGTGTTTCAGTATGTGTGTTTCTAATAAGTGAGGAAGTG
GCTGTCCTGAATTGCTGTAACAAGCACACTATTTATATGCCCTGA
CCACCATAGGATGCTAGTCTTTGTGACCGATTGCTAATCTTCTGC
ACTTTAATTTATTTTATATAAACTTTACCCATGGTTCAAAGATTTT
TTTTTCTTTTTCTCATATAAGAAATCTAGGTGTAAATATTGAGTA
CAGAAAAAAAATCTTCATGATGTGTATTGAGCGGTACGCCCAGT
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TGCCACCATGACTGAGTCTTCTCAGTTGACAATGAAGTAGCCTTT
TAAAGCTAGAAAACTGTCAAAGGGCTTCTGAGTTTCATTTCCAGT
CACAAAAATCAGTATTGTTATTTTTTTCCAAGAGTGTGAAGGAA
AATGGGGCATTCCTTTCCACTCTGGCATAGTTCATGAGCTTAATA
CATAGCTTTCTTTTAAGAAAGGAGCCTTTTTTTTCAACTAGCTTC
CTGGGGTAAACTTTTCTAAAAGATAAAATGGAAAGGAACTCCAA
ACTATGATAGAATCTGTGTGAATGGTTAAGATGAATGTTAAATA
CTATGCTTTTTTGTAAGTTGATCGTATCTGATGTCTGTGGGACTA
ACTGTATCACTTAATTTTTACCTTATTTTGGCTCTAATTTGAATAA
GCTGAGTAAAACCACCAAAGATCAGTTATAGGATAAAATGGCAT
CTCTAACCATAACACAGGAGAATTGGAAGGAGCCCTAAGTTGTC
ACTCAGTTTAATTTCTTTTAATGGTTAGTTTAGCCTAAAGATTTAT
CTGCATATTCTTTTTCCCATGTGGCTCTACTCATTTGCAACTGAAT
TTAATGTTATAACTCATCTAGTGAGACCAACTTACTAAATTTTTA
GTATGCACTGAAAGTTTTTATCCAACAATTATGTTCATTTTAAGC
AAAATTTTAAGAAAGTTTTGAAATTCATAAAGCATTTGGTTTTAA
ACTATTTTAAGAATATAGTACTCGGTCAGGTATGACGGCTCACG
CCTGTAATCCCAGCACTTTGGGAGGCCGAAACAGGCGAATCACT
TGAGCCCAGGAGTTCAAGACCAACATGGGCAATGTGGCGAAACT
CCATCTCTACAAAAAATGCAAAAATAAAAAATATAGTACTCAAG
TATTCTTGATCCTGTGTTTCAAAACTAGAATTTGTAATGCAAATG
GAGCTCAGTCTAATAAAAAAGAGGTTTTGGTATTAAAAGTTCAT
ACATTAGACAGTATCAGCCAAAATTTGAGTTAGCAACACTGTTTIT
CTTTACGAGAGGGTCTCACCCAAATTTATGGGGAGAAATCTATTT
CTCAAAAAAAAAAATCTTCTTTTACAGAAATGTTGAGTAAGGTG
ACATTTTGAGCGCTAATAAGCAAAAGAGCATGCAGTGCTGTTGA
ATAACCCTCACTTGGAGAACCAAGAGAATCCTGTCGTTTAATGC
TATATTTTAATTTCACAAGTTGTTCATTTAACTGGTAGAATGTCA
GTCCAATCTCCAATGAGAACATGAGCAAATAGACCTTTCCAGGT
TGAAAGTGAAACATACTGGGTTTCTGTAAGTTTTTCCTCATGGCT
TCATCTCTATCTTTACTTTCTCTTGAATATGCTACACAAAGTTCTT
TATTACTACATACTAAAGTTTGCATTCCAGGGATATTGACTGTAC
ATATTTATGTATATGTACCATGTTGTTACATGTAAACAAACTTCA
ATTTGAAGTGCAGCTATTATGTGGTATCCATGTGTATCGACCATG
TGCCATATATCAATTATGGTCACTAGAAAGTCTCTTTATGATACT
TTTTATTGTACTGTTTTTCATTTCACTTGCAAAATTTTGCAGAATT
CCTCCTTTCTACCCATAAATTACATATATTITTTCTTCTTTAGTCAT
GGAGAACTCCCCCCCTCATCTCTTCCCTATTATCTTTCCCTGTGTA
CTGGTATTATTAAAAAGACATTACATACGCAAGTCTTTCTCGACA
ATCAAGAATGTTATTAATGTGTAATACTGAGCACTTTACTTCTTA
ATAAAAACTTGATATAGTAGCA

transcript
ENSTO0000
0502363.1

ATGTCTTCTCTCTCTTACAGCTCTTCAAATTCATCAATTTTAACAG
GACCATGAGCCAGCTCTCGACAACCATGTCTCGATGTGCCAAAG
ACCTGTTTGGCTTTGCTATTATGTTCTTCATTATTTTCCTAGCGTA
TGCTCAGTTGGCATACCTTGTCTTTGGCACTCAGGTCGATGACTT
CAGTACTTTCCAAGAGTGTATCTTCACTCAATTCCGTATCATTTIT
GGGCGATATCAACTTTGCAGAGATTGAGGAAGCTAATCGAGTTT
TGGGACCAATTTATTTCACTACATTTGTGTTCTTTATGTTCTTCAT
TCTTTTGAATATGTTTTTGGCTATCATCAATGATACTTACTCTGAA
GTGAAATCTGACTTGGCACAGCAGAAAGCTGAAATGGAACTCTC
AGATCTTATCAGAAAGGGCTACCATAAAGCTTTGGTCAAACTAA
AACTGAAAAAAAATACCGTGGATGACATTTCAGAGAGTCTGCGG
CAAGGAGGAGGCAAGTTAAACTTTGACGAACTTCGACAAGATCT
CAAAGGGAAGGGCCATACTGATGCAGAGATTGAGGCAATATTCA
CAAAGTACGACCAAGATGGAGACCAAGAACTGACCGAACATGA
ACATCAGCAGATGAGAGACGACTTGGAGAAAGAGAGGGAGGAC
CTGGATTTGGATCACAGTTCTTTACCACGTCCCATGAGCAGCCGA
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AGTTTCCCTCGAAGCCTGGATGACTCTGAGGAGGATGACGATGA
AGATAGCGGACATAGCTCCAGAAGGAGGGGAAGCATTTCTAGTG
GCGTTTCTTACGAAGAGTTTCAAGTCCTGGTGAGACGAGTGGAC
CGGATGGAGCATTCCATCGGCAGCATAGTGTCCAAGATTGACGC
CGTGATCGTGAAGCTAGAGATTATGGAGCGAGCCAAACTGAAGA
GGAGGGAGGTGCTGGGAAGGCTGTTGGATGGGGTGGCCGAGGA
TGAAAGGCTGGGTCGTGACAGTGAAATCCATAGGGAACAGATG
GAACGGCTAGTACGTGAAGAGTTGGAACGCTGGGAATCCGATGA
TGCAGCTTCCCAGATCAGTCATGGTTTAGGCACGCCAGTGGGAC
TAAATGGTCAACCTCGCCCCAGAAGCTCCCGCCCATCTTCCTCCC
AATCTACAGAAGGCATGGAAGGTGCAGGTGGAAATGGGAGTTCT
AATGTCCACGTATGATATGTGTGTTT

transcript
ENST0000
0506367.1

GAATGATAGGGGAAAGGAAGGCAAGGGTGAGAGAAGACCTTGT
GTGAATTTGTCCAAAATGTTTATCCACAGGAACAATCCCTTTGTG
AAGGCTGCTGGTATGTGAATGTGTGCCGGTTCCCTTGGGGCGTTC
ATTTGGATCTTTCTGTGTTCCAGTGACCTACGGCATGATGAGCTC
CAATGTGTACTACTACACCCGGATGATGTCACAGCTCTTCCTAGA
CACCCCCGTGTCCAAAACGGAGAAAACTAACTTTAAAACTCTGT
CTTCCATGGAAGACTTCTGGAAGTTCACAGAAGGCTCCTTATTGG
ATGGGCTGTACTGGAAGATGCAGCCCAGCAACCAGACTGAAGCT
GACAACCGAAGTTTCATCTTCTATGAGAACCTGCTGTTAGGGGTT
CCACGAATACGGCAACTCCGAGTCAGAAATGGATCCTGCTCTAT
CCCCCAGGACTTGAGAGATGAAATTAAAGAGTGCTATGATGTCT
ACTCTGTCAGTAGTGAAGATAGGGCTCCCTTTGGGCCCCGAAAT
GGAACCGCTTGGATCTACACAAGTGAAAAAGACTTGAATGGTAG
TAGCCACTGGGGAATCATTGCAACTTATAGTGGAGCTGGCTATT
ATCTGGATTTGTCAAGAACAAGAGAGGAAACAGCTGCACAAGTT
GCTAGCCTCAAGAAAAATGTCTGGCTGG

transcript
ENST0000
05067271

CCAGTCGGCGGCGGGGACCCGCTGCATCGCCACCTCCCCCTGGA
AGGGCAGCCGCCCCGAGTGGCCTGGGCGGAGAGGCTGGTTCGCG
GGCTGCGAGGTCTCTGGGGAACAAGACTCATGGAGGAAAGCAG
CACTAACCGAGAGAAATACCTTAAAAGTGTTTTACGGGAACTGG
TCACATACCTCCTTTTTCTCATAGTCTTGTGCATCTGAACAATCCC
TTTGTGAAGGCTGCTGGTATGTGAATGTGTGCCGGTTCCCTTGGG
GCGTTCATTTGGATCTTTCTGTGTTCCAGTGACCTACGGCATGAT
GAGCTCCAATGTGTACTACTACACCCGGATGATGTCACAGCTCTT
CCTAGACACCCCCGTGTCCAAAACGGAGAAAACTAACTTTAAAA
CTCTGTCTTCCATGGAAGACTTCTGGAAGTTCACAGAAGGCTCCT
TATTGGATGGGCTGTACTGGAAGATGCAGCCCAGCAACCAGACT
GAAGCTGACAACCGAAGTTTCATCTTCTATGAGAACCTGCTGTTA
GGGGTTCCACGAATAC

transcript
ENSTO0000
0508588.5

AATGGTAGTAGCCACTGGGGAATCATTGCAACTTATAGTGGAGC
TGGCTATTATCTGGATTTGTCAAGAACAAGAGAGGAAACAGCTG
CACAAGTTGCTAGCCTCAAGAAAAATGTCTGGCTGGACCGAGGA
ACCAGGGCAACTTTTATTGACTTCTCAGTGTACAACGCCAACATT
AACCTGTTCTGTGTGGTCAGCTGTCAGTGGTAGCTATAGGAATTA
ACATATACAGAACATCAAATGTGGAGGTGCTACTACAGTTTCTG
GAAGATCAAAATACTTTCCCCAACTTTGAGCATCTGGCATATTGG
CAGATACAGTTCAACAATATAGCTGCTGTCACAGTATTTTTTIGTC
TGGATTAAGCTCTTCAAATTCATCAATTTTAACAGGACCATGAGC
CAGCTCTCGACAACCATGTCTCGATGTGCCAAAGACCTGTTTGGC
TTTGCTATTATGTTCTTCATTATTTTCCTAGCGTATGCTCAGTTGG
CATACCTTGTCTTTGGCACTCAGGTCGATGACTTCAGTACTTTCC
AAGAGTGTATCTTCACTCAATTCCGTATCATTTTGGGCGATATCA
ACTTTGCAGAGATTGAGGAAGCTAATCGAGTTTTGGGACCAATT
TATTTCACTACATTTGTGTTCTTTATGTTCTTCATTCTTTTGAATA
TGTTTTTGGCTATCATCAATGATACTTACTCTGAAGTGAAATCTG
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ACTTGGCACAGCAGAAAGCTGAAATGGAACTCTCAGATCTTATC
AGAAAGGGCTACCATAAAGCTTTGGTCAAACTAAAACTGAAAAA
AAATACCGTGGATGACATTTCAGAGAGTCTGCGGCAAGGAGGAG
GCAAGTTAAACTTTGACGAACTTCGACAAGATCTCAAAGGGAAG
GGCCATACTGATGCAGAGATTGAGGCAATATTCACAAAGTACGA
CCAAGATGGAGACCAAGAACTGACCGAACATGAACATCAGCAG
ATGAGAGACGACTTGGAGAAAGAGAGGGAGGACCTGGATTTGG
ATCACAGTTCTTTACCACGTCCCATGAGCAGCCGAAGTTTCCCTC
GAAGCCTGGATGACTCTGAGGAGGATGACGATGAAGATAGCGG
ACATAGCTCCAGAAGGAGGGGAAGCATTTCTAGTGGCGTTTCTT
ACGAAGAGTTTCAAGTCCTGGTGAGACGAGTGGACCGGATGGAG
CATTCCATCGGCAGCATAGTGTCCAAGATTGACGCCGTGATCGT
GAAGCTAGAGATTATGGAGCGAGCCAAACTGAAGAGGAGGGAG
GTGCTGGGAAGGCTGTTGGATGGGGTGGCCGAGGATGAAAGGCT
GGGTCGTGACAGTGAAATCCATAGGGAACAGATGGAACGGCTA
GTACGTGAAGAGTTGGAACGCTGGGAATCCGATGATGCAGCTTC
CCAGATCAGTCATGGTTTAGGCACGCCAGTGGGACTAAATGGTC
AACCTCGCCCCAGAAGCTCCCGCCCATCTTCCTCCCAATCTACAG
AAGGCATGGAAGGTGCAGGTGGAAATGGGAGTTCTAATGTCCAC
GTATGATATGTGTGTTTCAGTATGTGTGTTTCTAATAAGTGAGGA
AGTGGCTGTCCTGAATTGCTGTAACAAGCACACTATTTATATGCC
CTGACCACCATAGGATGCTAGTCTTTGTGACCGATTGCTAATCTT
CTGCACTTTAATTTATTTTATATAAACTTTACCCA

transcript
ENST0000
0511337.5

ATACTTTCCCCAACTTTGAGCATCTGGCATATTGGCAGATACAGT
TCAACAATATAGCTGCTGTCACAGTATTTTTTGTCTGGATTAAGC
TCTTCAAATTCATCAATTTTAACAGGACCATGAGCCAGCTCTCGA
CAACCATGTCTCGATGTGCCAAAGACCTGTTTGGCTTTGCTATTA
TGTTCTTCATTATTTTCCTAGCGTATGCTCAGTTGGCATACCTTGT
CTTTGGCACTCAGGTCGATGACTTCAGTACTTTCCAAGAGTGTAT
AATATGTTTTTGGCTATCATCAATGATACTTACTCTGAAGTGAAA
TCTGACTTGGCACAGCAGAAAGCTGAAATGGAACTCTCAGATCT
TATCAGAAAGGGCTACCATAAAGCTTTGGTCAAACTAAAACTGA
AAAAAAATACCGTGGATGACATTTCAGAGAGTCTGCGGCAAGGA
GGAGGCAAGTTAAACTTTGACGAACTTCGACAAGATCTCAAAGG
GAAGGGCCATACTGATGCAGAGATTGAGGCAATATTCACAAAGT
ACGACCAAGATGGAGACCAAGAACTGACCGAACATGAACATCA
GCAGATGAGAGACGACTTGGAGAAAGAGAGGGAGGACCTGGAT
TTGGATCACAGTTCTTTACCACGTCCCATGAGCAGCCGAAGTTTC
CCTCGAAGCCTGGATGACTCTGAGGAGGATGACGATGAAGATAG
CGGACATAGCTCCAGAAGGAGGGGAAGCATTTCTAGTGGCGTTT
CTTACGAAGAGTTTCAAGTCCTGGTGAGACGAGTGGACCGGATG
GAGCATTCCATCGGCAGCATAGTGTCCAAGATTGACGCCGTGAT
CGTGAAGCTAGAGATTATGGAGCGAGCCAAACTGAAGAGGAGG
GAGGTGCTGGGAAGGCTGTTGGATGGGGTGGCCGAGGATGAAA
GGCTGGGTCGTGACAGTGAAATCCATAGGGAACAGATGGAACG
GCTAGTACGTGAAGAGTTGGAACGCTGGGAATCCGATGATGCAG
CTTCCCAGATCAGTCATGGTTTAGGCACGCCAGTGGGACTAAAT
GGTCAACCTCGCCCCAGAAGCTCCCGCCCATCTTCCTCCCAATCT
ACAGAAGGCATGGAAGGTGCAGGTGGAAATGGGAGTTCTAATG
TCCACGTATGATATGTGTGTTTCAGTATGTGTGTTTCTAATAAGT
GAGGAAGTGGCTGTCCTGAATTGCTGTAACAAGCACACTATTTA
TATGCCCTGACCACCATAGGATGCTAGTCTTTGTGACCGATTGCT
AATCTTCTGCACTTTAATTTATTTTATATAAACTTTACCCATGGTT
CAAAGATTTTTTTTTCTTTITTCTCATATAAGAAA

transcript
ENST0000
0512858.1

ACAGTTCAACAATATAGCTGCTGTCACAGTATTTTTTGTCTGGAT
TAAGCTCTTCAAATTCATCAATTTTAACAGGACCATGAGCCAGCT
CTCGACAACCATGTCTCGATGTGCCAAAGACCTGTTTGGCTTTGC
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TATTATGTTCTTCATTATTTTCCTAGCGTATGCTCAGTTGGCATAC
CTTGTCTTTGGCACTCAGGTCGATGACTTCAGTACTTTCCAAGAG
TGTATAATATGTTTTTGGCTATCATCAATGATACTTACTCTGAAG
TGAAATCTGACTTGGCACAGCAGAAAGCTGAAATGGAACTCTCA
GATCTTATCAGAAAGGGCTACCATAAAGCTTTGGTCAAACTAAA
ACTGAAAAAAAATACCGTGGATGACATTTCAGAGAGTCTGCGGC
AAGGAGGAGGCAAGTTAAACTTTGACGAACTTCGACAAGATCTC
AAAGGGTGAGAATCATGCTTCCTGAGGTTCTGAAAAATTCCTGC
TTCTAAAGATAAATTCCTGGTGATAAGAGTATTTCTAGCCCAAG
GGCTCATACAGATACTTTTTTTTTTTTTTTCCAGAGGCAGGTATCT
TTCTGGAACATGTTATAAGAGGAAAACTTGCCCCCATTTGGTGAT
TTCTCCTTTCCTCCTGCATTTTGATGTCTCTGTGTTGAGGGTGAAC
TGGGTACAAGGAATGATTTTITATCTGTATCCTCTCTCTAATTTCA
GGAAGGGCCATACTGATGCAGAGATTGAGGCAATATTCACAAAG
TACGACCAAGATGGAGACCAAGAACTGACCGAACATGAACATC
AGCAGATGAGAGACGACTTGGAGAAAGAGAGGGAGGACCTGGA
TTTGGATCACAGTTCTTTACCACGTCCCATGAGCAGCCGAAGTTIT
CCCTCGAAGCCTGGATGACTCTGAGGAGGATGACGATGAAGATA
GCGGACATAGCTCCAGAAGGAGGGGAAGCATTTCTAGTGGCGTT
TCTTACGAAGAGTTTCAAGTCCTGGTGAGACGAGTGGACCGGAT
GGAGCATTCCATCGGCAGCATAGTGTCCAAGATTGACGCCGTGA
TCGTGAAGCTAGAGATTATGGAGCGAGCCAAACTGAAGAGGAG
GGAGGTGCTGGGAAGGCTGTTGGATGGGGTGGCCGAGGATGAA
AGGCTGGGTCGTGACAGTGAAATCCATAGGGAACAGATGGAAC
GGCTAGTACGTGAAGAGTTGGAACGCTGGGAATCCGATGATGCA
GCTTCCCAGATCAGTCATGGTTTAGGCACGCCAGTGGGACTAAA
TGGTCAACCTCGCCCCAGAAGCTCCCGCCCATCTTCCTCCCAATC
TACAGAAGGCATGGAAGGTGCAGGTGGAAATGGGAGTTCTAAT
GTCCACGTATGATATGTGTGTTTCAGTATGTGTGTTTCTAATAAG
TGAGGAAGTGGCTGTCCTGAATTGCTGTAACAAGCACACTATTT
ATATGCCCTGACCACCATAGGATGCTAGTCTTTGTGACCGATTGC
TAATCTTCTGCACTTTAATTTATTTTATATAAACTTTACCCATGGT
T

Translation modulation mechanism

PKD2 5" UTR sequence

AGGCGGCGGCGGGCGCCGGGAAGAAAGGAACATGGCTCCTGAG

(ENST00000237596.7 GCGCACAGCGCCGAGCGCGGCGCCGCGCACCCGLCGLGCLGGAC
GCCAGTGACCGCG
Table 4: PKD2 ASO sequences

SEQ Oligo Start (chr | Oligo End (chr

ID Event Sequence Chr coo%dinate) coo%‘dinate)(

1 Alt 5'ss GTACTTTCAAAGTTATTT chrd 88036361 88036379
2 Alt 5'ss GAGAGGTACTTTCAAAGT chr4 88036366 88036384
3 Alt 5'ss TGATAGAGAGGTACTTTC chrd 88036371 88036389
4 Alt 5'ss TTCTGTGATAGAGAGGTA chr4 88036376 88036394
5 Alt 5'ss CAATTTTCTGTGATAGAG chr4 88036381 88036399
6 Alt 5'ss ATGAACAATTTTCTGTGA chrd 88036386 88036404
7 Alt 5'ss GCCAAATGAACAATTTTC chr4 88036391 88036409
8 Alt 5'ss ATGAAGCCAAATGAACAA | chrd 88036396 88036414
9 Alt 5'ss AAATGATGAAGCCAAATG chr4 88036401 88036419
10 Alt 5'ss CATTGAAATGATGAAGCC chr4 88036406 88036424
11 Alt 5'ss TCATGCATTGAAATGATG chrd 88036411 88036429
12 Alt 5'ss GATACTCATGCATTGAAA chr4 88036416 88036434
13 Alt 5'ss CTGTCGATACTCATGCAT chrd 88036421 88036439
14 Alt 5'ss AGGTCCTGTCGATACTCA chr4 88036426 88036444
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15 Alt 5'ss AAAGCAGGTCCTGTCGAT chr4 38036431 88036449
16 Alt 5'ss AATGCAAAGCAGGTCCTG | chr4 88036436 88036454
17 Alt 5'ss TGTTAAATGCAAAGCAGG chr4 38036441 88036459
18 Alt 5'ss CACAGTGTTAAATGCAAA chr4 88036446 88036464
19 Alt 5'ss TCTCACACAGTGTTAAAT chrd 88036451 88036469
20 Alt 5'ss TTACGTCTCACACAGTGT chr4 38036456 88036474
21 Alt 5'ss ATAACTTACGTCTCACAC chr4 88036461 88036479
22 Alt 5'ss TCACCATAACTTACGTCT chr4 38036466 88036434
23 Alt 5'ss ACAACTCACCATAACTTA chr4 88036471 88036489
24 Alt 5'ss TTCTAACAACTCACCATA chrd 88036476 88036494
25 Alt 5'ss GTAACTTCTAACAACTCA chr4 38036481 88036499
26 Alt 5'ss GAACAGTAACTTCTAACA chr4 88036486 88036504
27 Alt 5'ss AGTAGGAACAGTAACTTC chrd 88036491 88036509
28 Alt 5'ss TTGAGAGTAGGAACAGTA | chr4 88036496 88036514
29 Alt 5'ss ACCCCCTTTGAGAGTAGG chrd 88036503 88036521
30 Alt 5'ss AGTTTACCCCCTTTGAGA chr4 38036508 88036526
31 Alt 5'ss ATGTTAGTTTACCCCCTT chr4 88036513 88036531
32 Alt 5'ss TCTCAATGTTAGTTTACC chrd 88036518 88036536
33 Alt 5'ss AAAGTTCTCAATGTTAGT chr4 88036523 88036541
34 Alt 5'ss CAGGCAAAGTTCTCAATG chr4 88036528 88036546
35 Alt 5'ss AGGCACAGGCAAAGTTCT | chr4 38036533 88036551
36 Alt 5'ss GTGCAAGGCACAGGCAAA | chr4 380363538 88036556
37 Alt 5'ss GCACAGTGCAAGGCACAG | chr4 88036543 88036561
38 Alt 5'ss ACTCAGCACAGTGCAAGG | chr4 38036548 88036566
39 Alt 5'ss GAAACACTCAGCACAGTG | chr4 88036553 88036571
40 Alt 5'ss GATATGAAACACTCAGCA chr4 38036558 88036576
41 Alt 5'ss GGTAAGATATGAAACACT | chr4 88036563 88036581
42 Alt 5'ss AATAAGGTAAGATATGAA | chr4 88036568 88036586
43 Alt 5'ss AATTAAATAAGGTAAGAT | chr4 38036573 88036591
44 Alt 5'ss ATAGAAATTAAATAAGGT | chr4 88036578 88036596
45 Alt 5'ss AGACTATAGAAATTAAAT chr4 38036583 88036601
46 Alt 5'ss GAGTTAGACTATAGAAAT chr4 88036588 88036606
47 Alt 5'ss TTATAGAGTTAGACTATA chr4 88036593 88036611
48 Alt 5'ss TTACCTTATAGAGTTAGA chr4 38036598 88036616
49 Alt 5'ss AGTACTTACCTTATAGAG chr4 88036603 88036621
50 NMD exon | ATAAATCGAACCATCGTA chr4 38030981 88030999
51 NMD exon | AAATCATAAATCGAACCA chr4 88030986 88031004
52 NMD exon | TTGAAAAATCATAAATCG chrd 88030991 88031009
33 NMD exon | TGAAGTTGAAAAATCATA chr4 88030996 88031014
54 NMD exon | CACCATGAAGTTGAAAAA | chr4 88031001 88031019
55 NMD exon | CACATCACCATGAAGTTG chrd 88031006 88031024
56 NMD exon | ACTTTCACATCACCATGA chr4 88031011 88031029
57 NMD exon | GTATCACTTTCACATCAC chrd 88031016 88031034
58 NMD exon | AATGTGTATCACTTTCAC chr4 38031021 88031039
39 NMD exon | TATAGAATGTGTATCACT chr4 88031026 88031044
60 NMD exon | GTTTCTATAGAATGTGTA chrd 88031031 88031049
61 NMD exon | GTGTGGTTTCTATAGAAT chr4 88031036 88031054
62 NMD exon | TGAAAGTGTGGTTTCTAT chrd 88031041 88031059
63 NMD exon | AAAATTGAAAGTGTGGTT chr4 38031046 880310064
64 NMD exon | AATTCAAAATTGAAAGTG chr4 88031051 88031069
65 NMD exon | ACCAAAATTCAAAATTGA chrd 88031056 88031074
66 NMD exon | AAAAGACCAAAATTCAAA | chr4 38031061 88031079
67 NMD exon | CTGGAAAAAGACCAAAAT | chr4 88031066 88031084
68 NMD exon | GTAGCCTGGAAAAAGACC | chr4 38031071 88031089
69 NMD exon | GTATGGTAGCCTGGAAAA chr4 88031076 88031094

-141-




WO 2022/169947 PCT/US2022/015074
70 NMD exon | TTAGAGTATGGTAGCCTG chr4 38031081 88031099
71 NMD exon | TCTTTAGAGTATGGTAGC chr4 38031084 88031102
72 NMD exon | CTCTATCTTTAGAGTATG chr4 38031089 88031107
73 NMD exon | TGTGGCTCTATCTTTAGA chr4 38031094 88031112
74 NMD exon | GGATCTGTGGCTCTATCT chrd 88031099 88031117
75 NMD exon | GACTGGGATCTGTGGCTC chr4 38031104 88031122
76 NMD exon | ACATGGCTGACTGGGATC chr4 88031112 88031130
77 NMD exon | TAATCACATGGCTGACTG chr4 38031117 88031135
78 NMD exon | CCTCATAATCACATGGCT chr4 88031122 88031140
79 NMD exon | TACCCTCATAATCACATG chrd 88031125 88031143
30 NMD exon | TCGCTTACCCTCATAATC chr4 88031130 88031148
31 NMD exon | ATTGGTCGCTTACCCTCA chr4 88031135 88031153
32 NMD exon | AGAGTATTGGTCGCTTAC chrd 88031140 88031158
83 NMD exon | ACTGTAGAGTATTGGTCG chr4 38031145 88031163
34 NMD exon | AATACACTGTAGAGTATT chrd 88031150 88031168
85 NMD exon | AATACAATACACTGTAGA chr4 88031155 88031173
36 NMD exon | CTGGCAATACAATACACT chr4 88031160 88031178
87 NMD exon | ACCATCTGGCAATACAAT chrd 88031165 88031183
88 NMD exon | GCAAAACCATCTGGCAAT chr4 88031170 88031188
39 NMD exon | GTTGGGCAAAACCATCTG chr4 88031175 88031193
90 NMD exon | GGCTAGTTGGGCAAAACC chr4 38031180 88031198
91 NMD exon | CATTAGGCTAGTTGGGCA chr4 88031185 88031203
92 NMD exon | ACTTACATTAGGCTAGTT chr4 88031190 88031208
93 NMD exon | AGAATACTTACATTAGGC chr4 88031195 88031213
94 NMD exon | TGTTTAGAATACTTACAT chr4 88031200 88031218
95 NMD exon | AAACATGTTTAGAATACT chr4 38031205 88031223
96 NMD exon | ACCTTAAACATGTTITAGA chr4 88031210 88031228
97 NMD exon | GGCCTACCTTAAACATGT chrd 88031215 88031233
98 NMD exon | AGCCTGGCCTACCTTAAA chr4 38031220 88031238
99 NMD exon | AGCTTAGCCTGGCCTACC chr4 88031225 88031243
100 | uORF TTTCTTCCCGGCGCCCGC chr4 33007642 88007660
101 uORF CCTTTCTTCCCGGCGCCC chr4 38007644 88007662
102 | uORF TTCCTTTCTTCCCGGCGC chr4 88007646 88007664
103 | uORF TGTTCCTTTCTTCCCGGC chr4 38007648 88007666
104 | uORF CATGTTCCTTTCTTCCCG chr4 88007650 88007668
105 | uORF GCCATGTTCCTTTCTTCC chr4 38007652 88007670
106 | uORF GAGCCATGTTCCTTTCTT chr4 88007654 88007672
107 | uORF AGGAGCCATGTTCCTTTC chrd 88007656 88007674
108 | uORF TCAGGAGCCATGTTCCTT chr4 38007658 88007676
109 | uORF CCTCAGGAGCCATGTTCC chr4 88007660 88007678
110 | uORF CGCCTCAGGAGCCATGTT chrd 88007662 88007680
111 uORF TGCGCCTCAGGAGCCATG chr4 88007664 88007682
112 | uORF TGTGCGCCTCAGGAGCCA chrd 88007666 88007684
113 | uORF CTGTGCGCCTCAGGAGCC chr4 38007667 88007685
114 | Alt5'ss GUACUUUCAAAGUUAUUU | chr4 38036361 88036379
115 | Alt5'ss GAGAGGUACUUUCAAAGU | chr4 88036366 88036384
116 | Alt 5'ss UGAUAGAGAGGUACUUUC | chr4 88036371 88036389
117 | Alt5'ss UUCUGUGAUAGAGAGGUA | chr4 88036376 88036394
118 | Alt5'ss CAAUUUUCUGUGAUAGAG | chr4 38036381 88036399
119 | Alt 5'ss AUGAACAAUUUUCUGUGA | chr4 38036386 88036404
120 | Alt 5'ss GCCAAAUGAACAAUUUUC | chr4 88036391 88036409
121 Alt 5'ss AUGAAGCCAAAUGAACAA | chr4 88036396 88036414
122 | Alt 5'ss AAAUGAUGAAGCCAAAUG | chr4 88036401 88036419
123 | Alt 5'ss CAUUGAAAUGAUGAAGCC | chr4 38036406 88036424
124 | Alt 5'ss UCAUGCAUUGAAAUGAUG | chr4 38036411 88036429
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125 | Alt 5'ss GAUACUCAUGCAUUGAAA | chr4 38036416 88036434
126 | Alt 5'ss CUGUCGAUACUCAUGCAU | chr4 88036421 88036439
127 | Alt 5'ss AGGUCCUGUCGAUACUCA | chr4 38036426 88036444
128 | Alt5'ss AAAGCAGGUCCUGUCGAU | chr4 88036431 88036449
129 | Alt 5'ss AAUGCAAAGCAGGUCCUG | chr4 88036436 88036454
130 | Alt 5'ss UGUUAAAUGCAAAGCAGG | chr4 38036441 88036459
131 | Alt 5'ss CACAGUGUUAAAUGCAAA | chr4 88036446 88036464
132 | Alt5'ss UCUCACACAGUGUUAAAU | chr4 38036451 88036469
133 | Alt5'ss UUACGUCUCACACAGUGU | chr4 88036456 88036474
134 | Alt5'ss AUAACUUACGUCUCACAC | chr4 88036461 88036479
135 | Alt5'ss UCACCAUAACUUACGUCU | chr4 38036466 88036484
136 | Alt 5'ss ACAACUCACCAUAACUUA | chr4 88036471 88036489
137 | Alt 5'ss UUCUAACAACUCACCAUA | chr4 88036476 88036494
138 | Alt 5'ss GUAACUUCUAACAACUCA | chr4 38036481 88036499
139 | Alt 5'ss GAACAGUAACUUCUAACA | chr4 88036486 88036504
140 | Alt 5'ss AGUAGGAACAGUAACUUC | chr4 38036491 88036509
141 | Alt 5'ss UUGAGAGUAGGAACAGUA | chr4 88036496 88036514
142 | Alt 5'ss ACCCCCUUUGAGAGUAGG | chr4 88036503 88036521
143 | Alt5'ss AGUUUACCCCCUUUGAGA | chr4 88036508 88036526
144 | Alt 5'ss AUGUUAGUUUACCCCCUU | chr4 88036513 88036531
145 | Alt5'ss UCUCAAUGUUAGUUUACC | chr4 38036518 88036536
146 | Alt 5'ss AAAGUUCUCAAUGUUAGU | chr4 88036523 88036541
147 | Alt 5'ss CAGGCAAAGUUCUCAAUG | chr4 88036528 88036546
148 | Alt 5'ss AGGCACAGGCAAAGUUCU | chr4 38036533 88036551
149 | Alt 5'ss GUGCAAGGCACAGGCAAA | chr4 88036538 88036556
150 | Alt 5'ss GCACAGUGCAAGGCACAG | chr4 38036543 88036561
151 | Alt 5'ss ACUCAGCACAGUGCAAGG | chr4 88036548 88036566
152 | Alt 5'ss GAAACACUCAGCACAGUG | chr4 88036553 88036571
153 | Alt 5'ss GAUAUGAAACACUCAGCA | chr4 38036558 88036576
154 | Alt 5'ss GGUAAGAUAUGAAACACU | chr4 88036563 88036581
155 | Alt5'ss AAUAAGGUAAGAUAUGAA | chr4 38036568 88036586
156 | Alt 5'ss AAUUAAAUAAGGUAAGAU | chr4 88036573 88036591
157 | Alt 5'ss AUAGAAAUUAAAUAAGGU | chr4 88036578 88036596
158 | Alt 5'ss AGACUAUAGAAAUUAAAU | chr4 38036583 88036601
159 | Alt 5'ss GAGUUAGACUAUAGAAAU | chr4 88036588 88036606
160 | Alt 5'ss UUAUAGAGUUAGACUAUA | chr4 38036593 88036611
161 | Alt5'ss UUACCUUAUAGAGUUAGA | chr4 88036598 88036616
162 | Alt5'ss AGUACUUACCUUAUAGAG | chr4 88036603 88036621
163 | NMD exon | AUAAAUCGAACCAUCGUA | chr4 38030981 88030999
164 | NMDexon | AAAUCAUAAAUCGAACCA | chr4 88030986 88031004
165 | NMD exon | UUGAAAAAUCAUAAAUCG | chr4 88030991 88031009
166 | NMD exon | UGAAGUUGAAAAAUCAUA | chr4 88030996 88031014
167 | NMD exon | CACCAUGAAGUUGAAAAA | chr4 88031001 88031019
168 | NMD exon | CACAUCACCAUGAAGUUG | chr4 38031006 88031024
169 | NMD exon | ACUUUCACAUCACCAUGA | chr4 88031011 88031029
170 | NMD exon | GUAUCACUUUCACAUCAC | chr4 88031016 88031034
171 | NMD exon | AAUGUGUAUCACUUUCAC | chr4 38031021 88031039
172 | NMD exon | UAUAGAAUGUGUAUCACU | chr4 88031026 88031044
173 | NMD exon | GUUUCUAUAGAAUGUGUA | chr4 38031031 88031049
174 | NMD exon | GUGUGGUUUCUAUAGAAU | chr4 88031036 88031054
175 | NMD exon | UGAAAGUGUGGUUUCUAU | chr4 88031041 88031059
176 | NMD exon | AAAAUUGAAAGUGUGGUU | chr4 38031046 88031064
177 | NMD exon | AAUUCAAAAUUGAAAGUG | chr4 88031051 88031069
178 | NMD exon | ACCAAAAUUCAAAAUUGA | chr4 38031056 88031074
179 | NMD exon | AAAAGACCAAAAUUCAAA | chr4 88031061 88031079
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180 | NMD exon | CUGGAAAAAGACCAAAAU | chr4 88031066 88031084
181 NMD exon | GUAGCCUGGAAAAAGACC | chr4 88031071 88031089
182 | NMD exon | GUAUGGUAGCCUGGAAAA | chr4 88031076 88031094
183 NMD exon | UUAGAGUAUGGUAGCCUG | chr4 88031081 88031099
184 NMD exon | UCUUUAGAGUAUGGUAGC | chr4 88031084 88031102
185 NMD exon | CUCUAUCUUUAGAGUAUG | chr4 88031089 88031107
186 NMD exon | UGUGGCUCUAUCUUUAGA | chr4 88031094 88031112
187 | NMD exon | GGAUCUGUGGCUCUAUCU | chr4 88031099 88031117
188 NMD exon | GACUGGGAUCUGUGGCUC | chr4 88031104 88031122
189 NMD exon | ACAUGGCUGACUGGGAUC | chr4 88031112 88031130
190 | NMD exon | UAAUCACAUGGCUGACUG | chr4 88031117 88031135
191 NMD exon | CCUCAUAAUCACAUGGCU | chr4 88031122 88031140
192 NMD exon | UACCCUCAUAAUCACAUG | chr4 88031125 88031143
193 NMD exon | UCGCUUACCCUCAUAAUC | chr4 88031130 88031148
194 NMD exon | AUUGGUCGCUUACCCUCA | chr4 88031135 88031153
195 NMD exon | AGAGUAUUGGUCGCUUAC | chr4 88031140 88031158
196 NMD exon | ACUGUAGAGUAUUGGUCG | chr4 88031145 88031163
197 NMD exon | AAUACACUGUAGAGUAUU | chr4 88031150 88031168
198 | NMD exon | AAUACAAUACACUGUAGA | chr4 88031155 88031173
199 NMD exon | CUGGCAAUACAAUACACU | chr4 88031160 88031178
200 | NMD exon | ACCAUCUGGCAAUACAAU | chr4 88031165 88031183
201 NMD exon | GCAAAACCAUCUGGCAAU | chr4 88031170 88031188
202 NMD exon | GUUGGGCAAAACCAUCUG | chr4 88031175 88031193
203 NMD exon | GGCUAGUUGGGCAAAACC | chr4 88031180 88031198
204 NMD exon | CAUUAGGCUAGUUGGGCA | chr4 88031185 88031203
205 NMD exon | ACUUACAUUAGGCUAGUU | chr4 88031190 88031208
206 NMD exon | AGAAUACUUACAUUAGGC | chr4 88031195 88031213
207 NMD exon | UGUUUAGAAUACUUACAU | chr4 88031200 88031218
208 | NMD exon | AAACAUGUUUAGAAUACU | chr4 88031205 88031223
209 NMD exon | ACCUUAAACAUGUUUAGA | chr4 88031210 88031228
210 | NMD exon | GGCCUACCUUAAACAUGU | chr4 88031215 88031233
211 NMD exon | AGCCUGGCCUACCUUAAA | chr4 88031220 88031238
212 NMD exon | AGCUUAGCCUGGCCUACC | chr4 88031225 88031243
213 | uORF UUUCUUCCCGGCGCCCGC | chr4 88007642 88007660
214 uORF CCUUUCUUCCCGGCGCCC chr4 88007644 88007662
215 uORF UUCCUUUCUUCCCGGCGC | chr4 88007646 88007664
216 uORF UGUUCCUUUCUUCCCGGC | chr4 88007648 88007666
217 uORF CAUGUUCCUUUCUUCCCG | chr4 88007650 88007668
218 uORF GCCAUGUUCCUUUCUUCC | chr4 88007652 88007670
219 uORF GAGCCAUGUUCCUUUCUU | chr4 88007654 88007672
220 uORF AGGAGCCAUGUUCCUUUC | chr4 88007656 88007674
221 uORF UCAGGAGCCAUGUUCCUU | chr4 88007658 88007676
222 uORF CCUCAGGAGCCAUGUUCC | chr4 88007660 88007678
223 uORF CGCCUCAGGAGCCAUGUU | chr4 88007662 88007680
224 uORF UGCGCCUCAGGAGCCAUG | chr4 88007664 88007682
225 uORF UGUGCGCCUCAGGAGCCA | chr4 88007666 88007684
226 | uORF CUGUGCGCCUCAGGAGCC | chr4 88007667 88007685
*alt S ss refers to an alternative 5’ splice site of an intron.
Table 5: Exemplary PKD2 Vectorized ASO Sequences

SEQ Oligo Start (chr | Oligo End (chr
ID Event Sequence Chr coo%'dinate) coo%dinate)

1 Alt 5'ss GTACTTTCAAAGTTATTT chr4 88036361 88036379
2 Alt 5'ss GAGAGGTACTTTCAAAGT chrd 88036366 88036384
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3 Alt 5'ss TGATAGAGAGGTACTTTC chr4 38036371 88036389
4 Alt 5'ss TTCTGTGATAGAGAGGTA chr4 88036376 88036394
5 Alt 5'ss CAATTTTCTGTGATAGAG chr4 38036381 88036399
6 Alt 5'ss ATGAACAATTTTCTGTGA chr4 88036386 88036404
7 Alt 5'ss GCCAAATGAACAATITTC chrd 88036391 88036409
8 Alt 5'ss ATGAAGCCAAATGAACAA | chr4 38036396 88036414
9 Alt 5'ss AAATGATGAAGCCAAATG | chr4 88036401 88036419
10 Alt 5'ss CATTGAAATGATGAAGCC chr4 38036406 88036424
11 Alt 5'ss TCATGCATTGAAATGATG chr4 38036411 88036429
12 Alt 5'ss GATACTCATGCATTGAAA chrd 88036416 88036434
13 Alt 5'ss CTGTCGATACTCATGCAT chr4 38036421 88036439
14 Alt 5'ss AGGTCCTGTCGATACTCA chr4 88036426 88036444
15 Alt 5'ss AAAGCAGGTCCTGTCGAT chrd 88036431 88036449
16 Alt 5'ss AATGCAAAGCAGGTCCTG | chr4 88036436 88036454
17 Alt 5'ss TGTTAAATGCAAAGCAGG | chr4 88036441 88036459
18 Alt 5'ss CACAGTGTTAAATGCAAA chr4 38036446 88036464
19 Alt 5'ss TCTCACACAGTGTTAAAT chr4 88036451 88036469
20 Alt 5'ss TTACGTCTCACACAGTGT chrd 88036456 88036474
21 Alt 5'ss ATAACTTACGTCTCACAC chr4 88036461 88036479
22 Alt 5'ss TCACCATAACTTACGTCT chr4 88036466 880364384
23 Alt 5'ss ACAACTCACCATAACTTA chr4 38036471 88036489
24 Alt 5'ss TTCTAACAACTCACCATA chr4 88036476 88036494
25 Alt 5'ss GTAACTTCTAACAACTCA chr4 88036481 88036499
26 Alt 5'ss GAACAGTAACTTCTAACA chr4 38036486 88036504
27 Alt 5'ss AGTAGGAACAGTAACTTC chr4 88036491 88036509
28 Alt 5'ss TTGAGAGTAGGAACAGTA | chr4 38036496 88036514
29 Alt 5'ss ACCCCCTTTGAGAGTAGG chr4 88036503 88036521
30 Alt 5'ss AGTTTACCCCCTTTGAGA chrd 88036508 88036526
31 Alt 5'ss ATGTTAGTTTACCCCCTT chr4 38036513 88036531
32 Alt 5'ss TCTCAATGTTAGTTTACC chr4 88036518 88036536
33 Alt 5'ss AAAGTTCTCAATGTTAGT chr4 38036523 88036541
34 Alt 5'ss CAGGCAAAGTTCTCAATG chr4 88036528 88036546
35 Alt 5'ss AGGCACAGGCAAAGTTCT | chr4 88036533 88036551
36 Alt 5'ss GTGCAAGGCACAGGCAAA | chr4 38036538 88036556
37 Alt 5'ss GCACAGTGCAAGGCACAG | chr4 88036543 88036561
38 Alt 5'ss ACTCAGCACAGTGCAAGG | chr4 33036548 88036566
39 Alt 5'ss GAAACACTCAGCACAGTG | chr4 88036553 88036571
40 Alt 5'ss GATATGAAACACTCAGCA | chr4 88036558 88036576
41 Alt 5'ss GGTAAGATATGAAACACT | chr4 38036563 88036581
42 Alt 5'ss AATAAGGTAAGATATGAA | chr4 88036568 88036586
43 Alt 5'ss AATTAAATAAGGTAAGAT | chr4 88036573 88036591
44 Alt 5'ss ATAGAAATTAAATAAGGT | chr4 88036578 88036596
45 Alt 5'ss AGACTATAGAAATTAAAT chrd 88036583 88036601
46 Alt 5'ss GAGTTAGACTATAGAAAT chr4 38036588 88036606
47 Alt 5'ss TTATAGAGTTAGACTATA chr4 88036593 88036611
48 Alt 5'ss TTACCTTATAGAGTTAGA chrd 88036598 88036616
49 Alt 5'ss AGTACTTACCTTATAGAG chr4 88036603 88036621
50 NMD exon | ATAAATCGAACCATCGTA chrd 88030981 88030999
51 NMD exon | AAATCATAAATCGAACCA | chr4 38030986 88031004
52 NMD exon | TTGAAAAATCATAAATCG chr4 88030991 88031009
33 NMD exon | TGAAGTTGAAAAATCATA chrd 88030996 88031014
34 NMD exon | CACCATGAAGTTGAAAAA | chr4 38031001 88031019
55 NMD exon | CACATCACCATGAAGTTG chr4 88031006 88031024
56 NMD exon | ACTTTCACATCACCATGA chr4 38031011 88031029
57 NMD exon | GTATCACTTTCACATCAC chr4 88031016 88031034
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58 NMD exon | AATGTGTATCACTTTCAC chr4 38031021 88031039
39 NMD exon | TATAGAATGTGTATCACT chr4 88031026 88031044
60 NMD exon | GTTTCTATAGAATGTGTA chr4 38031031 88031049
61 NMD exon | GTGTGGTTTCTATAGAAT chr4 88031036 88031054
62 NMD exon | TGAAAGTGTGGTTTCTAT chrd 88031041 88031059
63 NMD exon | AAAATTGAAAGTGTGGTT chr4 38031046 880310064
64 NMD exon | AATTCAAAATTGAAAGTG chr4 88031051 88031069
65 NMD exon | ACCAAAATTCAAAATTGA chr4 38031056 88031074
66 NMD exon | AAAAGACCAAAATTCAAA | chr4 88031061 88031079
67 NMD exon | CTGGAAAAAGACCAAAAT | chr4 88031066 88031084
68 NMD exon | GTAGCCTGGAAAAAGACC | chr4 38031071 88031089
69 NMD exon | GTATGGTAGCCTGGAAAA chr4 88031076 88031094
70 NMD exon | TTAGAGTATGGTAGCCTG chrd 88031081 88031099
71 NMD exon | TCTTTAGAGTATGGTAGC chr4 38031084 88031102
72 NMD exon | CTCTATCTTTAGAGTATG chrd 88031089 88031107
73 NMD exon | TGTGGCTCTATCTTTAGA chr4 38031094 88031112
74 NMD exon | GGATCTGTGGCTCTATCT chr4 38031099 88031117
75 NMD exon | GACTGGGATCTGTGGCTC chrd 88031104 88031122
76 NMD exon | ACATGGCTGACTGGGATC chr4 88031112 88031130
77 NMD exon | TAATCACATGGCTGACTG chr4 88031117 88031135
78 NMD exon | CCTCATAATCACATGGCT chr4 38031122 88031140
79 NMD exon | TACCCTCATAATCACATG chr4 88031125 88031143
30 NMD exon | TCGCTTACCCTCATAATC chr4 88031130 88031148
81 NMD exon | ATTGGTCGCTTACCCTCA chr4 88031135 88031153
32 NMD exon | AGAGTATTGGTCGCTTAC chr4 88031140 88031158
83 NMD exon | ACTGTAGAGTATTGGTCG chr4 38031145 88031163
34 NMD exon | AATACACTGTAGAGTATT chr4 88031150 88031168
85 NMD exon | AATACAATACACTGTAGA chrd 88031155 88031173
36 NMD exon | CTGGCAATACAATACACT chr4 38031160 88031178
87 NMD exon | ACCATCTGGCAATACAAT chr4 88031165 88031183
33 NMD exon | GCAAAACCATCTGGCAAT chr4 38031170 88031138
89 NMD exon | GTTGGGCAAAACCATCTG chr4 88031175 88031193
90 NMD exon | GGCTAGTTGGGCAAAACC chr4 88031180 88031198
91 NMD exon | CATTAGGCTAGTTGGGCA chr4 88031185 88031203
92 NMD exon | ACTTACATTAGGCTAGTT chr4 88031190 88031208
93 NMD exon | AGAATACTTACATTAGGC chr4 38031195 88031213
94 NMD exon | TGTTTAGAATACTTACAT chr4 88031200 88031218
95 NMD exon | AAACATGTTTAGAATACT chrd 88031205 88031223
96 NMD exon | ACCTTAAACATGTTTAGA chr4 38031210 88031228
97 NMD exon | GGCCTACCTTAAACATGT chr4 88031215 88031233
98 NMD exon | AGCCTGGCCTACCTTAAA chrd 88031220 88031238
99 NMD exon | AGCTTAGCCTGGCCTACC chr4 88031225 88031243
100 | uORF TTTCTTCCCGGCGCCCGC chrd 88007642 88007660
101 uORF CCTTTCTTCCCGGCGCCC chr4 38007644 88007662
102 | uORF TTCCTTTCTTCCCGGCGC chr4 38007646 88007664
103 | uORF TGTTCCTTTCTTCCCGGC chrd 88007648 88007666
104 | uORF CATGTTCCTTTCTTCCCG chr4 88007650 88007668
105 | uORF GCCATGTTCCTTTCTTCC chrd 88007652 88007670
106 | uORF GAGCCATGTTCCTTICTT chr4 38007654 88007672
107 | uORF AGGAGCCATGTTCCTTTC chr4 38007656 88007674
108 | uORF TCAGGAGCCATGTTCCTT chrd 88007658 88007676
109 | uORF CCTCAGGAGCCATGTTCC chr4 38007660 88007678
110 | uORF CGCCTCAGGAGCCATGTT chr4 88007662 880076380
111 uORF TGCGCCTCAGGAGCCATG chr4 38007664 88007682
112 | uORF TGTGCGCCTCAGGAGCCA chr4 38007666 88007684
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113 | uORF CTGTGCGCCTCAGGAGCC chr4 88007667 88007685
114 | Alt5'ss GUACUUUCAAAGUUAUUU | chr4 88036361 88036379
115 | Alt5'ss GAGAGGUACUUUCAAAGU | chr4 38036366 88036384
116 | Alt5'ss UGAUAGAGAGGUACUUUC | chr4 88036371 88036389
117 | Alt5'ss UUCUGUGAUAGAGAGGUA | chr4 88036376 88036394
118 | Alt5'ss CAAUUUUCUGUGAUAGAG | chr4 38036381 88036399
119 | Alt 5'ss AUGAACAAUUUUCUGUGA | chr4 88036386 88036404
120 | Alt 5'ss GCCAAAUGAACAAUUUUC | chr4 38036391 88036409
121 | Alt 5'ss AUGAAGCCAAAUGAACAA | chr4 88036396 88036414
122 | Alt 5'ss AAAUGAUGAAGCCAAAUG | chr4 88036401 88036419
123 | Alt 5'ss CAUUGAAAUGAUGAAGCC | chr4 38036406 88036424
124 | Alt5'ss UCAUGCAUUGAAAUGAUG | chr4 88036411 88036429
125 | Alt 5'ss GAUACUCAUGCAUUGAAA | chr4 88036416 88036434
126 | Alt5'ss CUGUCGAUACUCAUGCAU | chr4 38036421 88036439
127 | Alt 5'ss AGGUCCUGUCGAUACUCA | chr4 88036426 88036444
128 | Alt5'ss AAAGCAGGUCCUGUCGAU | chr4 38036431 88036449
129 | Alt 5'ss AAUGCAAAGCAGGUCCUG | chr4 88036436 88036454
130 | Alt 5'ss UGUUAAAUGCAAAGCAGG | chr4 88036441 88036459
131 | Alt 5'ss CACAGUGUUAAAUGCAAA | chr4 88036446 88036464
132 | Alt5'ss UCUCACACAGUGUUAAAU | chr4 88036451 88036469
133 | Alt5'ss UUACGUCUCACACAGUGU | chr4 38036456 88036474
134 | Alt5'ss AUAACUUACGUCUCACAC | chr4 88036461 88036479
135 | Alt5'ss UCACCAUAACUUACGUCU | chr4 88036466 88036484
136 | Alt 5'ss ACAACUCACCAUAACUUA | chr4 38036471 88036489
137 | Alt 5'ss UUCUAACAACUCACCAUA | chr4 88036476 88036494
138 | Alt 5'ss GUAACUUCUAACAACUCA | chr4 38036481 88036499
139 | Alt 5'ss GAACAGUAACUUCUAACA | chr4 88036486 88036504
140 | Alt 5'ss AGUAGGAACAGUAACUUC | chr4 88036491 88036509
141 | Alt5'ss UUGAGAGUAGGAACAGUA | chr4 38036496 88036514
142 | Alt 5'ss ACCCCCUUUGAGAGUAGG | chr4 88036503 88036521
143 | Alt 5'ss AGUUUACCCCCUUUGAGA | chr4 38036508 88036526
144 | Alt5'ss AUGUUAGUUUACCCCCUU | chr4 88036513 88036531
145 | Alt5'ss UCUCAAUGUUAGUUUACC | chr4 88036518 88036536
146 | Alt5'ss AAAGUUCUCAAUGUUAGU | chr4 38036523 88036541
147 | Alt 5'ss CAGGCAAAGUUCUCAAUG | chr4 88036528 88036546
148 | Alt 5'ss AGGCACAGGCAAAGUUCU | chr4 38036533 88036551
149 | Alt5'ss GUGCAAGGCACAGGCAAA | chr4 88036538 88036556
150 | Alt5'ss GCACAGUGCAAGGCACAG | chr4 88036543 88036561
151 | Alt5'ss ACUCAGCACAGUGCAAGG | chr4 38036548 88036566
152 | Alt 5'ss GAAACACUCAGCACAGUG | chr4 88036553 88036571
153 | Alt 5'ss GAUAUGAAACACUCAGCA | chr4 88036558 88036576
154 | Alt 5'ss GGUAAGAUAUGAAACACU | chr4 88036563 88036581
155 | Alt 5'ss AAUAAGGUAAGAUAUGAA | chr4 88036568 88036586
156 | Alt 5'ss AAUUAAAUAAGGUAAGAU | chr4 38036573 88036591
157 | Alt 5'ss AUAGAAAUUAAAUAAGGU | chr4 88036578 88036596
158 | Alt 5'ss AGACUAUAGAAAUUAAAU | chr4 88036583 88036601
159 | Alt 5'ss GAGUUAGACUAUAGAAAU | chr4 88036588 88036606
160 | Alt 5'ss UUAUAGAGUUAGACUAUA | chr4 88036593 88036611
161 | Alt5'ss UUACCUUAUAGAGUUAGA | chr4 38036598 88036616
162 | Alt5'ss AGUACUUACCUUAUAGAG | chr4 88036603 88036621
163 | NMD exon | AUAAAUCGAACCAUCGUA | chr4 88030981 88030999
164 | NMDexon | AAAUCAUAAAUCGAACCA | chr4 38030986 88031004
165 | NMD exon | UUGAAAAAUCAUAAAUCG | chr4 88030991 88031009
166 | NMD exon | UGAAGUUGAAAAAUCAUA | chr4 38030996 88031014
167 | NMD exon | CACCAUGAAGUUGAAAAA | chr4 88031001 88031019
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168 | NMD exon | CACAUCACCAUGAAGUUG | chr4 88031006 88031024
169 | NMD exon | ACUUUCACAUCACCAUGA | chr4 88031011 88031029
170 | NMD exon | GUAUCACUUUCACAUCAC | chr4 38031016 88031034
171 | NMD exon | AAUGUGUAUCACUUUCAC | chr4 88031021 88031039
172 | NMD exon | UAUAGAAUGUGUAUCACU | chr4 88031026 88031044
173 | NMD exon | GUUUCUAUAGAAUGUGUA | chr4 38031031 88031049
174 | NMD exon | GUGUGGUUUCUAUAGAAU | chr4 88031036 88031054
175 | NMD exon | UGAAAGUGUGGUUUCUAU | chr4 33031041 88031059
176 | NMD exon | AAAAUUGAAAGUGUGGUU | chr4 88031046 88031064
177 | NMD exon | AAUUCAAAAUUGAAAGUG | chr4 88031051 88031069
178 | NMD exon | ACCAAAAUUCAAAAUUGA | chr4 38031056 88031074
179 | NMD exon | AAAAGACCAAAAUUCAAA | chr4 88031061 88031079
180 | NMD exon | CUGGAAAAAGACCAAAAU | chrd4 88031066 88031084
181 | NMD exon | GUAGCCUGGAAAAAGACC | chr4 88031071 88031089
182 | NMD exon | GUAUGGUAGCCUGGAAAA | chr4 88031076 88031094
183 | NMD exon | UUAGAGUAUGGUAGCCUG | chr4 38031081 88031099
184 | NMD exon | UCUUUAGAGUAUGGUAGC | chr4 38031084 88031102
185 | NMD exon | CUCUAUCUUUAGAGUAUG | chr4 88031089 88031107
186 | NMD exon | UGUGGCUCUAUCUUUAGA | chr4 88031094 88031112
187 | NMD exon | GGAUCUGUGGCUCUAUCU | chr4 88031099 88031117
188 | NMD exon | GACUGGGAUCUGUGGCUC | chr4 38031104 88031122
189 | NMD exon | ACAUGGCUGACUGGGAUC | chr4 38031112 88031130
190 | NMD exon | UAAUCACAUGGCUGACUG | chr4 88031117 88031135
191 | NMDexon | CCUCAUAAUCACAUGGCU | chr4 38031122 88031140
192 | NMD exon | UACCCUCAUAAUCACAUG | chr4 88031125 88031143
193 | NMD exon | UCGCUUACCCUCAUAAUC | chr4 38031130 88031148
194 | NMD exon | AUUGGUCGCUUACCCUCA | chr4 88031135 88031153
195 | NMD exon | AGAGUAUUGGUCGCUUAC | chr4 88031140 88031158
196 | NMD exon | ACUGUAGAGUAUUGGUCG | chr4 38031145 88031163
197 | NMD exon | AAUACACUGUAGAGUAUU | chr4 88031150 88031168
198 | NMDexon | AAUACAAUACACUGUAGA | chr4 38031155 88031173
199 | NMD exon | CUGGCAAUACAAUACACU | chr4 88031160 88031178
200 | NMD exon | ACCAUCUGGCAAUACAAU | chr4 88031165 88031183
201 | NMDexon | GCAAAACCAUCUGGCAAU | chr4 38031170 88031188
202 | NMD exon | GUUGGGCAAAACCAUCUG | chr4 88031175 88031193
203 | NMD exon | GGCUAGUUGGGCAAAACC | chr4 33031180 88031198
204 | NMD exon | CAUUAGGCUAGUUGGGCA | chr4 88031185 88031203
205 | NMD exon | ACUUACAUUAGGCUAGUU | chr4 88031190 88031208
206 | NMD exon | AGAAUACUUACAUUAGGC | chr4 88031195 88031213
207 | NMD exon | UGUUUAGAAUACUUACAU | chr4 88031200 88031218
208 | NMD exon | AAACAUGUUUAGAAUACU | chr4 88031205 88031223
209 | NMD exon | ACCUUAAACAUGUUUAGA | chr4 88031210 88031228
210 | NMD exon | GGCCUACCUUAAACAUGU | chr4 88031215 88031233
211 | NMDexon | AGCCUGGCCUACCUUAAA | chr4 38031220 88031238
212 | NMD exon | AGCUUAGCCUGGCCUACC | chr4 88031225 88031243
213 | uORF UUUCUUCCCGGCGCCCGC | chr4 88007642 88007660
214 | uORF CCUUUCUUCCCGGCGCCC chr4 38007644 88007662
215 | uORF UUCCUUUCUUCCCGGCGC | chr4 88007646 88007664
216 | uORF UGUUCCUUUCUUCCCGGC | chr4 38007648 88007666
217 | uORF CAUGUUCCUUUCUUCCCG | chr4 88007650 88007668
218 | uORF GCCAUGUUCCUUUCUUCC | chr4 88007652 88007670
219 | uORF GAGCCAUGUUCCUUUCUU | chr4 38007654 88007672
220 | uORF AGGAGCCAUGUUCCUUUC | chr4 88007656 88007674
221 | uORF UCAGGAGCCAUGUUCCUU | chr4 38007658 88007676
222 | uORF CCUCAGGAGCCAUGUUCC | chr4 38007660 88007678
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223 | uORF CGCCUCAGGAGCCAUGUU | chr4 88007662 88007680
224 uORF UGCGCCUCAGGAGCCAUG | chr4 88007664 88007682
225 | uORF UGUGCGCCUCAGGAGCCA | chr4 88007666 88007684
226 uORF CUGUGCGCCUCAGGAGCC | chr4 88007667 88007685
Table 6: Exemplary Mouse U7 vector sequence

Region Sequence

Promoter cccacaucgecugecacuacuuaaguccgauucacuucggeuuuageuccaagecuiuaaucucgcgag

sequence (Mouse
U7 promoter)

cucuuuuuuUUuIIuuaacaacataggagcugugauuggeuguuuucagecaaucagcacugacucau
uugcauagccuuuacaageggucacaaacucaagaaacgagegguuuuaauagucuuuuagaauanugu
uuaucgaaccgaauaaggaacugugCuugugauuCcacaualcagugeageegugugeaaauggcace
uugauCUCaccCuCcaucgaaagugeaguugauguccuucccugecucecuacagacgcacuuccsc

Wild-type U7
Antisense
sequence

AAGUGUUACAGCUCUUUUAG

Wild-type U7
non-coding RNA
sequence

AAUUUGUCUAGCAGGUUUUCUGACUUCGGUCGGAAAACCCCU

ASO sequences
replacing the
Wild-type U7
Antisense
sequence

GTACTTTCAAAGTTATTT
ATAAATCGAACCATCGTA
TTTCTTCCCGGCGCCCGC

Modified U7
snRNA (smOPT)
non-coding RNA
sequence

AAUUUUUGGAGCAGGUUUUCUGACUUCGGUCGGAAAACCCCU

smOPT sequence

AAUUUUUGGAG

3' regulatory

cccaauuucacuggucuacaaugaaageaaaacaguucucuuccecgCuccecggugugugagagegec

sequence UUUZAUCCUUCUCUZEUUICCUAZEAAACICIUAUZULCUAZAZCCACZCUCULAZACUUCCZCCUCSU
£CEEUCCCECUUCCUUUCUZCCUCCUCUSE

Exemplary Full cccacaucgecugecacuacuuaaguccgauucacuucggeuuuageuccaagecuuuaaucucgcgaag

sequence of wild- | cucuuuuuuuuuuuuuaacaacauaggagcugugauuggcuguuuucagecaaucageacugacucau

type U7 snRNA uugcauagccuuuacaageggucacaaacucaagaaacgagcgguuuuaauagucuuuuagaauauugu

uuaucgaaccgaauaaggaacugugcuuugugauucacauaucaguggagegeuguggaaaugecacce
uugaucucacccucaucgaaaguggaguugauguCCuUCCCugECucgcuacagacgcacuuccecAA
GUGUUACAGCUCUUUUAGAAUUUGUCUAGCAGGUUUUCUGACUUC
GGUCGGAAAACCCCUcccaauuucacuggucuacaaugaaagcaaaacaguucucuuccecg
CUCCCCEZUEUZUZAZASL Lo CUNUZAUCCUUCUCUZZUUUCCUAZEAAACECIUAUZUZCUAZASCC
acgCuCuZagacuuccgCCuCgUSCEgUCCCECUUCCULUCUZCCUCCUCUSS

Exemplary Full
sequence of
modified U7
snRNA (smOPT)

cccacaucgecugcecacuacuuaaguccgauucacuucggeuuuageuccaagecuuuaaucucgcgaag
cucuuuuuuuUUULuUaacaacauaggagcugugaluggcuguuuucagecaaucageacugacucau
uugcauagccuuuacaageggucacaaacucaagaaacgagegguuuuaauagucuuuuagaauauugu
uuaucgaaccgaalaaggaacugUgCUIUZUZAUUCacauaucagugeageeeugueeaaugecace
uugaucucacccucalcgaaaguggaguugaugucCuuccCuggCucgcuacagacgcacuuccgcAA
GUGUUACAGCUCUUUUAGAAUUUUUGGAGCAGGUUUUCUGACUUC
GGUCGGAAAACCCCUcccaauuucacuggucuacaaugaaagcaaaacaguucucuuccecg
CuCCCCggUEUZUSAZAZSEICULUZAUCCUUCUCUZZULUCCUAZEAAACECIUAUZUZCUAZAZCC
acgCucugagacuuccgCcucgUgCggUCCegeuUCCuLUCUgecuUccucugs

Full sequence of
modified U7
snRNA (smOPT)
containing an
ASO sequence

cccacaucgecugecacuacuuaaguccgauucacuucggcuuuageuccaagecuuuaaucucgcgaag
cucuuuuuuuuuUuUuaacaacalaggagcuguganuggeuguuuucagecaaucageacugacucau
uugcauagecuulacaagegeucacaaacucaagasacgagceguullaauagucuuuuagaauanugu
uuaucgaaccgaauaaggaacugugcuuugugauucacauaucaguggageeeuguggaaaugecace
uugaucucacccucaucgaaaguggaguugauguccuucccuggeucgeuacagacgeacuuccge[4S
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replacing the
antisense
sequence of U7
snRNA
(Exemplary
sequences of [ASO
sequence] include
those in Table 4
and Table 5)

O sequence] AAUUUUUGGAGCAGGU

UUUCUGA CUUCGGUCGGAAAACCCCUcccaauuucacuggucuacaaugaaagcaaa
acaguucuCuUCCCCgCUCCCCEZUSUZUSAZAZEIICUUUZAUCCULCUCUZZUUUCCUAZZAAACT
cguaugugeuagagecacgeucugagaculuccgeCucgugeggucccgeuuccutucugecuccucugg

Exemplary full
sequence of
modified U7
snRNA (smOPT)
containing an
ASO sequence
replacing the
antisense
sequence of U7
snRNA

cccacaucgecugecacuacuuaaguecgauucacuucggcuuuageuccaagecuuuaaucucecgang
cucuuuuuuUuuUuuUaacaacauaggagcuguganuggeuguuuucagecaaucageacugacucau
uugcauagecuuuacaageggucacaaacucaagaaacgageeguuiuaauagucuuuuagaauauugu
uuaucgaaccgaauaaggaacugugcuuugUgauucacauaucaguggageeeugueeaaaugecace
uugaucucacccucaucgaaaguggaguugauguccuucccuggeucgeuacagacgeacuuccgeGU
ACUUUCAAAGUUAUUUAAUUUUUGGAGCAGGUUUUCUGACUUCGG
UCGGAAAACCCCUcccaauuucacuggucuacaaugaaageaaaacaguucucuucccecgeuc
cCcggugUgUgagagggeculugaUCcCUuuCuCUgguuUccUaggaaacgeguaugugcuagagecacs
CuCUZAgACULCCECCUCZUSCEEUCCCECUUCCUUUCUZCCUCCUCUSS

Exemplary full
sequence of
modified U7
snRNA (smOPT)
containing an
ASO sequence
replacing the
antisense
sequence of U7
snRNA

cccacaucgecugecacuacuuaaguccgauucacuucggcuuuageuccaagecuuuaaucuceceaag
cucuuuuuuuUuULUUaacaacauaggagcuguganuggcuguuuucagecaaucageacugacucau
uugcauagccuuuacaageggucacaaacucaagaaacgagegguuuuaauagucuuuuagaauauugu
uuaucgaaccgaanaaggaacugUgCUIUZUZauUCcacauaucagugeageeeugueeaaaugecace
uugaucucacccucalcgaaaguggaguugauguccuucccuggeucgeuacagacgcacuuccgcAU
AAAUCGAACCAUCGUAAAUUUUUGGAGCAGGUUUUCUGACUUCGG
UCGGAAAACCCCUcccaauuucacuggucuacaaugaaageaaaacaguucucuuccecgeuc
cCccggugUgUgagagegaculugaucCuuCuCUgguUUCcUaggaaacgcguaugugcuagagecacs
CuCUZAagacCuuCCECCUCUSCEEUCCCECUUCCUUUCUZCCUCCUCUSE

Exemplary full
sequence of
modified U7
snRNA (smOPT)
containing an
ASO sequence
replacing the
antisense
sequence of U7
snRNA

cccacaucgecugcecacuacuuaaguccgauucacuucggeuuuageuccaagecuuuaaucucgcgaag
cucuuuuuuuUUULuuaacaacauaggagcuguganuggcuguuuucagecaaucageacugacucau
uugcauagccuuuacaageggucacaaacucaagaaacgagcegguuuuaauagucuuuuagaauauugu
uuaucgaaccgaauaaggaacugugcuuugugauucacauaucaguggagggguguggaaauggcacce
uugaucucacccucaucgaaaguggaguugauguccuucccuggeucgeuacagacgeacuuccgcUU
UCUUCCCGGCGCCCGCAAUUUUUGGAGCAGGUUUUCUGACUUCGG
UCGGAAAACCCCUcccaauuucacuggucuacaaugaaageaaaacaguucucuuccecgeuc
CCCggugUEUZAgagEeaCULUZAUCCUUCUCUZZUUUCCUAZZAAACSCIUAUZUZCUAZALCCACS
CuCUZAgACUUCCECCUCZUSCEZUCCCICUUCCUUUCUZCCUCCUCUZSS

EXAMPLES

[00348] The present disclosure will be more specifically illustrated by the following Examples.

However, it should be understood that the present disclosure is not limited by these examples in

any manner.

Example 1: Identification of NMD-inducing Exon Inclusion Events in Transcripts by

RNAseq using Next Generation Sequencing

[00349] Whole transcriptome shotgun sequencing was carried out using next generation

sequencing to reveal a snapshot of transcripts produced by the genes described herein to identify

NIE inclusion events. For this purpose, polyA+ RNA from nuclear and cytoplasmic fractions of

human cells was isolated and cDNA libraries were constructed using Illumina’s TruSeq
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Stranded mRNA library Prep Kit. The libraries are pair-end sequenced resulting in 100-
nucleotide reads that are mapped to the human genome (Grch38/hg38 assembly). FIG. 2 depicts
identification of different exemplary nonsense-mediated mRNA decay (NMD)-inducing exons
in PKD?2 gene.

Example 2: Confirmation of NIE via Cycloheximide Treatment

[00350] RT-PCR analysis using cytoplasmic RNA from DMSO-treated or cycloheximide-
treated human kidney mixed epithelial cells and human kidney cortical epithelial cells and
primers in exons can confirm the presence of a band corresponding to an NMD-inducing exon.
The identity of the product was confirmed by sequencing. Densitometry analysis of the bands
was performed to calculate percent NMD exon inclusion of total transcript. Treatment of cells
with cycloheximide to inhibit NMD can lead to an increase of the product corresponding to the
NMD-inducing exon in the cytoplasmic fraction. FIG. 4B depicts confirmation of exemplary
NIE exons in various gene transcripts using cycloheximide treatment, respectively.

Example 3: NMD Exon Region ASO Walk

[00351] An ASO walk was performed for NMD exon region targeting sequences immediately
upstream of the 3’ splice site, across the 3’splice site, the NMD exon, across the 5’ splice site,
and downstream of the 5 splice site using ASOs. ASOs are designed to cover these regions by
shifting 5 nucleotides at a time. FIG. S depicts ASO walk for an exemplary NIE exon region.
Example 4: NMD exon Region ASO Walk Evaluated by RT-PCR

[00352] ASO walk sequences can be evaluated by for example RT-PCR. PAGE can be used to
show SYBR -safe-stained RT-PCR products of human cells treated with a ASO targeting the
NMD exon regions as described herein in human cells by gymnotic uptake, transfection or
nucleofection. Products corresponding to NMD exon inclusion and full-length are quantified and
percent NMD exon inclusion is plotted. Full-length products can be normalized to internal
mRNA controls and fold-change relative to control can be plotted. FIG. 7A depicts the changes
in productive PKD2 mRNA as evaluated by probe-based RT-qPCR (see Example 5, normalized
to RPL32) using primary renal mixed epithelial cells transfected for 24 hours with the indicated
ASOs (see macrowalk of FIGs. 6A-B) at 80nM. FIG. 7B depicts the changes in nonproductive
PKD2 mRNA as evaluated by probe-based RT-qPCR (see Example 5, normalized to RPL32)
using primary renal mixed epithelial cells transfected for 24 hours with the indicated ASOs (see
macrowalk of FIGs. 6A-B) at 80nM. FIG. 8A depicts the changes in productive PKD2 mRNA
as evaluated by probe-based RT-qPCR (see Example 5, normalized to RPL32) using primary
renal mixed epithelial cells transfected for 24 hours with the indicated ASOs (see macrowalk of
FIG. 5) at 80nM. FIG. 8B. depicts the changes in nonproductive PKD2 mRNA as evaluated by
probe-based RT-qPCR (see Example 5, normalized to RPL32) using primary renal mixed
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epithelial cells transfected for 24 hours with the indicated ASOs (see macrowalk of FIG. 5) at
80nM.

Example 5: NMD exon Region ASO Walk Evaluated by RT-qPCR.

[00353] SYBR-green or any probe-based RT-qPCR amplification results normalized to the
internal mRNA control can be obtained using the same ASO uptake experiment that can be
evaluated by RT-qPCR and can be plotted as fold change relative to Sham to confirm RT-qPCR
results.

Example 6: Dose-dependent Effect of Selected ASO in CXH-treated Cells.

[00354] PAGE can be used to show SYBR-safe-stained RT-PCR products of mock-treated
(Sham, RNAIMAX alone), or treated with ASOs targeting NMD exons at 30 nM, 80 nM, and
200 nM concentrations in mouse or human cells by RNAiIMAX transfection. Products
corresponding to NMD exon inclusion and full-length are quantified and percent NMD exon
inclusion can be plotted . The full-length products can also be normalized to HPRT internal
control and fold-change relative to Sham can be plotted.

Example 7: Injection of Selected ASOs.

[00355] PAGEs of SYBR-safe-stained RT-PCR products of mice from PBS-injected (1 pL) (-)
or ASOs or Cep290 (negative control ASO; Gerard et al, Mol. Ther. Nuc. Ac., 2015) 2'-ASO-
injected (1 puL) (+) at various concentration. Products corresponding to NMD exon inclusion and
full-length are quantified and percent NMD exon inclusion can be plotted. Full-length products
can be normalized to GAPDH internal control and fold-change of ASO-injected relative to PBS-
injected can plotted.

Example 8: Identification of NMD-inducing Alternative Splicing Events in Transcripts by
RNAseq using Next Generation Sequencing

[00356] Non-productive AS events in organs known to be accessible by ASOs were identified
by analyzing 83 publicly available RNA-sequencing (RNA-seq) datasets from human liver,
kidney, central nervous system (CNS), and eye tissues. Computational analysis discovered 7,819
unique genes containing a total of 13,121 non-productive AS events of various types. By cross-
referencing these genes with genetic disease databases such as Orphanet (www.orpha.net/),
1,265 disease-associated genes with non-productive AS events were identified. As many NMD-
sensitive transcripts are efficiently degraded in the analyzed tissues and are not detectable by
RNAseq, there are many more genes with non-productive AS events than have been identified to
date. FIG. 3 depicts identification of different exemplary nonsense-mediated mRNA decay
(NMD)-inducing alternative splicing events in PKD?2 gene.

Example 9: Confirmation of alternative splicing via Cycloheximide Treatment
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[00357] To validate the in-silico predictions and to quantify the abundance of potentially
targetable non-productive AS events, cells were treated with cycloheximide (CHX), a translation
inhibitor known to inhibit NMD. Expectedly, reverse transcriptase (RT)-PCR analysis showed a
consistent increase in the predicted non-productive PKD2 splicing events in various cell lines
upon CHX treatment compared to DM SO-treated cells. The increase indicates that these non-
productive AS events lead to transcript degradation by NMD. FIG. 4B depicts confirmation of
exemplary NIE exons in various gene transcripts using cycloheximide treatment, respectively
Example 10: PKD2 Exon, alternative 5' ss and S’UTR Region ASO Walk
[00358] To identify ASOs that can prevent the non-productive AS events and/or modulate
translation of a PKD2 mRNA transcript, an initial systematic ASO walk was performed in 5-nt
steps along the AS event of interest or the 5' UTR of PKD2. FIG. 5 shows a systematic ASO
walk along an NMD exon AS event of PKD2 pre-mRNA. FIGs. 6A and 6B show a systematic
ASO walk along an alternative 5' ss AS event of PKD2 pre-mRNA. FIG. 10 shows a systematic
ASO walk along a 5' UTR of PKD2 mRNA. These ASOs may have a uniform phosphorothioate
backbone and methoxyethyl at the 2 ribose position (2’MOE-PS). These modifications were
previously shown to allow binding to RNA with high affinity and to confer resistance to both
nucleases and RNase H cleavage of the target RNA-ASO complex. RT-PCR analysis from
transfected cells identifies several ASOs that reduce AS in the PKD2 mRNA and increase
productive mRNA or promote translation of PKD2. The observed increase in PKD2 productive
mRNA is confirmed by TagMan qPCR. The observed increase in PKD?2 translation is confirmed
by Western blotting. The fold change of AS may be plotted vs the increase in productive mRNA
(qPCR) to demonstrate that the ASOs are functioning on mechanism. The observed increase in
PKD? translation is confirmed by Western blotting. The fold change of translation may be
plotted vs the increase in polycystin 2 protein (Western blotting) to demonstrate that the ASOs
are functioning on mechanism. These results are expected to strongly suggest that gene
expression upregulation can be achieved by preventing non-productive AS with ASOs.
Example 11: Use of ASO’s to increase cellular protein expression in a dose-dependent
manner
[00359] As the desirable upregulation level varies among target genes and diseases, selected
positive ASO hits from the initial walks are used to determine whether the increase in productive
mRNA can be titrated across non-productive AS events. An exemplary PKD2 ASO is
transfected in cells at increasing concentrations to demonstrate dose-dependent upregulation.
The concentration is selected based on the potency of the ASO. RT-PCR results show a dose-
dependent decrease of the non-productive alternative 3’ss selection in PKD2 compared to a non-

targeting ASO control transfected at the same respective doses. Conversely, a dose-dependent
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increase in productive mRNA is observed as measured by TagqMan qPCR compared to a non-
targeting ASO control. To determine whether the observed upregulation in productive mRNAs
translates to a dose-dependent increase in protein levels, polycystin 2 is measured in extracts
from transfected cells with increasing concentrations of targeting ASOs. First, antibodies against
PKD? are validated by short interfering (si)RNA-mediated knockdown of protein expression
and western blot analysis. Immunoblotting results of extracts from cells transfected with the
selected ASOs are expected to show a dose-dependent increase in polycystin 2. A non-targeting
ASO control is expected no significant effect on protein levels. Altogether, the data are expected
to indicate that ASOs targeting various types of non-productive AS events lead to a titratable
increase in productive mRNA resulting in an increase in protein expression. The titratable nature
of TANGO ASO-mediated protein upregulation is expected to suggest that one could tightly
control protein levels and reduce the risk of overexpression. This aspect of the TANGO
technology is expected to make it especially suited to address autosomal dominant
haploinsufficient diseases.

Example 12: Validation of TANGO approach in vivo

[00360] To prove the applicability of the TANGO mechanism in vivo, one may select a positive
hit from an ASO walk targeting a non-productive exon inclusion event in PKD2. The non-
productive AS event in the human PKD?2 gene also occurs in mice and is highly conserved at the
sequence level (data not shown), allowing for testing the human targeting ASO in mice. Similar
to other ASOs presented here, gymnotic (free) uptake of increasing concentrations of PKD?2
ASO leads to a dose-dependent decrease of AS and an inversely correlated increase in
productive mRNA in cells compared to a non-targeting ASO control. To ascertain whether the
observed effect of the ASO can be recapitulated in vivo, administer ASO to mice or PBS to mice
via injection. RNA and protein can be extracted from the treated mice 5 days post-injection. RT-
PCR analysis can be done to show clear target engagement and a consistent reduction of non-
productive exon inclusion in ASO-treated mice compared to the control PBS cohort. This
reduction can be effectively translated to a roughly 4-fold increase in productive mRNA
measured by TagMan qPCR. Concomitantly, increases in protein by western blot can be
detected using a validated antibody. These data provide in vivo proof of concept of the TANGO
approach to upregulate protein expression by leveraging non-productive AS events.

Example 13: TANGO (Targeted Augmentation of Nuclear Gene Output) for the treatment
of genetic diseases

[00361] TANGO (Targeted Augmentation of Nuclear Gene Output), a novel technology which
exploits antisense-mediated modulation of pre-mRNA splicing was developed to increase

protein expression. TANGO prevents naturally occurring non-productive splicing events that
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lead to either transcript degradation by nonsense-mediated mRNA decay (NMD) or nuclear
retention. By doing so, TANGO increases the generation of productive mRNA, resulting in an
increase of full-length, fully-functional protein. Bioinformatic analyses of RNA sequencing
(RNAseq) datasets were undertaken to identify non-productive events. Non-productive events
were found in more than 50% of protein-coding genes, of which approximately 2,900 are
disease-associated. To validate the in-silico predictions, targets (e.g., PKD2) representing
various types of NMD-inducing, non-productive alternative splicing (AS) events (cassette
exons, alternative splice sites, and alternative introns) were selected and quantified their
abundance by treating cells with cycloheximide (CHX), a translation inhibitor that is known to
inhibit NMD. RT-PCR analyses of the selected targets was performed and an increase of the
non-productive mRNA upon CHX treatment was observed compared to DMSO-treated cells.
Antisense oligonucleotides (ASOs) are designed to target the three types of NMD-inducing,
non-productive AS events and TANGO ASOs are expected to be able to modulate splicing to
increase productive mRNA and protein in a dose-dependent manner in vitro. Consistent with the
TANGO mechanism, the level of ASO-mediated upregulation is expected to be observed to be
directly proportional to the abundance of the targeted NMD-inducing event. Moreover, injection
in wild-type mice of a TANGO ASO targeting a non-productive AS event in PKD?2 is expected
to lead to an increase in productive mRNA and polycystin 2. As TANGO exploits naturally
occurring non-productive AS, this novel approach can be employed to upregulate gene
expression from wild-type or hypomorphic alleles, providing a potentially unique strategy to
treat genetic diseases. TANGO is being applied to develop treatment for autosomal dominant
haploinsufficiency diseases such as genetic epilepsies. TANGO ASOs that increase expression
from the wild-type alleles can be used to restore physiological levels of the deficient proteins.
Example 14: Transcript database and labeling of NMD junctions:

[00362] Annotated transcripts are downloaded from GENCODE (v. 28) and REFSEQ (via
UCSC). Each annotated exon-exon junction is labeled as “coding” or “NMD”. Junctions are
labeled “NMD” if and only if that junction is exclusively found in transcripts labeled
“nonsense_mediated decay” (GENCODE) or “NR” (REFSEQ).

RNA-seq library processing:

[00363] All RNA-seq samples are aligned to the hg38 genome and a combined transcript
database using STAR! v2.6.1b to generate splice junction counts.

Identification and quantification of putative NMD-inducing splicing events:

[00364] All samples are run through SUPPA2? to define annotated alternative splicing events.
Different approaches are then used to label and quantify each type of alternative splicing as

follows:



WO 2022/169947 PCT/US2022/015074
Exon inclusion (EI) and exon skipping (ES): The “skipped exon” events are parsed from SUPPA

to obtain the inclusion and skipping junctions for each event. If the skipping junction is labeled
“NMD”, the event is labeled “ES_NMD”. If either of the inclusion junctions are labeled as
“NMD?”, the event is labeled “EI NMD”. Otherwise, the event is labeled “cassette exon.”
Inclusion and skipping junction counts are retrieved from the STAR output, and these counts are

summed across all events sharing the same alternatively spliced exon.

The final PSI for the inclusion is calculated as: ¥ = —2ne___
Sjinct2:Sjskip
For inclusion events, Wer nmp = P,

For skipping events, Wes nvp = 1-P.

Alternative 3" and 5' splice sites (A3 and AS5): The A3 and AS events are parsed from SUPPA to

obtain the junctions corresponding to each alternative event. If either the long or short junction
is labeled as “NMD”, an NMD event is reported. If both junctions report NMD it is not reported

because there is likely complex splicing in that region. Splice junction counts are retrieved from

SiNMD

the STAR output. The PSIis reported as W3 53 nmp =

Sjcoding'

Alternative intron events (Al): The retained intron events are parsed from SUPPA to obtain the

list of alternative intron events. The Al event is labeled NMD if the event junction is labeled
NMD. To calculate PSI, the expression level of the exon within which the Al is located is
estimated by summing all junctions using its 3" and 5' splice sites (and all other parent exons

containing the same Al event). Usage of the Al junction will then fall within the range [0,

Sjy1+8] . . . . . . . .
~%], because full use of the Al junction (which results in no intron retention) is achieved

with similar counts at the exon junctions and the Al junction (full intron retention has O reads for

the junction). To calculate ‘P, the junction counts are normalized, such that this range would now
. . SJartsisy
min (sf a1~
Sj1+Si5r
2

be [0,1] lIUAI"’

Annotation of disease relevance:

[00365] Gene-disease association data from Orphadata (http://www.orphadata.org), the publicly
available data repository of Orphanet is downloaded. The annotations were extended to cover all

gene symbol aliases.

Example 15: Treatment with cycloheximide (CHX), cell culture, and transfections
[00366] To determine the abundance of the non-productive mRNAs, cells are incubated with
50ug/ml of CHX (Cell Signaling Technology) dissolved in DMSO for 3 hours.

[00367] For example, cells are grown in EMEM with 10% FBS and 1X10° cells are seeded in
24-well plate and reverse-transfected with 80 nM ASOs for initial screening or 1, 5, 25 nM of
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selected ASO using Lipofectamine RNAiMax reagent (Invitrogen) according to manufacturer’s
instructions. Total RNA is extracted using RNeasy mini kit (Qiagen) 24 hrs post-transfection
and cDNA is synthesized with ImProm-II reverse transcriptase (Promega). Total protein is
extracted with RIPA buffer (Cell Signaling Technology) 48 hrs post transfection.

[00368] For another example, HEK293 cells are grown in EMEM with 10% FBS and 7X10°
cells are seeded in 6-well plate and reverse-transfected with 30, 60, and 120 nM of antisense
oligonucleotide (ASO) using Lipofectamine RNAiMax reagent (Invitrogen) according to
manufacturer’s instructions. Total RNA is extracted using RNeasy mini kit (Qiagen) 24 hrs post-
transfection and cDNA is synthesized with ImProm-II reverse transcriptase (Promega). Total
protein is extracted with RIPA buffer (Cell Signaling Technology) 48 hrs post transfection.
[00369] For another example, Huh7 cells are grown in DMEM with 10% FBS and 1X10° cells
are seeded in a 12-well plate and reverse transfected with 5, 20, or 80 nM ASO using
Lipofectamine RNAiIMAX (Invitrogen) according to manufacturer’s instructions. For RT-PCR
analysis, cells are treated with 50pg/mL of CHX (Cell Signaling Technology) in DMSO for 3
hours 21 hours post transfection. Total RNA is extracted using RNeasy mini kit (Qiagen) 24 hrs
post-transfection and cDNA is synthesized with ImProm-II reverse transcriptase (Promega).
Total protein is extracted with RIPA buffer (Cell Signaling Technology) 48 hrs post
transfection.

[00370] For another example, ReNcell VM cells are grown in complete NSC medium containing
20 ng/mL of bFGF and EGF each on laminin coated flasks (2D culture) until reaching ~90%
confluency. The cells are then detached by accutase treatment, washed with PBS, and cultured in
complete NSC medium in ultra-low attachment surface 24-well polystyrene plate with 3, 8, 20
uM ASO for gymnotic (free) uptake. Total RNA is extracted using RNeasy mini kit (Qiagen) 72
hrs post-ASO addition to media and cDNA is synthesized with ImProm-II reverse transcriptase
(Promega).

Example 16: qPCR and RT-PCR assays

[00371] For expression analysis of the productive mRNA, TagMan qPCR (Thermo Fisher SC) is
performed for PKD2. SYBR green qPCR or probe-based qPCR is performed for human PKD?2
with forward primer and reverse primer, and probe. The cycling conditions are, for example, 30
sec at 95°C for denaturation, 30 sec at 60°C for annealing and 60 sec at 72°C for extension for
30 cycles. For another example, the cycling conditions were 30 sec at 95°C for denaturation, 30
sec at 55°C for annealing, and 30 sec at 72°C for extension for 29 cycles. For another example,
The cycling conditions were 30 sec at 95°C for denaturation, 30 sec at 55°C for annealing, and
75 sec at 72°C for extension for 28 cycles. For another example, The cycling conditions were 30

sec at 95°C for denaturation, 30 sec at 56°C for annealing, and 75 sec at 72°C for extension for
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28 cycles. The PCR products are separated on 5% polyacrylamide gel and quantified with Multi
Gauge software Version 2.3.
Example 17: Western blotting
[00372] Protein extracts are quantified by colorimetric assay using Pierce BCA protein assay kit
(ThermoFisher).
[00373] For example, immunoblotting is carried out with 25 pg of lysate. For another example,
immunoblotting is carried out with 60 pg of lysate. For another example, immunoblotting is
carried out with 120 pg of lysate. For another example, immunoblotting is carried out with 30 ug
of lysate. The primary antibody and the secondary antibody are purchased. Blots are scanned
using Typhoon RLA 9000 imager (General Electric). Densitometric analysis is carried out using
Multi Gauge software Version 2.3.
Example 18: Flow cytometry
[00374] Cells are lifted from culture plates in FACS bufter. Cells are stained with APC-antibody
(1:250). Data from 15,000 cells are collected on a Guava Easycyte 12HT (EMD Millipore) flow
cytometer. Fluorescence minus one is used to determine the positive gate.
Example 19: PKD2 Exon Region and S’UTR Vectorized ASO Walk
[00375] To identify vectorized ASOs that can prevent the non-productive AS events, a
systematic vectorized ASO walk can be performed in 5-nt or 2-nt steps along the AS event of
interest. These vectorized ASOs can be expressed from a vector as a modified Ul snRNA or U7
snRNA, which contains an ASO sequence as its targeting sequence. FIG. 5 shows a systematic
vectorized ASO walk along an NMD exon AS event of PKD?2 pre-mRNA. FIGs. 6A and 6B
show a systematic vectorized ASO walk along an alternative 5' ss AS event of PKD?2 pre-
mRNA. FIG. 10 shows a systematic vectorized ASO walk along a 5' UTR of PKD2 mRNA.
The vectorized ASO is expressed as a modified U7 snRNA. RT-PCR analysis from transfected
cell lines can identify several vectorized ASOs that lead to reduced AS in the PKD2 mRNA and
increase in productive mRNA. The observed increase in PKD2 productive mRNA can be
confirmed by TagMan qPCR. The fold change of AS may be plotted vs the increase in
productive mRNA (qPCR) to demonstrate that the vectorized ASOs are functioning on
mechanism.
[00376] While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way
of example only. Numerous variations, changes, and substitutions will now occur to those
skilled in the art without departing from the invention. It should be understood that various
alternatives to the embodiments of the invention described herein may be employed in practicing

the invention. It is intended that the following claims define the scope of the invention and that
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methods and structures within the scope of these claims and their equivalents be covered
thereby.

EXEMPLARY EMBODIMENTS 1

[00377] Described herein, in certain embodiments, is a method of modulating expression of a
target protein in a cell having a pre-mRNA that is transcribed from a target gene and that
comprises a non-sense mediated RNA decay-inducing exon (NMD exon), the method
comprising contacting an agent or a vector encoding the agent to the cell, whereby the agent
modulates splicing of the NMD exon from the pre-mRNA, thereby modulating the level of a
processed mRNA that is processed from the pre-mRNA, and modulating the expression of the
target protein in the cell, wherein the target protein is a polycystin 2 and the target gene is a
PKD?2 gene.

[00378] Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof by modulating
expression of a target protein in a cell of the subject, comprising: contacting the cell of the
subject with an agent or a vector encoding the agent to the cell, whereby the agent modulates
splicing of a non-sense mediated mRNA decay-inducing exon (NMD exon) from a pre-mRNA
that is transcribed from a target gene and that comprises the NMD exon, thereby modulating the
level of a processed mRNA that is processed from the pre-mRNA, and modulating the
expression of the target protein in the cell of the subject, wherein the target protein is a
polycystin 2 and the target gene is a PKD2 gene.

[00379] In some embodiments, the agent: (a) binds to a targeted portion of the pre-mRNA; (b)
modulates binding of a factor involved in splicing of the NMD exon; or (¢) a combination of (a)
and (b).

[00380] In some embodiments, the agent interferes with binding of the factor involved in
splicing of the NMD exon to a region of the targeted portion.

[00381] In some embodiments, the targeted portion of the pre-mRNA is proximal to the NMD
exon.

[00382] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides upstream of 5” end of the NMD exon.

[00383] In some embodiments, the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600

nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200

-159-



WO 2022/169947 PCT/US2022/015074
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20
nucleotides, about 10 nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides,
about 1 nucleotides upstream of 5’ end of the NMD exon.

[00384] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides downstream of 3’ end of the NMD exon.

[00385] In some embodiments, the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20
nucleotides, about 10 nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides,
about 1 nucleotides downstream of 3’ end of the NMD exon.

[00386] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides upstream of genomic site of GRCh38/ hg38: chr4:88031085.
[00387] In some embodiments, the targeted portion of the pre-mRNA is about 1500 nucleotides,
about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600 nucleotides,
about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200 nucleotides,
about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60 nucleotides, about
50 nucleotides upstream of genomic site of GRCh38/ hg38: chr4:88031085.

[00388] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides downstream of genomic site of GRCh38/ hg38:
chr4:88031140

[00389] In some embodiments, the targeted portion of the pre-mRNA is about 1500 nucleotides,
about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600 nucleotides,

about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200 nucleotides,
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about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60 nucleotides, about
50 nucleotides downstream of genomic site of GRCh38/ hg38: chr4:88031140.

[00390] In some embodiments, the targeted portion of the pre-mRNA is located in an intronic
region between two canonical exonic regions of the pre-mRNA, and wherein the intronic region
contains the NMD exon.

[00391] In some embodiments, the targeted portion of the pre-mRNA at least partially overlaps
with the NMD exon.

[00392] In some embodiments, targeted portion of the pre-mRNA at least partially overlaps with
an intron upstream or downstream of the NMD exon.

[00393] In some embodiments, the targeted portion of the pre-mRNA comprises 5> NMD exon—
intron junction or 3> NMD exon-intron junction.

[00394] In some embodiments, the targeted portion of the pre-mRNA is within the NMD exon.
[00395] In some embodiments, the targeted portion of the pre-mRNA comprises about 5, 6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or more
consecutive nucleotides of the NMD exon.

[00396] In some embodiments, the NMD exon comprises a sequence with at least 80%, at least
90%, or 100% sequence identity to a sequence selected from the group consisting of the
sequences listed in Table 2. In some embodiments, the NMD exon comprises a sequence with at
least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, 99.5%, 99.9%, or 100% sequence identity to a sequence selected from the
group consisting of the sequences listed in Table 2.

[00397] In some embodiments, the NMD exon comprises a sequence selected from the group
consisting of the sequences listed in Table 2.

[00398] In some embodiments, the pre-mRNA comprises a sequence with at least about 80%,
85%, 90%, 95%, 97%, or 100% sequence identity to a sequence selected from the group
consisting of the sequences listed in Table 2 or Table 3.

[00399] In some embodiments, the pre-mRNA is encoded by a genetic sequence with at least
about 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to a sequence selected from the
group consisting of the sequences listed in Table 2 or Table 3.

[00400] In some embodiments, the targeted portion of the pre-mRNA comprises a sequence with
at least 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to a region comprising at least 8
contiguous nucleic acids of a sequence selected from the group consisting of the sequences
listed in Table 2 or Table 3.

[00401] In some embodiments, the agent is an antisense oligomer (ASO) and wherein the ASO
comprises a sequence that is at least about 80%, 85%, 90%, 95%, 97%, or 100% complementary
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to at least 8 contiguous nucleic acids of a sequence selected from the group consisting of the
sequences listed in Table 4.
[00402] In some embodiments, the targeted portion of the pre-mRNA is within the non-sense
mediated RNA decay-inducing exon GRCh38/ hg38: chr4:88031085 88031140.
[00403] In some embodiments, the targeted portion of the pre-mRNA is upstream or
downstream of the non-sense mediated RNA decay-inducing exon GRCh38/ hg38:
chr4:88031085 88031140.
[00404] In some embodiments, the targeted portion of the pre-mRNA comprises an exon-intron
junction of exon GRCh38/ hg38: chr4:88031085 88031140.
[00405] In some embodiments, the polycystin 2 expressed from the processed mRNA is full-
length polycystin 2 or wild-type polycystin 2.
[00406] In some embodiments, the polycystin 2 expressed from the processed mRNA is at least
partially functional as compared to wild-type polycystin 2.
[00407] In some embodiments, the polycystin 2 expressed from the processed mRNA is at least
partially functional as compared to full-length wild-type polycystin 2.
[00408] In some embodiments, the agent promotes exclusion of the NMD exon from the pre-
mRNA.
[00409] In some embodiments, the exclusion of the NMD exon from the pre-mRNA in the cell
contacted with the agent is increased by about 1.1 to about 10-fold, about 1.5 to about 10-fold,
about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-
fold, about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to
about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to
about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to
about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to
about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about
2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold,
or at least about 10-fold, compared to exclusion of the NMD exon from the pre-mRNA in a
control cell.
[00410] In some embodiments, the agent increases the level of the processed mRNA in the cell.
[00411] In some embodiments, the level of the processed mRNA in the cell contacted with the
agent is increased by about 1.1 to about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-
fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to
about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold,
about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold,
about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold,
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about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold,
at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at
least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at least
about 10-fold, compared to a level of the processed mRNA in a control cell.

[00412] In some embodiments, the agent increases the expression of the target protein in the
cell.

[00413] In some embodiments, a level of the target protein expressed from the pre- mRNA in
the cell contacted with the agent is increased by about 1.1 to about 10-fold, about 1.5 to about
10-fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to
about 5-fold, about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold,
about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-
fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-
fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-
fold, about 4 to about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold,
at least about 2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least
about 5-fold, or at least about 10-fold, compared to a level of the target protein produced in a
control cell.

[00414] In some embodiments, the disease or condition is induced by a loss-of-function
mutation in the target protein.

[00415] In some embodiments, the disease or condition is associated with haploinsufficiency of
a gene encoding the target protein, and wherein the subject has a first allele encoding a
functional target protein, and a second allele from which the target protein is not produced or
produced at a reduced level, or a second allele encoding a nonfunctional target protein or a
partially functional target protein.

[00416] In some embodiments, the disease or condition is selected from the group consisting of’
polycystic kidney disease with or without polycystic liver disease, autosomal dominant
polycystic kidney disease, and intracranial aneurysm.

[00417] In some embodiments, the disease or condition is associated with an autosomal
recessive mutation of a gene encoding the target protein, wherein the subject has a first allele
encoding from which: (i) the target protein is not produced or produced at a reduced level
compared to a wild-type allele; or (ii) the target protein produced is nonfunctional or partially
functional compared to a wild-type allele, and a second allele from which: (iii) the target protein
is produced at a reduced level compared to a wild-type allele and the target protein produced is
at least partially functional compared to a wild-type allele; or (iv) the target protein produced is

partially functional compared to a wild-type allele.
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[00418] In some embodiments, the disease or condition is selected from the group consisting of’
polycystic kidney disease with or without polycystic liver disease, autosomal dominant
polycystic kidney disease, and intracranial aneurysm.

[00419] In some embodiments, the agent promotes exclusion of the NMD exon from the pre-
mRNA and increases the expression of the target protein in the cell.

[00420] In some embodiments, the agent inhibits exclusion of the NMD exon from the pre-
mRNA encoding the target protein.

[00421] In some embodiments, the exclusion of the NMD exon from the pre-mRNA in the cell
contacted with the agent is decreased by about 1.1 to about 10-fold, about 1.5 to about 10-fold,
about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-
fold, about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to
about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to
about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to
about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to
about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about
2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold,
or at least about 10-fold, compared to exclusion of the NMD exon from the pre-mRNA in a
control cell.

[00422] In some embodiments, the agent decreases the level of the processed mRNA in the cell.
[00423] In some embodiments, the level of the processed mRNA in the cell contacted with the
agent is decreased by about 1.1 to about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-
fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to
about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold,
about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold,
about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold,
about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold,
at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at
least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at least
about 10-fold, compared to a level of the processed mRNA in a control cell.

[00424] In some embodiments, the agent decreases the expression of the target protein in the
cell.

[00425] In some embodiments, a level of the target protein expressed from the pre-mRNA in the
cell contacted with the agent is decreased by about 1.1 to about 10-fold, about 1.5 to about 10-
fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to
about 5-fold, about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold,
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about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-
fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-
fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-
fold, about 4 to about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold,
at least about 2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least
about 5-fold, or at least about 10-fold, compared to a level of the target protein expressed in a
control cell.

[00426] In some embodiments, the disease or condition is induced by a gain-of-function
mutation in the target protein.

[00427] In some embodiments, the subject has an allele from which the target protein is
produced at an increased level, or an allele encoding a mutant target protein that exhibits
increased activity in the cell.

[00428] In some embodiments, the agent inhibits exclusion of the NMD exon from the pre-
mRNA encoding the target protein and decreases the expression of the target protein in the cell.
[00429] In some embodiments, the agent is an antisense oligomer (ASO) and wherein the
antisense oligomer comprises a backbone modification comprising a phosphorothioate linkage
or a phosphorodiamidate linkage.

[00430] In some embodiments, the agent is an antisense oligomer (ASQO) and wherein the
antisense oligomer comprises a phosphorodiamidate morpholino, a locked nucleic acid, a
peptide nucleic acid, a 2’-O-methyl, a 2’-Fluoro, or a 2’-O-methoxyethyl moiety.

[00431] In some embodiments, the agent is an antisense oligomer (ASQO) and wherein the
antisense oligomer comprises at least one modified sugar moiety.

[00432] In some embodiments, each sugar moiety is a modified sugar moiety.

[00433] In some embodiments, the agent is an antisense oligomer (ASO) and wherein the
antisense oligomer consists of from 8 to 50 nucleobases, 8 to 40 nucleobases, 8 to 35
nucleobases, 8 to 30 nucleobases, 8 to 25 nucleobases, 8 to 20 nucleobases, 8 to 15 nucleobases,
9 to 50 nucleobases, 9 to 40 nucleobases, 9 to 35 nucleobases, 9 to 30 nucleobases, 9 to 25
nucleobases, 9 to 20 nucleobases, 9 to 15 nucleobases, 10 to 50 nucleobases, 10 to 40
nucleobases, 10 to 35 nucleobases, 10 to 30 nucleobases, 10 to 25 nucleobases, 10 to 20
nucleobases, 10 to 15 nucleobases, 11 to 50 nucleobases, 11 to 40 nucleobases, 11 to 35
nucleobases, 11 to 30 nucleobases, 11 to 25 nucleobases, 11 to 20 nucleobases, 11 to 15
nucleobases, 12 to 50 nucleobases, 12 to 40 nucleobases, 12 to 35 nucleobases, 12 to 30

nucleobases, 12 to 25 nucleobases, 12 to 20 nucleobases, or 12 to 15 nucleobases.
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[00434] In some embodiments, the agent is an antisense oligomer (ASQO) and wherein the
antisense oligomer is at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least
99%, or 100%, complementary to the targeted portion of the pre-mRNA.

[00435] In some embodiments, the method further comprises assessing mRNA level or
expression level of the target protein.

[00436] In some embodiments, the subject is a human.

[00437] In some embodiments, the subject is a non-human animal.

[00438] In some embodiments, the subject is a fetus, an embryo, or a child.

[00439] In some embodiments, the cells are ex vivo.

[00440] In some embodiments, the agent is administered by intrathecal injection,
intracerebroventricular injection, intraperitoneal injection, intramuscular injection, subcutaneous
injection, intravitreal, or intravenous injection of the subject.

[00441] In some embodiments, the method further comprises administering a second therapeutic
agent to the subject.

[00442] In some embodiments, the second therapeutic agent is a small molecule.

[00443] In some embodiments, the second therapeutic agent is an antisense oligomer.

[00444] In some embodiments, the second therapeutic agent corrects intron retention.

[00445] In some embodiments, the method treats the disease or condition.

[00446] Described herein, in certain embodiments, is a composition comprising a non-sense
mediated RNA decay exon (NSE)-modulating agent that interacts with a target motif within a
pre-mRNA to modulate exclusion of an NSE from a processed mRNA transcript and to
modulate inclusion of a canonical exon in the processed mRNA transcript, wherein the target
motif is located: (i) in an intronic region between two canonical exons, (ii) in one of the two
canonical exons, or (iii) in a region spanning both an intron and canonical exon; wherein the
NSE comprises: (a) only a portion of a canonical exon, or (b) a canonical exon and at least a
portion of an intron adjacent to the canonical exon; and wherein the NSE-modulating agent
modulates exclusion of an NSE from the pre-mRNA transcript and modulates inclusion of a
canonical exon in the processed mRNA transcript.

[00447] In some embodiments, the NSE-modulating agent promotes exclusion of an NSE from
the pre-mRNA transcript and promotes inclusion of a canonical exon in the processed mRNA
transcript.

[00448] In some embodiments, the processed mRNA transcript encodes a target protein and the
NSE-modulating agent increases expression of a target protein in a cell containing the pre-
mRNA.

[00449] In some embodiments, the target protein is polycystin 2.
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[00450] Described herein, in certain embodiments, is a composition comprising a non-sense
mediated RNA decay alternative 5° or 3’ splice site (NSASS)-modulating agent that interacts
with a target motif within a pre-mRNA to modulate splicing at an alternative 5’ or 3’ splice site
of a pre-mRNA and to modulate inclusion of a canonical exon in a processed mRNA transcript
that is processed from the pre-mRNA, wherein the target motif is located: (i) in an intronic
region between two canonical exons, (ii) in one of the two canonical exons, or (iii) in a region
spanning both an intron and canonical exon; wherein modulating splicing at the alternative 5° or
3’ splice site of the pre-mRNA modulates exclusion of an exon from the pre-mRNA transcript,
wherein the exon comprises: (a) only a portion of a canonical exon, or (b) a canonical exon and
at least a portion of an intron adjacent to the canonical exon; and wherein the NSASS-
modulating agent modulates exclusion of the exon from the pre-mRNA transcript and modulates
inclusion of a canonical exon in the processed mRNA transcript.

[00451] In some embodiments, the NSASS-modulating agent promotes exclusion of the exon
resulting from splicing at the alternative 5° or 3’ splice site from the pre-mRNA transcript and
promotes inclusion of a canonical exon in the processed mRNA transcript.

[00452] In some embodiments, the processed mRNA transcript encodes a target protein and the
NSASS-modulating agent increases expression of a target protein in a cell containing the pre-
mRNA.

[00453] In some embodiments, the target protein is selected from the group consisting of, PKD2.
[00454] Described herein, in certain embodiments, is a composition comprising a non-sense
mediated RNA decay exon (NSE)-modulating agent that modulates expression of a target
protein in a cell comprising a pre-mRNA that encodes the target protein, wherein the pre-mRNA
comprises: an alternative nonsense mediated RNA decay-inducing (NMD) exon comprising an
alternative 5° splice site upstream of the canonical 5’ splice site in reference to an intron
following a canonical exon and within the canonical exon, or downstream of the canonical 5
splice site in reference to an intron following the canonical exon and within the intron; wherein
the NSE-modulating agent modulates processing of an mRNA transcript from the pre-mRNA by
modulating splicing of the pre-mRNA at the alternative 5’ splice site, wherein the splicing of the
pre-mRNA at the alternative 5° splice site modulates the expression of the target protein in a
cell.

[00455] In some embodiments, the target protein is PKD2.

[00456] In some embodiments, the splicing of the pre-mRNA at the alternative 5° splice site

increases the expression of the target protein in a cell.
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[00457] In some embodiments, the alternative nonsense mediated RNA decay-inducing (NMD)
exon comprises an alternative 5’ splice site upstream of the canonical 5° splice site in reference
to an intron following a canonical exon and within the canonical exon.

[00458] In some embodiments, the alternative nonsense mediated RNA decay-inducing (NMD)
exon comprises an alternative 5’ splice site downstream of the canonical 5 splice site in
reference to an intron following the canonical exon and within the intron.

[00459] Described herein, in certain embodiments, is a composition comprising a non-sense
mediated RNA decay alternative 5’ or 3’ splice site (NSASS)-modulating agent that modulates
expression of a target protein in a cell comprising a pre-mRNA that encodes the target protein,
wherein the pre-mRNA comprises: an exon comprising an alternative 5’ splice site upstream of
the canonical 5’ splice site in reference to an intron following a canonical exon and within the
canonical exon, or downstream of the canonical 5” splice site in reference to an intron following
the canonical exon and within the intron; wherein the NSASS-modulating agent modulates
processing of an mRNA transcript from the pre-mRNA by modulating splicing of the pre-
mRNA at the alternative 5’ splice site, wherein the splicing of the pre-mRNA at the alternative
57 splice site modulates the expression of the target protein in a cell.

[00460] In some embodiments, the target protein is polycystin 2.

[00461] In some embodiments, the splicing of the pre-mRNA at the alternative 5” splice site
increases the expression of the target protein in a cell.

[00462] In some embodiments, the pre-mRNA comprises an exon comprising an alternative 5’
splice site upstream of the canonical 5’ splice site in reference to an intron following a canonical
exon and within the canonical exon.

[00463] In some embodiments, the pre-mRNA comprises an exon comprising an alternative 5’
splice site downstream of the canonical 5” splice site in reference to an intron following the
canonical exon and within the intron.

[00464] Described herein, in certain embodiments, is a composition comprising a non-sense
mediated RNA decay exon (NSE)-modulating agent that modulates expression of a target
protein in a cell comprising a pre-mRNA that encodes the target protein, wherein the pre-mRNA
comprises an alternative nonsense mediated RNA decay-inducing (NMD) exon comprising an
alternative 3’ splice site downstream of the canonical 3’ splice site in reference to an intron
preceding a canonical exon and within the canonical exon, or upstream of the canonical 3’ splice
site in reference to an intron preceding the canonical exon and within the intron, wherein the
NSE-modulating agent modulates processing of an mRNA transcript from the pre-mRNA by

modulating splicing of the pre-mRNA at the alternative 3’ splice site, and wherein the splicing

-168-



WO 2022/169947 PCT/US2022/015074
of the pre-mRNA at the alternative 3’ splice site modulates the expression of the target protein
in a cell.
[00465] In some embodiments, the target protein is polycystin 2.
[00466] In some embodiments, the splicing of the pre-mRNA at the alternative 3’ splice site
increases the expression of the target protein in a cell.
[00467] In some embodiments, the alternative nonsense mediated RNA decay-inducing (NMD)
exon comprises an alternative 3’ splice site downstream of the canonical 3’ splice site in
reference to an intron preceding a canonical exon and within the canonical exon.
[00468] In some embodiments, the alternative nonsense mediated RNA decay-inducing (NMD)
exon comprises an alternative 3’ splice site upstream of the canonical 3’ splice site in reference
to an intron preceding the canonical exon and within the intron.
[00469] Described herein, in certain embodiments, is a composition comprising a non-sense
mediated RNA decay alternative 5’ or 3’ splice site (NSASS)-modulating agent that modulates
expression of a target protein in a cell comprising a pre-mRNA that encodes the target protein,
wherein the pre-mRNA comprises an exon comprising an alternative 3’ splice site downstream
of the canonical 3’ splice site in reference to an intron preceding a canonical exon and within the
canonical exon, or upstream of the canonical 3’ splice site in reference to an intron preceding the
canonical exon and within the intron, wherein the NSASS-modulating agent modulates
processing of an mRNA transcript from the pre-mRNA by modulating splicing of the pre-
mRNA at the alternative 3’ splice site, and wherein the splicing of the pre-mRNA at the
alternative 3’ splice site modulates the expression of the target protein in a cell.
[00470] In some embodiments, the target protein is polycystin 2.
[00471] In some embodiments, the splicing of the pre-mRNA at the alternative 3’ splice site
increases the expression of the target protein in a cell.
[00472] In some embodiments, the pre-mRNA comprises an exon comprising an alternative 3’
splice site downstream of the canonical 3’ splice site in reference to an intron preceding a
canonical exon and within the canonical exon.
[00473] In some embodiments, the pre-mRNA comprises an exon comprising an alternative 3’
splice site upstream of the canonical 3’ splice site in reference to an intron preceding the
canonical exon and within the intron.
[00474] In some embodiments, the agent is a small molecule.
[00475] In some embodiments, the agent is a polypeptide.
[00476] In some embodiments, the polypeptide is a nucleic acid binding protein.
[00477] In some embodiments, the nucleic acid binding protein contains a TAL-effector or zinc

finger binding domain.
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[00478] In some embodiments, the nucleic acid binding protein is a Cas family protein.
[00479] In some embodiments, the polypeptide is accompanied by or complexed with one or
more nucleic acid molecules.

[00480] In some embodiments, the agent is an antisense oligomer (ASO) complementary to the
targeted region of the pre-mRNA.

[00481] In some embodiments, the agent is at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 98%, at least 99%, or 100%, complementary to the targeted region of the
pre-mRNA encoding the target protein.

[00482] In some embodiments, the agent comprises a backbone modification comprising a
phosphorothioate linkage or a phosphorodiamidate linkage.

[00483] In some embodiments, the agent comprises a phosphorodiamidate morpholino.
[00484] In some embodiments, the agent comprises a locked nucleic acid.

[00485] In some embodiments, the agent comprises a peptide nucleic acid.

[00486] In some embodiments, the agent comprises a 2'- O-methyl.

[00487] In some embodiments, the agent comprises a 2'-Fluoro, or a 2'-O-methoxyethyl moiety.
[00488] In some embodiments, the agent comprises at least one modified sugar moiety.
[00489] In some embodiments, each sugar moiety is a modified sugar moiety.

[00490] In some embodiments, the agent is an antisense oligomer, and wherein the agent
consists of from 8 to 50 nucleobases, 8 to 40 nucleobases, 8 to 35 nucleobases, 8 to 30
nucleobases, 8 to 25 nucleobases, 8 to 20 nucleobases, 8 to 15 nucleobases, 9 to 50 nucleobases,
9 to 40 nucleobases, 9 to 35 nucleobases, 9 to 30 nucleobases, 9 to 25 nucleobases, 9 to 20
nucleobases, 9 to 15 nucleobases, 10 to 50 nucleobases, 10 to 40 nucleobases, 10 to 35
nucleobases, 10 to 30 nucleobases, 10 to 25 nucleobases, 10 to 20 nucleobases, 10 to 15
nucleobases, 11 to 50 nucleobases, 11 to 40 nucleobases, 11 to 35 nucleobases, 11 to 30
nucleobases, 11 to 25 nucleobases, 11 to 20 nucleobases, 11 to 15 nucleobases, 12 to 50
nucleobases, 12 to 40 nucleobases, 12 to 35 nucleobases, 12 to 30 nucleobases, 12 to 25
nucleobases, 12 to 20 nucleobases, or 12 to 15 nucleobases.

[00491] Described herein, in certain embodiments, is a composition comprising a nucleic acid
molecule that encodes for the agent according to the composition as provided herein.

[00492] In some embodiments, the nucleic acid molecule is incorporated into a viral delivery
system.

[00493] In some embodiments, the viral delivery system is an adenovirus-associated vector.
[00494] Described herein, in certain embodiments, is a method of modulating protein
expression, comprising: contacting a non-sense mediated RNA decay exon (NSE)-modulating

agent to a target motif within a pre-mRNA, wherein the NSE comprises (i) only a portion of a
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canonical exon, or (ii) a canonical exon and at least a portion of an intron adjacent to the
canonical exon; wherein the pre-mRNA is processed to form a processed mRNA transcript,
wherein the NSE-modulating agent modulates exclusion of an NSE from the pre-mRNA
transcript and modulates inclusion of the canonical exon in the processed mRNA transcript; and
wherein the processed mRNA transcript is translated, wherein the exclusion of the NSE and
inclusion of the canonical exon modulates target protein expression relative to the target protein
expression of an equivalent mRNA transcript comprising the NSE instead of the canonical exon.
[00495] In some embodiments, the target motif is located in an intronic region between two
canonical exons.

[00496] In some embodiments, the target motif is located in one of the two canonical exons.
[00497] In some embodiments, the target motif is located in a region spanning both an intron
and a canonical exon.

[00498] In some embodiments, the target protein is polycystin 2.

[00499] Described herein, in certain embodiments, is a method of modulating expression of a
target protein by a cell having a pre-mRNA that encodes the target protein, wherein the pre-
mRNA comprises: an alternative nonsense mediated RNA decay-inducing (NMD) exon
comprising an alternative 3’ splice site downstream of the canonical 3’ splice site in reference to
an intron preceding a canonical exon and within the canonical exon, or upstream of the 3’ splice
site in reference to an intron preceding the canonical exon and within the intron, the method
comprising contacting a non-sense mediated RNA decay exon (NSE)-modulating agent to the
cell, wherein the non-sense mediated RNA decay exon (NSE)-modulating agent t modulates
processing of an mRNA transcript from the pre-mRNA by modulating splicing of the pre-
mRNA at the alternative 3’ splice site, and wherein the splicing of the pre-mRNA at the
alternative 3’ splice site modulates the expression of the target protein.

[00500] In some embodiments, the target protein is polycystin 2.

[00501] Described herein, in certain embodiments, is a method of modulating expression of a
target protein by a cell having a pre-mRNA that encodes the target protein, wherein the pre-
mRNA comprises: an alternative nonsense mediated RNA decay-inducing (NMD) exon
comprising an alternative 5’ splice site upstream of the canonical 5’ splice site in reference to an
intron following a canonical exon and within the canonical exon, or downstream of the
canonical 5’ splice site in reference to an intron following the canonical exon and within the
intron, the method comprising contacting a non-sense mediated RNA decay exon (NSE)-
modulating agent to the cell, wherein the non-sense mediated RNA decay exon (NSE)-

modulating agent modulates processing of an mRNA transcript from the pre-mRNA by
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modulating splicing of the pre-mRNA at the alternative 5' splice site, and wherein the splicing of
the pre-mRNA at the alternative 5' splice site modulates the expression of the target protein.
[00502] In some embodiments, the target protein is polycystin 2.

[00503] In some embodiments, the non-sense mediated RNA decay exon (NSE)-modulating
agent binds to a targeted portion of the pre-mRNA.

[00504] In some embodiments, the wherein the non-sense mediated RNA decay exon (NSE)-
modulating agent binds to a factor involved in splicing of the NSE or NMD exon.

[00505] In some embodiments, the wherein the non-sense mediated RNA decay exon (NSE)-
modulating agent inhibits activity of a factor involved in splicing of the NMD exon.

[00506] In some embodiments, the non-sense mediated RNA decay exon (NSE)-modulating
agent interferes with binding of a factor involved in splicing of the NMD exon to a region of the
targeted portion of the pre-mRNA.

[00507] In some embodiments, modulation of splicing of the pre-mRNA increases the
expression of the target protein.

[00508] In some embodiments, the level the target protein in the cell is increased about 1.1 to
about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold,
about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to about 6- fold, about 1.1 to about
7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to
about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to
about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to
about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least
about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at least about 3-fold, at least about
3.5-fold, at least about 4-fold, at least about 5-fold, or at least about 10-fold, compared to the
level of processed mRNA encoding the target protein in a control cell.

[00509] In some embodiments, modulation of splicing of the pre-mRNA in-creases production
of the processed mRNA encoding the target protein.

[00510] In some embodiments, the level of processed mRNA encoding the target protein in the
cell contacted with the therapeutic agent is increased about 1.1 to about 10-fold, about 1.5 to
about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about
1.1 to about 5-fold, about 1.1 to about 6- fold, about 1.1 to about 7-fold, about 1.1 to about 8-
fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about
7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about
7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about
8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-
fold, at least about 2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at
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least about 5-fold, or at least about 10-fold, compared to the level of processed mRNA encoding
the target protein in a control cell.

[00511] In some embodiments, the target protein is the canonical isoform of the protein.
[00512] In some embodiments, the target protein is polycystin 2.

[00513] In some embodiments, the non-sense mediated RNA decay exon (NSE)-modulating
agent is the composition as provided herein.

[00514] Described herein, in certain embodiments, is a pharmaceutical composition comprising
a therapeutic agent comprising the composition as provided herein; and a pharmaceutically
acceptable excipient and/or a delivery vehicle.

[00515] Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof, the method
comprising: administering to the subject a pharmaceutical composition as provided herein to a
subject in need thereof.

[00516] Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof, the method
comprising: administering to the subject a pharmaceutical composition comprising: (a) a non-
sense mediated RNA decay exon (NSE)-modulating agent that interacts with a target motif
within a pre-mRNA to modulate exclusion of an NSE from a processed mRNA transcript and to
modulate inclusion of a canonical exon in the processed mRNA transcript,

[00517] wherein the NSE comprises (i) only a portion of a canonical exon, or (ii) a canonical
exon and at least a portion of an intron adjacent to the canonical exon; and (b) a
pharmaceutically acceptable excipient and/or a delivery vehicle, wherein the disease or
condition is treated or prevented in the subject by the administration of the NSE-modulating
agent by a modulation in expression of a target protein translated from the processed mRNA
transcript.

[00518] In some embodiments, the target protein is polycystin 2.

[00519] Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof by modulating
expression of a target protein in a cell of the subject, wherein the cell of the subject has a pre-
mRNA that encodes the target protein, wherein the pre-mRNA comprises: (a) a canonical exon
preceded by a canonical intron flanking a 5° end of the canonical exon; and (b) an alternative
nonsense mediated RNA decay-inducing (NMD) exon comprising an alternative 3’ splice site
downstream of the canonical 3’ splice site in reference to the intron preceding the canonical
exon and within the canonical exon, or upstream of the canonical 3’ splice site in reference to

the intron preceding the canonical exon and within the canonical intron, the method comprising
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contacting a therapeutic agent to the cell, wherein the therapeutic agent modulates processing of
an mRNA transcript from the pre-mRNA by modulating splicing of the pre-mRNA at the
alternative 3’ splice site, and wherein the splicing of the pre-mRNA at the alternative 3’ splice
site modulates the expression of the target protein in the cell of the subject.

[00520] In some embodiments, the target protein is polycystin 2.

[00521] Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof by modulating
expression of a target protein in a cell of the subject, wherein the cell of the subject has a pre-
mRNA that encodes the target protein, wherein the pre-mRNA comprises: (a) a canonical exon
followed by a canonical intron flanking a 3” end of the canonical exon; and (b) an alternative
nonsense mediated RNA decay-inducing (NMD) exon comprising an alternative 5’ splice site
upstream of the canonical 5° splice site in reference to the intron following the canonical exon
and within the canonical exon, or downstream of the canonical 5’ splice site in reference to the
intron following the canonical exon and within the canonical intron, the method comprising
contacting a therapeutic agent to the cell, wherein the therapeutic agent modulates processing of
an mRNA transcript from the pre-mRNA by modulating splicing of the pre-mRNA at the
alternative 5’ splice site, and wherein the splicing of the pre-mRNA at the alternative 5’ splice
site modulates the expression of the target protein in the cell of the subject.

[00522] In some embodiments, the target protein is polycystin 2.

[00523] In some embodiments, the disease is polycystic kidney disease with or without
polycystic liver disease, autosomal dominant polycystic kidney disease, or intracranial
aneurysm.

[00524] In some embodiments, the disease or the condition is caused by a deficient amount or
activity of the target protein.

[00525] In some embodiments, the therapeutic agent increases the level of the processed mRNA
encoding the target protein in the cell.

[00526] In some embodiments, the therapeutic agent increases the expression of the target
protein in the cell.

[00527] In some embodiments, the level of processed mRNA encoding the target protein in the
cell contacted with the therapeutic agent is increased about 1.1 to about 10-fold, about 1.5 to
about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about
1.1 to about 5-fold, about 1.1 to about 6- fold, about 1.1 to about 7-fold, about 1.1 to about 8-
fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about
7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about
7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about
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8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-
fold, at least about 2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at
least about 5-fold, or at least about 10-fold, compared to the level of processed mRNA encoding
the target protein in a control cell.

[00528] In some embodiments, the level the target protein in the cell is increased about 1.1 to
about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold,
about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to about 6- fold, about 1.1 to about
7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to
about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to
about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to
about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least
about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at least about 3-fold, at least about
3.5-fold, at least about 4-fold, at least about 5-fold, or at least about 10-fold, compared to the
level of processed mRNA encoding the target protein in a control cell.

[00529] In some embodiments, the method further comprises assessing mRNA levels or
expression levels of the target protein.

[00530] In some embodiments, the method further comprises assessing the subject’s genome for
at least one genetic mutation associated with the disease.

[00531] In some embodiments, at least one genetic mutation is within a locus of a gene
associated with the disease.

[00532] In some embodiments, at least one genetic mutation is within a locus associated with
expression of a gene associated with the disease.

[00533] In some embodiments, at least one genetic mutation is within the PKD2 gene locus.
[00534] In some embodiments, at least one genetic mutation is within a locus associated with
PKD?2 gene expression.

[00535] In some embodiments, the subject is a human.

[00536] In some embodiments, the subject is a non-human animal.

[00537] In some embodiments, the subject is a fetus, an embryo, or a child.

[00538] In some embodiments, the cell or the cells is ex vivo, or in a tissue, or organ ex vivo.
[00539] In some embodiments, the therapeutic agent is administered to the subject by
intracerebroventricular injection, intraperitoneal injection, intramuscular injection, intrathecal
injection, subcutaneous injection, oral administration, synovial injection, intravitreal
administration, subretinal injection, topical application, implantation, or intravenous injection.

[00540] In some embodiments, the method treats the disease or condition.
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[00541] Described herein, in certain embodiments, is a therapeutic agent for use in the method
as provided herein.

[00542] Described herein, in certain embodiments, is a pharmaceutical composition comprising
the therapeutic agent of as provided herein, and a pharmaceutically acceptable excipient.
[00543] Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof, comprising
administering the pharmaceutical composition as provided herein by intracerebroventricular
injection, intraperitoneal injection, intramuscular injection, intrathecal injection, subcutaneous
injection, oral administration, synovial injection, intravitreal administration, subretinal injection,
topical application, implantation, or intravenous injection to the subject.

[00544] In some embodiments, the method treats the subject.

[00545] Described herein, in certain embodiments, is a composition comprising a non-sense
mediated RNA decay exon (NSE)-modulating agent or a viral vector encoding the agent that
interacts with a target motif within a pre-mRNA that is transcribed from a target gene to
modulate exclusion of an NSAE from a processed mRNA transcript and to modulate inclusion
of a canonical exon in the processed mRNA transcript, wherein the target motif is located: (i) in
an intronic region between two canonical exons, (ii) in one of the two canonical exons, or (iii) in
a region spanning both an intron and canonical exon; wherein the NSAE comprises: (a) only a
portion of a canonical exon, or (b) a canonical exon and at least a portion of an intron adjacent to
the canonical exon; wherein the NSAE-modulating agent modulates exclusion of an NSAE from
the processed mRNA transcript and modulates inclusion of a canonical exon in the processed
mRNA transcript; and wherein the target gene is a PKD?2 gene.

[00546] In some embodiments, the NSAE-modulating agent promotes exclusion of an NSAE
from the processed mRNA transcript and promotes inclusion of a canonical exon in the
processed mRNA transcript.

[00547] In some embodiments, the processed mRNA transcript encodes a target protein and the
NSAE-modulating agent increases expression of the target protein in a cell containing the pre-
mRNA, and wherein the target protein is PKD2.

EXEMPLARY EMBODIMENTS I1

[00548] Described herein, in certain embodiments, is a method of modulating expression of a
target protein in a cell having a pre-mRNA that is transcribed from a target gene and that
comprises a non-sense mediated RNA decay-inducing exon (NMD exon), the method
comprising: contacting an agent or a vector encoding the agent to the cell, whereby the agent

modulates splicing of the NMD exon from the pre-mRNA, thereby modulating the level of a
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processed mRNA that is processed from the pre-mRNA, and modulating the expression of the
target protein in the cell, wherein the target protein is encoded by a PKD?2 gene.

[00549] Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof by modulating
expression of a target protein in a cell of the subject, comprising: contacting an agent or a vector
encoding the agent to the cell of the subject, whereby the agent modulates splicing of a non-
sense mediated mRNA decay-inducing exon (NMD exon) from a pre-mRNA that is transcribed
from a target gene and that comprises the NMD exon, thereby modulating the level of a
processed mRNA that is processed from the pre-mRNA, and modulating the expression of the
target protein in the cell of the subject, wherein the target protein encoded by a PKD?2 gene.
[00550] In some embodiments, the target protein is polycystin 2. In some embodiments, the
disease or condition is a disease or condition associated with a deficiency in amount or activity
of polycystin 2. In some embodiments, the disease or condition is a disease or condition
associated with a deficiency in amount or activity of polycystin 1. In some embodiments, the
disease or condition is a disease or condition associated with a deficiency in amount or activity
of a protein that polycystin 2 functionally augments, compensates for, replaces, or functionally
interacts with.

[00551] In some embodiments, the agent: (a) binds to a targeted portion of the pre-mRNA; (b)
modulates binding of a factor involved in splicing of the NMD exon; or (¢) a combination of (a)
and (b). In some embodiments, the agent interferes with binding of the factor involved in
splicing of the NMD exon.

[00552] In some embodiments, the targeted portion of the pre-mRNA is proximal to the NMD
exon. In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides upstream of the 5” end of the NMD exon. In some
embodiments, the targeted portion of the pre-mRNA is at least about 1500 nucleotides, about
1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600 nucleotides, about
500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200 nucleotides, about 100
nucleotides, about 80 nucleotides, about 70 nucleotides, about 60 nucleotides, about 50
nucleotides, about 40 nucleotides, about 30 nucleotides, about 20 nucleotides, about 10
nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides, about 1 nucleotides
upstream of the 5” end of the NMD exon. In some embodiments, the targeted portion of the pre-

mRNA is at most about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about
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700 nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300
nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70
nucleotides, about 60 nucleotides, about 50 nucleotides downstream of the 3’ end of the NMD
exon. In some embodiments, the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20
nucleotides, about 10 nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides,
about 1 nucleotides downstream of the 3’ end of the NMD exon.
[00553] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides upstream of genomic site of GRCh38/ hg38: chr4:88031085.
In some embodiments, the targeted portion of the pre-mRNA 1is at least about 1500 nucleotides,
about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600 nucleotides,
about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200 nucleotides,
about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60 nucleotides, about
50 nucleotides upstream of genomic site of GRCh38/ hg38: chr4:88031085. In some
embodiments, the targeted portion of the pre-mRNA is at most about 1500 nucleotides, about
1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600 nucleotides, about
500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200 nucleotides, about 100
nucleotides, about 80 nucleotides, about 70 nucleotides, about 60 nucleotides, about 50
nucleotides downstream of genomic site of GRCh38/ hg38: chr4:88031140. In some
embodiments, the targeted portion of the pre-mRNA is at least about 1500 nucleotides, about
1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600 nucleotides, about
500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200 nucleotides, about 100
nucleotides, about 80 nucleotides, about 70 nucleotides, about 60 nucleotides, about 50
nucleotides downstream of genomic site of GRCh38/ hg38: chr4:88031140.
[00554] In some embodiments, the targeted portion of the pre-mRNA is located in an intronic
region between two canonical exonic regions of the pre-mRNA, and wherein the intronic region
contains the NMD exon. In some embodiments, the targeted portion of the pre-mRNA at least
partially overlaps with the NMD exon. In some embodiments, the targeted portion of the pre-

mRNA at least partially overlaps with an intron upstream or downstream of the NMD exon. In
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some embodiments, the targeted portion of the pre-mRNA comprises 5 NMD exon—intron
junction or 3> NMD exon-intron junction. In some embodiments, the targeted portion of the pre-
mRNA is within the NMD exon. In some embodiments, the targeted portion of the pre-mRNA
comprises about 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, or more consecutive nucleotides of the NMD exon.

[00555] In some embodiments, the NMD exon comprises a sequence with at least 80%, at least
90%, or 100% sequence identity to a sequence selected from the group consisting of the
sequences listed in Table 2. In some embodiments, the NMD exon comprises a sequence
selected from the group consisting of the sequences listed in Table 2. In some embodiments, the
pre-mRNA comprises a sequence with at least about 80%, 85%, 90%, 95%, 97%, or 100%
sequence identity to a sequence selected from the group consisting of the sequences listed in
Table 2 or Table 3. In some embodiments, the pre-mRNA is encoded by a genetic sequence with
at least about 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to a sequence selected
from the group consisting of the sequences listed in Table 2 or Table 3. In some embodiments,
the targeted portion of the pre-mRNA comprises a sequence with at least 80%, 85%, 90%, 95%,
97%, or 100% sequence identity to a region comprising at least 8 contiguous nucleic acids of a
sequence selected from the group consisting of the sequences listed in Table 2 or Table 3. In
some embodiments, the agent is an antisense oligomer (ASO) and wherein the ASO comprises a
sequence that is at least about 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to at least
8,9,10, 11, 12, 13, 14, 15, 16, 17 or 18 contiguous nucleic acids of a sequence selected from the
group consisting of the sequences listed in Table 4. In some embodiments, the targeted portion
of the pre-mRNA is within the non-sense mediated RNA decay-inducing exon GRCh38/ hg38:
chr4:88031085-88031140. In some embodiments, the targeted portion of the pre-mRNA is
upstream or downstream of the non-sense mediated RNA decay-inducing exon GRCh38/ hg38:
chr4:88031085-88031140. In some embodiments, the targeted portion of the pre-mRNA
comprises an exon-intron junction of the non-sense mediated RNA decay-inducing exon
GRCh38/ hg38: chr4:88031085 88031140.

[00556] In some embodiments, the polycystin 2 expressed from the processed mRNA is full-
length polycystin 2 or wild-type polycystin 2. In some embodiments, the polycystin 2 expressed
from the processed mRNA is at least partially functional as compared to wild-type polycystin 2.
In some embodiments, the polycystin 2 expressed from the processed mRNA is at least partially
functional as compared to full-length wild-type polycystin 2.

[00557] In some embodiments, the agent modulates splicing of the NMD exon from the pre-
mRNA and promotes exclusion of the NMD exon from the pre-mRNA, thereby modulating the
level of a processed mRNA that is processed from the pre-mRNA and that lacks the NMD exon.
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In some embodiments, the exclusion of the NMD exon from the pre-mRNA in the cell contacted
with the agent is increased by about 1.1 to about 10-fold, about 1.5 to about 10-fold, about 2 to
about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold,
about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about
9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about
8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about
8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about
9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-
fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at
least about 10-fold, compared to exclusion of the NMD exon from the pre-mRNA in a control
cell. In some embodiments, the method results in an increase in the level of the processed
mRNA in the cell. In some embodiments, the level of the processed mRNA in the cell contacted
with the agent is increased by about 1.1 to about 10-fold, about 1.5 to about 10-fold, about 2 to
about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold,
about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about
9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about
8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about
8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about
9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-
fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at
least about 10-fold, compared to a level of the processed mRNA in a control cell. In some
embodiments, the agent increases the expression of the target protein in the cell. In some
embodiments, a level of the target protein is increased by about 1.1 to about 10-fold, about 1.5 to
about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about
1.1 to about 5-fold, about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-
fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about
7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about
7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about
8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-
fold, at least about 2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at
least about 5-fold, or at least about 10-fold, compared to a level of the target protein produced in
a control cell.
[00558] In some embodiments, the NMD exon comprises a premature termination codon (PTC).
In some embodiments, the disease or condition is associated with a loss-of-function mutation in

the target gene or the target protein. In some embodiments, the disease or condition is associated
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with haploinsufficiency of the target gene, and wherein the subject has a first allele encoding
functional polycystin 2, and a second allele from which polycystin 2 is not produced or
produced at a reduced level, or a second allele encoding nonfunctional polycystin 2 or partially
functional polycystin 2. In some embodiments, one or both alleles are hypomorphs or partially
functional. In some embodiments, the disease or condition is selected from the group consisting
of: polycystic kidney disease with or without polycystic liver disease, autosomal dominant
polycystic kidney disease, and intracranial aneurysm. In some embodiments, the disease or
condition is associated with a mutation of a PKD/ or PKD?2 gene, wherein the subject has a first
allele encoding from which: (i) the target protein is not produced or produced at a reduced level
compared to a wild-type allele; or (ii) the target protein produced is nonfunctional or partially
functional compared to a wild-type allele, and a second allele from which: (iii) the target protein
is produced at a reduced level compared to a wild-type allele and the target protein produced is
at least partially functional compared to a wild-type allele; or (iv) the target protein produced is
partially functional compared to a wild-type allele.

[00559] In some embodiments, the disease or condition is selected from the group consisting of’
polycystic kidney disease with or without polycystic liver disease, autosomal dominant
polycystic kidney disease, and intracranial aneurysm. In some embodiments, the mutation is a
hypomorphic mutation. In some embodiments, the disease or condition is associated with a
mutation of a PKD2 gene. In some embodiments, the disease or condition is associated with a
mutation of a PKD1 gene. In some embodiments, the mutation in PKD1 comprises a mutation in
a region of polycystin 1 that interacts with polycystin 2. In some embodiments, the mutation in
PKD1 comprises a mutation that interferes the interaction between Polycystin 1 and Polycystin
2. In some embodiments, the mutation in PKD1 comprises a mutation that weakens the
interaction between Polycystin 1 and Polycystin 2. In some embodiments, the mutation in PKD1
comprises a mutation that reduces the interaction between Polycystin 1 and Polycystin 2. In
some embodiments, the mutation in PKD1 comprises a mutation that blocks the interaction
between Polycystin 1 and Polycystin 2. In some embodiments, the mutation in PKD1 is a
mutation in a region of polycystin 1 that interacts with polycystin 2. In some embodiments, the
mutation in PKD1 is a mutation that interferes the interaction between Polycystin 1 and
Polycystin 2. In some embodiments, the mutation in PKD1 is a mutation that weakens the
interaction between Polycystin 1 and Polycystin 2. In some embodiments, the mutation in PKD1
is a mutation that reduces the interaction between Polycystin 1 and Polycystin 2. In some
embodiments, the mutation in PKD1 is a mutation that blocks the interaction between Polycystin

1 and Polycystin 2.
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[00560] In some embodiments, the agent promotes exclusion of the NMD exon from the pre-
mRNA, thereby modulating the level of a processed mRNA that is processed from the pre-
mRNA and that lacks the NMD exon and increases the expression of the target protein in the
cell. In some embodiments, the agent is an antisense oligomer (ASO) and wherein the antisense
oligomer comprises a backbone modification comprising a phosphorothioate linkage or a
phosphorodiamidate linkage. In some embodiments, the agent is an antisense oligomer (ASO)
and wherein the antisense oligomer comprises a phosphorodiamidate morpholino, a locked
nucleic acid, a peptide nucleic acid, a 2’-O-methyl, a 2’-Fluoro, or a 2’-O-methoxyethyl moiety.
In some embodiments, the agent is an antisense oligomer (ASQO) and wherein the antisense
oligomer comprises at least one modified sugar moiety. In some embodiments, each sugar
moiety is a modified sugar moiety. In some embodiments, the agent is an antisense oligomer
(ASO) and wherein the antisense oligomer consists of from 8 to 50 nucleobases, 8 to 40
nucleobases, 8 to 35 nucleobases, 8 to 30 nucleobases, 8 to 25 nucleobases, 8 to 20 nucleobases,
8 to 15 nucleobases, 9 to 50 nucleobases, 9 to 40 nucleobases, 9 to 35 nucleobases, 9 to 30
nucleobases, 9 to 25 nucleobases, 9 to 20 nucleobases, 9 to 15 nucleobases, 10 to 50
nucleobases, 10 to 40 nucleobases, 10 to 35 nucleobases, 10 to 30 nucleobases, 10 to 25
nucleobases, 10 to 20 nucleobases, 10 to 15 nucleobases, 11 to 50 nucleobases, 11 to 40
nucleobases, 11 to 35 nucleobases, 11 to 30 nucleobases, 11 to 25 nucleobases, 11 to 20
nucleobases, 11 to 15 nucleobases, 12 to 50 nucleobases, 12 to 40 nucleobases, 12 to 35
nucleobases, 12 to 30 nucleobases, 12 to 25 nucleobases, 12 to 20 nucleobases, or 12 to 15
nucleobases. In some embodiments, the agent is an antisense oligomer (ASO) and wherein the
antisense oligomer is at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least
99%, or 100%, complementary to the targeted portion of the pre-mRNA.

[00561] In some embodiments, the method further comprises assessing processed mRNA level
or expression level of the target protein. In some embodiments, the subject is a human. In some
embodiments, the subject is a non-human animal. In some embodiments, the subject is a fetus,
an embryo, or a child. In some embodiments, the cells are ex vivo. In some embodiments, the
agent is administered by intrathecal injection, intracerebroventricular injection, intraperitoneal
injection, intramuscular injection, subcutaneous injection, intravitreal, or intravenous injection
of the subject. In some embodiments, the method further comprises administering a second
therapeutic agent to the subject. In some embodiments, the second therapeutic agent is a small
molecule. In some embodiments, the second therapeutic agent is an antisense oligomer. In some
embodiments, the second therapeutic agent corrects intron retention. In some embodiments, the

method treats the disease or condition.
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[00562] Described herein, in certain embodiments, is a composition comprising an agent or a
vector encoding the agent that modulates splicing of a non-sense mediated RNA decay-inducing
exon (NMD exon) from a pre-mRNA that is transcribed from a target gene and that comprises
the NMD exon, thereby modulating the level of a processed mRNA that is processed from the
pre-mRNA, and modulating expression of a target protein in a cell having the pre-mRNA,
wherein the target protein is encoded by a PKD?2 gene. Described herein, in certain
embodiments, is a composition comprising an agent or a vector encoding the agent that
modulates splicing of a non-sense mediated mRNA decay-inducing exon (NMD exon) from a
pre-mRNA that is transcribed from a target gene and that comprises the NMD exon, thereby
treating a disease or condition in a subject in need thereof by modulating the level of a processed
mRNA that is processed from the pre-mRNA, and modulating expression of a target protein in a
cell of the subject, wherein the target protein is encoded by a PKD2 gene. Described herein, in
certain embodiments, is a pharmaceutical composition comprising the composition as described
herein; and a pharmaceutically acceptable excipient and/or a delivery vehicle. Described herein,
in certain embodiments, is a composition comprising a non-sense mediated RNA decay
alternative splice site (NSASS) modulating agent or a viral vector encoding the agent, wherein
the agent modulates expression of a target protein in a cell comprising a pre-mRNA that is
transcribed from a target gene and encodes the target protein, wherein the pre-mRNA comprises
an alternative 5° splice-site downstream of a canonical 5’ splice-site, wherein a processed
mRNA that is produced by splicing of the pre-mRNA at the alternative 5’ splice-site undergoes
non-sense mediated RNA decay, wherein the agent modulates processing of the pre-mRNA by
modulating splicing at the alternative 5” splice-site; and wherein the target gene is PKD2.
[00563] In some embodiments, the agent modulates processing of the pre-mRNA by preventing
or decreasing splicing at the alternative 5’ splice-site. In some embodiments, the agent
modulates processing of the pre-mRNA by promoting or increasing splicing at the canonical 5’
splice-site. In some embodiments, modulating the splicing of the pre-mRNA at the alternative 5’
splice-site increases the expression of the target protein in the cell. In some embodiments, the
processed mRNA that is produced by splicing of the pre-mRNA at the alternative 5 splice-site
comprises a premature termination codon (PTC).

[00564] In some embodiments, the agent is a small molecule. In some embodiments, the agent is
a polypeptide. In some embodiments, the polypeptide is a nucleic acid binding protein. In some
embodiments, the nucleic acid binding protein contains a TAL-effector or zinc finger binding
domain. In some embodiments, the nucleic acid binding protein is a Cas family protein. In some
embodiments, the polypeptide is accompanied by or complexed with one or more nucleic acid

molecules. In some embodiments, the agent is an antisense oligomer (ASO) complementary to
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the targeted region of the pre-mRNA. In some embodiments, the agent is at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 98%, at least 99%, or 100%,
complementary to the targeted region of the pre-mRNA encoding the target protein. In some
embodiments, the agent comprises a backbone modification comprising a phosphorothioate
linkage or a phosphorodiamidate linkage. In some embodiments, the agent comprises a
phosphorodiamidate morpholino. In some embodiments, the agent comprises a locked nucleic
acid. In some embodiments, the agent comprises a peptide nucleic acid. In some embodiments,
the agent comprises a 2'- O-methyl. In some embodiments, the agent comprises a 2'-Fluoro, or a
2'-O-methoxyethyl moiety. In some embodiments, the agent comprises at least one modified
sugar moiety. In some embodiments, each sugar moiety is a modified sugar moiety. In some
embodiments, the agent is an antisense oligomer, and wherein the agent consists of from 8 to 50
nucleobases, 8 to 40 nucleobases, 8 to 35 nucleobases, 8 to 30 nucleobases, 8 to 25 nucleobases,
8 to 20 nucleobases, 8 to 15 nucleobases, 9 to 50 nucleobases, 9 to 40 nucleobases, 9 to 35
nucleobases, 9 to 30 nucleobases, 9 to 25 nucleobases, 9 to 20 nucleobases, 9 to 15 nucleobases,
10 to 50 nucleobases, 10 to 40 nucleobases, 10 to 35 nucleobases, 10 to 30 nucleobases, 10 to 25
nucleobases, 10 to 20 nucleobases, 10 to 15 nucleobases, 11 to 50 nucleobases, 11 to 40
nucleobases, 11 to 35 nucleobases, 11 to 30 nucleobases, 11 to 25 nucleobases, 11 to 20
nucleobases, 11 to 15 nucleobases, 12 to 50 nucleobases, 12 to 40 nucleobases, 12 to 35
nucleobases, 12 to 30 nucleobases, 12 to 25 nucleobases, 12 to 20 nucleobases, or 12 to 15
nucleobases.
[00565] Described herein, in certain embodiments, is a composition comprising a nucleic acid
molecule that encodes for the agent according to the composition as described herein. In some
embodiments, the nucleic acid molecule is incorporated into a viral delivery system. In some
embodiments, the viral delivery system is an adenovirus-associated vector. In some
embodiments, the viral vector is an adenovirus-associated viral vector.
[00566] Described herein, in certain embodiments, is a method of modulating expression of a
target protein in a cell comprising a pre-mRNA that is transcribed from a target gene and
encodes the target protein, the method comprising: contacting a non-sense mediated RNA decay
alternative splice site (NSASS) modulating agent or a viral vector encoding the agent to the cell,
wherein the pre-mRNA comprises an alternative 5’ splice-site downstream of a canonical 5’
splice-site, wherein a processed mRNA that is produced by splicing of the pre-mRNA at the
alternative 5° splice-site undergoes non-sense mediated RNA decay, wherein the agent
modulates processing of the pre-mRNA by modulating splicing at the alternative 5’ splice-site,

thereby modulating expression of the target protein; and wherein the target gene is PKD?2.
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[00567] In some embodiments, the agent: (a) binds to a targeted portion of the pre-mRNA; (b)
modulates binding of a factor involved in splicing at the alternative 5’ splice-site; or (c) a
combination of (a) and (b). In some embodiments, the agent interferes with binding of the factor
involved in splicing at the alternative 5° splice-site to a region of the targeted portion.

[00568] In some embodiments, the targeted portion of the pre-mRNA is proximal to the
alternative 5’ splice-site. In some embodiments, the targeted portion of the pre-mRNA 1is at most
about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides,
about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides,
about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about
60 nucleotides, about 50 nucleotides upstream of the alternative 5’ splice-site. In some
embodiments, the targeted portion of the pre-mRNA is at least about 1500 nucleotides, about
1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600 nucleotides, about
500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200 nucleotides, about 100
nucleotides, about 80 nucleotides, about 70 nucleotides, about 60 nucleotides, about 50
nucleotides, about 40 nucleotides, about 30 nucleotides, about 20 nucleotides, about 10
nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides, about 1 nucleotides
upstream of the alternative 5 splice-site. In some embodiments, the targeted portion of the pre-
mRNA is at most about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about
700 nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300
nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70
nucleotides, about 60 nucleotides, about 50 nucleotides downstream of the alternative 5° splice-
site. In some embodiments, the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20
nucleotides, about 10 nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides,
about 1 nucleotides downstream of the alternative 5° splice-site.

[00569] In some embodiments, the targeted portion of the pre-mRNA is at most about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600
nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200
nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60
nucleotides, about 50 nucleotides upstream of genomic site of GRCh38/ hg38: chr4 88036480.
In some embodiments, the targeted portion of the pre-mRNA is at least about 1500 nucleotides,

about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about 600 nucleotides,
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about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about 200 nucleotides,
about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about 60 nucleotides, about
50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20 nucleotides, about 10
nucleotides, about 5 nucleotides, about 4 nucleotides, about 2 nucleotides, about 1 nucleotides
upstream of genomic site of GRCh38/ hg38: chr4:88036480. In some embodiments, the targeted
portion of the pre-mRNA is at most about 1500 nucleotides, about 1000 nucleotides, about 800
nucleotides, about 700 nucleotides, about 600 nucleotides, about 500 nucleotides, about 400
nucleotides, about 300 nucleotides, about 200 nucleotides, about 100 nucleotides, about 80
nucleotides, about 70 nucleotides, about 60 nucleotides, about 50 nucleotides downstream of
genomic site of GRCh38/ hg38: chr4:88036480. In some embodiments, the targeted portion of
the pre-mRNA is at least about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides,
about 700 nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides,
about 300 nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides,
about 70 nucleotides, about 60 nucleotides, about 50 nucleotides, about 40 nucleotides, about 30
nucleotides, about 20 nucleotides, about 10 nucleotides, about 5 nucleotides, about 4
nucleotides, about 2 nucleotides, about 1 nucleotides downstream of genomic site of GRCh38/
hg38: chr4:88036480.

[00570] In some embodiments, the targeted portion of the pre-mRNA is located in a region
between the canonical 5° splice-site and the alternative 5° splice-site. In some embodiments, the
targeted portion of the pre-mRNA is located in an exon region extended by the splicing at the
alternative 5’ splice-site. In some embodiments, the targeted portion of the pre-mRNA at least
partially overlaps with the alternative 5’ splice-site. In some embodiments, the targeted portion
of the pre-mRNA at least partially overlaps with a region upstream or downstream of the
alternative 5° splice-site. In some embodiments, the targeted portion of the pre-mRNA is within
an exon region extended by the splicing at the alternative 5’ splice-site. In some embodiments,
the targeted portion of the pre-mRNA comprises about 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or more consecutive nucleotides of an exon
region extended by the splicing at the alternative 5’ splice-site. In some embodiments, the
targeted portion of the pre-mRNA is located in an intronic region between two canonical exons.
In some embodiments, the targeted portion of the pre-mRNA is located in one of the two
canonical exons. In some embodiments, the targeted portion of the pre-mRNA is located in a
region spanning both an intron and a canonical exon.

[00571] In some embodiments, the level the target protein in the cell is increased about 1.1 to
about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold,
about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to about 6- fold, about 1.1 to about
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7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to
about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to
about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to
about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least
about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at least about 3-fold, at least about
3.5-fold, at least about 4-fold, at least about 5-fold, or at least about 10-fold, compared to the
level of processed mRNA encoding the target protein in a control cell. In some embodiments,
modulation of splicing of the pre-mRNA increases production of the processed mRNA encoding
the target protein. In some embodiments, the level of processed mRNA encoding the target
protein in the cell contacted with the agent is increased about 1.1 to about 10-fold, about 1.5 to
about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about
1.1 to about 5-fold, about 1.1 to about 6- fold, about 1.1 to about 7-fold, about 1.1 to about 8-
fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about
7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about
7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about
8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about 2-
fold, at least about 2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold, at
least about 5-fold, or at least about 10-fold, compared to the level of processed mRNA encoding
the target protein in a control cell.

[00572] In some embodiments, the target protein is the canonical isoform of the protein. In some
embodiments, the processed mRNA that is produced by splicing of the pre-mRNA at the
alternative 5° splice-site comprises a premature termination codon (PTC). In some embodiments,
the NSASS modulating agent is the composition as described herein.

[00573] Described herein, in certain embodiments, is a pharmaceutical composition comprising
the composition as described herein; and a pharmaceutically acceptable excipient and/or a
delivery vehicle.

[00574] Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof, the method
comprising: administering to the subject a pharmaceutical composition to a subject in need
thereof, wherein the pharmaceutical composition comprises a composition comprising a non-
sense mediated RNA decay alternative splice site (NSASS) modulating agent or a viral vector
encoding the agent, wherein the agent modulates expression of a target protein in a cell
comprising a pre-mRNA that is transcribed from a target gene and encodes the target protein,
wherein the pre-mRNA comprises an alternative 5’ splice-site downstream of a canonical 5

splice-site, wherein splicing of the pre-mRNA at the alternative 5 splice-site leads to non-sense
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mediated RNA decay of the alternatively spliced mRNA, wherein the agent modulates
processing of the pre-mRNA by modulating splicing at the alternative 5’ splice-sites; and
wherein the target gene is PKD?2 and a pharmaceutically acceptable excipient. Described herein,
in certain embodiments, is a method of treating or reducing the likelihood of developing a
disease or condition in a subject in need thereof, the method comprising: administering to the
subject the pharmaceutical composition as described herein.

[00575] In some embodiments, the disease is polycystic kidney disease with or without
polycystic liver disease, autosomal dominant polycystic kidney disease, or intracranial
aneurysm. In some embodiments, the disease or condition is a disease or condition associated
with a deficiency in amount or activity of polycystin 2. In some embodiments, the disease or
condition is a disease or condition associated with a deficiency in amount or activity of
polycystin 1. In some embodiments, the disease or condition is a disease or condition associated
with a deficiency in amount or activity of a protein that polycystin 2 functionally augments,
compensates for, replaces, or functionally interacts with. In some embodiments, the disease or
the condition is caused by a deficient amount or activity of the target protein.

[00576] In some embodiments, the agent increases the level of the processed mRNA encoding
the target protein in the cell. In some embodiments, the level of processed mRNA encoding the
target protein in the cell contacted with the agent is increased about 1.1 to about 10-fold, about
1.5 to about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold,
about 1.1 to about 5-fold, about 1.1 to about 6- fold, about 1.1 to about 7-fold, about 1.1 to about
8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to
about 7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to
about 7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to
about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least about
2-fold, at least about 2.5-fold, at least about 3-fold, at least about 3.5-fold, at least about 4-fold,
at least about 5-fold, or at least about 10-fold, compared to the level of processed mRNA
encoding the target protein in a control cell. In some embodiments, the agent increases the
expression of the target protein in the cell. In some embodiments, the level the target protein in
the cell is increased about 1.1 to about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-
fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to
about 6- fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold,
about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold,
about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold,
about 3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold,
at least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at
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least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at least
about 10-fold, compared to the level of processed mRNA encoding the target protein in a control
cell.

[00577] In some embodiments, the method further comprises assessing mRNA levels or
expression levels of the target protein. In some embodiments, the method further comprises
assessing the subject’s genome for at least one genetic mutation associated with the disease. In
some embodiments, at least one genetic mutation is within a locus of a gene associated with the
disease. In some embodiments, at least one genetic mutation is within a locus associated with
expression of a gene associated with the disease. In some embodiments, at least one genetic
mutation is within the PKD2 gene locus. In some embodiments, at least one genetic mutation is
within the PKD1 gene locus. In some embodiments, at least one genetic mutation is within a
locus associated with PKD2 gene expression. In some embodiments, the mutation in PKD1
comprises a mutation in a region of polycystin 1 that interacts with polycystin 2. In some
embodiments, the mutation in PKD1 comprises a mutation that interferes the interaction
between Polycystin 1 and Polycystin 2. In some embodiments, the mutation in PKD1 comprises
a mutation that weakens the interaction between Polycystin 1 and Polycystin 2. In some
embodiments, the mutation in PKD1 comprises a mutation that reduces the interaction between
Polycystin 1 and Polycystin 2. In some embodiments, the mutation in PKD1 comprises a
mutation that blocks the interaction between Polycystin 1 and Polycystin 2. In some
embodiments, the mutation in PKD1 is a mutation in a region of polycystin 1 that interacts with
polycystin 2. In some embodiments, the mutation in PKD1 is a mutation that interferes the
interaction between Polycystin 1 and Polycystin 2. In some embodiments, the mutation in PKD1
is a mutation that weakens the interaction between Polycystin 1 and Polycystin 2. In some
embodiments, the mutation in PKD1 is a mutation that reduces the interaction between
Polycystin 1 and Polycystin 2. In some embodiments, the mutation in PKD1 is a mutation that
blocks the interaction between Polycystin 1 and Polycystin 2.

[00578] In some embodiments, the subject is a human. In some embodiments, the subject is a
non-human animal. In some embodiments, the subject is a fetus, an embryo, or a child. In some
embodiments, the cell or the cells is ex vivo, or in a tissue, or organ ex vivo. In some
embodiments, the agent is administered to the subject by intracerebroventricular injection,
intraperitoneal injection, intramuscular injection, intrathecal injection, subcutaneous injection,
oral administration, synovial injection, intravitreal administration, subretinal injection, topical
application, implantation, or intravenous injection. In some embodiments, the method treats the

disease or condition.
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[00579] Described herein, in certain embodiments, is a therapeutic agent for use in the method
as described herein. Described herein, in certain embodiments, is a pharmaceutical composition
comprising the therapeutic agent as described herein and a pharmaceutically acceptable
excipient. Described herein, in certain embodiments, is a method of treating or reducing the
likelihood of developing a disease or condition in a subject in need thereof, comprising
administering the pharmaceutical composition as described herein by intracerebroventricular
injection, intraperitoneal injection, intramuscular injection, intrathecal injection, subcutaneous
injection, oral administration, synovial injection, intravitreal administration, subretinal injection,
topical application, implantation, or intravenous injection to the subject. In some embodiments,

the method treats the subject.
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CLAIMS

What is claimed is:

1.

10.

A method of modulating expression of a target protein in a cell having a pre-mRNA that is
transcribed from a target gene and that comprises a non-sense mediated RNA decay-
inducing exon (NMD exon), the method comprising contacting an agent or a vector
encoding the agent to the cell, whereby the agent modulates splicing of the NMD exon from
the pre-mRNA, thereby modulating the level of a processed mRNA that is processed from
the pre-mRNA, and modulating the expression of the target protein in the cell, wherein the
target protein is encoded by a PKD2 gene.

A method of treating or reducing the likelihood of developing a disease or condition in a
subject in need thereof by modulating expression of a target protein in a cell of the subject,
comprising: contacting an agent or a vector encoding the agent to the cell of the subject,
whereby the agent modulates splicing of a non-sense mediated mRNA decay-inducing exon
(NMD exon) from a pre-mRNA that is transcribed from a target gene and that comprises
the NMD exon, thereby modulating the level of a processed mRNA that is processed from
the pre-mRNA, and modulating the expression of the target protein in the cell of the
subject, wherein the target protein encoded by a PKD2 gene.

The method of claim 1 or 2, wherein the target protein is polycystin 2.

The method of claim 2, wherein the disease or condition is a disease or condition associated
with a deficiency in amount or activity of polycystin 2.

The method of claim 2, wherein the disease or condition is a disease or condition associated
with a deficiency in amount or activity of polycystin 1.

The method of claim 3, wherein the disease or condition is a disease or condition associated
with a deficiency in amount or activity of a protein that polycystin 2 functionally augments,
compensates for, replaces, or functionally interacts with.

The method of any one of claims 1-6, wherein the agent:

(a) binds to a targeted portion of the pre-mRNA,;

(b) modulates binding of a factor involved in splicing of the NMD exon; or

(¢) acombination of (a) and (b).

The method of claim 7, wherein the agent interferes with binding of the factor involved in
splicing of the NMD exon.

The method of claim 7, wherein the targeted portion of the pre-mRNA is proximal to the
NMD exon.

The method of claim 7, wherein the targeted portion of the pre-mRNA is at most about

1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides,
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about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides,
about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides,
about 60 nucleotides, about 50 nucleotides upstream of the 5’ end of the NMD exon.

The method of claim 7, wherein the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about
600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about
200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about
60 nucleotides, about 50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20
nucleotides, about 10 nucleotides, about 5 nucleotides, about 4 nucleotides, about 2
nucleotides, about 1 nucleotides upstream of the 5’ end of the NMD exon.

The method of claim 7, wherein the targeted portion of the pre-mRNA is at most about
1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides,
about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides,
about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides,
about 60 nucleotides, about 50 nucleotides downstream of the 3” end of the NMD exon.

The method of claim 7, wherein the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about
600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about
200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about
60 nucleotides, about 50 nucleotides, about 40 nucleotides, about 30 nucleotides, about 20
nucleotides, about 10 nucleotides, about 5 nucleotides, about 4 nucleotides, about 2
nucleotides, about 1 nucleotides downstream of the 3° end of the NMD exon.

The method of claim 7, wherein the targeted portion of the pre-mRNA is at most about
1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides,
about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides,
about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides,
about 60 nucleotides, about 50 nucleotides upstream of genomic site of GRCh38/ hg38:
chr4:88031085.

The method of claim 7, wherein the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about
600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about
200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about
60 nucleotides, about 50 nucleotides upstream of genomic site of GRCh38/ hg38:
chr4:88031085.
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The method of claim 7, wherein the targeted portion of the pre-mRNA is at most about
1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides,
about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides,
about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides,
about 60 nucleotides, about 50 nucleotides downstream of genomic site of GRCh38/ hg38:
chr4:88031140.

The method of claim 7, wherein the targeted portion of the pre-mRNA is at least about 1500
nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700 nucleotides, about
600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300 nucleotides, about
200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70 nucleotides, about
60 nucleotides, about 50 nucleotides downstream of genomic site of GRCh38/ hg38:
chr4:88031140.

The method of claim 7, wherein the targeted portion of the pre-mRNA is located in an
intronic region between two canonical exonic regions of the pre-mRNA, and wherein the
intronic region contains the NMD exon.

The method of claim 7, wherein the targeted portion of the pre-mRNA at least partially
overlaps with the NMD exon.

The method of claim 7, wherein the targeted portion of the pre-mRNA at least partially
overlaps with an intron upstream or downstream of the NMD exon.

The method of claim 7, wherein the targeted portion of the pre-mRNA comprises 5 NMD
exon—intron junction or 3° NMD exon-intron junction.

The method of claim 7, wherein the targeted portion of the pre-mRNA is within the NMD
exon.

The method of claim 7, wherein the targeted portion of the pre-mRNA comprises about 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or
more consecutive nucleotides of the NMD exon.

The method of any one of claims 1 to 23, wherein the NMD exon comprises a sequence
with at least 80%, at least 90%, or 100% sequence identity to a sequence selected from the
group consisting of the sequences listed in Table 3.

The method of any one of claims 1 to 23, wherein the NMD exon comprises a sequence
selected from the group consisting of the sequences listed in Table 3.

The method of claim 7, wherein the pre-mRNA comprises a sequence with at least about
80%, 85%, 90%, 95%, 97%, or 100% sequence identity to a sequence selected from the

group consisting of the sequences listed in Table 3.
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The method of claim 7, wherein the pre-mRNA is encoded by a genetic sequence with at
least about 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to a sequence selected
from the group consisting of the sequences listed in Table 2.

The method of claim 7, wherein the targeted portion of the pre-mRNA comprises a
sequence with at least 80%, 85%, 90%, 95%, 97%, or 100% sequence identity to a region
comprising at least 8 contiguous nucleic acids of a sequence selected from the group
consisting of the sequences listed in Table 3.

The method of claim 7, wherein the agent is an antisense oligomer (ASO) and wherein the
ASO comprises a sequence that is at least about 80%, 85%, 90%, 95%, 97%, or 100%
sequence identity to at least 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 or 18 contiguous nucleic
acids of a sequence selected from the group consisting of the sequences listed in Table 4 or
Table 5.

The method of claim 7, wherein the targeted portion of the pre-mRNA is within the non-
sense mediated RNA decay-inducing exon GRCh38/ hg38: chr4:88031085-88031140.

The method of claim 7, wherein the targeted portion of the pre-mRNA is upstream or
downstream of the non-sense mediated RNA decay-inducing exon GRCh38/ hg38:
chr4:88031085-88031140.

The method of claim 7, wherein the targeted portion of the pre-mRNA comprises an exon-
intron junction of the non-sense mediated RNA decay-inducing exon GRCh38/ hg38:
chr4:88031085 88031140.

The method of claim 3, wherein the polycystin 2 expressed from the processed mRNA is
full-length polycystin 2 or wild-type polycystin 2.

The method of claim 3, wherein the polycystin 2 expressed from the processed mRNA is at
least partially functional as compared to wild-type polycystin 2.

The method of claim 3, wherein the polycystin 2 expressed from the processed mRNA is at
least partially functional as compared to full-length wild-type polycystin 2.

The method of any one of claims 1 to 35, whereby the agent modulates splicing of the
NMD exon from the pre-mRNA and promotes exclusion of the NMD exon from the pre-
mRNA, thereby modulating the level of a processed mRNA that is processed from the pre-
mRNA and that lacks the NMD exon.

The method of claim 36, wherein the exclusion of the NMD exon from the pre-mRNA in
the cell contacted with the agent is increased by about 1.1 to about 10-fold, about 1.5 to
about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold,
about 1.1 to about 5-fold, about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to
about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold,
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about 2 to about 7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-
fold, about 3 to about 7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to
about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least
about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at least about 3-fold, at least
about 3.5-fold, at least about 4-fold, at least about 5-fold, or at least about 10-fold,
compared to exclusion of the NMD exon from the pre-mRNA in a control cell.

The method of any one of claims 1 to 37, wherein the method results in an increase in the
level of the processed mRNA in the cell.

The method of claim 38, wherein the level of the processed mRNA in the cell contacted
with the agent is increased by about 1.1 to about 10-fold, about 1.5 to about 10-fold, about 2
to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold, about 1.1 to about 5-
fold, about 1.1 to about 6-fold, about 1.1 to about 7-fold, about 1.1 to about 8-fold, about
1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold, about 2 to about 7-fold,
about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-fold, about 3 to about 7-
fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to about 7-fold, about 4 to
about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least about 1.5-fold, at least
about 2-fold, at least about 2.5-fold, at least about 3-fold, at least about 3.5-fold, at least
about 4-fold, at least about 5-fold, or at least about 10-fold, compared to a level of the
processed mRNA in a control cell.

The method of any one of claims 1 to 37, wherein the agent increases the expression of the
target protein in the cell.

The method of claim 40, wherein a level of the target protein is increased by about 1.1 to
about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold,
about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to about 6-fold, about 1.1 to
about 7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold,
about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold, about 2 to about 9-
fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold, about 3 to
about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at
least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at
least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at
least about 10-fold, compared to a level of the target protein produced in a control cell.

The method of any one of claims 1 to 41, wherein the NMD exon comprises a premature
termination codon (PTC).

The method of claim 2, wherein the disease or condition is associated with a loss-of-

function mutation in the target gene or the target protein.
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44. The method of claim 43, wherein the disease or condition is associated with
haploinsufficiency of the target gene, and wherein the subject has a first allele encoding
functional polycystin 2, and a second allele from which polycystin 2 is not produced or
produced at a reduced level, or a second allele encoding nonfunctional polycystin 2 or
partially functional polycystin 2.

45. The method of claim 44, wherein one or both alleles are hypomorphs or partially functional.

46. The method of claim 2 or 44, wherein the disease or condition is selected from the group
consisting of: polycystic kidney disease with or without polycystic liver disease, autosomal
dominant polycystic kidney disease, and intracranial aneurysm.

47. The method of claim 2 or 43, wherein the disease or condition is associated with a mutation
of a PKD1 or PKD?2 gene, wherein the subject has a first allele encoding from which:

(1) the target protein is not produced or produced at a reduced level compared to a wild-type
allele; or

(ii) the target protein produced is nonfunctional or partially functional compared to a wild-
type allele, and

a second allele from which:

(iii) the target protein is produced at a reduced level compared to a wild-type allele and the
target protein produced is at least partially functional compared to a wild-type allele; or

(iv) the target protein produced is partially functional compared to a wild-type allele.

48. The method of claim 47, wherein the disease or condition is selected from the group
consisting of: polycystic kidney disease with or without polycystic liver disease, autosomal
dominant polycystic kidney disease, and intracranial aneurysm.

49. The method of claim 47, wherein the mutation is a hypomorphic mutation.

50. The method of claim 47, wherein the disease or condition is associated with a mutation of a
PKD?2 gene.

51. The method of claim 47, wherein the disease or condition is associated with a mutation of a
PKD1 gene.

52. The method of claim 43, wherein the agent promotes exclusion of the NMD exon from the
pre-mRNA, thereby modulating the level of a processed mRNA that is processed from the
pre-mRNA and that lacks the NMD exon and increases the expression of the target protein
in the cell.

53. The method of claim 1 or 2, wherein the agent is an antisense oligomer (ASQO) and wherein
the antisense oligomer comprises a backbone modification comprising a phosphorothioate

linkage or a phosphorodiamidate linkage.
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54. The method of claim 1 or 2, wherein the agent is an antisense oligomer (ASO) and wherein
the antisense oligomer comprises a phosphorodiamidate morpholino, a locked nucleic acid,
a peptide nucleic acid, a 2’-O-methyl, a 2’-Fluoro, or a 2’-O-methoxyethyl moiety.

55. The method of claim 1 or 2, wherein the agent is an antisense oligomer (ASO) and wherein
the antisense oligomer comprises at least one modified sugar moiety.

56. The method of claim 55, wherein each sugar moiety is a modified sugar moiety.

57. The method of claim 1 or 2, wherein the agent is an antisense oligomer (ASO) and wherein
the antisense oligomer consists of from 8 to 50 nucleobases, 8 to 40 nucleobases, 8 to 35
nucleobases, 8 to 30 nucleobases, 8 to 25 nucleobases, 8 to 20 nucleobases, 8 to 15
nucleobases, 9 to 50 nucleobases, 9 to 40 nucleobases, 9 to 35 nucleobases, 9 to 30
nucleobases, 9 to 25 nucleobases, 9 to 20 nucleobases, 9 to 15 nucleobases, 10 to 50
nucleobases, 10 to 40 nucleobases, 10 to 35 nucleobases, 10 to 30 nucleobases, 10 to 25
nucleobases, 10 to 20 nucleobases, 10 to 15 nucleobases, 11 to 50 nucleobases, 11 to 40
nucleobases, 11 to 35 nucleobases, 11 to 30 nucleobases, 11 to 25 nucleobases, 11 to 20
nucleobases, 11 to 15 nucleobases, 12 to 50 nucleobases, 12 to 40 nucleobases, 12 to 35
nucleobases, 12 to 30 nucleobases, 12 to 25 nucleobases, 12 to 20 nucleobases, or 12 to 15
nucleobases.

58. The method of claim 7, wherein the agent is an antisense oligomer (ASO) and wherein the
antisense oligomer is at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at
least 99%, or 100%, complementary to the targeted portion of the pre-mRNA.

59. The method of claim 1 or 2, wherein the method comprises contacting a vector encoding the
agent to the cell.

60. The method of claim 59, wherein the agent is a polynucleotide comprising an antisense
oligomer.

61. The method of claim 59, wherein the vector is a viral vector.

62. The composition of claim 61, wherein viral vector is an adenovirus-associated viral vector.

63. The method of claim 59, wherein the polynucleotide further comprises a modified snRNA.

64. The method of claim 63, wherein the modified human snRNA is a modified U1 snRNA or a
modified U7 snRNA.

65. The method of claim 63, wherein the modified human snRNA is a modified U7 snRNA and
wherein the antisense oligomer has a sequence at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 98%, at least 99%, or 100% identical to a sequence listed in
Table 4 or Table 5.

66. The method of claim 1 or 2, wherein the method further comprises assessing processed

mRNA level or expression level of the target protein.
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The method of claim 2, wherein the subject is a human.

The method of claim 2, wherein the subject is a non-human animal.

The method of claim 2, wherein the subject is a fetus, an embryo, or a child.

The method of claim 1 or 2, wherein the cells are ex vivo.

The method of claim 2, wherein the agent is administered by intrathecal injection,
intracerebroventricular injection, intraperitoneal injection, intramuscular injection,
subcutaneous injection, intravitreal, or intravenous injection of the subject.

The method of claim 2, wherein the method further comprises administering a second
therapeutic agent to the subject.

The method of claim 72, wherein the second therapeutic agent is a small molecule.

The method of claim 72, wherein the second therapeutic agent is an antisense oligomer.
The method of claim 72, wherein the second therapeutic agent corrects intron retention

The method of any one of claims 1-75, wherein the method further comprises contacting a
non-sense mediated RNA decay alternative splice site (NSASS) modulating agent or a viral
vector encoding the agent to the cell, wherein the pre-mRNA comprises an alternative 5’
splice-site downstream of a canonical 5’ splice-site, wherein a processed mRNA that is
produced by splicing of the pre-mRNA at the alternative 5” splice-site undergoes non-sense
mediated RNA decay, wherein the agent modulates processing of the pre-mRNA by
modulating splicing at the alternative 5’ splice-site, thereby modulating expression of the
target protein; and wherein the target gene is PKD2.

The method of any one of claims 1-76, wherein the method treats the disease or condition.
A composition comprising an agent or a vector encoding the agent that modulates splicing
of a non-sense mediated RNA decay-inducing exon (NMD exon) from a pre-mRNA that is
transcribed from a target gene and that comprises the NMD exon, thereby modulating the
level of a processed mRNA that is processed from the pre-mRNA, and modulating
expression of a target protein in a cell having the pre-mRNA, wherein the target protein is
encoded by a PKD?2 gene.

A composition comprising an agent or a vector encoding the agent that modulates splicing
of a non-sense mediated mRNA decay-inducing exon (NMD exon) from a pre-mRNA that
is transcribed from a target gene and that comprises the NMD exon, thereby treating a
disease or condition in a subject in need thereof by modulating the level of a processed
mRNA that is processed from the pre-mRNA, and modulating expression of a target protein
in a cell of the subject, wherein the target protein is encoded by a PKD2 gene.

A pharmaceutical composition comprising the composition of any one of claims 78-79; and

a pharmaceutically acceptable excipient and/or a delivery vehicle.
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81. A composition comprising a non-sense mediated RNA decay alternative splice site
(NSASS) modulating agent or a viral vector encoding the agent, wherein the agent
modulates expression of a target protein in a cell comprising a pre-mRNA that is
transcribed from a target gene and encodes the target protein, wherein the pre-mRNA
comprises an alternative 5’ splice-site downstream of a canonical 5’ splice-site, wherein a
processed mRNA that is produced by splicing of the pre-mRNA at the alternative 5 splice-
site undergoes non-sense mediated RNA decay, wherein the agent modulates processing of
the pre-mRNA by modulating splicing at the alternative 5’ splice-site; and wherein the
target gene is PKD?2.

82. The composition of claim 81, wherein the agent modulates processing of the pre-mRNA by
preventing or decreasing splicing at the alternative 5’ splice-site.

83. The composition of claim 81 or 82, wherein the agent modulates processing of the pre-
mRNA by promoting or increasing splicing at the canonical 5 splice-site.

84. The composition of claim 81, wherein modulating the splicing of the pre-mRNA at the
alternative 5’ splice-site increases the expression of the target protein in the cell.

85. The composition of any one of claims 81-84, wherein the processed mRNA that is produced
by splicing of the pre-mRNA at the alternative 5° splice-site comprises a premature
termination codon (PTC).

86. The composition of any one of claims 81-85, wherein the agent is a small molecule.

87. The composition of any one of claims 81-85, wherein the agent is a polypeptide.

88. The composition of claim 87, wherein the polypeptide is a nucleic acid binding protein.

89. The composition of claim 88, wherein the nucleic acid binding protein contains a TAL-
effector or zinc finger binding domain.

90. The composition of claim 88, wherein the nucleic acid binding protein is a Cas family
protein.

91. The composition of claim 88, wherein the polypeptide is accompanied by or complexed
with one or more nucleic acid molecules.

92. The composition of any one of claims 81-85, wherein the agent is an antisense oligomer
(ASO) complementary to the targeted region of the pre-mRNA.

93. The composition of claim 92, wherein the agent is at least 75%, at least 80%, at least 85%,
at least 90%, at least 95%, at least 98%, at least 99%, or 100%, complementary to the
targeted region of the pre-mRNA encoding the target protein.

94. The composition of claim 92 or 93, wherein the agent comprises a backbone modification

comprising a phosphorothioate linkage or a phosphorodiamidate linkage.
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95. The composition of any one of claims 92-94, wherein the agent comprises a
phosphorodiamidate morpholino.

96. The composition of any one of claims 92-95, wherein the agent comprises a locked nucleic
acid.

97. The composition of any one of claims 92-96, wherein the agent comprises a peptide nucleic
acid.

98. The composition of any one of claims 92-96, wherein the agent comprises a 2'- O-methyl.

99. The composition of any one of claims 92-98, wherein the agent comprises a 2'-Fluoro, or a
2'-O-methoxyethyl moiety.

100. The composition of any one of claims 92-99, wherein the agent comprises at least one
modified sugar moiety.

101. The composition of claim 100, wherein each sugar moiety is a modified sugar moiety.

102. The composition of any one of claims 81-85 or 92-101, wherein the agent is an antisense
oligomer, and wherein the agent consists of from 8 to 50 nucleobases, 8 to 40 nucleobases,
8 to 35 nucleobases, 8 to 30 nucleobases, 8 to 25 nucleobases, 8 to 20 nucleobases, 8 to 15
nucleobases, 9 to 50 nucleobases, 9 to 40 nucleobases, 9 to 35 nucleobases, 9 to 30
nucleobases, 9 to 25 nucleobases, 9 to 20 nucleobases, 9 to 15 nucleobases, 10 to 50
nucleobases, 10 to 40 nucleobases, 10 to 35 nucleobases, 10 to 30 nucleobases, 10 to 25
nucleobases, 10 to 20 nucleobases, 10 to 15 nucleobases, 11 to 50 nucleobases, 11 to 40
nucleobases, 11 to 35 nucleobases, 11 to 30 nucleobases, 11 to 25 nucleobases, 11 to 20
nucleobases, 11 to 15 nucleobases, 12 to 50 nucleobases, 12 to 40 nucleobases, 12 to 35
nucleobases, 12 to 30 nucleobases, 12 to 25 nucleobases, 12 to 20 nucleobases, or 12 to 15
nucleobases.

103. The composition of any one of claims 78, 79 and 81, wherein the composition comprises a
vector encoding the agent.

104. The method of claim 103, wherein the agent is a polynucleotide comprising an antisense
oligomer.

105. The method of claim 103, wherein the vector is a viral vector.

106. The composition of claim 105, wherein viral vector is an adenovirus-associated viral vector.

107. The composition of claim 103, wherein the polynucleotide further comprises a modified
snRNA.

108. The composition of claim 107, wherein the modified human snRNA is a modified U1
snRNA or a modified U7 snRNA.

109. The composition of claim 107, wherein the modified human snRNA is a modified U7

snRNA and wherein the antisense oligomer has a sequence at least 75%, at least 80%, at
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least 85%, at least 90%, at least 95%, at least 98%, at least 99%, or 100% identical to a
sequence listed in Table 4 or Table 5.

110. A composition comprising a nucleic acid molecule that encodes for the agent according to
the composition of any one of claims 81-85 or 87-109.

111. The composition of claim 110, wherein the nucleic acid molecule is incorporated into a
viral delivery system.

112. The composition of claim 111, wherein the viral delivery system is an adenovirus-
associated vector.

113. The composition of claim 81, wherein the viral vector is an adenovirus-associated viral
vector.

114. A method of modulating expression of a target protein in a cell comprising a pre-mRNA
that is transcribed from a target gene and encodes the target protein, the method comprising
contacting a non-sense mediated RNA decay alternative splice site (NSASS) modulating
agent or a viral vector encoding the agent to the cell, wherein the pre-mRNA comprises an
alternative 5’ splice-site downstream of a canonical 5° splice-site, wherein a processed
mRNA that is produced by splicing of the pre-mRNA at the alternative 5 splice-site
undergoes non-sense mediated RNA decay, wherein the agent modulates processing of the
pre-mRNA by modulating splicing at the alternative 5’ splice-site, thereby modulating
expression of the target protein; and
wherein the target gene is PKD2.

115. The method of claim 114, wherein the agent:

(a) binds to a targeted portion of the pre-mRNA,;
(b) modulates binding of a factor involved in splicing at the alternative 5’ splice-site; or
(¢) acombination of (a) and (b).

116. The method of claim 115, wherein the agent interferes with binding of the factor involved
in splicing at the alternative 5’ splice-site to a region of the targeted portion.

117. The method of any one of claims 115-116, wherein the targeted portion of the pre-mRNA is
proximal to the alternative 5° splice-site.

118. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is
at most about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700
nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300
nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70
nucleotides, about 60 nucleotides, about 50 nucleotides upstream of the alternative 5’

splice-site.
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119.

120.

121.

The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is
at least about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700
nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300
nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70
nucleotides, about 60 nucleotides, about 50 nucleotides, about 40 nucleotides, about 30
nucleotides, about 20 nucleotides, about 10 nucleotides, about 5 nucleotides, about 4
nucleotides, about 2 nucleotides, about 1 nucleotides upstream of the alternative 5° splice-
site.

The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is
at most about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700
nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300
nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70
nucleotides, about 60 nucleotides, about 50 nucleotides downstream of the alternative 5’
splice-site.

The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is
at least about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700
nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300
nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70
nucleotides, about 60 nucleotides, about 50 nucleotides, about 40 nucleotides, about 30
nucleotides, about 20 nucleotides, about 10 nucleotides, about 5 nucleotides, about 4
nucleotides, about 2 nucleotides, about 1 nucleotides downstream of the alternative 5’

splice-site.

122. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is

123.

at most about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700
nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300
nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70
nucleotides, about 60 nucleotides, about 50 nucleotides upstream of genomic site of
GRCh38/ hg38: chr4 88036480.

The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is
at least about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700
nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300
nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70
nucleotides, about 60 nucleotides, about 50 nucleotides, about 40 nucleotides, about 30

nucleotides, about 20 nucleotides, about 10 nucleotides, about 5 nucleotides, about 4
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nucleotides, about 2 nucleotides, about 1 nucleotides upstream of genomic site of GRCh38/
hg38: chr4:88036480.

124. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is
at most about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700
nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300
nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70
nucleotides, about 60 nucleotides, about 50 nucleotides downstream of genomic site of
GRCh38/ hg38: chr4:88036480

125. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is
at least about 1500 nucleotides, about 1000 nucleotides, about 800 nucleotides, about 700
nucleotides, about 600 nucleotides, about 500 nucleotides, about 400 nucleotides, about 300
nucleotides, about 200 nucleotides, about 100 nucleotides, about 80 nucleotides, about 70
nucleotides, about 60 nucleotides, about 50 nucleotides, about 40 nucleotides, about 30
nucleotides, about 20 nucleotides, about 10 nucleotides, about 5 nucleotides, about 4
nucleotides, about 2 nucleotides, about 1 nucleotides downstream of genomic site of
GRCh38/ hg38: chr4:88036480.

126. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is
located in a region between the canonical 5° splice-site and the alternative 5’ splice-site.
127. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is

located in an exon region extended by the splicing at the alternative 5” splice-site.

128. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA at
least partially overlaps with the alternative 5’ splice-site.

129. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA at
least partially overlaps with a region upstream or downstream of the alternative 5 splice-
site.

130. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is
within an exon region extended by the splicing at the alternative 5’ splice-site.

131. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA
comprises about 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, or more consecutive nucleotides of an exon region extended by the
splicing at the alternative 5 splice-site.

132. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is
located in an intronic region between two canonical exons.

133. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is

located in one of the two canonical exons.
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134. The method of any one of claims 115-117, wherein the targeted portion of the pre-mRNA is
located in a region spanning both an intron and a canonical exon.

135. The method of claim 114, wherein the level the target protein in the cell is increased about
1.1 to about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-fold, about 3 to about
10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to about 6- fold, about
1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-
fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold, about 2 to
about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold, about
3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at
least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at
least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at
least about 10-fold, compared to the level of processed mRNA encoding the target protein
in a control cell.

136. The method of any one of claims 114-135, wherein modulation of splicing of the pre-
mRNA increases production of the processed mRNA encoding the target protein.

137. The method of claim 136, wherein the level of processed mRNA encoding the target protein
in the cell contacted with the agent is increased about 1.1 to about 10-fold, about 1.5 to
about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold,
about 1.1 to about 5-fold, about 1.1 to about 6- fold, about 1.1 to about 7-fold, about 1.1 to
about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold,
about 2 to about 7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-
fold, about 3 to about 7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to
about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least
about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at least about 3-fold, at least
about 3.5-fold, at least about 4-fold, at least about 5-fold, or at least about 10-fold,
compared to the level of processed mRNA encoding the target protein in a control cell.

138. The method of any one of claims 114-137, wherein the target protein is the canonical
isoform of the protein.

139. The method of any one of claims 114-138, wherein the processed mRNA that is produced
by splicing of the pre-mRNA at the alternative 5 splice-site comprises a premature
termination codon (PTC).

140. The method of any one of claims 114-139, wherein the method further comprises contacting
a second agent or a vector encoding the second agent to the cell, wherein the pre-mRNA
comprises a non-sense mediated RNA decay-inducing exon (NMD exon), whereby the

second agent modulates splicing of the NMD exon from the pre-mRNA, thereby
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modulating the level of a processed mRNA that is processed from the pre-mRNA, and
modulating the expression of the target protein in the cell, wherein the target protein is
encoded by a PKD?2 gene.

141. The method of any one of claims 114-140, wherein the NSASS modulating agent is the
composition of any one of claims 81-113.

142. A pharmaceutical composition comprising the composition of any one of claims 81-113;
and a pharmaceutically acceptable excipient and/or a delivery vehicle.

143. A method of treating or reducing the likelihood of developing a disease or condition in a
subject in need thereof, the method comprising: administering to the subject a
pharmaceutical composition to a subject in need thereof, wherein the pharmaceutical
composition comprises a composition comprising a non-sense mediated RNA decay
alternative splice site (NSASS) modulating agent or a viral vector encoding the agent,
wherein the agent modulates expression of a target protein in a cell comprising a pre-
mRNA that is transcribed from a target gene and encodes the target protein,
wherein the pre-mRNA comprises an alternative 5’ splice-site downstream of a canonical 5’
splice-site, wherein splicing of the pre-mRNA at the alternative 5’ splice-site leads to non-
sense mediated RNA decay of the alternatively spliced mRNA, wherein the agent
modulates processing of the pre-mRNA by modulating splicing at the alternative 5’ splice-
site; and wherein the target gene is PKD?2; and a pharmaceutically acceptable excipient.

144. A method of treating or reducing the likelihood of developing a disease or condition in a
subject in need thereof, the method comprising: administering to the subject the
pharmaceutical composition of claim 81.

145. The method of any one of claims 143-144, wherein the disease is polycystic kidney disease
with or without polycystic liver disease, autosomal dominant polycystic kidney disease, or
intracranial aneurysm.

146. The method of any one of claims 143-144, wherein the disease or condition is a disease or
condition associated with a deficiency in amount or activity of polycystin 2.

147. The method of any one of claims 143-144, wherein the disease or condition is a disease or
condition associated with a deficiency in amount or activity of polycystin 1.

148. The method of any one of claims 143-144, wherein the disease or condition is a disease or
condition associated with a deficiency in amount or activity of a protein that polycystin 2
functionally augments, compensates for, replaces or functionally interacts with.

149. The method of any one of claims 143-148, wherein the disease or the condition is caused by

a deficient amount or activity of the target protein.
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150. The method of any one of claims 143-149, wherein the agent increases the level of the

151.

processed mRNA encoding the target protein in the cell.

The method of claim 150, wherein the level of processed mRNA encoding the target protein
in the cell contacted with the agent is increased about 1.1 to about 10-fold, about 1.5 to
about 10-fold, about 2 to about 10-fold, about 3 to about 10-fold, about 4 to about 10-fold,
about 1.1 to about 5-fold, about 1.1 to about 6- fold, about 1.1 to about 7-fold, about 1.1 to
about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-fold, about 2 to about 6-fold,
about 2 to about 7-fold, about 2 to about 8-fold, about 2 to about 9-fold, about 3 to about 6-
fold, about 3 to about 7-fold, about 3 to about 8-fold, about 3 to about 9-fold, about 4 to
about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at least about 1.1-fold, at least
about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at least about 3-fold, at least
about 3.5-fold, at least about 4-fold, at least about 5-fold, or at least about 10-fold,

compared to the level of processed mRNA encoding the target protein in a control cell.

152. The method of any one of claims 143-151, wherein the agent increases the expression of the

153.

154.

155.

156.

157.

target protein in the cell.

The method of claim 152, wherein the level the target protein in the cell is increased about
1.1 to about 10-fold, about 1.5 to about 10-fold, about 2 to about 10-fold, about 3 to about
10-fold, about 4 to about 10-fold, about 1.1 to about 5-fold, about 1.1 to about 6- fold, about
1.1 to about 7-fold, about 1.1 to about 8-fold, about 1.1 to about 9-fold, about 2 to about 5-
fold, about 2 to about 6-fold, about 2 to about 7-fold, about 2 to about 8-fold, about 2 to
about 9-fold, about 3 to about 6-fold, about 3 to about 7-fold, about 3 to about 8-fold, about
3 to about 9-fold, about 4 to about 7-fold, about 4 to about 8-fold, about 4 to about 9-fold, at
least about 1.1-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-fold, at
least about 3-fold, at least about 3.5-fold, at least about 4-fold, at least about 5-fold, or at
least about 10-fold, compared to the level of processed mRNA encoding the target protein
in a control cell.

The method of any one of claims 143-153, wherein the method further comprises assessing
mRNA levels or expression levels of the target protein.

The method of any one of claims 143-154, wherein the method further comprises assessing
the subject’s genome for at least one genetic mutation associated with the disease.

The method of claim 155, wherein at least one genetic mutation is within a locus of a gene
associated with the disease.

The method of claim 155, wherein at least one genetic mutation is within a locus associated

with expression of a gene associated with the disease.
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158. The method of claim 155, wherein at least one genetic mutation is within the PKD2 gene
locus.

159. The method of claim 155, wherein at least one genetic mutation is within the PKD/ gene
locus.

160. The method of claim 155, wherein at least one genetic mutation is within a locus associated
with PKD?2 gene expression.

161. The method of any one of claims 143-160, wherein the subject is a human.

162. The method of any one of claims 143-160, wherein the subject is a non-human animal.

163. The method of any one of claims 143-160, wherein the subject is a fetus, an embryo, or a
child.

164. The method of any one of claims 143-163, wherein the cell or the cells is ex vivo, or in a
tissue, or organ ex vivo.

165. The method of any one of claims 143-164, wherein the agent is administered to the subject
by intracerebroventricular injection, intraperitoneal injection, intramuscular injection,
intrathecal injection, subcutaneous injection, oral administration, synovial injection,
intravitreal administration, subretinal injection, topical application, implantation, or
intravenous injection.

166. The method of any one of claims 143-165, wherein the method treats the disease or
condition.

167. A therapeutic agent for use in the method of any one of claims 143-166.

168. A pharmaceutical composition comprising the therapeutic agent of claim 167 and a
pharmaceutically acceptable excipient.

169. A method of treating or reducing the likelihood of developing a disease or condition in a
subject in need thereof, comprising administering the pharmaceutical composition of claim
168 by intracerebroventricular injection, intraperitoneal injection, intramuscular injection,
intrathecal injection, subcutaneous injection, oral administration, synovial injection,
intravitreal administration, subretinal injection, topical application, implantation, or
intravenous injection to the subject.

170. The method of claim 169, wherein the method treats the subject.

171. A method of increasing expression of a target protein in a cell having a processed mRNA
that encodes the target protein, the method comprising delivering into the cell: (1) a first
agent or a first nucleic acid sequence encoding the first agent, and (2) a second agent or a
second nucleic acid sequence encoding the second agent,
wherein the pre-mRNA comprises a non-sense mediated RNA decay-inducing exon (NMD

exon), whereby the first agent modulates splicing of the NMD exon from the pre-mRNA,
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thereby modulating the level of a processed mRNA that is processed from the pre-mRNA,
and modulating the expression of the target protein in the cell; and
wherein the pre-mRNA comprises an alternative 5’ splice-site downstream of a canonical 5’
splice-site, wherein a processed mRNA that is produced by splicing of the pre-mRNA at the
alternative 5’ splice-site undergoes non-sense mediated RNA decay, wherein the second
agent modulates processing of the pre-mRNA by modulating splicing at the alternative 5’
splice-site, thereby modulating expression of the target protein;
wherein the target protein is encoded by a PKD?2 gene.

172. A composition comprising an agent or a vector encoding the agent, wherein the agent
comprises an antisense oligomer with at least 80% sequence identity to a sequence selected
from the group consisting of a sequence of Table 4 or Table 5.

173. A composition comprising a vector encoding an agent, wherein the agent comprises a
polynucleic acid comprising a sequence with at least 80% sequence identity to a sequence
selected from the group consisting sequence of Table 4 or Table 5.

174. A method of increasing expression of a polycystin 2 protein in a cell having a processed
mRNA that encodes the polycystin 2 protein and that comprises a translation regulatory
element that inhibits translation of the processed mRNA, the method comprising contacting
an agent or a vector encoding the agent to the cell, wherein the agent modulates a structure
of the translation regulatory element, thereby increasing expression of the polycystin 2
protein in the cell.

175. A method of increasing expression of a polycystin 2 protein in a cell having a processed
mRNA that encodes the polycystin 2 protein and that comprises a translation regulatory
element that inhibits translation of the processed mRNA, the method comprising contacting
an agent or a vector encoding the agent to the cell, wherein the agent (a) binds to a targeted
portion of the processed mRNA,; (b) modulates interaction of the translation regulatory
element with a factor involved in translation of the processed mRNA; or (c) a combination
of (a) and (b), thereby increasing expression of the polycystin 2 protein in the cell.

176. A method of modulating expression of an polycystin 2 protein in a cell, the method
comprising contacting an agent or a vector encoding the agent to the cell, wherein the agent
comprises an antisense oligomer with at least 80% sequence identity to a sequence selected
from the group consisting of a sequence of Table 4 or Table 5.

177. A composition comprising an agent, wherein the agent comprises an antisense oligomer that
binds to a targeted portion of a processed mRNA that encodes polycystin 2 protein, wherein
the targeted portion of the processed mRNA comprises at least one nucleotide of the main

start codon of the processed mRNA or is within the 5' UTR of the processed mRNA.
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178. A composition comprising a vector encoding an agent, wherein the agent comprises a

polynucleic acid comprising a sequence that binds to a targeted portion of a processed
mRNA that encodes polycystin 2 protein, wherein the targeted portion of the processed
mRNA comprises at least one nucleotide of the main start codon of the processed mRNA or

is within the 5' UTR of the processed mRNA.

179. A composition comprising an agent, wherein the agent modulates structure of a translation

regulatory element of a processed mRNA that encodes an polycystin 2 protein, thereby
increasing expression of the polycystin 2 protein, and wherein the translation regulatory

element inhibits translation of the processed mRNA.

180. A composition comprising a vector encoding an agent, wherein the agent modulates

181.

structure of a translation regulatory element of a processed mRNA that encodes an
polycystin 2 protein, thereby increasing expression of the polycystin 2 protein, and wherein
the translation regulatory element inhibits translation of the processed mRNA.

A composition comprising an agent, wherein the agent increases translation of a processed
mRNA in a cell, wherein the processed mRNA encodes polycystin 2 protein and comprises
a translation regulatory element that inhibits the translation of the processed mRNA,
wherein the agent modulates a structure of the translation regulatory element, thereby
increasing translation efficiency and/or the rate of translation of the processed mRNA,
wherein the agent (a) binds to a targeted portion of the processed mRNA; (b) modulates
interaction of the translation regulatory element with a factor involved in translation of the

processed mRNA; or (¢) a combination of (a) and (b).

182. A composition comprising a vector encoding an agent, wherein the agent increases

183.

translation of a processed mRNA in a cell, wherein the processed mRNA encodes
polycystin 2 protein and comprises a translation regulatory element that inhibits the
translation of the processed mRNA, wherein the agent modulates a structure of the
translation regulatory element, thereby increasing translation efficiency and/or the rate of
translation of the processed mRNA, wherein the agent (a) binds to a targeted portion of the
processed mRNA; (b) modulates interaction of the translation regulatory element with a
factor involved in translation of the processed mRNA; or (¢) a combination of (a) and (b).
A method of increasing expression of a target protein in a cell having a processed mRNA
that encodes the target protein and comprises a translation regulatory element that inhibits
translation of the processed mRNA, the method comprising delivering into the cell: (1) a
first agent or a first nucleic acid sequence encoding the first agent, and (2) a second agent or
a second nucleic acid sequence encoding the second agent, wherein the first agent

modulates splicing of a pre-mRNA that is transcribed from an target gene that encodes the
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target protein, and wherein the second agent modulates a structure of the translation
regulatory element of the processed mRNA that encodes the target protein, thereby
increasing the expression of the target protein in the cell, wherein the target protein is
polycystin 2.

184. A method of increasing expression of a target protein in a cell having a processed mRNA
that encodes the target protein and comprises a translation regulatory element that inhibits
translation of the processed mRNA, the method comprising delivering into the cell: (1) a
first agent or a first nucleic acid sequence encoding the first agent, and (2) a second agent or
a second nucleic acid sequence encoding the second agent, wherein the first agent
modulates splicing of a pre-mRNA that is transcribed from an target gene that encodes the
target protein, and wherein the second agent (a) binds to a targeted portion of the processed
mRNA; (b) modulates interaction of the translation regulatory element with a factor
involved in translation of the processed mRNA; or (¢) a combination of (a) and (b), thereby
increasing the expression of the target protein in the cell, wherein the target protein is

polycystin 2.
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