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COMPOSITIONS AND METHODS FOR EPIGENETIC REGULATION
OF HBV GENE EXPRESSION

CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Provisional Application No. 63/502,325,
filed May 15,2023, U.S. Provisional Application No. 63/516,096, filed July 27, 2023, and U.S.
Provisional Application No. 63/581,236, filed September 7, 2023, each of which is incorporated

herein by reference in its entirety.

BACKGROUND OF THE INVENTION
[0002] Despite available treatments, chronic hepatitis B (CHB) remains a high unmet medical
need, with more than 250 million carriers of hepatitis B virus (HBV) worldwide and
approximately 800,000 annual deaths due to HBV-related liver disease. Current approved CHB
therapies elicit a functional cure rate (defined as durable HBsAg loss and undetectable serum
HBYV after completing a course of treatment) of less than 20%. Accordingly, there is a need for

improved clinical modalities targeting HBV.

SUMMARY OF THE INVENTION
[0003] Some aspects of the present disclosure provide systems, compositions, strategies, and
methods for the epigenetic modification of HBV, including HBV in host cells and organisms.
[0004] Some aspects of this disclosure provide methods of modifying an epigenetic state of a
hepatitis B virus (HBV) gene or genome, comprising contacting the HBV gene or genome with
an epigenetic editing system, wherein the epigenetic editing system comprises a first DNA
binding domain, a first DNMT domain, and a transcriptional repressor domain or one or more
nucleic acid molecules encoding thereof, optionally, wherein the first DNA binding domain binds
a first target region of the HBV gene or genome, and wherein the contacting results in a reduction
of: number of HBV viral episomes, replication of the HBV gene or genome, and/or expression of
a protein product encoded by the HBV gene or genome, wherein said reduction is at least about
20% compared to contacting the HBV gene or genome with a suitable control or without
contacting the HBV gene or genome with the epigenetic editing system, and/or wherein said
reduction of the number of HBV viral episomes, of replication of the HBV gene or genome, or of

expression of a protein product encoded by the HBV gene or genome is at least 20%, at least
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60%, at least 70%, at least 80%, at least 90% (i.e., at least a 1-log reduction), at least 95%, at
least 99% (i.e., at least a 2-log reduction), or at least 99.9% (i.e., at least a 3-log reduction),
compared to the number, replication, and/or expression in the subject before the contacting.
[0005] Some aspects of this disclosure provide methods of treating an HBV infection in a
subject comprising administering an epigenetic editing system to the subject, wherein the
epigenetic editing system comprises a first DNA binding domain, a first DNMT domain, and a
transcriptional repressor domain or one or more nucleic acid molecules encoding thereof,
optionally, wherein the first DNA binding domain binds a first target region of a HBV gene or
genome, and wherein the administering results in a reduction of: number of HBV viral episomes,
replication of the HBV gene or genome, and/or expression of a protein product encoded by the
HBYV gene or genome, wherein said reduction is at least about 20% compared to administering a
suitable control or without administering the epigenetic editing system, and/or wherein said
reduction of the number of HBV viral episomes, of replication of the HBV gene or genome, or of
expression of a protein product encoded by the HBV gene or genome is is at least 20%, at least
60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or at least 99.9%,
compared to the number, replication, and/or expression in the subject before administering.
[0006] Some aspects of this disclosure provide methods of modulating expression of an HBV
gene or genome comprising contacting the HBV gene or genome with an epigenetic editing
system, wherein the epigenetic editing system comprises a first DNA binding domain, a first
DNMT domain, and a transcriptional repressor domain or one or more nucleic acid molecules
encoding thereof, wherein the first DNA binding domain binds a first target region of the HBV
gene or genome, and wherein the contacting results in a reduction of expression of a gene
product encoded by the HBV gene or genome, optionally, wherein the gene product is a nucleic
acid or a protein, wherein said reduction is at least about 20% compared to contacting the HBV
genome with a suitable control or without contacting the HBV gene or genome with the
epigenetic editing system, and/or wherein said reduction of the number of HBV viral episomes,
of replication of the HBV gene or genome, or of expression of a protein product encoded by the
HBYV gene or genome is at least 20%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 95%, at least 99%, or at least 99.9%, compared to the number, replication, and/or
expression in the subject before the contacting.

[0007] Some aspects of this disclosure provide methods of inhibiting viral replication in a
cell infected with an HBV comprising contacting the cell with an epigenetic editing system,

wherein the epigenetic editing system comprises a first DNA binding domain, a first DNMT
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domain, and a transcriptional repressor domain or one or more nucleic acid molecules encoding
thereof, optionally, wherein the first DNA binding domain binds a first target region of a HBV
gene or genome, and wherein the epigenetic editing system targets a target region of the HBV
gene or genome, and wherein the contacting results in a reduction of number of HBV viral
episomes or replication of the HBV gene or genome, wherein said reduction is at least about 20%
compared to administering a suitable control or without contacting the HBV gene or genome
with the epigenetic editing system, and/or wherein said reduction of the number of HBV viral
episomes, of replication of the HBV gene or genome, or of expression of a protein product
encoded by the HBV gene or genome is at least 20%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, at least 99%, or at least 99.9%, compared to the number, replication,
and/or expression in the subject before the contacting.

[0008] Some aspects of this disclosure provide methods comprising administering an
epigenetic editing system to a subject in need thereof, wherein the epigenetic editing system
comprises a first DNA binding domain, a first DNMT domain, and a transcriptional repressor
domain or one or more nucleic acid molecules encoding thereof, wherein the first DNA binding
domain binds a first target region of a HBV gene or genome, and wherein the contacting results
in a reduction of: number of HBV viral episomes, replication of the HBV gene or genome, or
expression of a protein product encoded by the HBV gene or genome, wherein said reduction is
at least about 20% compared to administering a suitable control , and/or wherein said reduction
of the number of HBV viral episomes, of replication of the HBV gene or genome, or of
expression of a protein product encoded by the HBV gene or genome is at least about 20%
compared to the number, replication, and/or expression in the subject before administering.
[0009] Some aspects of this disclosure provide methods of inhibiting viral replication in a
subject infected with an HBV comprising administering an epigenetic editing system to the
subject, wherein the epigenetic editing system comprises a first DNA binding domain, a first
DNMT domain, and a transcriptional repressor domain or one or more nucleic acid molecules
encoding thereof, wherein the epigenetic editing system targets a target region of the HBV gene
or genome, and wherein the administering results in a reduction of number of HBV viral
episomes, replication of the HBV gene or genome, or expression of a protein product encoded by
an HBV gene or genome, wherein the reduction is at least about 20% compared to administering
a suitable control or without administering the epigenetic editing system. In some embodiments,
the reduction is at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%,
at least 80%, at least 90%, at least 95%, at least 99%, or at least 99.9% compared to
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administering a suitable control or compared to the respective number or level in the subject
before the administering. In some embodiments, the reduction is maintained for at least 6 days,
for at least 19 days, for at least 27 days, for at least 42 days, or for at least 168 days.

[0010] In some embodiments, the contacting further results in a reduction of a protein
product. In some embodiments, the protein product comprises an HBV antigen, for example an
HBe antigen (HBeAg). In some embodiments, the protein product comprises an HBs antigen
(HBsAg).

[0011] In some embodiments, the HBV genome is a covalently closed circular DNA
(cccDNA) or an HBV integrated DNA. In some embodiments, the HBV genome comprises HBV
genotype A, HBV genotype B, HBV genotype C, HBV genotype D, HBV genotype E, HBV
genotype F, HBV genotype G or HBV genotype H. In some embodiments, the HBV genome
comprises a sequence with at least 80% identity to an HBV genome sequence provided herein. In
some embodiments, the first target region is located in a region of the HBV genome within
nucleotide 0-303, 1000-2448 or 2802-3182 of an HBV genome provided herein In some
embodiments, the first target region of the HBV genome is located in a CpG island. In some
embodiments, the first target region of the HBV genome is located in a promotor. In some
embodiments, the first target region of the HBV genome is located in a section of the HBV
genome that encodes a transcript selected from the group consisting of a pgRNA, a preCore
mRNA, a preS mRNA, a S mRNA, and a X mRNA. In some embodiments, the first DNA
binding domain comprises a CRISPR-Cas protein. In some embodiments, the epigenetic editing
system further comprises a first guide RNA (gRNA) that comprises a region complementary to a
strand of the first target region. In some embodiments, the gRNA comprises a sequence selected
from a gRNA provided herein, e.g., in Table 12 or 13. In some embodiments, the first DNA
binding domain comprises a zinc-finger protein. In some embodiments, the zinc-finger protein
comprises a zinc-finger motif with a sequence selected from any zinc finger or zinc finger motif
provided herein, e.g., in Table 1. In some embodiments, the zinc-finger protein comprises a
sequence of any of the zinc finger epigenetic repressors provided herein. In some embodiments,
the transcriptional repressor domain comprises ZIM3 In some embodiments, the first DNMT
domain is a DNMT3A domain or a DNMT3L domain. In some embodiments, the first DNMT
domain comprises a sequence of a DNMT domain provided herein. In some embodiments, the
epigenetic editing system further comprises a second DNMT domain or a nucleic acid encoding
thereof. In some embodiments, the second DNMT domain is a DNMT3A domain or a DNMT3L

domain. In some embodiments, the second DNMT domain comprises a sequence of a DNMT
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domain provided herein. In some embodiments, the epigenetic editing system comprises a fusion
protein or a nucleic acid encoding thereof, and wherein the fusion protein comprises the first
DNA binding domain, the first DNMT domain, the repressor domain and the second DNMT
domain. In some embodiments, the fusion protein further comprises a nuclear localization
sequence (NLS). In some embodiments, the fusion protein comprises a sequence of a fusion
protein provided herein. In some embodiments, the epigenetic editing system further comprises a
second DNA binding domain or a nucleic acid encoding thereof, wherein the second DNA
binding domain binds a second target region of the HBV genome. In some embodiments, the
second target region is located in a region of the HBV genome within nucleotide 0-303, 1000-
2448 or 2802-3182. In some embodiments, the second target region of the HBV genome is
located in a CpG island. In some embodiments, the second target region of the HBV genome is
located in a promotor. In some embodiments, the second target region of the HBV genome is
located in a section of the HBV genome that encodes a transcript selected from the group
consisting of a pgRNA, a preCore mRNA, a preS mRNA, a S mRNA, and a X mRNA. In some
embodiments, the second DNA binding domain comprises a CRISPR-Cas protein. In some
embodiments, the epigenetic editing system further comprises a second gRNA that comprises a
region complementary to a strand of the second target region. In some embodiments, the gRNA
comprises a sequence selected from a gRNA sequence provided herein, e.g., a sequence provided
in Table 12 or 13. In some embodiments, the second DNA binding domain comprises a zinc-
finger protein. In some embodiments, the zinc-finger protein comprises a zinc-finger motif with a
sequence selected from a zinc finger motif sequence provided herein, e.g., a zinc finger motif
provided in Table 1. In some embodiments, the zinc-finger protein comprises a sequence of a
zinc finger motif provided in Table 1. In some embodiments, the epigenetic editing system
comprises a first fusion protein or a first nucleic acid encoding thereof and a second fusion
protein or a second nucleic acid encoding thereof, wherein the first fusion protein comprises the
first DNA binding domain and the first DNMT domain, and wherein the second fusion protein
comprises the second DNA binding domain and the transcriptional repressor domain. In some
embodiments, the first fusion protein comprises a sequence of a fusion protein provided herein.
In some embodiments, the second fusion protein comprises a sequence of a fusion protein
provided herein. In some embodiments, the epigenetic editing system further comprises a third
DNA binding domain or a nucleic acid encoding thereof, wherein the third DNA binding domain
binds to a third target region of the HBV genome. In some embodiments, the third target region
is located in a region of the HBV genome within nucleotide 0-303, 1000-2448 or 2802-3182. In
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some embodiments, the third target region of the HBV genome is located in a CpG island. In
some embodiments, the third target region of the HBV genome is located in a promotor. In some
embodiments, the third target region of the HBV genome is located in a section of the HBV
genome that encodes a transcript selected from the group consisting of a pgRNA, a preCore
mRNA, a preS mRNA, a S mRNA, and a X mRNA. In some embodiments, the third DNA
binding domain comprises a CRISPR-Cas protein. In some embodiments, the epigenetic editing
system further comprises a third gRNA that comprises a region complementary to a strand of the
third target region. In some embodiments, the third gRNA comprises a sequence selected from a
gRNA sequence provided herein, e.g., of a gRNA sequence provided in Table 12 or 13. In some
embodiments, the third DNA binding domain comprises a zinc-finger protein. In some
embodiments, the zinc-finger protein comprises a zinc-finger motif with a sequence selected
from a zinc finger motif provided herein. In some embodiments, the zinc-finger protein
comprises a sequence of a zinc finger motif provided in Table 1. In some embodiments, the
epigenetic editing system further comprises a second DNMT domain or a nucleic acid encoding
thereof. In some embodiments, the second DNMT domain is a DNMT3A domain or a DNMT3L
domain. In some embodiments, the epigenetic editing system comprises a third fusion protein or
a nucleic acid encoding thereof, wherein the third fusion protein comprises the third DNA
binding domain and the second DNMT domain. In some embodiments, the third fusion protein
comprises a sequence of a fusion protein provided herein. In some embodiments, the epigenetic
editing system comprises a nucleic acid sequence provided in Table 18. In some embodiments,
the reduction of the number of HBV viral episomes, of replication of the HBV gene or genome,
or of expression of a protein product encoded by the HBV gene or genome is at least about 20%
compared to the number of HBV viral episomes, of replication of the HBV gene or genome, or of
expression of a protein product encoded by the HBV gene or genome measured or observed
before contacting the HBV genome with the epigenetic editing system, or before administering
the epigenetic editing system to the subject. In some embodiments, the reduction of the number
of HBV viral episomes, of replication of the HBV gene or genome, or of expression of a protein
product encoded by the HBV gene or genome is at least about 25%, at least about 50%, at least
about 75%, at least about 80%, at least about 90%, at least about 95%, at least about 99%, at least
about 99.5%, at least about 99.8%, at least about 99.9%, at least about 99.95%, at least about
99.99%, or more than 99.99%, compared to the number of HBV viral episomes, of replication of

the HBV gene or genome, or of expression of a protein product encoded by the HBV gene or
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genome measured or observed before contacting the HBV genome with the epigenetic editing
system, or before administering the epigenetic editing system to the subject.

[0012] Some aspects of this disclosure provide epigenetic editing systems comprising: a
fusion protein or a nucleic acid encoding the fusion protein, wherein the fusion protein
comprises: (a) a DNA-binding domain that binds a target region of a HBV gene or genome, (b) a
first DNA methyltransferase (DNMT) domain, and (c) a transcriptional repressor domain. In
some embodiments, the epigenetic editing system is capable of reducing a number of the HBV
viral episome, replication of the HBV, or expression of a gene product encoded by the HBV gene
or genome, wherein said reduction is at least about 20% compared to contacting the HBV gene or
genome with a suitable control. In some embodiments, the HBV genome is a covalently closed
circular DNA (cccDNA) or an HBV integrated DNA. In some embodiments, the HBV genome
comprises HBV genotype A, HBV genotype B, HBV genotype C, HBV genotype D, HBV
genotype E, HBV genotype F, HBV genotype G or HBV genotype H. In some embodiments, the
HBYV genome comprises a sequence with at least 80% identity to an HBV genome sequence
provided herein. In some embodiments, the target region is located in a region of the HBV
genome within nucleotide 0-303, 1000-2448 or 2802-3182 of an HBV genome sequence
provided herein. In some embodiments, the target region of the HBV genome is located in a CpG
island. In some embodiments, the target region of the HBV genome is located in a promotor. In
some embodiments, the target region of the HBV genome is located in a section of the HBV
genome that encodes a transcript selected from the group consisting of a pgRNA, a preCore
mRNA, a preS mRNA, a S mRNA, and a X mRNA. In some embodiments, the DNA binding
domain comprises a CRISPR-Cas protein. In some embodiments, the epigenetic editing system
further comprises a gRNA that comprises a region complementary to a strand of the target
region. In some embodiments, the gRNA comprises a sequence selected from a gRNA sequence
provided herein, e.g., in Table 12 or 13. In some embodiments, the DNA binding domain
comprises a zinc-finger protein In some embodiments, the zinc-finger protein comprises a zinc-
finger motif with a sequence selected from a zinc finger motif provided herein. In some
embodiments, the zinc-finger protein comprises a sequence of a zinc finger motif provided in
Table 1. In some embodiments, the transcriptional repressor domain comprises a sequence of a
transcriptional repressor provided herein. In some embodiments, the first DNMT domain is a
DNMT3A domain or a DNMT3L domain. In some embodiments, the DNMT domain comprises
a sequence of a DNMT domain provided herein. In some embodiments, the fusion protein further

comprises a second DNMT domain. In some embodiments, the second DNMT domain is a
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DNMT3A domain or a DNMT3L domain. In some embodiments, the fusion protein further
comprises a nuclear localization sequence (NLS). In some embodiments, the fusion protein
comprises a sequence of a fusion protein provided herein.

[0013] Some aspects of the present disclosure provide epigenetic editing systems comprising:
a first fusion protein or a nucleic acid encoding the first fusion protein, wherein the first fusion
protein comprises a first DNA binding domain and a first DNMT domain, wherein the first DNA
binding domain binds a first target region of a HBV genome, and a second fusion protein or a
nucleic acid encoding the second fusion protein, wherein the second fusion protein comprises a
second DNA binding domain and a transcriptional repressor domain, wherein the second DNA
binding domain binds a second target region of the HBV genome. In some embodiments, the
epigenetic editing system is capable of reducing a number of the HBV viral episome, replication
of the HBV, or expression of a gene product encoded by the HBV genome, wherein said
reduction is at least about 20% compared to contacting the HBV genome with a suitable control.
In some embodiments, the HBV genome is a covalently closed circular DNA (cccDNA) or an
HBYV integrated DNA. In some embodiments, the HBV genome comprises HBV genotype A,
HBYV genotype B, HBV genotype C, HBV genotype D, HBV genotype E, HBV genotype F,
HBYV genotype G or HBV genotype H In some embodiments, the HBV genome comprises a
sequence with at least 80% identity to an HBV genome provided herein. In some embodiments,
the epigenetic editing system further comprises a third fusion protein or a nucleic acid encoding
the third fusion protein, wherein the third fusion protein comprises a third DNA binding domain
and a second DNMT domain, wherein the third DNA binding domain binds a third target region
of the HBV genome. In some embodiments, the first target region, the second target region or the
third target region is located in a region of the HBV genome within nucleotide 0-303, 1000-2448
or 2802-3182 of an HBV genome provided herein In some embodiments, the first target region,
the second target region or the third target region of the HBV genome is located in a CpG island
In some embodiments, the first target region, the second target region or the third target region of
the HBV genome is located in a promotor In some embodiments, the first target region, the
second target region or the third target region of the HBV genome is located in a section of the
HBYV genome that encodes a transcript selected from the group consisting of a pgRNA, a preCore
mRNA, a preS mRNA, a S mRNA, and a X mRNA In some embodiments, the first DNA binding
domain, the second DNA binding domain or the third DNA binding domain comprises a
CRISPR-Cas protein. In some embodiments, the epigenetic editing system further comprises a

first gRNA that comprises a region complementary to a strand of the first target region, a second
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gRNA that comprises a region complementary to a strand of the second target region or a third
RNA that comprises a region complementary to a strand of the third target region. In some
embodiments, the first gRNA comprises a sequence selected from a gRNA sequence provided
herein, e.g., provided in Table 12 or 13, the second gRNA comprises a sequence selected from a
gRNA sequence provided herein, e.g., provided in Table 12 or 13, and/or the third gRNA
comprises a sequence selected from a gRNA sequence provided herein, e.g., provided in Table
12 or 13. In some embodiments, the first DNA binding domain, the second DNA binding domain
or the third DNA binding domain comprises a zinc-finger protein In some embodiments, the
zinc-finger protein comprises a zinc-finger motif with a sequence selected from a zinc finger
motif provided herein In some embodiments, the zinc-finger protein comprises a sequence of a
zinc finger motif provided in Table 1. In some embodiments, the transcriptional repressor domain
comprises ZIM3. In some embodiments, the first DNMT domain is a DNMT3A domain or a
DNMT3L domain. In some embodiments, the first DNMT domain comprises a sequence of a
DNMT provided herein. In some embodiments, the second DNMT domain is a DNMT3A
domain or a DNMT3L domain. In some embodiments, the second DNMT domain comprises a
sequence of a DNMT domain provided herein. In some embodiments, the first fusion protein
comprises a sequence of a fusion protein provided herein. In some embodiments, the second
fusion protein comprises a sequence of a fusion protein provided herein. In some embodiments,
the third fusion protein comprises a sequence of a fusion protein provided herein. In some
embodiments, the epigenetic editing system comprises a nucleic acid sequence provided in Table
18. In some embodiments, the reduction of the number of HBV viral episomes, of replication of
the HBV gene or genome, or of expression of a protein product encoded by the HBV gene or
genome is at least about 20% compared to the number of HBV viral episomes, of replication of
the HBV gene or genome, or of expression of a protein product encoded by the HBV gene or
genome measured or observed before contacting the HBV genome with the epigenetic editing
system, or before administering the epigenetic editing system to the subject. In some
embodiments, the reduction of the number of HBV viral episomes, of replication of the HBV
gene or genome, or of expression of a protein product encoded by the HBV gene or genome is at
least about 25%, at least about 50%, at least about 75%, at least about 80%, at least about 90%, at
least about 95%, at least about 99%, at least about 99.5%, at least about 99.8%, at least about
99.9%, at least about 99.95%, at least about 99.99%, or more than 99.99%, compared to the
number of HBV viral episomes, of replication of the HBV gene or genome, or of expression of a

protein product encoded by the HBV gene or genome measured or observed before contacting
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the HBV genome with the epigenetic editing system, or before administering the epigenetic
editing system to the subject.

[0014] Some aspects of the present disclosure provide a method of treating an HDV infection
in a subject comprising administering an epigenetic editing system to the subject, wherein the
epigenetic editing system comprises a first DNA binding domain, a first DNMT domain, and a
transcriptional repressor domain or one or more nucleic acid molecules encoding thereof,
wherein the first DNA binding domain binds a first target region of a HBV gene or genome, and
wherein the contacting results in a reduction of: number of HDV viral episomes, replication of
the HDV gene or genome, or expression of a protein product encoded by the HDV gene or
genome, wherein said reduction is at least about 20% compared to administering a suitable
control. Some aspects of the present disclosure provide a method of inhibiting viral replication in
a cell infected with an HDV comprising administering an epigenetic editing system, wherein the
epigenetic editing system comprises a first DNA binding domain, a first DNMT domain, and a
transcriptional repressor domain or one or more nucleic acid molecules encoding thereof,
wherein the first DNA binding domain binds a first target region of a HBV gene or genome, and
wherein the epigenetic editing system targets a target region of the HBV gene or genome, and
wherein the contacting results in a reduction of number of HDV viral episomes or replication of
the HDV gene or genome, wherein said reduction is at least about 20% compared to
administering a suitable control. In some embodiments, the first DNA binding domain comprises
a CRISPR-Cas protein. In some embodiments, the epigenetic editing system further comprises a
first guide RNA (gRNA) that comprises a region complementary to a strand of the first target
region. In some embodiments, the gRNA comprises a sequence selected from a gRNA provided
herein, e.g., in Table 12 and/or 13. In some embodiments, the first DNA binding domain
comprises a zinc-finger protein. In some embodiments, the zinc-finger protein comprises a zinc-
finger motif with a sequence selected from any zinc finger or zinc finger motif provided herein,
e.g., in Table 1 or Table 18. In some embodiments, the zinc-finger protein comprises a sequence
of any of the zinc finger epigenetic repressors provided herein. In some embodiments, the
transcriptional repressor domain comprises ZIM3. In some embodiments, the first DNMT
domain is a DNMT3A domain or a DNMT3L domain. In some embodiments, the first DNMT
domain comprises a sequence of a DNMT domain provided herein. In some embodiments, the
epigenetic editing system further comprises a second DNMT domain or a nucleic acid encoding
thereof. In some embodiments, the second DNMT domain is a DNMT3A domain or a DNMT3L

domain. In some embodiments, the second DNMT domain comprises a sequence of a DNMT
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domain provided herein. In some embodiments, the epigenetic editing system comprises a fusion
protein or a nucleic acid encoding thereof, and wherein the fusion protein comprises the first
DNA binding domain, the first DNMT domain, the repressor domain and the second DNMT
domain. In some embodiments, the fusion protein further comprises a nuclear localization
sequence (NLS). In some embodiments, the fusion protein comprises a sequence of a fusion
protein provided herein. In some embodiments, the first DNA binding domain binds a target
region of an HBV gene or genome encoding or controlling expression of an S-antigen. In some
embodiments, the epigenetic editing system comprises a nucleic acid sequence provided in Table
18. In some embodiments, the reduction of the number of HBV viral episomes, of replication of
the HBV gene or genome, or of expression of a protein product encoded by the HBV gene or
genome is at least about 20% compared to the number of HBV viral episomes, of replication of
the HBV gene or genome, or of expression of a protein product encoded by the HBV gene or
genome measured or observed before contacting the HBV genome with the epigenetic editing
system, or before administering the epigenetic editing system to the subject. In some
embodiments, the reduction of the number of HBV viral episomes, of replication of the HBV
gene or genome, or of expression of a protein product encoded by the HBV gene or genome is at
least about 25%, at least about 50%, at least about 75%, at least about 80%, at least about 90%, at
least about 95%, at least about 99%, at least about 99.5%, at least about 99.8%, at least about
99.9%, at least about 99.95%, at least about 99.99%, or more than 99.99%, compared to the
number of HBV viral episomes, of replication of the HBV gene or genome, or of expression of a
protein product encoded by the HBV gene or genome measured or observed before contacting
the HBV genome with the epigenetic editing system, or before administering the epigenetic
editing system to the subject.

[0015] Some aspects of this disclosure provide methods comprising administering an
epigenetic editing system to a subject characterized by the presence of detectable levels of HBV
DNA, HBsAg, and/or HBeAg in the plasma of the subject, for example, a subject having a
chronic HBV infection. In some such embodiments, the epigenetic editing system comprises a
first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or one
or more nucleic acid molecules encoding the same, wherein the first DNA binding domain binds
a first target region of an HBV gene or genome, and the administering results in a reduction of
the level of HBV DNA, the level of HBsAg, and/or the level of HBsAg in the plasma of the
subject, and the reduction of the level of HBV DNA, of the level of HBsAg, and/or of the level of
HBsAg in the plasma of the subject, is at least 90% (a 1-log reduction) compared to the
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respective level observed or observable in the plasma of the subject prior to the administering,
and the 1-log reduction is maintained for at least 14 days after the administering. In some
embodiments, the reduction of the level of HBV DNA in the plasma of the subject is at least 90%
(a 1-log reduction). In some embodiments, the reduction of the level of HBV DNA in the plasma
of the subject is at least 99% (a 2-log reduction). In some embodiments, the reduction of the level
of HBsAg in the plasma of the subject is at least 90% (a 1-log reduction). In some embodiments,
the reduction of the level of HBsAg in the plasma of the subject is at least 99% (a 2-log
reduction). In some embodiments, the reduction of the level of HBeAg in the plasma of the
subject is at least 90% (a 1-log reduction). In some embodiments, the reduction of the level of
HBeAg in the plasma of the subject is at least 99% (a 2-log reduction). In some embodiments,
the reduction is maintained for at least 21 days. In some embodiments, the reduction is
maintained for at least 28 days. In some embodiments, the reduction is maintained for at least 35
days. In some embodiments, the reduction is maintained for at least 42 days. In some
embodiments, the reduction is maintained for at least 56 days. In some embodiments, the
reduction is maintained for at least 70 days. In some embodiments, the reduction is maintained
for at least 84 days. In some embodiments, the reduction is maintained for at least 112 days. In
some embodiments, the reduction is maintained for at least 140 days. In some embodiments, the
reduction is maintained for at least 168 days. In some embodiments, the reduction is maintained
for at least 6 months. In some embodiments, the reduction is maintained for at least 9 months. In
some embodiments, the reduction is maintained for at least 12 months. In some embodiments, the
reduction is maintained for at least 24 months. In some embodiments, the HBV genome
comprises HBV genotype A. In some embodiments, the HBV genome comprises HBV genotype
B. In some embodiments, the HBV genome comprises HBV genotype C. In some embodiments,
the HBV genome comprises, HBV genotype D. In some embodiments, the HBV genome
comprises HBV genotype E. In some embodiments, the HBV genome comprises HBV genotype
F. In some embodiments, the HBV genome comprises HBV genotype G. In some embodiments,
the HBV genome comprises HBV genotype H. In some embodiments, the HBV genome
comprises a sequence with at least 80%, at least 90%, at least 95%, at least 99%, or greater than
99% sequence identity to an HBV genome sequence provided herein. In some embodiments, the
first target region is located in a region of the HBV genome within nucleotides 0-303 of an HBV
genome provided herein. In some embodiments, the first target region is located within
nucleotides 0-303 of SEQ ID NO: 1082. In some embodiments, the first target region is located
within nucleotides 0-303 of SEQ ID NO: 1083. In some embodiments, the first target region is

-12-



WO 2024/238700 PCT/US2024/029529

located in a region of the HBV genome within nucleotides 1000-2448 of an HBV genome
provided herein. In some embodiments, the first target region is located within nucleotides 1000-
2448 of SEQ ID NO: 1082. In some embodiments, the first target region is located within
nucleotides 1000-2448 of SEQ ID NO: 1083. In some embodiments, the first target region is
located in a region of the HBV genome within nucleotides 2802-3182 of an HBV genome
provided herein. In some embodiments, the first target region is located within nucleotides 2802-
3182 of SEQ ID NO: 1082. In some embodiments, the first target region is located within
nucleotides 2802-3182 of SEQ ID NO: 1083. In some embodiments, the first target region of the
HBYV genome is located in an HBV CpG island (CGI). In some embodiments, the CGI is an HBV
canonical CGI. In some embodiments, the CGI is canonical CGI-I. In some embodiments, CGI
is canonical CGI-I of HBV genotype D. In some embodiments, CGI-I spans nucleotides 186-288
of SEQ ID NO: 1082In some embodiments, CGI-I spans nucleotides 186-288 of SEQ ID NO:
1083In some embodiments, the CGI is canonical CGI-II. In some embodiments, the CGI is
canonical CGI-II HBV genotype D. In some embodiments, the CGI is CGI II spans nucleotides
1,217-1,670 of SEQ ID NO: 1082. In some embodiments, the CGI is CGI II spans nucleotides
1,217-1,670 of SEQ ID NO: 1083. In some embodiments, the CGI is canonical CGI-III. In some
embodiments, the CGI is canonical CGI-III HBV genotype D. In some embodiments, the CGI is
CGI-II spans nucleotides 2,282-2,448 of SEQ ID NO: 1082. In some embodiments, the CGI is
CGI-II spans nucleotides 2,282-2,448 of SEQ ID NO: 1083. In some embodiments, the first
target region of the HBV genome is located in a promotor. In some embodiments, the first target
region of the HBV genome is located in the sp1 promoter. In some embodiments, the first target
region of the HBV genome is located in sp2 promoter. In some embodiments, the first target
region of the HBV genome is located in cp promoter. In some embodiments, the first target
region of the HBV genome is located in xp promoter. In some embodiments, the first target
region of the HBV genome is located in an enhancer region. In some embodiments, the first
target region of the HBV genome is located in Enh I. In some embodiments, the first target
region of the HBV genome is located in Enh II. In some embodiments, the first target region of
the HBV genome is located in a section of the HBV genome that encodes a transcript. In some
embodiments, the first target region of the HBV genome is located in a section of the HBV
genome that encodes a pgRNA transcript. In some embodiments, the first target region of the
HBYV genome is located in a section of the HBV genome that encodes a preCore RNA transcript.
In some embodiments, the first target region of the HBV genome is located in a section of the

HBYV genome that encodes a preS RNA transcript. In some embodiments, the first target region
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of the HBV genome is located in a section of the HBV genome that encodes an S RNA
transcript. In some embodiments, the first target region of the HBV genome is located in a
section of the HBV genome that encodes an HBx RNA transcript. In some embodiments, the first
target region of the HBV genome is within 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100
base pairs (bp) of an HBV transcription start site (TSS). In some embodiments, the TSS is a pg
RNA TSS. In some embodiments, the first target region is within 600, within 500, within 400,
within 300, within 200, or within 100 base pairs of the pg RNA TSS. In some embodiments, the
pg RNA TSS is located at nucleotide 1820 of SEQ ID NO: 1082 or at nucleotide 1820 of SEQ ID
NO: 1083. In some embodiments, the first target region is within 600 base pairs of nucleotide
1820 in SEQ ID NO: 1082. In some embodiments, the first target region is within 600 base pairs
of nucleotide 1820 in SEQ ID NO: 1083. In some embodiments, the first target region is within
500 base pairs of nucleotide 1820 in SEQ ID NO: 1082. In some embodiments, the first target
region is within 500 base pairs of nucleotide 1820 in SEQ ID NO: 1083. In some embodiments,
the first target region is within 400 base pairs of nucleotide 1820 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 400 base pairs of nucleotide 1820 in SEQ ID NO:
1083. In some embodiments, the first target region is within 300 base pairs of nucleotide 1820 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 300 base pairs of
nucleotide 1820 in SEQ ID NO: 1083. In some embodiments, the first target region is within 200
base pairs of nucleotide 1820 in SEQ ID NO: 1082. In some embodiments, the first target region
is within 200 base pairs of nucleotide 1820 in SEQ ID NO: 1083. In some embodiments, the first
target region is within 100 base pairs of nucleotide 1820 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 100 base pairs of nucleotide 1820 in SEQ ID NO:
1083. In some embodiments, the TSS is a preC RNA TSS. In some embodiments, the first target
region is within 600, within 500, within 400, within 300, within 200, or within 100 base pairs of
the preC RNA TSS. In some embodiments, the preC RNA TSS is located at nucleotide 1791 of
SEQ ID NO: 1082 or at nucleotide 1791 of SEQ ID NO: 1083. In some embodiments, the first
target region is within 600 base pairs of nucleotide 1791 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 600 base pairs of nucleotide 1791 in SEQ ID NO:
1083. In some embodiments, the first target region is within 500 base pairs of nucleotide 1791 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 500 base pairs of
nucleotide 1791 in SEQ ID NO: 1083. In some embodiments, the first target region is within 400
base pairs of nucleotide 1791 in SEQ ID NO: 1082. In some embodiments, the first target region
is within 400 base pairs of nucleotide 1791 in SEQ ID NO: 1083. In some embodiments, the first
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target region is within 300 base pairs of nucleotide 1791 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 300 base pairs of nucleotide 1791 in SEQ ID NO:
1083. In some embodiments, the first target region is within 200 base pairs of nucleotide 1791 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 200 base pairs of
nucleotide 1791 in SEQ ID NO: 1083. In some embodiments, the first target region is within 100
base pairs of nucleotide 1791 in SEQ ID NO: 1082. In some embodiments, the first target region
is within 100 base pairs of nucleotide 1791 in SEQ ID NO: 1083. In some embodiments, the TSS
is a preS2 RNA TSS. In some embodiments, the first target region is within 600, within 500,
within 400, within 300, within 200, or within 100 base pairs of the preS2 RNA TSS. In some
embodiments, the preS2 RNA TSS is located at nucleotide 3159 of SEQ ID NO: 1082 or at
nucleotide 3159 of SEQ ID NO: 1083. In some embodiments, the first target region is within 600
base pairs of nucleotide 3159 in SEQ ID NO: 1082. In some embodiments, the first target region
is within 600 base pairs of nucleotide 3159 in SEQ ID NO: 1083. In some embodiments, the first
target region is within 500 base pairs of nucleotide 3159 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 500 base pairs of nucleotide 3159 in SEQ ID NO:
1083. In some embodiments, the first target region is within 400 base pairs of nucleotide 3159 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 400 base pairs of
nucleotide 3159 in SEQ ID NO: 1083. In some embodiments, the first target region is within 300
base pairs of nucleotide 3159 in SEQ ID NO: 1082. In some embodiments, the first target region
is within 300 base pairs of nucleotide 3159 in SEQ ID NO: 1083. In some embodiments, the first
target region is within 200 base pairs of nucleotide 3159 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 200 base pairs of nucleotide 3159 in SEQ ID NO:
1083. In some embodiments, the first target region is within 100 base pairs of nucleotide 3159 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 100 base pairs of
nucleotide 3159 in SEQ ID NO: 1083. In some embodiments, the TSS is an HBx RNA TSSs. In
some embodiments, the first target region is within 600, within 500, within 400, within 300,
within 200, or within 100 base pairs of the HBx RNA TSS. In some embodiments, the HBx RNA
TSS is located at a nucleotide within the sequence of nucleotides 1243-1338 of SEQ ID NO:
1082 or nucleotides 1243-1338 of SEQ ID NO: 1083. In some embodiments, the first target
region is within 600 base pairs of nucleotide 1243 in SEQ ID NO: 1082. In some embodiments,
the first target region is within 600 base pairs of nucleotide 1243 in SEQ ID NO: 1083. In some
embodiments, the first target region is within 500 base pairs of nucleotide 1243 in SEQ ID NO:

1082. In some embodiments, the first target region is within 500 base pairs of nucleotide 1243 in
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SEQ ID NO: 1083. In some embodiments, the first target region is within 400 base pairs of
nucleotide 1243 in SEQ ID NO: 1082. In some embodiments, the first target region is within 400
base pairs of nucleotide 1243 in SEQ ID NO: 1083. In some embodiments, the first target region
is within 300 base pairs of nucleotide 1243 in SEQ ID NO: 1082. In some embodiments, the first
target region is within 300 base pairs of nucleotide 1243 in SEQ ID NO: 1083. In some
embodiments, the first target region is within 200 base pairs of nucleotide 1243 in SEQ ID NO:
1082. In some embodiments, the first target region is within 200 base pairs of nucleotide 1243 in
SEQ ID NO: 1083. In some embodiments, the first target region is within 100 base pairs of
nucleotide 1243 in SEQ ID NO: 1082. In some embodiments, the first target region is within 100
base pairs of nucleotide 1243 in SEQ ID NO: 1083. In some embodiments, the first target region
is within 600 base pairs of nucleotide 1338 in SEQ ID NO: 1083. In some embodiments, the first
target region is within 500 base pairs of nucleotide 1338 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 500 base pairs of nucleotide 1338 in SEQ ID NO:
1083. In some embodiments, first target region is within 400 base pairs of nucleotide 1338 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 400 base pairs of
nucleotide 1338 in SEQ ID NO: 1083. In some embodiments, the first target region is within 300
base pairs of nucleotide 1338 in SEQ ID NO: 1082. In some embodiments, the first target region
is within 300 base pairs of nucleotide 1338 in SEQ ID NO: 1083. In some embodiments, the first
target region is within 200 base pairs of nucleotide 1338 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 200 base pairs of nucleotide 1338 in SEQ ID NO:
1083. In some embodiments, the first target region is within 100 base pairs of nucleotide 1338 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 100 base pairs of
nucleotide 1338 in SEQ ID NO: 1083. In some embodiments, the reduction is a reduction in the
number of HBV viral episomes. In some embodiments, the reduction is a reduction in the number
of cccDNA genomes. In some embodiments, the reduction is a reduction in total HBYV DNA. In
some embodiments, the reduction is a reduction in the replication of the HBV genome. In some
embodiments, the reduction is a reduction in a level of expression of a protein product encoded
by the HBV genome. In some embodiments, the reduction is a reduction in a level of HBsAg. In
some embodiments, the reduction is a reduction in a level of HBeAg. In some embodiments, the
reduction is a reduction of total HBV DNA of at least 70%, at least 80%, at least 90%, at least
95%, at least 99%, or at least 99.9%, and the reduction is maintained for at least 14 days after the
contacting or the administering. In some embodiments, the reduction is a reduction of HBeAg of

at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or at least 99.9%, and the
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reduction is maintained for at least 14 days after the contacting or the administering. In some
embodiments, the reduction is a reduction of HBsAg of at least 70%, at least 80%, at least 90%,
at least 95%, at least 99%, or at least 99.9%, and the reduction is maintained at or below that
level for at least 14 days after the contacting or the administering. In some embodiments, the
reduction is a reduction of at least 90%. In some embodiments, the reduction is a reduction of at
least 95%. In some embodiments, the reduction is a reduction of at least 99%. In some
embodiments, the reduction is a reduction of at least 99.9%. In some embodiments, the reduction
is maintained for at least 14 days after the contacting or the administering. In some embodiments,
the reduction is maintained for at least 21 days. In some embodiments, the reduction is
maintained for at least 28 days. In some embodiments, the reduction is maintained for at least 35
days. In some embodiments, the reduction is maintained for at least 42 days. In some
embodiments, the reduction is maintained for at least 56 days. In some embodiments, the
reduction is maintained for at least 70 days. In some embodiments, the reduction is maintained
for at least 84 days. In some embodiments, the reduction is maintained for at least 112 days. In
some embodiments, the reduction is maintained for at least 140 days. In some embodiments, the
reduction is maintained for at least 168 days. In some embodiments, the reduction is maintained
for at least 6 months. In some embodiments, the reduction is maintained for at least 7 months. In
some embodiments, the reduction is maintained for at least 8 months. In some embodiments, the
reduction is maintained for at least 9 months. In some embodiments, the reduction is maintained
for at least 12 months. In some embodiments, the reduction is maintained for at least 18 months.
In some embodiments, the reduction is maintained for at least 24 months. In some embodiments,
the epigenetic editing system is administered as a monotherapy. Accordingly, in some
embodiments, the method does not comprise administering a nucleoside or nucleotide analog
(NUC) to the subject. In some embodiments, the method further comprises administering a NUC
to the subject. In some embodiments, the first DNA binding domain comprises a CRISPR-Cas
protein. In some embodiments, the epigenetic editing system further comprises a first guide RNA
(gRNA) that comprises a region complementary to a strand of the first target region. In some
embodiments, the gRNA comprises a sequence selected from a gRNA provided herein, and
preferably the gRNA comprises a sequence provided in Table 12 or 13. In some embodiments,
the first DNA binding domain comprises a zinc-finger protein. In some embodiments, the zinc-
finger protein comprises a zinc-finger motif with a sequence selected from any zinc finger or zinc
finger motif provided herein, e.g., in Table 1 or Table 18. In some embodiments, the zinc-finger

protein comprises a sequence of any of the zinc finger epigenetic repressors provided herein. In
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some embodiments, the transcriptional repressor domain comprises ZIM3. In some
embodiments, the first DNMT domain is a DNMT3A domain or a DNMT3L domain. In some
embodiments, the first DNMT domain comprises a sequence of a DNMT domain provided
herein. In some embodiments, the epigenetic editing system comprises the fusion protein
provided in SEQ ID NO: 1248 or the fusion protein provided in SEQ ID NO: 1252 and at least
one guide RNA provided as gRNA #003, gRNA #007, gRNA #008, gRNA #009, gRNA #011, or
gRNA #015 herein. Some aspects of this disclosure provide epigenetic editing systems for use in
the methods described herein. In some embodiments, the epigenetic editing system comprises a
fusion protein or a nucleic acid encoding the fusion protein, and the fusion protein comprises: (a)
a DNA-binding domain that binds a target region of a HBV gene or genome, (b) a first DNA
methyltransferase (DNMT) domain, and (c¢) a transcriptional repressor domain. In some
embodiments, the fusion protein comprises a sequence of a fusion protein provided herein. In
some embodiments, the DNA-binding domain is a CRISPR-Cas DNA binding domain, and the
epigenetic editing system comprises at least gRNA provided herein. In some embodiments, the
epigenetic editing system comprises the fusion protein provided in SEQ ID NO: 1248 or the
fusion protein provided in SEQ ID NO: 1252 and at least one guide RNA provided as gRNA
#003, gRNA #007, gRNA #008, gRNA #009, gRNA #011, or gRNA #015 herein.

[0016] Other features, objectives, and advantages of the invention are apparent in the detailed
description that follows. It should be understood, however, that the detailed description, while
indicating embodiments and embodiments of the invention, is given by way of illustration only,
not limitation. Various changes and modifications within the scope of the invention will become

apparent to those skilled in the art from the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Figure 1 is a diagram illustrating an exemplary structure of a circular HBV genome.
HBYV genes and CpG islands are indicated. Exemplary target sites for CRISPR-based epigenetic
repressors (red arrows) as well as for zinc-finger-based epigenetic repressors (green arrows) are
identified.
[0018] Figure 2 is a heat map showing conservation of guide RNA target domains across
different HBV genotypes.
[0019] Figure 3 is a bar graph illustrating the geographical distribution of different HBV
genotypes.
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[0020] Figure 4A is a diagram describing the experimental timeline for testing different
CRISPR-based epigenetic repressors in HepAD38 cells, which express HPV in a doxycycline-
inducible manner. Figure 4B is a diagram showing the repression of HBV by various CRISPR-
based epigenetic repressors (#1.1-3.2). Controls: UT: untransfected control; GFP: transfection
control without repressor, HBV-KO: CRISPR nuclease mediated knockout; sgRNA scramble:
CRISPR-based repressor with sgRNA not targeting HBV; B2M: CRISPR-based repressor with
sgRNA targeting B2M.

[0021] Figure 5A is a diagram describing the experimental timeline for testing different
CRISPR-based epigenetic repressors in a HepG2-NTCP infection model (see, e.g., Methods Mol
Biol. 2017;1540:1-14). Figure 5B is a diagram showing the expression of HBe antigen (via
ELISA) at different times after treatment of HBV-infected Hep2G-NTCT cells with different
doses of CRISPR-based epigenetic repressors (ETRs), or with different doses of Cas9 nuclease
targeting HBV (Cas9), plotted normalized to the expression value of HBe antigen measured for a
negative control (empty).

[0022] Figure 6 is a diagram describing the experimental timeline for a guide RNA screen
testing different CRISPR-based epigenetic repressor systems in a HepG2-NTCP infection model
with ELISA readout for HBe and HBs antigens at day 6.

[0023] Figure 7 is a diagram showing QC results from different LNP batches used in the
guide screen.

[0024] Figure 8 is a bar graph showing the expression of HBe and HBs for an exemplary
CRISPR-based epigenetic repressor (#3.2), calculated as the percentage of the expression of the
respective antigen measured for a non-targeting control.

[0025] Figure 9 is a diagram showing HBe expression values measured in the guide RNA
screen for different guides (calculated as a percentage of the expression of HBe measured for a
non-targeting control). Each guide/repressor combination is represented by a dot. A 50%
repression cutoff is shown as a horizontal line. The position of the respective guide RNA within
the HBV genome (shown at the bottom of the graph) is mapped on the X-axis. The position and
the measured modulation of HBe expression for exemplary guide RNA #3.2 is indicated by red
lines.

[0026] Figure 10 is a diagram showing HBs expression values measured in the guide RNA
screen for different guides (calculated as a percentage of the expression of HBs measured for a
non-targeting control). Each guide/repressor combination is represented by a dot. A 50%

repression cutoff is shown as a horizontal line. The position of the respective guide RNA within
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the HBV genome (shown at the bottom of the graph) is mapped on the X-axis. The position and
the measured modulation of HBs expression for exemplary guide RNA #3.2 is indicated by red
lines.

[0027] Figure 11 is a diagram showing a correlation between HBs and HBe expression for
the guides tested. The graph on the right shows HBe and HBs repression efficiencies for 25
exemplary guides.

[0028] Figure 12A is a diagram describing the experimental timeline for a guide RNA assay
testing CRISPR-off single construct epigenetic editor in combination with individual exemplary
gRNAs in a HepG2-NTCP infection model with ELISA readout for HBe and HBs antigens at
day 6; and Figure 12B is a graph summarizing the percentage reduction in HBV antigens at day
6 relative to non-targeting control.

[0029] Figure 13A is a diagram describing the experimental timeline for a guide RNA assay
testing CRISPR-off single construct epigenetic editor in combination with individual exemplary
gRNAs in a PLC/PRF/5 cell model with ELISA readout for HBs antigen at day 4; and Figure
13B is a graph summarizing the percentage reduction in HBs antigen at day 4 relative to non-
targeting control.

[0030] Figure 14A is a diagram describing the experimental timeline for a guide RNA assay
testing CRISPR-off single construct epigenetic editor in combination with individual exemplary
gRNAs in a PXB cell model with ELISA readout for HBe and HBs antigens at day 6; and Figure
14B is a graph summarizing the percentage reduction in HBV antigens at day 6 relative to non-
targeting control. Figure 14C is a diagram describing the experimental timeline for a guide
RNA assay testing CRISPR-off single construct epigenetic editor in combination with individual
exemplary gRNAs in a PXB cell model with ELISA readout for HBe and HBs antigens at day
12. Figure 14D is a graph summarizing the percentage reduction in HBV antigens at day 12
relative to non-targeting control. Bars represent mean+SEM; N=5. EE1=PLA002 and
gRNA#007, EE2=PLA002 and gRNA#008, EE3=PLA002 and gRNA#009, EE4=PL A002 and
gRNA#015, and EES=PLA002 and gRNA#011.

[0031] Figure 15 is a diagram describing the design for in vivo experiments testing CRISPR-
off single construct epigenetic editor in combination with individual exemplary gRNAs in AAV-
HBYV mouse HBV genotype D persistent infection model, and transgenic HBV genotype A
mouse persistent infection model, respectively.

[0032] Figure 16 shows time course graphs summarizing the level of serum HBV DNA, HBs

and HBe antigens in transgenic mouse HBV model before and after single administration of an
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epigenetic editor (CRISPR-off with gRNA or ETR with gRNA), Cas9 with gRNA, or control
vehicle at day 0.

[0033] Figure 17 shows time course graphs summarizing the level of serum HBV DNA, HBs
and HBe antigens in AAV-HBV mouse model before and after single administration of an
epigenetic editor (CRISPR-off with gRNA or ETR with gRNA), Cas9 with gRNA, or control
vehicle at day 0.

[0034] Figure 18A shows time course graphs summarizing the level of serum HBV DNA,
HBs and HBe antigens in transgenic mouse HBV model, and a schematic of the timeline for the
experiment. All mice received a single administration of an epigenetic editor (CRISPR-off with
gRNA or ETR with gRNA), Cas9 with gRNA, or control vehicle at day 0, and some mice
received a designated redosing at day 35. Figure 18B shows results for the single-administration
(no redosing) groups and controls to 168 days duration for HBY DNA and HBsAg. The lefthand
panels shows the group data at each timepoint, whereas the righthand panels show the readouts
for individual animals at two timepoints. EE=epigenetic editor (CRISPR-off with gRNA#011).
[0035] Figure 19 shows time course graphs summarizing the level of serum HBV DNA, HBs
and HBe antigens in AAV-HBYV mouse model, and a schematic of the timeline for the
experiment. All mice received a single administration of an epigenetic editor (CRISPR-off with
gRNA or ETR with gRNA), Cas9 with gRNA, or control vehicle at day 0, and some mice
received a designated redosing at day 35.

[0036] Figure 20A is a diagram describing the experimental timeline for a zinc finger assay
testing ZF-off single construct epigenetic editor that contains individual exemplary zinc finger
motif in a HepG2-NTCP infection model with ELISA readout for HBe and HBs antigens at day
6; and Figure 20B is a graph summarizing the percentage reduction in HBV antigens at day 6
relative to non-targeting control. "N" denotes non-targeting control, "P" denotes the positive
control, and the individual numbers on the x-axis denote exemplary constructs tested in the
experiment, for instance, "1" represents "mRNA0001" construct, and "20" represents
"mRNA0020" construct.

[0037] Figure 21A is a graph summarizing the results of top ten ZF-off constructs from
Figure 20B. Figure 21B is a diagram showing HBsAg (top) and HBeAg (middle) expression
values measured in the ZF-off screen (calculated as a percentage of the expression of HBsAg or
HBeAg--top and middle, respectively--measured for a non-targeting control). Each ZF-off

construct is represented by a dot. 50% and 60% repression cutoffs are shown as horizontal lines.

21-



WO 2024/238700 PCT/US2024/029529

The position of the respective guide RNA within the HBV genome (bottom) is mapped on the X-
axis.

[0038] Figure 22 is an experimental timeline for testing dose response (top) and two graphs
showing dose response of % HbsAg (bottom left) and % HbeAg (bottom right) in HepG2-NTCP
cells upon administration of ZF fusion proteins. The mRNA corresponding to the ZF motif for
each fusion protein is indicated.

[0039] Figures 23A-23C show an experimental timeline for testing durable silencing of
HBsAg (Figure 23A), a graph showing the durability of HBsAg silencing by ZF fusion proteins
(Figure 23B), and a graph showing the durability of HBsAg silencing by CRISPR-off fusion
proteins with guide RNAs (Figure 23C) in an integrated cell line. The mRNA corresponding to
the ZF motif for each fusion protein is indicated. Error bars represent mean +/-SEM; in Figure
23C, N=3, EE1=PLA002 and gRNA#007, EE2=PL.A002 and gRNA#008, EE3=PLA002 and
gRNA#009, EE4=PLA002 and gRNA#015, and EE5=PLA002 and gRNA#011).

[0040] Figure 24 is an experimental timeline for testing HBsAg silencing in a PLC/PRF/S in
vitro model (top) and a graph showing % HBsAg relative to control on Day 14 after
administration of ZF fusion proteins. The mRNA corresponding to the ZF motif for each fusion
protein is indicated. Information about the % match to target for each construct is also indicated.
[0041] Figure 25A is a volcano plot showing differentially expressed (DE) genes for an
exemplary ZF specificity assay. DE genes are shown with dots. Figure 25B is a volcano plot
showing DE for CRISPR-off and gRNA epigenetic editors. Points represent genes with their
change in expression (x-axis) and statistical significance of that change (y-axis). EE1=PLA002
and gRNA#007, EE2=PLA002 and gRNA#008, EE3=PLA002 and gRNA#009, EE4=PLA002
and gRNA#015, and EE5=PLA002 and gRNA#011. Also shown are results for low specificity
and host target gene controls. Figures 25C-25D are scatter plots showing methylation levels
between treatment (y-axis) and control (x-axis) for 935,000 CpG sites in the human genome.
Lines represent thresholds for changes in methylation considered significant (absolute
[methylation difference]>= 0.2). DMRs are noted on each figure. Results for a host target
(PCSKO9, next-to-final panel) as well as a low specificity control (final panel) are also shown.
Figure 25C shows the results versus effector only; Figure 25D shows the results versus no
treatment. EE1= PLA002 and gRNA#007, EE2=PL.A002 and gRNA#008, EE3=PL.A002 and
gRNA#009, EE4=PLA002 and gRNA#015, EE5=PLA002 and gRNA#011, EE6=PLA002 and
gRNA#003, and EE7=PLA002 and gRNA#016.

[0042] Figure 26 is a schematic of an in vivo experiment testing ZF-off constructs.
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[0043] Figure 27 shows graphs showing log fold change, relative to baseline, for HBY DNA
(left), HBsAg (middle), and HBeAg (right) in plasma of mice treated with the plasmids indicated
in the experiment shown in Figure 26.

[0044] Figure 28 is an experimental schematic for an in vivo study of multiplexing ZF fusion
protein effectors.

[0045] Figure 29 is a schematic for a dose response experiment using CRISPR-Off in an
AAV-HBYV in vivo model.

[0046] Figure 30 is a line graph of plasma HBsAg levels for a dose response experiment
using CRISPR-Off in an AAV-HBYV in vivo model.

[0047] Figure 31 is a schematic for a dose response experiment using CRISPR-Off'in a Tg-
HBYV in vivo model.

[0048] Figure 32 shows line graphs of plasma HBYV DNA, HBsAg, and HBeAg levels for a
dose response experiment using CRISPR-Off in a Tg-HBV in vivo model.

[0049] Figure 33 is a dot plot of HBsAg levels of individual mice at the 207 day time point
of a dose response experiment using CRISPR-Off in a Tg-HBV in vivo model.

[0050] Figure 34 shows line graphs of HBV-DNA and HBsAg in plasma in AAV mice
treated with CRISPR-Off mRNA with various single guide RNAs. n=5 for each guide RNA
treatment group; n=4 for vehicle-only control.

[0051] Figure 35A shows line graphs of HBV-DNA and HBsAg in plasma in AAV mice
treated with a single dose of ZF-Off mRNA.

[0052] Figure 35B shows line graphs of HBV-DNA and HBsAg in plasma in AAV mice
treated with multiple doses of ZF-Off mRNA.

[0053] Figure 36 shows line graphs of HBV-DNA, HBsAg, and HBeAg in plasma in AAV
mice treated with single versus multiple doses of 1 mg/kg CRISPR-Off mRNA with guide RNA.
[0054] Figure 37 shows line graphs of HBV-DNA and HBsAg in plasma in AAV mice
treated with a single bolus dose of 3 mg/kg versus three doses of 1 mg/kg CRISPR-Off mRNA
with guide RNA.

[0055] Figure 38 shows line graphs of HBsAg in plasma in response to treatment with two
different CRISPR-OAT effectors (left, SEQ ID NO: 1248; right, SEQ ID NO: 1252) delivered via
mRNA in combination with the same guide RNA.

[0056] Figures 39A-39G show methylation of the HBV genome upon treatment with
CRISPR-Off with various single guide RNAs versus wild type Cas9, CRISPRi, and non-
targeting controls. The box in Figure 39A represents the region 500 bp both upstream and
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downstream of the target site. The arrows indicate the position of the target sequence for the
guide RNA used in the depicted experiment.

[0057] Figure 40 shows volcano plots of RNA-Seq (top) and methylation (bottom)
experiments at Day 14 after treatement in HepG2.2.15 cells treated with ZF-Off (left, SEQ ID
NO: 36; center, SEQ ID NO: 73) and CRISPR-OfY (right, SEQ ID NO: 1248) constructs
(delivered as mRNA) targeting HBV. DE, differentially expressed. DMR: differentially
methylated region.

[0058] Figure 41 shows HBsAg levels over 14 days for the cells treated for the RNA-Seq
and methylation plots in Figure 40.

[0059] Figure 42 shows a schematic (top) and dose curves (bottom) for CRISPR-Off dose
curve experiments in HepG2.2.15 cells using various single guide RNAs and measuring
HBsAg and HBeAg.

[0060] Figure 43 shows dose curves for a CRISPR-Off variant, delivered with guide RNA,
in HepG2.2.15 cells measuring HBsAg and HBeAg.

DETAILED DESCRIPTION OF THE INVENTION
[0061] The present disclosure provides epigenetic editors, and strategies and methods of
using such epigenetic editors, for regulating expression of HBV. By altering expression of HBV,
and in particular, by repressing expression of HBV, e.g., of a gene comprised in the HBV
genome or a gene product encoded by the HBV genome, the compositions and methods
described herein are useful to suppress viral function in infected cells, e.g., in the context of
treating an HBV infection in a human subject, or in the context of treating CHB.
[0062] The structure and biology of HBV as well as HBV-associated diseases have been
reported (see, for example, Yuen, MF., Chen, DS., Dusheiko, G. et al. Hepatitis B virus
infection. Nat Rev Dis Primers 4, 18035 (2018), incorporated herein by reference in its entirety).
[0063] Exemplary HBV sequences can be found at various NCBI database entries, e.g.,
representative sequences can be found under accession numbers NC 00397 and U95551, which
are incorporated herein by reference in their entirety, and the sequences of which are provided
elsewhere herein.
[0064] A number of treatment options for HBV has been reported, but there remains a need
for effective treatment of HBV infections. Genetic editing approaches targeting HBV genomes
for cutting of genomic DNA are associated with a risk of off-target cutting and genomic

translocations. The present epigenetic editors and related methods of use have several

24-



WO 2024/238700 PCT/US2024/029529

advantages compared to other genome engineering methods, including increased efficiency,
decreased risk of translocation, and durable silencing of HBV.

[0065] The present disclosure also provides methods for treating Hepatitis D virus (HDV).
HDV is the smallest pathogen known to infect humans. HDV infection is only found in patients
infected with HBV, as HDV relies on HBV functions for most of its functions, including viral
packaging, infectivity, transmission, and inhibition of host immunity. About 5% of patients with
HBY infection also have an HDV infection. HDV uses HBV S-antigen (HBsAg) as a capsid
protein, and HDV infection is therefore dependent on HBV S-antigen production. Decreasing
HBYV S-antigen expression also reduces HDV infectivity. The structure and biology of HDV has
been reported (see, for example, Asselah and Rizzetto, Hepatitis D Virus Infection, The New
England Journal of Medicine (389;1; July 6, 2023), incorporated herein by reference in its
entirety). In some embodiments of the present disclosure, HDV infection is addressed through
methods targeting an HBV gene or genome that reduce the level of HBsAg.

[0066] In some embodiments, an epigenetic editor as described herein may comprise one or
more fusion proteins, wherein each fusion protein comprises a DNA-binding domain linked to
one or more effector domains for epigenetic modification. In certain embodiments, where the
DNA-binding domain is a polynucleotide guided DNA-binding domain, the epigenetic editor
may further comprise one or more guide polynucleotides. DNA-binding domains, effector
domains, and guide polynucleotides of an epigenetic editor as described herein may be selected,
e.g., from those described below, in any functional combination.

[0067] The epigenetic editors described herein may be expressed in a host cell transiently, or
may be integrated in a genome of the host cell; such cells and their progeny are also
contemplated by the present disclosure. Both transiently expressed and integrated epigenetic
editors or components thereof can effect stable epigenetic modifications. For example, after
introducing to a host cell an epigenetic editor described herein, the target gene in the host cell
may be stably or permanently repressed or silenced. For example, in some embodiments
provided herein, a transiently expressed epigenetic editor comprising a DNMT3A domain, a
DNMT3L domain, and a KRAB domain effects stable epigenetic modifications. For example, in
some embodiments provided herein, a constitutively expressed epigenetic editor comprising
DNMT3A and a DNMT3L domain effects stable epigenetic modifications. In some
embodiments, expression of the target gene is reduced or silenced for at least 1 week, at least 2
weeks, at least 3 weeks, at least 4 weeks, at least 5 weeks, at least 6 weeks, at least 7 weeks, at

least 2 months, at least 3 months, at least 4 months, at least 5 months, at least 6 months, at least 1
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year, at least 2 years, or for the entire lifetime of the cell or the subject carrying the cell, as
compared to the level of expression in the absence of the epigenetic editor. The epigenetic
modification may be inherited by the progeny of the host cells into which the epigenetic editor
was introduced. In some embodiments, the host cell is a liver cell characterized by the presence
of an HBV genome in the cell.

[0068] The present epigenetic editors may be introduced to a patient in need thereof (e.g., a
human patient), e.g., into the patient’s hepatocytes, biliary epithelial cells (cholangiocytes),

stellate cells, Kupffer cells, and liver sinusoidal endothelial cells.

I. DNA-Binding Domains

[0069] An epigenetic editor described herein may comprise one or more DNA-binding
domains that direct the effector domain(s) of the epigenetic editor to target sequences within an
HBYV genome. A DNA-binding domain as described herein may be, e.g., a polynucleotide
guided DNA-binding domain, a zinc finger protein (ZFP) domain, a transcription activator like
effector (TALE) domain, a meganuclease DNA-binding domain, and the like. Examples of
DNA-binding domains can be found in U.S. Patent 11,162,114, which is incorporated by refence
herein in its entirety.

[0070] In some embodiments, a DNA-binding domain described herein is encoded by its
native coding sequence. In other embodiments, the DNA-binding domain is encoded by a

nucleotide sequence that has been codon-optimized for optimal expression in human cells.

A. Polynucleotide Guided DNA-Binding Domains
[0071] In some embodiments, a DNA-binding domain herein may be a protein domain
directed by a guide nucleic acid sequence (e.g., a guide RNA sequence) to a target site in an
HBYV genome. In certain embodiments, the protein domain may be derived from a CRISPR-
associated nuclease, such as a Class I or II CRISPR-associated nuclease. In some embodiments,
the protein domain may be derived from a Cas nuclease such as a Type II, Type IIA, Type 1IB,
Type IIC, Type V, or Type VI Cas nuclease. In certain embodiments, the protein domain may be
derived from a Class II Cas nuclease selected from Casl, CaslB, Cas2, Cas3, Cas4, Cas5, Caso,
Cas7, Cas8, Cas9, Casl0, Casl4a, Casl4b, Casldc, CasX, CasY, CasPhi, C2c4, C2c8, C2¢9,
C2c10, Csyl, Csy2, Csy3, Csel, Cse2, Cscl, Csc2, Csa5, Csn2, Csm2, Csm3, Csm4, CsmS5,
Csm6, Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, Csb1, Csb2, Csb3, Csx17, Csx14, Csx10, Csx16, CsaX,
Csx3, Csx1, Csx18S, Csfl, Csf2, CsO, Csf4, and homologues and modified versions thereof.

“Derived from” is used to mean that the protein domain comprises the full polypeptide sequence
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of the parent protein, or comprises a variant thereof (e.g., with amino acid residue deletions,
insertions, and/or substitutions). The variant retains the desired function of the parent protein
(e.g., the ability to form a complex with the guide nucleic acid sequence and the target DNA).
[0072] In some embodiments, the CRISPR-associated protein domain may be a Cas9 domain
described herein. Cas9 may, for example, refer to a polypeptide with at least about 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity and/or sequence
similarity to a wildtype Cas9 polypeptide described herein. In some embodiments, said wildtype
polypeptide is Cas9 from Streptococcus pyogenes (NCBI Ref. No. NC_002737.2 (SEQ ID NO:
1)) and/or UniProt Ref. No. Q99ZW2 (SEQ ID NO: 2). In some embodiments, said wildtype
polypeptide is Cas9 from Staphylococcus aureus (SEQ ID NO: 3). In some embodiments, the
CRISPR-associated protein domain is a Cpf1 domain or protein, or a polypeptide with at least
about 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity
and/or sequence similarity to a wildtype Cpf1 polypeptide described herein (e.g., Cpfl from
Franscisella novicida (UniProt Ref. No. U2UMQ6 or SEQ ID NO: 4). In certain embodiments,
the CRISPR-associated protein domain may be a modified form of the wildtype protein
comprising one or more amino acid residue changes such as a deletion, an insertion, or a
substitution; a fusion or chimera; or any combination thereof.

[0073] Cas9 sequences and structures of variant Cas9 orthologs have been described for
various organisms. Exemplary organisms from which a Cas9 domain herein can be derived
include, but are not limited to, Streptococcus pyogenes, Streptococcus thermophilus,
Streptococcus sp., Staphylococcus aureus, Listeria innocua, Lactobacillus gasseri, Francisella
novicida, Wolinella succinogenes, Sutterella wadsworthensis, Gamma proteobacterium,
Neisseria meningitidis, Campylobacter jejuni, Pasteurella multocida, Fibrobacter succinogene,
Rhodospirillum rubrum, Nocardiopsis dassonvillei, Streptomyces pristinaespiralis, Streptontyces
viridochromogenes, Streptomyces viridochromogenes, Streptosporangium roseum,
Alicyclobacillus acidocaldarius, Bacillus pseudomycoides, Bacillus selenitireducens,
Exiguobacterium sibiricum, Lactobacillus delbrueckii, Lactobacillus salivarius, Lactobacillus
buchneri, Treponema denticola, Microscilla marina, Burkholderiales bacterium, Polar omonas
naphthalenivorans, Polar omonas sp., Crocosphaera watsonii, Cyanothece sp., Microcystis
aeruginosa, Synechococcus sp., Acetohalobium arabaticum, Ammonifex degensii,
Caldicelulosiruptor becscii, Candidatus Desulforudis, Clostridium botulinum, Clostridium
difficile, Finegoldia magna, Natranaerobius thermophilus, Pelotomaculum thermopropionium,

Acidithiobacillus caldus, Acidithiobacillus ferrooxidans, Allochromatium vinosum, Marinobacter
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sp., Nitrosococcus halophilus, Nitrosococcus watsoni, Pseudoalteromonas haloplanktis,
Ktedonobacter racemifer, Methanohalobium evestigatum, Anabaena variabilis, Nodularia
spumigena, Nostoc sp., Arthrospira maxima, Arthrospira platensis, Arthrospira sp., Lyngbya sp.,
Microcoleus chthonoplastes, Oscillator ia sp., Petrotoga mobilis, Thermosipho africanus,
Streptococcus pasteurianus, Neisseria cinerea, Campylobacter lari, Parvibaculum
lavamentivorans, Coryne bacterium diphtheria, and Acaryochloris marina. Cas9 sequences also
include those from the organisms and loci disclosed in Chylinski et al., RNA Biol. (2013)
10(5):726-37.

[0074] In some embodiments, the Cas9 domain is from Streptococcus pyogenes. In some
embodiments, the Cas9 domain is from Staphylococcus aureus.

[0075] Other Cas domains are also contemplated for use in the epigenetic editors herein.
These include, for example, those from CasX (Cas12E) (e.g., SEQ ID NO: 5), CasY (Cas12d)
(e.g., SEQ ID NO: 6), Case (CasPhi) (e.g., SEQ ID NO: 7), Cas12f1 (Casl4a) (e.g., SEQ ID NO:
8), Cas12f2 (Casl4b) (e.g., SEQ ID NO: 9), Cas12f3 (Casl4c) (e.g., SEQ ID NO: 10), and C2c8
(e.g., SEQID NO: 11).

[0076] For epigenetic editing, the nuclease-derived protein domain (e.g., a Cas9 or Cpfl
domain) may have reduced or no nuclease activity through mutations such that the protein
domain does not cleave DNA or has reduced DNA-cleaving activity while retaining the ability to
complex with the guide nucleic acid sequence (e.g., guide RNA) and the target DNA. For
example, the nuclease activity may be reduced by at least 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% compared to the wildtype domain. In
some embodiments, a CRISPR-associated protein domain described herein is catalytically
inactive (“dead”). Examples of such domains include, for example, dCas9 (“dead” Cas9), dCpfl,
ddCpfl, dCasPhi, ddCas12a, dLbCpf1, and dFnCpfl. A dCas9 protein domain, for example,
may comprise one, two, or more mutations as compared to wildtype Cas9 that abrogate its
nuclease activity. The DNA cleavage domain of Cas9 is known to include two subdomains: the
HNH nuclease subdomain and the RuvC1 subdomain. The HNH subdomain cleaves the strand
complementary to the gRNA, whereas the RuvC1 subdomain cleaves the non-complementary
strand. Mutations within these subdomains can silence the nuclease activity of Cas9. For
example, the mutations D10A (in RuvC1) and H840A (in HNH) completely inactivate the
nuclease activity of SpCas9. SaCas9, similarly, may be inactivated by the mutations D10A and
N580A. In some embodiments, the dCas9 comprises at least one mutation in the HNH

subdomain and/or the RuvC1 subdomain that reduces or abrogates nuclease activity. In some
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embodiments, the dCas9 only comprises a RuvC1 subdomain, or only comprises an HNH
subdomain. It is to be understood that any mutation that inactivates the RuvC1 and/or the HNH
domain may be included in a dCas9 herein, e.g., insertion, deletion, or single or multiple amino
acid substitution in the RuvC1 domain and/or the HNH domain.

[0077] In some embodiments, a dCas9 protein herein comprises a mutation at position(s)
corresponding to position D10 (e.g., D10A), H840 (e.g., H840A), or both, of a wildtype SpCas9
sequence as numbered in the sequence provided at UniProt Accession No. Q99ZW2 (SEQ ID
NO: 2). In particular embodiments, the dCas9 comprises the amino acid sequence of dSpCas9
(D10A and H840A) (SEQ ID NO: 12).

[0078] In some embodiments, a dCas9 protein as described herein comprises a mutation at
position(s) corresponding to position D10 (e.g., D10A), N580 (e.g., N580A), or both, of a
wildtype SaCas9 sequence (e.g., SEQ ID NO: 9). In particular embodiments, the dCas9
comprises the amino acid sequence of dSaCas9 (D10A and N580A) (SEQ ID NO.: 13).

[0079] Additional suitable mutations that inactivate Cas9 will be apparent to those of skill in
the art based on this disclosure and knowledge in the field and are within the scope of this
disclosure. Such mutations may include, but are not limited to, D839A, N863A, and/or K603R
in SpCas9. The present disclosure contemplates any mutations that reduce or abrogate the
nuclease activity of any Cas9 described herein (e.g., mutations corresponding to any of the Cas9
mutations described herein).

[0080] A dCpfl protein domain may comprise one, two, or more mutations as compared to
wildtype Cpfl that reduce or abrogate its nuclease activity. The Cpfl protein has a RuvC-like
endonuclease domain that is similar to the RuvC domain of Cas9, but does not have an HNH
endonuclease domain, and the N-terminal of Cpf1 does not have the alpha-helical recognition
lobe of Cas9. In some embodiments, the dCpf1 comprises one or more mutations corresponding
to position D917A, E1006A, or D1255A as numbered in the sequence of the Francisella
novicida Cpf1 protein (FnCpfl; SEQ ID NO: 4). In certain embodiments, the dCpf1 protein
comprises mutations corresponding to D917A, E1006A, D1255A, D917A/E1006A,
D917A/D1255A, E1006A/D1255A, or D917A/ E1006A/D1255A, or corresponding mutation(s)
in any of the Cpfl amino acid sequences described herein. In some embodiments, the dCpfl
comprises a D917A mutation. In particular embodiments, the dCpfl comprises the amino acid
sequence of dFnCpfl (SEQ ID NO: 14).

[0081] Further nuclease inactive CRISPR-associated protein domains contemplated herein
include those from, for example, dNmeCas9 (e.g., SEQ ID NO: 15), dCjCas9 (e.g., SEQ ID NO:
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16), dSt1Cas9 (e.g., SEQ ID NO: 17), dSt3Cas9 (e.g., SEQ ID NO: 18), dLbCpf1 (e.g., SEQ ID
NO: 19), dAsCpfl (e.g., SEQ ID NO: 20), denAsCpf1 (e.g., SEQ ID NO: 21), dHFAsCpf1 (e.g.,
SEQ ID NO: 22), dRVRAsCpf1 (e.g., SEQ ID NO: 23), dRRAsCpf1 (e.g., SEQ ID NO: 24),
dCasX (e.g., SEQ ID NO: 25), and dCasPhi (e.g., SEQ ID NO: 26).

[0082] In some embodiments, a Cas9 domain described herein may be a high fidelity Cas9
domain, e.g., comprising one or more mutations that decrease electrostatic interactions between
the Cas9 domain and the sugar-phosphate backbone of DNA to confer increased target binding
specificity. In certain embodiments, the high fidelity Cas9 domain may be nuclease inactive as
described herein.

[0083] A CRISPR-associated protein domain described herein may recognize a protospacer
adjacent motif (PAM) sequence in a target gene. A “PAM” sequence is typically a 2 to 6 bp
DNA sequence immediately following the sequence targeted by the CRISPR-associated protein
domain. The PAM sequence is required for CRISPR protein binding and cleavage but is not part
of the target sequence. The CRISPR-associated protein domain may either recognize a naturally
occurring or canonical PAM sequence or may have altered PAM specificity. CRISPR-associated
protein domains that bind to non-canonical PAM sequences have been described in the art. For
example, Cas9 domains that bind non-canonical PAM sequences have been described in
Kleinstiver et al., Nature (2015) 523(7561):481-5 and Kleinstiver et al., Nat Biotechnol. (2015)
33:1293-8. Such Cas9 domains may include, for example, those from “VRER” SpCas9, “EQR”
SpCas9, “VQR” SpCas9, “SpG Cas9,” “SpRYCas9,” and “KKH” SaCas9. Nuclease inactive
versions of these Cas9 domains are also contemplated, such as nuclease inactive VRER SpCas9
(e.g., SEQ ID NO: 27), nuclease inactive EQR SpCas9 (e.g., SEQ ID NO: 28), nuclease inactive
VQR SpCas9 (e.g., SEQ ID NO: 29), nuclease inactive SpG Cas9 (e.g., SEQ ID NO: 30),
nuclease inactive SpRY Cas9 (e.g., SEQ ID NO: 31), and nuclease inactive KKH SaCas9 (e.g,,
SEQ ID NO: 32). Another example is the Cas9 of Francisella novicida engineered to recognize
5°-Y@G-3’ (where “Y” is a pyrimidine).

[0084] Additional suitable CRISPR-associated proteins, orthologs, and variants, including
nuclease inactive variants and sequences, will be apparent to those of skill in the art based on this
disclosure.

[0085] Guide RNAs that can be used in conjunction with the CRISPR-associated protein

domains herein are further described in Section II below.



WO 2024/238700 PCT/US2024/029529

B. Zinc Finger Protein Domains
[0086] In some embodiments, the DNA-binding domain of an epigenetic editor described
herein comprises a zinc finger protein (ZFP) domain (or “ZF domain” as used herein). ZFPs are
proteins having at least one zinc finger, and bind to DNA in a sequence-specific manner. A “zinc
finger” (ZF) or “zinc finger motif” (ZF motif) refers to a polypeptide domain comprising a beta-
beta-alpha (BPa)-protein fold stabilized by a zinc ion. A ZF binds from two to four base pairs of
nucleotides, typically three or four base pairs (contiguous or noncontiguous). Each ZF typically
comprises approximately 30 amino acids. ZFP domains may contain multiple ZFs that make
tandem contacts with their target nucleic acid sequence. A tandem array of ZFs may be
engineered to generate artificial ZFPs that bind desired nucleic acid targets. ZFPs may be
rationally designed by using databases comprising triplet (or quadruplet) nucleotide sequences
and individual ZF amino acid sequences, in which each triplet or quadruplet nucleotide sequence
is associated with one or more amino acid sequences of ZFs that bind the particular triplet or
quadruplet sequence. See, e.g., U.S. Patents 6,453,242, 6,534,261, and 8,772,453.
[0087] ZFPs are widespread in eukaryotic cells, and may belong to, e.g., C2H2 class, CCHC
class, PHD class, or RING class. An exemplary motif characterizing one class of these proteins
(C2H2 class) is -Cys-(X)2-4-Cys-(X)12-His-(X)3-s-His- (SEQ ID NO:1091), where X is any
independently chosen amino acid. In some embodiments, a ZFP domain herein may comprise a
ZF array comprising sequential C2H2-ZFs each contacting three or more sequential nucleotides.
Additional architectures, e.g. as described in Paschon et al., Nat. Commun. 10, 1133 (2019), are
also possible.
[0088] A ZFP domain of an epigenetic editor described herein may include 2, 3, 4, 5,6, 7, 8,
9,10, 11, 12, or more ZFs. The ZFP domain may include an array of two-finger or three-finger
units, e.g., 3,4, 5, 6,7, 8, 9 or 10 or more units, wherein each unit binds a subsite in the target
sequence. In some embodiments, a ZFP domain comprising at least three ZFs recognizes a target
DNA sequence of 9 or 10 nucleotides. In some embodiments, a ZFP domain comprising at least
four ZFs recognizes a target DNA sequence of 12 to 14 nucleotides. In some embodiments, a
ZFP domain comprising at least six ZFs recognizes a target DNA sequence of 18 to 21
nucleotides.
[0089] In some embodiments, ZFs in a ZFP domain described herein are connected via
peptide linkers. The peptide linkers may be, e.g., 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, or more amino acids in length. In some embodiments, a linker comprises 5 or
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more amino acids. In some embodiments, a linker comprises 7-17 amino acids. The linker may

be flexible or rigid.

[0090] In some embodiments a zinc finger array may have the sequence:
SRPGERPFQCRICMRNFSXXXXXXXHXXTHTGEKPFQCRICMRNFEFSXXXXXXXHXXTH[1
inker] FOQCRICMRNFSXXXXXXXHXXTHTGEKPFQCRICMRNFSXXXXXXXHXXTH[11
nker] PFQCRICMRNFSXXXXXXXHXXTHTGEKPFQCRICMRNFSXXXXXXXHXXTHLRG
S (SEQ ID NO: 1084),

or a sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical

thereto, where “XXXXXXX” represents the amino acids of the ZF recognition helix, which

confers DNA-binding specificity upon the zinc finger; each X may be independently chosen. In
the above sequence, “XX” in italics may be TR, LR or LK, and “[linker]” represents a linker
sequence. In some embodiments, the linker sequence is TGSQKP (SEQ ID NO: 1085); this
linker may be used when sub-sites targeted by the ZFs are adjacent. In some embodiments, the

linker sequence is TGGGGSQKP (SEQ ID NO: 1086); this linker may be used when there is a

base between the sub-sites targeted by the zinc fingers. The two indicated linkers may be the

same or different.

[0091] ZFP domains herein may contain arrays of two or more adjacent ZFs that are directly

adjacent to one another (e.g., separated by a short (canonical) linker sequence), or are separated

by longer, flexible or structured polypeptide sequences. In some embodiments, directly adjacent
fingers bind to contiguous nucleic acid sequences, i.e., to adjacent trinucleotides/triplets. In some
embodiments, adjacent fingers cross-bind between each other’s respective target triplets, which
may help to strengthen or enhance the recognition of the target sequence, and leads to the binding
of overlapping sequences. In some embodiments, distant ZFs within the ZFP domain may
recognize (or bind to) non-contiguous nucleotide sequences.

[0092] The amino acid sequences of the ZF DNA-recognition helices of exemplary ZFP

domains herein, and their HBV target sequences, are shown below in Table 1.

Table 1. Zinc finger transcriptional repressors for silencing HBV. ZF sequences of

exemplary ZFP domains are presented. SEQ ID Nos for target sequences and ZF can be found in

Table 18 sequence listing.

ZFP SEQ Target Start End Strd | F1 F2 F3 F4 F5 F6
ID Sequence
ZFP894 33 | GATGAGGCAT 415 432 - KKFN [ RQDN | RSHN | QSTT | RNTN | IKH
AGCAGCAG LLQ LNS LKL LKR LTR NLA
R
ZFP895 34 | GATGAGGCAT 415 432 - KKFN | RKDY | RSHN | QSTT | RQDN | VVN
AGCAGCAG LLQ LIS LKL LKR LGR NLN
R
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ZFP896 35 | GATGAGGCAT 415 432 - KKFN | RKDY | RSHN | QSTT | RQDN | VVN
AGCAGCAG LLQ LIS LRL LKR LGR NLN

R
ZFP899 36 | GATGATTAGG 1828 1845 - RRHI | ROQDN | QSTT | RRDG | VHHN | ISH
CAGAGGTG LDR LGR LKR LAG LVR NLA

R
ZFP900 37 | GATGATTAGG 1828 1845 - RREV | RRDN | QSTT | RRDG | VHHN | ISH
CAGAGGTG LEN LNR LKR LAG LVR NLA

R
ZFP901 38 | GATGATTAGG 1828 1845 - RRAV | RODN | QSTT | RRDG | VHHN | ISH
CAGAGGTG LDR LGR LKR LAG LVR NLA

R
ZFP902 39 | GGATTCAGCG 1433 1450 - RQEH | EGGN | SDRR | SFQS | RPNH | QSP
CCGACGGG LVR LMR DLD YLE LAT HLK

R
ZFP903 40 | GGATTCAGCG 1433 1450 - RREH | DPSN | SDRR | SFQS | RPNH | QSP
CCGACGGG LVR LQR DLD YLE LATI HLK

R
ZFP904 41 | GGATTCAGCG 1433 1450 - RREH | DMGN | SDRR | SFQS | RPNH | QSP
CCGACGGG LVR LGR DLD YLE LAT HLK

R
ZFP907 42 | GGCAGTAGTC 90 108 - KKDH | QKEI | QSAH | ETGS | QSHS | ESG
GGAACAGGG LHR LTR LKR LRR LKS HLK

R
ZFP908 43 | GGCAGTAGTC 90 108 - KKDH | QKEI | QSAH | DRTP | QSHS | ESG
GGAACAGGG LHR LTR LKR LNR LKS HLK

R
ZFP9S09 44 | GGCAGTAGTC 90 108 - KTDH | QKEI | QSAH | ETGS | QKHH | ENS
GGAACAGGG LAR LTR LKR LRR LVT KLR

R
ZFP912 45 | GTAAACTGAG 664 682 - QAGN [ QNSH | DLST | QNEH | GGTA | QRS
CCAGGAGAA LVR LRR LRR LKV LRM SLV

R
ZFP913 46 | GTAAACTGAG 664 682 - QRGN | QTTH | DGST | QKTH | GGTA | QRS
CCAGGAGAA LOR LSR LRR LAV LRM SLV

R
ZFP914 47 | GTAAACTGAG 664 682 - QRGN | QTTH | DLST | QNEH | GGSA | QRS
CCAGGAGAA LOR LSR LRR LKV LsM SLV

R
ZFP930 48 | ACGGTGGTICT 1605 1623 - DRGN | QARS | EKAS | DHSS | RRFI | RND
CCATGCGAC LTR LRA LIK LKR LSR SLK

C
ZFP931 49 | ACGGTGGTCT 1605 1623 - DRGN | QARS | DKSS | DHSS | RNFI | RND
CCATGCGAC LTR LRA LRK LKR LQR TLI

I
ZFP932 50 | ACGGTGGTCT 1605 1623 - DRGN | QARS | CNGS | DHSS | RNFI | RND
CCATGCGAC LTR LRA LKK LKR LQR TLI

I
ZFP933 51 | GCTGGATGTG 372 393 + RTDT | RTDS | DHSS | QPHG | QSAH | VGN
TCTGCGGCG LAR LPR LKR LAH LKR SLS

R
ZFP934 52 | GCTGGATGTG 372 393 + RTDT | RTDS | DHSS | QPHG | QSAH | VGN
TCTGCGGCG LAR LPR LKR LRH LKR SLS

R
ZFP935 53 | GCTGGATGTG 372 393 + RTDT | RLDM | DHSS | QPHG | QQAH | VHE
TCTGCGGCG LAR LAR LKR LST LVR SLK

R
ZFP938 54 | GTCTGCGAGG 2381 2398 - RADN | RNTH | RGDG | RRDN | RARN | DPS
CGAGGGAG LGR LsY LRR LNR LTL SLK

R
ZFP939 55 | GTCTGCGAGG 2381 2398 - RADN | RNTH | RKLG | RQDN | RARN | DPS
CGAGGGAG LGR LSY LLR LGR LTL SLK

R
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ZFP940 56 | GTCTGCGAGG 2381 2398 - RADN | RNTH | RKLG | RQDN | RRRN | DHS
CGAGGGAG LGR LSY LLR LGR LQL SLK

R
ZFP943 57 | GTTGCCGGGC 1146 1164 - QQSS | RREH | GLTA | ERAK | AKRD | VNS
AACGGGGTA LLR LVR LRT LIR LDR SLT

R
ZFP944 58 | GTTGCCGGGC 1146 1164 - QQSS | RREH | GLTA | ERAK | LRKD | VRH
AACGGGGTA LLR LVR LRT LIR LVR SLT

R
ZFP945 59 | GTTGCCGGGC 1146 1164 - QASA | RREH | GLTA | ERAK | AKRD | VNS
AACGGGGTA LSR LVR LRT LIR LDR SLT

R
ZFP951 60 | CGAGAAAGTG 1085 1103 - RGRN | DSSV | QNAN | QKHH [ QRSN | QKV
AAAGCCTGC LEM LRR LKR LAV LAR HLE

A
ZFP952 61 | CGAGAAAGTG 1085 1103 - RRRN | DSSV | QNAN | QKHH [ QRSN | QKV
AAAGCCTGC LDV LRR LKR LAV LAR HLE

A
ZFP953 62 | CGAGAAAGTG 1085 1103 - RGRN | DSSV | LKSN | LKQH | LKTN | QKC
AAAGCCTGC LAT LRR LHR Lvv LAR HLK

A
ZFP956 63 | GAGGCTTGAA 1856 1874 - DGSN | RIDN | QRRY | QQTN [ QRSD | RGD
CAGTAGGAC LRR LDG LVE LAR LTR NLN

R
ZFP957 64 | GAGGCTTGAA 1856 1874 - DPSN | RRDN | TTFN | QTON [ HKET | RED
CAGTAGGAC LOR LPK LRV LTR LNR NLG

R
ZFP958 65 | GAGGCTTGAA 1856 1874 - DPSN | RRDN | QRRY | QQTN [ QRSD | RGD
CAGTAGGAC LOR LPK LVE LAR LTR NLN

R
ZFP961 66 | GAGGTTGGGG 312 329 - QQTN [ ANRT | EEAN | RGEH | TNSS | RID
ACTGCGAA LTR LVH LRR LTR LTR NLI

R
ZFP962 67 | GAGGTTGGGG 312 329 - QQTN | ANRT | EEAN | RREH | MTSS | RQD
ACTGCGAA LTR LVH LRR LVR LRR NLG

R
ZFP963 68 | GAGGTTGGGG 312 329 - QQTN | ANRT | EEAN | RGEH | MTSS | RQD
ACTGCGAA LTR LVH LRR LTR LRR NLG

R
ZFP964 69 | GATGATGTGG 742 762 + RATH | RADV | QRSS | RKDA | VHHN | ISH
TATTGGGG LTR LKG LVR LHV LVR NLA

R
ZFP965 70 | GATGATGTGG 742 762 + RATH | RADV | QSSS | RKER | VRHN | ISH
TATTGGGG LTR LKG LVR LAT LTR NLA

R
ZFP966 71 | GATGATGTGG 742 762 + KKDH | RKES | QSSS | RKER | VHHN | ISH
TATTGGGG LHR LTV LVR LAT LVR NLA

R
ZFP969 72 | GATGATGTGG 742 763 + RVDH | RREH | QSSS | RKER | VAHN | ISH
TATTGGGGG LHR LsSG LVR LAT LTR NLA

R
ZFP970 73 | GATGATGTGG 742 763 + RKHH | RREH | QSSS | RKER | VAHN | ISH
TATTGGGGG LGR LTI LVR LAT LTR NLA

R
ZFP971 74 | GATGATGTGG 742 763 + RVDH | RSDH | QSSS | RKER | VAHN | ISH
TATTGGGGG LHR LSL LVR LAT LTR NLA

R
ZFP984 75 | GCAGTAGTCG 90 107 - KTDH | QKEI | QSAH | ETGS | QSSS | QTN
GAACAGGG LAR LTR LKR LRR LVR TLG

R
ZFP985 76 | GCAGTAGTCG 90 107 - KKDH | QKEI | QSAH | ETGS | QSSS | QGG
GAACAGGG LHR LTR LKR LRR LVR TLR

R
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ZFP986 77 | GCAGTAGTCG 90 107 - KKDH | QKEI | QSAH | DPTS | QSSS | QTN
GAACAGGG LHR LTR LKR LNR LVR TLG

R
ZFP989 78 | GCATAGCAGC 409 426 - QQTN | VGGN | KRYN | RQDN [ RSHN | QST
AGGATGAA LTR LAR LYQ LNT LKL TLK

R
ZFP990 79 | GCATAGCAGC 409 426 - QQTN | VGGN | KRYN | RQDN [ RSHN | QST
AGGATGAA LTR LSR LYQ LNT LRL TLK

R
ZFP991 80 | GCATAGCAGC 409 426 - QQTN | VGGN | KKFN | RRDN [ RSHN | QST
AGGATGAA LTR LSR LLQ LKS LKL TLK

R
ZFP994 81 | GGCGTTCACG 1612 1630 - DKSS | DHSS | RNFI | RNDT | TSTL | LKE
GTGGTCTCC LRK LKR LQR LII LKR HLT

R
ZFP995 82 | GGCGTTCACG 1612 1630 - CNGS | DHSS | RNFI | RQDI | HKSS | ESG
GTGGTCTCC LKK LKR LAR Lvv LTR HLK

R
ZFP996 83 | GGCGTTCACG 1612 1630 - CNGS | DHSS | RNFI | RQDI | TSTL | LKE
GTGGTCTCC LKK LKR LAR Lvv LKR HLT

R
ZFP999 84 | GTTGGTGAGT 327 344 - TNNN [ RTDS | QREH | RRDN | RRQK | HKS
GATTGGAG LAR LTL LTT LNR LTI SLT

R
ZFP1000 85 [ GTTGGTGAGT 327 344 - TNNN [ RTDS | QREH | RGDN | RRQK | HKS
GATTGGAG LAR LTL LTT LKR LTI SLT

R
ZFP1001 86 | GTTGGTGAGT 327 344 - TNNN [ RTDS | QREH | RGDN | RRQK | HKS
GATTGGAG LAR LTL LNG LAR LTI SLT

R
ZFP1005 87 | GGAGGTTGGG 312 330 - QQTN | ANRT | DPAN | RQEH | MKHH | QNS
GACTGCGAA LTR LVH LRR LVR LGR HLR

R
ZFP1006 88 | GGAGGTTGGG 312 330 - QQTN | ANRT | EEAN | RREH | MKHH | QNS
GACTGCGAA LTR LVH LRR LVR LGR HLR

R
ZFP1007 89 | GGAGGTTGGG 312 330 - QQTN | ANRT | DPAN | RQEH | LKQH | QGG
GACTGCGAA LTR LVH LRR LVR LVR HLA

R
ZFP1008 90 | GGATGATGTG 741 762 + RNTH | RADV | QRSS | RKDA | QNEH | QNS
GTATTGGGG LAR LKG LVR LHV LKV HLR

R
ZFP1009 91 | GGATGATGTG 741 762 + RNTH | RADV | QSSS | RKER | QKTH | QGG
GTATTGGGG LAR LKG LVR LAT LAV HLK

R
ZFP1010 92 | GGATGATGTG 741 762 + RNTH | RADV | QSSS | RKER | QKTH | QNS
GTATTGGGG LAR LKG LVR LAT LAV HLR

R
ZFP1013 93 | GGATGTGTICT 375 395 + HKSS | ESGH | RRRN [ DRSS | QPHS | QKP
GCGGCGTT LTR LKR LTL LKR LAV HLS

R
ZFP1014 94 | GGATGTGTCT 375 395 + HKSS | EGGH | RRRN [ DHSS | RRQH | QSA
GCGGCGTT LTR LKR LQL LKR LQY HLK

R
ZFP1015 95 | GGATGTGTICT 375 395 + HKSS | EGGH | RRRN [ DRSS | RRQH | QSA
GCGGCGTT LTR LKR LTL LKR LQY HLK

R
ZFP1018 96 | GGGGGTTGCG 1184 1202 - GHTA | QSGT | DHSS | AMRS | RRSR | RGE
TCAGCAAAC LRN LHR LKR LMG LVR HLT

R
ZFP1019 97 | GGGGGTTGCG 1184 1202 - GHTA | QSTT | DHSS | QQRS | EAHH | RTE
TCAGCAAAC LRN LKR LKR LVG LSR HLA

R
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ZFP1020 98 | GGGGGTTGCG 1184 1202 - GHTA | QSTT | DHSS | AMRS | RQSR | RRE
TCAGCAAAC LRN LKR LKR LMG LQR HLV

R
ZFP1023 99 | GTTGTTAGAC 2342 2363 + QGET | RADN | DKAN | DQGN | HRHV | TNS
GACGAGGCA LKR LRR LTR LIR LIN SLT

R
ZFP1024 100 | GTTGTTAGAC 2342 2363 + QGET | RADN | DSSN | DQGN | HKSS | IRT
GACGAGGCA LKR LRR LRR LIR LTR SLK

R
ZFP1025 101 | GTTGTTAGAC 2342 2363 + QGET | RADN | EQGN | DGGN | HRHV | TNS
GACGAGGCA LKR LRR LLR LGR LIN SLT

R

[0093] In some embodiments, the ZFP domain of the present epigenetic editor binds to a
target sequence provided herein. In further embodiments, the ZFP domain comprises, in order,
the F1-F6 amino acid sequences of any one of the zinc finger proteins as shown in Table 1 and
Table 18. The F1-F6 amino acid sequences may be placed within the ZF framework sequence of

SEQ ID NO: 1084, or within any other ZF framework known in the art.

C. TALEs
[0094] In some embodiments, the DNA-binding domain of an epigenetic editor described
herein comprises a transcription activator-like effector (TALE) domain. The DNA-binding
domain of a TALE comprises a highly conserved sequence of about 33-34 amino acids, with a
repeat variable di-residue (RVD) at positions 12 and 13 that is central to the recognition of
specific nucleotides. TALEs can be engineered to bind practically any desired DNA sequence.
Methods for programming TALEs are known in the art. For example, such methods are
described in Carroll et al., Genet Soc Amer. (2011) 188(4):773-82; Miller et al., Nat Biotechnol.
(2007) 25(7):778-85; Christian et al., Genetics (2008) 186(2):757-61; Li et al., Nucl Acids Res.
(2010) 39(1):359-72; and Moscou et al., Science (2009) 326(5959):1501.

D. Other DNA-Binding Domains
[0095] Other DNA-binding domains are contemplated for the epigenetic editors described
herein. In some embodiments, the DNA-binding domain comprises an argonaute protein
domain, e.g., from Natronobacterium gregoryi (NgAgo). NgAgo is a ssDNA-guided
endonuclease that is guided to its target site by 5' phosphorylated ssDNA (gDNA), where it
produces double-strand breaks. In contrast to Cas9, the NgAgo-gDNA system does not require a
protospacer-adjacent motif (PAM). Thus, using a nuclease inactive NgAgo (dNgAgo) can
greatly expand the bases that may be targeted. The characterization and use of NgAgo have been
described, e.g., in Gao et al., Nat Biotechnol. (2016) 34(7):768-73; Swarts et al., Nature (2014)
507(7491):258-61; and Swarts et al., Nucl Acids Res. (2015) 43(10):5120-9.
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[0096] In some embodiments, the DNA-binding domain comprises an inactivated nuclease,
for example, an inactivated meganuclease. Additional non-limiting examples of DNA-binding
domains include tetracycline-controlled repressor (tetR) DNA-binding domains, leucine zippers,
helix-loop-helix (HLH) domains, helix-turn-helix domains, B-sheet motifs, steroid receptor

motifs, bZIP domains homeodomains, and AT-hooks.

II. Guide Polynucleotides

[0097] Epigenetic editors described herein that comprise a polynucleotide guided DNA-
binding domain may also include a guide polynucleotide that is capable of forming a complex
with the DNA-binding domain. The guide polynucleotide may comprise RNA, DNA, or a
mixture of both. For example, where the polynucleotide guided DNA-binding domain is a
CRISPR-associated protein domain, the guide polynucleotide may be a guide RNA (gRNA). A
“guide RNA” or “gRNA” refers to a nucleic acid that is able to hybridize to a target sequence and
direct binding of the CRISPR-Cas complex to the target sequence. Methods of using guide
polynucleotide sequences with programmable DNA-binding proteins (e.g., CRISPR-associated
protein domains) for site-specific DNA targeting (e.g., to modify a genome) are known in the art.
[0098] A guide polynucleotide sequence (e.g., a gRNA sequence) may comprises two parts:
1) a nucleotide sequence comprising a “targeting sequence” that is complementary to a target
nucleic acid sequence (“target sequence”), e.g., to a nucleic acid sequence comprised in a
genomic target site; and 2) a nucleotide sequence that binds a polynucleotide guided DNA-
binding domain (e.g., a CRISPR-Cas protein domain). The nucleotide sequence in 1) may
comprise a targeting sequence that is 100% complementary to a genomic nucleic acid sequence,
e.g., a nucleic acid sequence comprised in a genomic target site, and thus may hybridize to the
target nucleic acid sequence. The nucleotide sequence in 1) may be referred to as, e.g., a crispr
RNA, or crRNA. The nucleotide sequence in 2) may be referred to as a scaffold sequence of a
guide nucleic acid, e.g., a tractrRNA, or an activating region of a guide nucleic acid, and may
comprise a stem-loop structure. Parts 1) and 2) as described above may be fused to form one
single guide (e.g., a single guide RNA, or sgRNA), or may be on two separate nucleic acid
molecules. In some embodiments, a guide polynucleotide comprises parts 1) and 2) connected
by a linker. In some embodiments, a guide polynucleotide comprises parts 1) and 2) connected
by a non-nucleic acid linker, for example, a peptide linker or a chemical linker.

[0099] Part 2 (the scaffold sequence) of a guide polynucleotide as described herein may be,
for example, as described in Jinek et al., Science (2012) 337:816-21; U.S. Patent Publication
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2016/0208288; or U.S. Patent Publication 2016/0200779. Variants of part 2) are also
contemplated by the present disclosure. For example, the tetraloop and stem loop of a gRNA
scaffold (tracrRNA) sequence may be modified to include RNA aptamers, which can be bound
by specific protein domains. In some embodiments, such modified gRNAs can be used to
facilitate the recruitment of repressive or activating domains fused to the protein-interacting RNA
aptamers.

[0100] A gRNA as provided herein typically comprises a targeting domain and a binding
domain. The targeting domain (also termed “targeting sequence”) may comprise a nucleic acid
sequence that binds to a target site, e.g., to a genomic nucleic acid molecule within a cell. The
target site may be a double-stranded DNA sequence comprising a PAM sequence as well as the
target sequence, which is located on the same strand as, and directly adjacent to, the PAM
sequence. The targeting domain of the gRNA may comprise an RNA sequence that corresponds
to the target sequence, i.e., it resembles the sequence of the target domain, sometimes with one or
more mismatches, but typically comprising an RNA sequence instead of a DNA sequence. The
targeting domain of the gRNA thus may base pair (in full or partial complementarity) with the
sequence of the double-stranded target site that is complementary to the target sequence, and thus
with the strand complementary to the strand that comprises the PAM sequence. It will be
understood that the targeting domain of the gRNA typically does not include a sequence that
resembles the PAM sequence. It will further be understood that the location of the PAM may be
57 or 3’ of the target sequence, depending on the nuclease employed. For example, the PAM is
typically 3’ of the target sequence for Cas9 nucleases, and 5’ of the target sequence for Casl2a
nucleases. For an illustration of the location of the PAM and the mechanism of gRNA binding to
a target site, see, e.g., Figure 1 of Vanegas et al., Fungal Biol Biotechnol. (2019) 6:6, which is
incorporated by reference herein. For additional illustration and description of the mechanism of
gRNA targeting of an RNA-guided nuclease to a target site, see Fu et al., Nat Biotechnol (2014)
32(3):279-84 and Sternberg et al., Nature (2014) 507(7490):62-7, each incorporated herein by
reference.

[0101] In some embodiments, the targeting domain sequence comprises between 17 and 30
nucleotides and corresponds fully to the target sequence (i.e., without any mismatch nucleotides).
In some embodiments, however, the targeting domain sequence may comprise one or more, but
typically not more than 4, mismatches, e.g., 1, 2, 3, or 4 mismatches. As the targeting domain is
part of gRNA, which is an RNA molecule, it will typically comprise ribonucleotides, while the

DNA targeting domain will comprise deoxyribonucleotides.

-38-



WO 2024/238700 PCT/US2024/029529

[0102] An exemplary illustration of a Cas9 target site, comprising a 22 nucleotide target
domain, and an NGG PAM sequence, as well as of a gRNA comprising a targeting domain that
fully corresponds to the target sequence (and thus base pairs with full complementarity with the
DNA strand complementary to the strand comprising the target sequence and PAM) is provided
below:
[ target domain (DNA) 1 PAM ]
5'-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-G-G-3' (DNA)
3'-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-C-C-5' (DNA)
e e e e e I I I e
5'-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-[ gRNA scaffold]-3' (RNA)
[ targeting domain ( RNA) 1l binding domain ]
[0103] An exemplary illustration of a Casl2a target site, comprising a 22 nucleotide target
domain, and a TTN PAM sequence, as well as of a gRNA comprising a targeting domain that
fully corresponds to the target sequence (and thus base pairs with full complementarity with the
DNA strand complementary to the strand comprising the target sequence and PAM) is provided

below:

[ PAM ][ target domain ( DNA) ]

5'-T-T-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-3' (DNA)

3'-A-A-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-5' (DNA)

e e

5'-[gRNA scaffold]-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-3' (RNA)
[ binding domain ][ targeting domain ( RNA) ]
[0104] While not wishing to be bound by theory, at least in some embodiments, it is believed
that the length and complementarity of the targeting domain with the target sequence contributes
to specificity of the interaction of the gRNA/Cas9 molecule complex with a target nucleic acid.
In some embodiments, the targeting domain of a gRNA provided herein is 5 to 50 nucleotides in
length. In some embodiments, the targeting domain is 15 to 25 nucleotides in length. In some
embodiments, the targeting domain is 18 to 22 nucleotides in length. In some embodiments, the
targeting domain is 19-21 nucleotides in length. In some embodiments, the targeting domain is
15 nucleotides in length. In some embodiments, the targeting domain is 16 nucleotides in length.
In some embodiments, the targeting domain is 17 nucleotides in length. In some embodiments,
the targeting domain is 18 nucleotides in length. In some embodiments, the targeting domain is
19 nucleotides in length. In some embodiments, the targeting domain is 20 nucleotides in length.
In some embodiments, the targeting domain is 21 nucleotides in length. In some embodiments,

the targeting domain is 22 nucleotides in length. In some embodiments, the targeting domain is
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23 nucleotides in length. In some embodiments, the targeting domain is 24 nucleotides in length.
In some embodiments, the targeting domain is 25 nucleotides in length. In certain embodiments,
the targeting domain fully corresponds, without mismatch, to a target sequence provided herein,
or a part thereof. In some embodiments, the targeting domain of a gRNA provided herein
comprises 1 mismatch relative to a target sequence provided herein. In some embodiments, the
targetindg domain comprises 2 mismatches relative to the target sequence. In some
embodiments, the target domain comprises 3 mismatches relative to the target sequence.

[0105] Methods for designing, selecting, and validating gRNAs are described herein and
known in the art. Software tools can be used to optimize the gRNAs corresponding to a target
DNA sequence, e.g., to minimize total off-target activity across the genome. For example, DNA
sequence searching algorithms can be used to identify a target sequence in crRNAs of a gRNA
for use with Cas9. Exemplary gRNA design tools include the ones described in Bae et al.,
Bioinformatics (2014) 30:1473-5.

[0106] Guide polynucleotides (e.g., gRNAs) described herein may be of various lengths. In
some embodiments, the length of the spacer or targeting sequence depends on the CRISPR-
associated protein component of the epigenetic editor system used. For example, Cas proteins
from different bacterial species have varying optimal targeting sequence lengths. Accordingly,
the spacer sequence may comprise, e.g., 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, 50, or more than 50 nucleotides in length. In some embodiments, the spacer comprises
10-24, 11-20, 11-16, 18-24, 19-21, or 20 nucleotides in length. In some embodiments, a guide
polynucleotide (e.g., gRNA) is from 15-100 (e.g., 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50)
nucleotides in length and comprises a spacer sequence of at least 10 (e.g., 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) contiguous nucleotides complementary to the target sequence. In some
embodiments, a guide polynucleotide described herein may be truncated, e.g., by 1, 2, 3, 4, 5, 10,
15, 20, 25, 30, 40, 50 or more nucleotides.

[0107] In certain embodiments, the 3” end of the HBJV target sequence is immediately
adjacent to a PAM sequence (e.g., a canonical PAM sequence such as NGG for SpCas9). The
degree of complementarity between the targeting sequence of the guide polynucleotide (e.g., the
spacer sequence of a gRNA) and the target sequence may be at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100%. In particular embodiments, the targeting and the target
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sequence may be 100% complementary. In other embodiments, the targeting sequence and the
target sequence may contain, e.g., 1,2, 3,4, 5,6, 7, 8, 9, or 10 mismatches.

[0108] A guide polynucleotide (e.g., gRNA) may be modified with, for example, chemical
alterations and synthetic modifications. A modified gRNA, for instance, can include an
alteration or replacement of one or both of the non-linking phosphate oxygens and/or of one or
more of the linking phosphate oxygens in the phosphodiester backbone linkage, an alteration of
the ribose sugar (e.g., of the 2’ hydroxyl on the ribose sugar), an alteration of the phosphate
moiety, modification or replacement of a naturally occurring nucleobase, modification or
replacement of the ribose-phosphate backbone, modification of the 3” end and/or 5° end of the
oligonucleotide, replacement of a terminal phosphate group or conjugation of a moiety, cap, or
linker, or any combination thereof.

[0109] In some embodiments, one or more ribose groups of the gRNA may be modified.
Examples of chemical modifications to the ribose group include, but are not limited to, 2°-O-
methyl (2’-OMe), 2’-fluoro (2°-F), 2’-deoxy, 2°-0-(2-methoxyethyl) (2’-MOE), 2’-NH2, 2’-O-
allyl, 2’-O-ethylamine, 2’-O-cyanoethyl, 2’-O-acetalester, or a bicyclic nucleotide such as locked
nucleic acid (LNA), 2’-(5-constrained ethyl (S-cEt)), constrained MOE, or 2°-0,4’-C-
aminomethylene bridged nucleic acid (2°,4’-BNANC). 2’-O-methyl modification and/or 2’-
fluoro modification may increase binding affinity and/or nuclease stability of the gRNA
oligonucleotides.

[0110] In some embodiments, one or more phosphate groups of the gRNA may be
chemically modified. Examples of chemical modifications to a phosphate group include, but are
not limited to, a phosphorothioate (PS), phosphonoacetate (PACE), thiophosphonoacetate
(thioPACE), amide, triazole, phosphonate, and phosphotriester modification. In some
embodiments, a guide polynucleotide described herein may comprise one, two, three, or more PS
linkages at or near the 5’ end and/or the 3’ end; the PS linkages may be contiguous or
noncontiguous.

[0111] In some embodiments, the gRNA herein comprises a mixture of ribonucleotides and
deoxyribonucleotides and/or one or more PS linkages.

[0112] In some embodiments, one or more nucleobases of the gRNA may be chemically
modified. Examples of chemically modified nucleobases include, but are not limited to, 2-
thiouridine, 4-thiouridine, N6-methyladenosine, pseudouridine, 2,6-diaminopurine, inosine,

thymidine, 5-methylcytosine, 5-substituted pyrimidine, isoguanine, isocytosine, and nucleobases
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with halogenated aromatic groups. Chemical modifications can be made in the spacer region, the

tracr RNA region, the stem loop, or any combination thereof.

[0113] Table 2 below lists exemplary target sequences for epigenetic modification of HBV,

as well as the coordinates of the start and end positions of the targeted site on the HBV genome.

Table 2. Targeting Domain Sequences of Exemplary gRNAs Targeting HBV. The following

PCT/US2024/029529

target sites were identified as suitable for targeting with an epigenetic repressor:

isg‘ Target domain sequence Start End Strand
333 CCTGCTGGTGGCTCCAGTTC 57 77 +
334 CTGAACTGGAGCCACCAGCA 59 79 -
335 CCTGAACTGGAGCCACCAGC 60 80 -
336 CCTCGAGAAGATTGACGATA 115 135 -
337 TCGTCAATCTTCTCGAGGAT 117 137 +
338 CGTCAATCTTCTCGAGGATT 118 138 +
339 GTCAATCTTCTCGAGGATTG 119 139 +
340 AACATGGAGAACATCACATC 153 173 +
341 AACATCACATCAGGATTCCT 162 182 +
342 CTAGACTCTGCGGTATTGTG 233 253 -
343 TACCGCAGAGTCTAGACTCG 238 258 +
344 CGCAGAGTCTAGACTCGTGG 241 261 +
345 CACCACGAGTCTAGACTCTG 243 263 -
346 TGGACTTCTCTCAATTTTCT 261 281 +
347 GGACTTCTCTCAATTTTCTA 262 282 +
348 GACTTCTCTCAATTTTCTAG 263 283 +
349 ACTTCTCTCAATTTTCTAGG 264 284 +
350 CGAATTTTGGCCAAGACACA 295 315 -
351 AGGTTGGGGACTGCGAATTT 309 328 -
352 GGCATAGCAGCAGGATGAAG 408 427 -
353 AGAAGATGAGGCATAGCAGC 417 436 -
354 GCTATGCCTCATCTTCTTGT 420 439 +
355 GAAGAACCAACAAGAAGATG 429 448 -
356 CATCTTCTTGTTGGTTCTTC 429 448 +
357 CCCGTTTGTCCTCTAATTCC 469 488 +
358 CCTGGAATTAGAGGACAAAC 472 491 -
359 TCCTGGAATTAGAGGACAAA 473 492 -
360 TACTAGTGCCATTTGTTCAG 680 699

361 CCATTTGTTCAGTGGTTCGT 688 707

362 CATTTGTTCAGTGGTTCGTA 689 708

363 CCTACGAACCACTGAACAAA 691 710 -
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364 TTTCAGTTATATGGATGATG 731 750 +
365 CAAAAGAAAATTGGTAACAG 799 818 -
366 TACCAATTTTCTTTTGTCTT 803 822 +
367 ACCAATTTTCTTTTGTCTTT 804 823 +
368 ACCCAAAGACAAAAGAAAAT 808 827 -
369 TGACATACTTTCCAATCAAT 975 994 -
370 CACTTTCTCGCCAACTTACA 1093 1113 +
371 CACAGAAAGGCCTTGTAAGT 1106 1126 -
372 TGAACCTTTACCCCGTTGCC 1137 1157 +
373 GGGCAACGGGGTAAAGGTTC 1138 1158 -
374 TTTACCCCGTTGCCCGGCAA 1143 1163 +
375 GTTGCCGGGCAACGGGGTAA 1144 llo64 -
376 CCCGTTGCCCGGCAACGGCC 1148 1168 +
377 CTGGCCGTTGCCGGGCAACG 1150 1170 -
378 CCTGGCCGTTGCCGGGCAAC 1151 1171 -
379 ACCTGGCCGTTGCCGGGCAA 1152 1172 -
380 GCACAGACCTGGCCGTTGCC 1158 1178 -
381 GGCACAGACCTGGCCGTTGC 1159 1179 -
382 GCAAACACTTGGCACAGACC 1169 1189 -
383 GGGTTGCGTCAGCAAACACT 1180 1200 -
384 TTTGCTGACGCAACCCCCAC 1184 1204 +
385 CTGACGCAACCCCCACTGGC 1188 1208 +
386 TGACGCAACCCCCACTGGCT 1189 1209 +
387 GACGCAACCCCCACTGGCTG 1190 1210 +
388 AACCCCCACTGGCTGGGGCT 1195 1215 +
389 TCCTCTGCCGATCCATACTG 1255 1275 +
390 TCCGCAGTATGGATCGGCAG 1259 1279 -
391 AGGAGTTCCGCAGTATGGAT 1265 1285 -
392 CGGCTAGGAGTTCCGCAGTA 1270 1290 -
393 TGCGAGCAAAACAAGCGGCT 1285 1305 -
394 CCGCTTGTTTTGCTCGCAGC 1287 1307 +
395 CCTGCTGCGAGCAAAACAAG 1290 1310 -
396 TGTTTTGCTCGCAGCAGGTC 1292 1312 +
397 GCAGCACAGCCTAGCAGCCA 1376 1396 -
398 TGCTAGGCTGTGCTGCCAAC 1380 1400 +
399 GCTGCCAACTGGATCCTGCG 1391 1411
400 CTGCCAACTGGATCCTGCGC 1392 1412
401 CGTCCCGCGCAGGATCCAGT 1398 1418 -
402 AAACAAAGGACGTCCCGCGC 1408 1428 -
403 GTCCTTTGTTTACGTCCCGT 1417 1437 +
404 CGCCGACGGGACGTAAACAA 1422 1442 -
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405 TGCCGTTCCGACCGACCACG 1504 1523 +
406 AGGTGCGCCCCGTGGTCGGT 1513 1533 -
407 AGAGAGGTGCGCCCCGTGGT 1517 1537 -
408 GTAAAGAGAGGTGCGCCCCG 1521 1541 -
409 GGGGCGCACCTCTCTTTACG 1522 1542 +
410 CGGGGAGTCCGCGTAAAGAG 1533 1553 -
411 CAGATGAGAAGGCACAGACG 1551 1571 -
412 GTCTGTGCCTTCTCATCTGC 1552 1572 +
413 GGCAGATGAGAAGGCACAGA 1553 1573 -
414 GCAGATGAGAAGGCACAGAC 1553 1572 -
415 ACACGGTCCGGCAGATGAGA 1562 1582 -
416 GAAGCGAAGTGCACACGGTC 1574 1594 -
417 GAGGTGAAGCGAAGTGCACA 1579 1599 -
418 CTTCACCTCTGCACGTCGCA 1590 1610 +
419 GGTCTCCATGCGACGTGCAG 1598 1618 -
420 TGCCCAAGGTCTTACATAAG 1640 1660 +
421 GTCCTCTTATGTAAGACCTT 1645 1665 -
422 AGTCCTCTTATGTAAGACCT 1646 1666 -
423 GTCTTACATAAGAGGACTCT 1648 1668 +
424 AATGTCAACGACCGACCTTG 1680 1700 +
425 TTTGAAGTATGCCTCAAGGT 1694 1714 -
426 AGTCTTTGAAGTATGCCTCA 1698 1718 -
427 AAGACTGTTTGTTTAAAGAC 1712 1732 +
428 AGACTGTTTGTTTAAAGACT 1713 1733 +
429 CTGTTTGTTTAAAGACTGGG 1716 1736 +
430 GTTTAAAGACTGGGAGGAGT 1722 1742 +
431 TCTTTGTACTAGGAGGCTGT 1766 1786 +
432 AGGAGGCTGTAGGCATAAAT 1776 1796 +
433 GTGAAAAAGTTGCATGGTGC 1810 1830 -
434 GCAGAGGTGAAAAAGTTGCA 1816 1836 -
435 AACAAGAGATGATTAGGCAG 1832 1852 -
436 GACATGAACAAGAGATGATT 1838 1858 -
437 AGCTTGGAGGCTTGAACAGT 1860 1880 -
438 CAAGCCTCCAAGCTGTGCCT 1866 1886 +
439 AAGCCTCCAAGCTGTGCCTT 1867 1887 +
440 CCTCCAAGCTGTGCCTTGGG 1871 1890 +
441 CCACCCAAGGCACAGCTTGG 1873 1893 -
442 AGCTGTGCCTTGGGTGGCTT 1876 1896 +
443 AAGCCACCCAAGGCACAGCT 1876 1896 -
444 GCTGTGCCTTGGGTGGCTTT 1877 1897 +
445 CTGTGCCTTGGGTGGCTTTG 1878 1898 +
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446 TAGCTCCAAATTCTTTATAA 1916 | 1936 -
447 GTAGCTCCAAATTCTTTATA 1917 | 1937 -
448 TAAAGAATTTGGAGCTACTG 1919 | 1939 +
449 ATGACTCTAGCTACCTGGGT 2097 | 2117 +
450 CACATTTCTTGTCTCACTTT 2211 | 2231 +
451 TAGTTTCCGGAAGTGTTGAT 2321 | 2341 -
452 CGTCTAACAACAGTAGTTTC 2334 | 2354 -
453 ACTACTGTTGTTAGACGACG 2337 | 2357
454 CTGTTGTTAGACGACGAGGC 2341 | 2361
455 CGAGGGAGTTCTTCTTCTAG 2368 | 2388 -
456 GCGAGGGAGTTCTTCTTCTA 2369 | 2389 -
457 GGCGAGGGAGTTCTTCTTCT 2370 | 2390 -
458 CTCCCTCGCCTCGCAGACGA 2380 | 2400 +
459 GACCTTCGTCTGCGAGGCGA 2385 | 2405 -
460 AGACCTTCGTCTGCGAGGCG 2386 | 2406 -
461 GATTGAGACCTTCGTCTGCG 2391 | 2411 -
162 GATTGAGATCTTCTGCGACG 2415 | 2435 -
463 GTCGCAGAAGATCTCAATCT 2416 | 2436 +
464 TCGCAGAAGATCTCAATCTC 2417 | 2437 +
465 ATATGGTGACCCACARAATG 2807 | 2827 -
166 TTTGTGGGTCACCATATTCT 2810 | 2830 +
467 TTGTGGGTCACCATATTCTT 2811 | 2831 +
468 GCTGGATCCAACTGGTGGTC 2894 | 2914 -
469 CACCCCAAAAGGCCTCCGTG 3026 | 3046 -
470 CCTTTTGGGGTGGAGCCCTC 3034 | 3054 +
471 CCTGAGGGCTCCACCCCARA 3037 | 3057 -
472 GGGGTGGAGCCCTCAGGCTC 3040 | 3060 +
473 GGGTGGAGCCCTCAGGCTCA 3041 | 3061 +
474 CGATTGGTGGAGGCAGGAGG 3092 | 3112 -
475 CTCATCCTCAGGCCATGCAG 3159 | 3179 +
102 GATGAGGCATAGCAGCAG 415 432 -
103 GATGATTAGGCAGAGGTG 1828 | 1845 -
104 GGATTCAGCGCCGACGGG 1433 | 1450 -
105 GGCAGTAGTCGGAACAGGG 90 108 -
106 GTAAACTGAGCCAGGAGAA 664 682 -
107 ACGGTGGTCTCCATGCGAC 1605 | 1623 -
108 GCTGGATGTGTCTGCGGCE 372 393 +
109 GTCTGCGAGGCGAGGGAG 2381 | 2398 -
110 GTTGCCGGGCAACGGGGTA 1146 | 1164 -
111 CGAGAAAGTGAAAGCCTGC 1085 | 1103 -
112 GAGGCTTGAACAGTAGGAC 1856 | 1874 -
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113 GAGGTTGGGGACTGCGAA 312 329 -
114 GATGATGTGGTATTGGGG 742 762 +
115 GATGATGTGGTATTGGGGG 742 763 +
116 GCAGTAGTCGGAACAGGG 90 107 -
117 GCATAGCAGCAGGATGAA 409 426 -
118 GGCGTTCACGGTGGTCTCC 1612 | 1630 -
119 GTTGGTGAGTGATTGGAG 327 344 -
120 GGAGGTTGGGGACTGCGAA 312 330 -
121 GGATGATGTGGTATTGGGG 741 762 +
122 GGATGTGTCTGCGGCGTT 375 395 +
123 GGGGGTTGCGTCAGCAAAC 1184 | 1202 -
124 GTTGTTAGACGACGAGGCA 2342 | 2363 +

[0114] Target domains identified above that are adjacent to a PAM sequence, e.g., an §.
pyogenes Cas9 PAM sequence, can be targeted by a CRISPR-based epigenetic repressor, e.g., an
epigenetic repressor comprising a dCas9 DNA-binding domain. For example, target sites 1-143
are suitable for dCas9-based epigenetic repressor targeting.

[0115] A suitable gRNA for targeting any of the target domain sequences would, in some
embodiments, comprise a target domain sequence that is the RNA-equivalent sequence of the
provided DNA sequence of the targeting domain sequence (i.e., an RNA nucleotide of that
sequence instead of the provided DNA nucleotide, with uracil instead of thymine), and a suitable
tracr RNA sequence.

[0116] Any tracr sequence known in the art is contemplated for a gRNA described herein. In
some embodiments, a gRNA described herein has a tracr sequence shown in Table 3 below, or a
tracr sequence at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to
the tracr sequence shown below (SEQ: SEQ ID NO).

Table 3. Exemplary TRACR Sequences

SEQ Sequence (5’ to 3°)
GUUUAAGAGCUAUGCUGGARACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGUUAUCAACU
1087 | yGARRRAGUGGCACCGAGUCGEUGCUUUUUUY
GUUUUAGAGCUAGAAAUAGCAAGUUAARAAUAAGGCUAGUCCGUUAUCAACUUGAARAAGUG
1088 | cncceacuceeuccuuUy
GUUURAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGUUAUCAACU
1089 | yGARRARRAGUGGCACCGAGUCGEUGCUUUUUD
GUUURAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGUUAUCAACU
1090 | yGaaRARAGUGGCACCGAGUCGEUGCUUUUUUY
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[0117] In some embodiments, the gRNA herein is provided to the cell directly (e.g., through
an RNP complex together with the CRISPR-associated protein domain). In some embodiments,
the gRNA is provided to the cell through an expression vector (e.g., a plasmid vector or a viral
vector) introduced into the cell, where the cell then expresses the gRNA from the expression
vector. Methods of introducing gRNAs and expression vectors into cells are well known in the

art.

II1. Effector Domains

[0118] Epigenetic editors described herein include one or more effector protein domains
(also “epigenetic effector domains,” or “effector domains,” as used herein) that effect epigenetic
modification of a target gene. An epigenetic editor with one or more effector domains may
modulate expression of a target gene without altering its nucleobase sequence. In some
embodiments, an effector domain described herein may provide repression or silencing of
expression of HBV or an HBV gene, e.g., by repressing transcription or by modifying or

remodeling HBV chromatin. Such effector domains are also referred to herein as “repression

2« 2

domains,” “repressor domains,” “epigenetic repressor domains,” or “epigenetic repression
domains.” Non-limiting examples of chemical modifications that may be mediated by effector
domains include methylation, demethylation, acetylation, deacetylation, phosphorylation,
SUMOylation and/or ubiquitination of DNA or histone residues.

[0119] In some embodiments, an effector domain of an epigenetic editor described herein
may make histone tail modifications, e.g., by adding or removing active marks on histone tails.
[0120] In some embodiments, an effector domain of an epigenetic editor described herein
may comprise or recruit a transcription-related protein, e.g., a transcription repressor. The
transcription-related protein may be endogenous or exogenous.

[0121] In some embodiments, an effector domain of an epigenetic editor described herein
may, for example, comprise a protein that directly or indirectly blocks access of a transcription
factor to the gene of interest harboring the target sequence.

[0122] An effector domain may be a full-length protein or a fragment thereof that retains the
epigenetic effector function (a “functional domain). Functional domains that are capable of
modulating (e.g., repressing) gene expression can be derived from a larger protein. For example,
functional domains that can reduce target gene expression may be identified based on sequences

of repressor proteins. Amino acid sequences of gene expression-modulating proteins may be

obtained from available genome browsers, such as the UCSD genome browser or Ensembl

47-



WO 2024/238700 PCT/US2024/029529

genome browser. Protein annotation databases such as UniProt or Pfam can be used to identify
functional domains within the full protein sequence. As a starting point, the largest sequence,
encompassing all regions identified by different databases, may be tested for gene expression
modulation activity. Various truncations then may be tested to identify the minimal functional
unit.

[0123] Variants of effector domains described herein are also contemplated by the present
disclosure. A variant may, for example, refer to a polypeptide with at least about 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity and/or sequence
similarity to a wildtype effector domain described herein. In particular embodiments, the variant
retains at least about 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100% of
the epigenetic effector function of the wildtype effector domain.

[0124] In some embodiments, an epigenetic editor described herein may comprise 1 effector
domain, 2 effector domains, 3 effector domains, 4 effector domains, 5 effector domains, 6
effector domains, 7 effector domains, 8 effector domains, 9 effector domains, 10 effector
domains, or more. In certain embodiments, the epigenetic editor comprises one or more fusion
proteins (e.g., one, two, or three fusion proteins), each with one or more effector domains (e.g.,
one, two, or three effector domains) linked to a DNA-binding domain. In some embodiments,
the effector domains may induce a combination of epigenetic modifications, e.g., transcription
repression and DNA methylation, DNA methylation and histone deacetylation, DNA methylation
and histone demethylation, DNA methylation and histone methylation, DNA methylation and
histone phosphorylation, DNA methylation and histone ubiquitylation, DNA methylation, and
histone SUMOylation.

[0125] In certain embodiments, an effector domain described herein (e.g., DNMT3A and/or
DNMT3L) is encoded by a nucleotide sequence as found in the native genome (e.g., human or
murine) for that effector domain. In other embodiments, an effector domain described herein is
encoded by a nucleotide sequence that has been codon-optimized for optimal expression in
human cells.

[0126] Effector domains described herein may include, for example, transcriptional

repressors, DNA methyltransferases, and/or histone modifiers, as further detailed below.

A. Transcriptional Repressors
[0127] In some embodiments, an epigenetic effector domain described herein mediates
repression of a target gene’s expression (e.g., transcription). The effector domain may comprise,

e.g., a Kriippel-associated box (KRAB) repression domain, a Repressor Element Silencing
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Transcription Factor (REST) repression domain, a KRAB-associated protein 1 (KAP1) domain, a
MAD domain, a FKHR (forkhead in rhabdosarcoma gene) repressor domain, an EGR-1 (early
growth response gene product-1) repressor domain, an ets2 repressor factor repressor domain
(ERD), a MAD smSIN3 interaction domain (SID), a WRPW motif of the hairy-related basic
helix-loop-helix (bHLH) repressor proteins, an HP1 alpha chromo-shadow repression domain, an
HP1 beta repression domain, or any combination thereof. The effector domain may recruit one
or more protein domains that repress expression of the target gene, e.g., through a scaffold
protein. In some embodiments, the effector domain may recruit or interact with a scaffold
protein domain that recruits a PRMT protein, a HDAC protein, a SETDBI1 protein, or a NuRD
protein domain.

[0128] In some embodiments, the effector domain comprises a functional domain derived
from a zinc finger repressor protein, such as a KRAB domain. KRAB domains are found in
approximately 400 human ZFP-based transcription factors. Descriptions of KRAB domains may
be found, for example, in Ecco et al., Development (2017) 144(15):2719-29 and Lambert et al,
Cell (2018) 172:650-65.

[0129] In certain embodiments, the effector domain comprises a repression domain (e.g.,
KRAB) derived from KOX1/ZNF10, KOX8/ZNF708, ZNF43, ZNF184, ZNF91, HPF4, HTF10,
or HTF34. In some embodiments, the effector domain comprises a repression domain (e.g.,
KRAB) derived from ZIM3, ZNF436, ZNF257, ZNF675, ZNF490, ZNF320, ZNF331, ZNF816,
ZNF680, ZNF41, ZNF189, ZNF528, ZNF543, ZNF554, ZNF140, ZNF610, ZNF264, ZNF350,
ZNF8, ZNF582, ZNF30, ZNF324, ZNF98, ZNF669, ZNF677, ZNF596, ZNF214, ZNF37,
ZNF34, ZNF250, ZNF547, ZNF273, ZNF354, ZFP82, ZNF224, ZNF33, ZNF45, ZNF175,
ZNF595, ZNF184, ZNF419, ZFP28-1, ZFP28-2, ZNF18, ZNF213, ZNF394, ZFP1, ZFP14,
ZNF416, ZNF557, ZNF566, ZNF729, ZIM2, ZNF254, ZNF764, ZNF785, or any combination
thereof. For example, the repression domain may be a KRAB domain derived from KOXI1,
ZIM3, ZFP28, or ZN627. In particular embodiments, the repression domain is a ZIM3 KRAB
domain. In further embodiments, the effector domain is derived from a human protein, e.g., a
human ZIM3, a human KOX1, a human ZFP28, or a human ZN627.

[0130] Exemplary effector domains that may reduce or silence target gene expression are
provided in Table 4 below (SEQ: SEQ ID NO, see Table 18 for sequences of exemplary effector
domains). Further examples of repressors and transcriptional repressor domains can be found,
e.g., in PCT Patent Publication WO 2021/226077 and Tycko et al., Cell (2020) 183(7):2020-35,

each of which is incorporated herein by reference in its entirety.
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Table 4. Exemplary Effector Domains Suitable for Silencing Gene Expression

Protein SEQ
ZIM3 495
ZNF436 496
ZNF257 497
ZNF675 498
ZNF490 499
ZNF320 500
ZNF331 501
ZNF816 502
ZNF680 503
ZNF41 504
ZNF189 505
ZNF528 506
ZNF543 507
ZNF554 508
ZNF140 509
ZNF610 510
ZNF264 511
ZNF350 512
ZNF8 513
ZNF582 514
ZNF30 515
ZNF324 516
ZNF98 517
ZNF669 518
ZNFo6T7 519
ZNF596 520
ZNF214 521
ZNF37A 522
ZNF34 523
ZNF250 524
ZNF547 525
ZNF273 526
ZNF354A 527
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Protein SEQ
ZN440 HUMAN 761
ZN583 HUMAN 762
ZN441 HUMAN 763
ZNF43 HUMAN 764
CBX5 HUMAN 765
ZN589 HUMAN 766
ZNF10 HUMAN 767
ZN563 HUMAN 768
ZN561 HUMAN 769
ZN136 HUMAN 770
ZN630_HUMAN 771
ZN527 HUMAN 772
ZN333 HUMAN 773
7324B HUMAN 774
ZN786 HUMAN 775
ZN709 HUMAN 776
ZN792 HUMAN 777
ZN599 HUMAN 778
ZN613_ HUMAN 779
ZF69B HUMAN 780
ZN799 HUMAN 781
ZN569_ HUMAN 782
ZN564 HUMAN 783
ZN546 HUMAN 784
ZFP92 HUMAN 785
YAF2 HUMAN 786
ZN723 HUMAN 787
ZNF34 HUMAN 788
ZN439 HUMAN 789
ZFP57 HUMAN 790
ZNF19 HUMAN 791
ZN404_HUMAN 792
ZN274 HUMAN 793
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Protein SEQ
ZFP82 528
ZNF224 529
ZNF33A 530
ZNF45 531
ZNF175 532
ZNF595 533
ZNF184 534
ZNF419 535
ZFP28-1 536
ZFP28-2 537
ZNF18 538
ZNF213 539
ZNF394 540
ZFP1 541
ZFP14 542
ZNF416 543
ZNF557 544
ZNF566 545
ZNF729 546
ZIM2 547
ZNF254 548
ZNF764 549
ZNF785 550
ZNF10 (KOX1) 551
CBX5 (chromoshadow domain) 552
RYBP (YAF2 RYBP
component of PRC1) 553
YAF2 (YAF2 RYBP
component of PRC1) 554
MGA (component of PRC1.6) 555
CBX1 (chromoshadow) 556
SCMHI1 (SAM_1/SPM) 557
MPP8 (Chromodomain) 558
SUMO3 (Rad60-SLD) 559
HERC?2 (Cyt-b5) 560
BIN1 (SH3 9) 561
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Protein SEQ
CBX3 HUMAN 794
ZNF30 HUMAN 795
ZN250 HUMAN 796
ZN570 HUMAN 797
ZN675 HUMAN 798
ZN695 HUMAN 799
ZN548 HUMAN 800
ZN132 HUMAN 801
ZN738 HUMAN 802
ZN420 HUMAN 803
ZN626 HUMAN 804
ZN559 HUMAN 805
ZN460 HUMAN 806
ZN268 HUMAN 807
ZN304 HUMAN 808
ZIM2 HUMAN 809
ZN605 HUMAN 810
ZN844 HUMAN 811
SUMOS_HUMAN 812
ZN101 HUMAN 813
ZN783 HUMAN 814
ZN417 HUMAN 815
ZN182 HUMAN 816
ZN823 HUMAN 817
ZN177 HUMAN 818
ZN197 HUMAN 819
ZN717_ HUMAN 820
ZN669 HUMAN 821
ZN256 HUMAN 822
ZN251 HUMAN 823
CBX4 HUMAN 824
PCGF2 HUMAN 825
CDY2 HUMAN 826
CDYL2 HUMAN 827




WO 2024/238700

Protein SEQ
PCGF2 (RING finger protein
domain) 562
TOX (HMG box) 563
FOXA1 (HNF3A C-terminal
domain) 564
FOXA2 (HNF3B C-terminal
domain) 565
IRF2BP1 (IRF-2BP1 2 N-
terminal domain) 566
IRF2BP2 (IRF-2BP1 2 N-
terminal domain) 567
IRF2BPL IRF-2BP1 2 N-
terminal domain 568
HOXA13 (homeodomain) 569
HOXB13 (homeodomain) 570
HOXC13 (homeodomain) 571
HOXAT11 (homeodomain) 572
HOXC11 (homeodomain) 573
HOXC10 (homeodomain) 574
HOXA10 (homeodomain) 575
HOXB9 (homeodomain) 576
HOXA9 (homeodomain) 577
ZFP28 HUMAN 578
ZN334 HUMAN 579
ZN568 HUMAN 580
ZN37A HUMAN 581
ZN181 HUMAN 582
ZN510 HUMAN 583
ZN862 HUMAN 584
ZN140 HUMAN 585
ZN208 HUMAN 586
ZN248 HUMAN 587
ZN571 HUMAN 588
ZN699 HUMAN 589
ZN726 HUMAN 590
Z1IK1 HUMAN 591
ZNF2 HUMAN 592
Z705F HUMAN 593
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Protein SEQ
HERC2 HUMAN 28
ZN562 HUMAN 829
ZN461 HUMAN 230
7324A HUMAN 831
ZN766 HUMAN 832
ID2 HUMAN 233
TOX HUMAN 834
ZN274 HUMAN 835
SCMH1 _HUMAN 836
ZN214 HUMAN 837
CBX7 HUMAN 838
ID1 HUMAN 839
CREM_HUMAN 840
SCX HUMAN 841
ASCL1 HUMAN 842
ZN764 HUMAN 843
SCML2 HUMAN 844
TWST1 HUMAN 845
CREB1_HUMAN 846
TERF1 HUMAN 847
ID3 HUMAN 848
CBX8 HUMAN 849
CBX4 HUMAN 850
GSX1 HUMAN 851
NKX22 HUMAN 852
ATF1 HUMAN 853
TWST2 HUMAN 854
ZNF17 HUMAN 855
TOX3 HUMAN 856
TOX4 HUMAN 857
ZMYM3 HUMAN 858
12BP1 HUMAN 859
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Protein SEQ

ZNF14 HUMAN 594
ZN471 HUMAN 595
ZN624 HUMAN 596
ZNF84 HUMAN 597

ZNF7 HUMAN 508
ZN891 HUMAN 599
ZN337 HUMAN 600
Z705G_HUMAN 601
ZN529 HUMAN 602
ZN729 HUMAN 603
ZN419 HUMAN 604
Z705A HUMAN 605
ZNF45 HUMAN 606
ZN302 HUMAN 607
ZN486 HUMAN 608
ZN621 HUMAN 609
ZN688 HUMAN 610
ZN33A HUMAN 611
ZN554 HUMAN 612
ZN878 HUMAN 613
ZN772_ HUMAN 614
ZN224 HUMAN 615
ZN184 HUMAN 616
ZN544 HUMAN 617
ZNF57 HUMAN 618
ZN283 HUMAN 619
ZN549 HUMAN 620
ZN211_HUMAN 621
ZN615 HUMAN 622
ZN253 HUMAN 623
ZN226 HUMAN 624
ZN730 HUMAN 625
Z585A HUMAN 626
ZN732 HUMAN 627

ZN681_HUMAN

628
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Protein SEQ

RHXF1 HUMAN 860
SSX2 HUMAN 861
12BPL. HUMAN 862
ZN680 HUMAN 863
CBX1 HUMAN 864
TRI68 HUMAN 865
HXA13_HUMAN 866
PHC3 HUMAN 867
TCF24 HUMAN 868
CBX3 HUMAN 869
HXB13 HUMAN 870
HEY1 HUMAN 871
PHC2 HUMAN 872
ZNF81 HUMAN 873
FIGLA HUMAN 874
SAM11 HUMAN 875
KMT2B HUMAN 876
HEY2 HUMAN 877
JDP2 HUMAN 878
HXC13 HUMAN 879
ASCL4 HUMAN 880
HHEX HUMAN 881
HERC2 HUMAN 882
GSX2 HUMAN 883
BIN1 HUMAN 884
ETV7 HUMAN 885
ASCL3 HUMAN 886
PHC1 HUMAN 887
OTP_HUMAN 888
12BP2 HUMAN 889
VGLL2 HUMAN 890
HXA11 HUMAN 891
PDLI4 HUMAN 892
ASCL2 HUMAN 893
CDX4 HUMAN 894
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Protein SEQ
ZN667 HUMAN 629
ZN649 HUMAN 630
ZN470 HUMAN 631
ZN484 HUMAN 632
ZN431 HUMAN 633
ZN382 HUMAN 634
ZN254 HUMAN 635
ZN124 HUMAN 636
ZN607 HUMAN 637
ZN317 HUMAN 638
ZN620 HUMAN 639
ZN141 HUMAN 640
ZN584 HUMAN 641
ZN540 HUMAN 642
ZN75D HUMAN 643
ZN555 HUMAN 644
ZN658 HUMAN 645
ZN684 HUMAN 646
RBAK HUMAN 647
ZN829 HUMAN 648
ZN582 HUMAN 649
ZN112 HUMAN 650
ZN716 HUMAN 651
HKR1 HUMAN 652
ZN350 HUMAN 653
ZN430 HUMAN 654
ZN416 HUMAN 655
ZNF92 HUMAN 656
ZN100 HUMAN 657
ZN736 HUMAN 658
ZNF74 HUMAN 659
CBX1 HUMAN 660
ZN443 HUMAN 661
ZN195 HUMAN 662
ZN530 HUMAN 663
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Protein SEQ
ZN860 HUMAN 895
LMBL4 HUMAN 896
PDIP3 HUMAN 897
NKX25 HUMAN 808
CEBPB _HUMAN 899
ISL1 HUMAN 900
CDX2 HUMAN 901
PROP1_HUMAN 902
SIN3B_ HUMAN 903
SMBT1 HUMAN 904
HXC11_HUMAN 905
HXC10 HUMAN 906
PRS6A HUMAN 907
VSX1 HUMAN 908
NKX23 HUMAN 909
MTG16_ HUMAN 910
HMX3 HUMAN 911
HMX1 HUMAN 912
KIF22 HUMAN 913
CSTF2 HUMAN 914
CEBPE HUMAN 915
DLX2 HUMAN 916
ZMYM3 HUMAN 917
PPARG HUMAN 918
PRIC1_HUMAN 919
UNC4 HUMAN 920
BARX2 HUMAN 921
ALX3 HUMAN 922
TCF15 HUMAN 923
TERA HUMAN 924
VSX2 HUMAN 925
HXD12 HUMAN 926
CDX1 HUMAN 927
TCF23 HUMAN 928
ALX1 HUMAN 929
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Protein SEQ
ZN782 HUMAN 664
ZN791 HUMAN 665
ZN331 HUMAN 666
7Z354C_HUMAN 667
ZN157 HUMAN 668
ZN727 HUMAN 669
ZN550 HUMAN 670
ZN793 HUMAN 671
ZN235 HUMAN 672
ZNF8 HUMAN 673
ZN724 HUMAN 674
ZN573 HUMAN 675
ZN577 HUMAN 676
ZN789 HUMAN 677
ZN718 HUMAN 678
ZN300 HUMAN 679
ZN383 HUMAN 680
ZN429 HUMAN 681
ZN677 HUMAN 682
ZN850 HUMAN 683
ZN454 HUMAN 684
ZN257 HUMAN 685
ZN264 HUMAN 686
ZFP32 HUMAN 687
ZFP14 HUMAN 688
ZN485 HUMAN 689
ZN737 HUMAN 690
ZNF44 HUMAN 691
ZN596 HUMAN 692
ZN565 HUMAN 693
ZN543 HUMAN 694
ZFP69 HUMAN 695
SUMO1 _HUMAN 696
ZNF12 HUMAN 697

ZN169 HUMAN

698
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Protein SEQ
HXA10 HUMAN 930
RX HUMAN 931
CXXC5 HUMAN 932
SCML1 HUMAN 933
NFIL3 HUMAN 934
DLX6 HUMAN 935
MTG8_HUMAN 936
CBX8 HUMAN 937
CEBPD HUMAN 938
SEC13_ HUMAN 939
FIP1_ HUMAN 940
ALX4 HUMAN 941
LHX3 HUMAN 942
PRIC2 HUMAN 943
MAGI3_HUMAN 944
NELL1 HUMAN 945
PRRX1 HUMAN 946
MTG8R_HUMAN 947
RAX2 HUMAN 048
DLX3 HUMAN 949
DLX1 HUMAN 950
NKX26 HUMAN 951
NAB1 HUMAN 952
SAMD7 HUMAN 953
PITX3 HUMAN 954
WDRS5 HUMAN 955
MEOX2 HUMAN 956
NAB2 HUMAN 957
DHX8 HUMAN 958
FOXA2 HUMAN 959
CBX6 HUMAN 960
EMX2 HUMAN 961
CPSF6_HUMAN 962
HXC12 HUMAN 963
KDM4B HUMAN 964
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Protein SEQ

ZN433 HUMAN 699
SUMO3 HUMAN 700
ZNF98 HUMAN 701
ZN175 HUMAN 702
ZN347 HUMAN 703
ZNF25 HUMAN 704
ZN519 HUMAN 705
7Z585B_HUMAN 706

ZIM3 HUMAN 707
ZN517 HUMAN 708
ZN846 HUMAN 709
ZN230 HUMAN 710
ZNF66 HUMAN 711

ZFP1_HUMAN 712
ZN713 HUMAN 713
ZN816 HUMAN 714
ZN426 HUMAN 715
ZN674 HUMAN 716
ZN627 HUMAN 717
ZNF20 HUMAN 718
7587B_HUMAN 719
ZN316 HUMAN 720
ZN233 HUMAN 721
ZN611 HUMAN 722
ZN556 HUMAN 723
ZN234 HUMAN 724
ZN560 HUMAN 725
ZNF77_HUMAN 726
ZN682 HUMAN 727
ZN614 HUMAN 728
ZN785_ HUMAN 729
ZN445 HUMAN 730
ZFP30 HUMAN 731
ZN225 HUMAN 732
ZN551_ HUMAN 733
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Protein SEQ
LMBL3 HUMAN 965
PHX2A HUMAN 966

EMX1 HUMAN 967
NC2B_ HUMAN 968
DLX4 HUMAN 969
SRY HUMAN 970
ZN777_HUMAN 971
NELL1 HUMAN 972
ZN398 HUMAN 973
GATA3 HUMAN 974
BSH HUMAN 975
SF3B4 HUMAN 976
TEAD1 HUMAN 977
TEAD3_HUMAN 978
RGAP1_HUMAN 979
PHF1 HUMAN 980
FOXA1 HUMAN 981
GATA2 HUMAN 082
FOX0O3 HUMAN 083
ZN212 HUMAN 084
IRX4 HUMAN 985
ZBED6 HUMAN 986
LHX4 HUMAN 987
SIN3A HUMAN 088
RBBP7 HUMAN 989
NKX61 HUMAN 990
TRI68 HUMAN 991
R51A1 HUMAN 992
MB3L1 HUMAN 993
DLX5 HUMAN 994
NOTC1 HUMAN 995
TERF2 HUMAN 996
ZN282 HUMAN 997
RGS12 HUMAN 998
ZN840 HUMAN 999
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Protein SEQ Protein SEQ
ZN610 HUMAN 734 SPI2B. HUMAN 1000
ZN528 HUMAN 735 PAX7 HUMAN 1001
ZN284 HUMAN 736 NKX62 HUMAN 1002
ZN418 HUMAN 737 ASXL2 HUMAN 1003
MPP8 HUMAN 738 FOXO1 HUMAN 1004
ZN490 HUMAN 739 GATA3 HUMAN 1005
ZN805 HUMAN 740 GATA1 HUMAN 1006
7Z780B_HUMAN 741 ZMYM5 HUMAN 1007
ZN763 HUMAN 742 ZN783 HUMAN 1008
ZN285 HUMAN 743 SPI2B. HUMAN 1009
ZNF85 HUMAN 744 LRP1_HUMAN 1010
ZN223 HUMAN 745 MIXL1 HUMAN 1011
ZNF90 HUMAN 746 SGT1 _HUMAN 1012
ZN557 HUMAN 747 LMCD1_HUMAN 1013
ZN425 HUMAN 748 CEBPA_HUMAN 1014
ZN229 HUMAN 749 GATA2 HUMAN 1015
ZN606 HUMAN 750 SOX14 HUMAN 1016
ZN155 HUMAN 751 WTIP. HUMAN 1017
ZN222 HUMAN 752 PRP19 HUMAN 1018
ZN442 HUMAN 753 CBX6 HUMAN 1019
ZNF91 HUMAN 754 NKX11 HUMAN 1020
ZN135 HUMAN 755 RBBP4 HUMAN 1021
ZN778 HUMAN 756 DMRT2 HUMAN 1022
RYBP HUMAN 757 SMCA2 HUMAN 1023
ZN534 HUMAN 758 ZNF10 HUMAN 1024
ZN586 HUMAN 759 EED HUMAN 1025
ZN567 HUMAN 760 RCOR1_HUMAN 1026

[0131] A functional analog of any one of the above-listed proteins, i.e., a molecule having the
same or substantially the same biological function (e.g., retaining 70% or more, 80% or more,
90% or more, 95% or more, or 98% or more) of the protein’s transcription factor function) is
encompassed by the present disclosure. For example, the functional analog may be an isoform or
a variant of the above-listed protein, e.g., containing a portion of the above protein with or
without additional amino acid residues and/or containing mutations relative to the above protein.

In some embodiments, the functional analog has a sequence identity that is at least 75, 80, 85, 90,
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95, 98, or 99% to one of the sequences listed in Table 4. Homologs, orthologs, and mutants of
the above-listed proteins are also contemplated.
[0132] In certain embodiments, an epigenetic editor described herein comprises a KRAB
domain derived from KOX1, ZIM3, ZFP28, or ZN627, and/or an effector domain derived from
KAP1, MECP2, HP1a, HP1b, CBX8, CDYL2, TOX, TOX3, TOX4, EED, EZH2, RBBP4,
RCORI, or SCML2, optionally wherein the parental protein is a human protein. In particular
embodiments, an epigenetic editor described herein comprises a domain derived from KOX1,
ZIM3, ZFP28, and/or ZN627, optionally wherein the parental protein is a human protein. In
certain embodiments, the epigenetic editor may comprise a KRAB domain derived from KOX1
(ZNF10), e.g., a human KOXI1. In certain embodiments, the epigenetic editor may comprise a
KRAB domain derived from ZIM3 (ZNF657 or ZNF264), e.g., a human ZIM3. In certain
embodiments, the epigenetic editor may comprise a KRAB domain derived from ZFP28, e.g., a
human ZFP28. In certain embodiments, the epigenetic editor may comprise a KRAB domain
derived from ZN627, e.g., a human ZN627. In certain embodiments, an epigenetic editor
described herein may comprise a CDYL2, e.g., a human CDYL2, and/or a TOX domain (e.g., a
human TOX domain) in combination with a KOX1 KRAB domain (e.g., a human KOX1 KRAB
domain).
[0133] In certain embodiments, an epigenetic effector described herein comprises a
repression domain derived from ZNF10 (SEQ ID NO: 1024). For example, the repression
domain may comprise the sequence of SEQ ID NO: 1024, or a sequence at least 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%., or 99% identical to SEQ ID NO: 1024.

B. DNA Methyltransferases
[0134] In some embodiments, an effector domain of an epigenetic editor described herein
alters target gene expression through DNA modification, such as methylation. Highly
methylated areas of DNA tend to be less transcriptionally active than less methylated areas.
DNA methylation occurs primarily at CpG sites (shorthand for “C-phosphate-G-" or “cytosine-
phosphate-guanine” sites). Many mammalian genes have promoter regions near or including
CpG islands (nucleic acid regions with a high frequency of CpG dinucleotides).
[0135] An effector domain described herein may be, e.g., a DNA methyltransferase (DNMT)
or a catalytic domain thereof, or may be capable of recruiting a DNA methyltransferase. DNMTs
encompass enzymes that catalyze the transfer of a methyl group to a DNA nucleotide, such as
canonical cytosine-5 DNMTs that catalyze the addition of methyl groups to genomic DNA (e.g.,
DNMT1, DNMT3A, DNMT3B, and DNMT3C). This term also encompasses non-canonical
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family members that do not catalyze methylation themselves but that recruit (including activate)
catalytically active DNMTs; a non-limiting example of such a DNMT is DNMT3L. See, e.g.,
Lyko, Nat Review (2018) 19:81-92. Unless otherwise indicated, a DNMT domain may refer to a
polypeptide domain derived from a catalytically active DNMT (e.g., DNMT1, DNMT3A, and
DNMT3B) or from a catalytically inactive DNMT (e.g., DNMT3L). A DNMT may repress
expression of the target gene through the recruitment of repressive regulatory proteins. In some
embodiments, the methylation is at a CG (or CpG) dinucleotide sequence. In some
embodiments, the methylation is at a CHG or CHH sequence, where H is any one of A, T, or
C.In some embodiments, DNMTs in the epigenetic editors may include, e.g., DNMTI,
DNMT3A, DNMT3B, and/or DNMT3C. In some embodiments, the DNMT is a mammalian
(e.g., human or murine) DNMT. In particular embodiments, the DNMT is DNMT3A (e.g,,
human DNMT3A). In certain embodiments, an epigenetic editor described herein comprises a
DNMT3A domain comprising SEQ ID NO: 1028, or a sequence at least 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 1028. In certain
embodiments, an epigenetic editor described herein comprises a DNMT3A domain comprising
SEQ ID NO: 1029, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to SEQ ID NO: 1029. In some embodiments, the DNMT3A
domain may have, e.g., a mutation at position H739 (such as H739A or H739E), R771 (such as
R771L) and/or R836 (such as R836A or R836Q)), or any combination thereof (numbering
according to SEQ ID NO: 1028).

[0136] In some embodiments, an effector domain described herein may be a DNMT-like
domain. As used herein a “DNMT-like domain” is a regulatory factor of DNA methyltransferase
that may activate or recruit other DNMT domains, but does not itself possess methylation
activity. In some embodiments, the DNMT-like domain is a mammalian (e.g., human or mouse)
DNMT-like domain. In certain embodiments, the DNMT-like domain is DNMT3L, which may
be, for example, human DNMT3L or mouse DNMT3L. In certain embodiments, an epigenetic
editor described herein comprises a DNMT3L domain comprising SEQ ID NO: 1032, or a
sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to SEQ ID NO: 1032. In certain embodiments, an epigenetic editor herein comprises a
DNMT3L domain comprising SEQ ID NO: 1033, or a sequence at least 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 1033. In certain
embodiments, an epigenetic editor described herein comprises a DNMT3L domain comprising
SEQ ID NO: 1034, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%.,
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96%, 97%, 98%, or 99% identical to SEQ ID NO: 1034. In certain embodiments, an epigenetic
editor described herein comprises a DNMT3L domain comprising SEQ ID NO: 1035, or a
sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to SEQ ID NO: 1035. In some embodiments, the DNMT3L domain may have, e.g., a
mutation corresponding to that at position D226 (such as D226V), Q268 (such as Q268K), or
both (numbering according to SEQ ID NO: 1032).

[0137] In certain embodiments, an epigenetic editor herein may comprise comprising both
DNMT and DNMT-like effector domains. For example, the epigenetic editor may comprise a
DNMT3A-3L domain, wherein DNMT3A and DNMT3L may be covalently linked. In other
embodiments, an epigenetic editor described herein may comprise an effector domain that
comprises only a DNMT3A domain (e.g., human DNMT3A), or only a DNMT-like domain (e.g.,
DNMT3L, which may be human or mouse DNMT3L).

[0138] Table 5 below provides exemplary methyltransferases from which an effector domain
of an epigenetic editor described herein may be derived. See Table 18 for sequences of these
exemplary methyltransferases.

Table 5. Exemplary DNA Methyltransferase Sequences

Protein Name Species Target Protein Sequence
DNMTI1 Human SmC SEQ ID NO: 1027
DNMT3A Human 5mC SEQ ID NO: 1028
DNMT3A

(catalytic domain) | Human 5mC SEQ ID NO: 1029
DNMT3B Human 5mC SEQ ID NO: 1030
DNMT3C Mouse SmC SEQID NO: 1031
DNMT3L Human 5mC SEQ ID NO: 1032
DNMT3L

(catalytic domain) | Human 5mC SEQ ID NO: 1033
DNMT3L Mouse 5mC SEQ ID NO: 1034
DNMT3L

(catalytic domain) | Mouse 5mC SEQ ID NO: 1035
TRDMT1

(DNMT?2) Human tRNA 5mC SEQ ID NO: 1036
M. Mpel Mycoplasma penetrans SmC SEQ ID NO: 1037
M. Sssl Spiroplasma monobiae 5mC SEQ ID NO: 1038

Haemophilus

M Hpall parainfluenzae 5SmC (CCGG) | SEQ ID NO: 1039
M. Alul Arthrobacter luteus 5mC (AGCT) | SEQ ID NO: 1040
M.Haelll Haemophilus aegyptius 5mC (GGCC) | SEQID NO: 1041

-60-



WO 2024/238700

PCT/US2024/029529

Protein Name Species Target Protein Sequence
M.Hhal Haemophilus haemolyticus | SmC (GCGC) | SEQ ID NO: 1042
M.Mspl Moraxella 5mC (CCGG) | SEQ ID NO: 1043
Mascl Ascobolus S5mC SEQ ID NO: 1044
MET]1 Arabidopsis 5mC SEQ ID NO: 1045
Masc2 Ascobolus 5mC SEQ ID NO: 1046
Dim-2 Neurospora SmC SEQ ID NO: 1047
dDnmt2 Drosophila 5mC SEQ ID NO: 1048
Pmtl S. pombe SmC SEQ ID NO: 1049
DRM1 Arabidopsis SmC SEQ ID NO: 1050
DRM2 Arabidopsis SmC SEQ ID NO: 1051
CMTI1 Arabidopsis SmC SEQ ID NO: 1052
CMT2 Arabidopsis SmC SEQ ID NO: 1053
CMT3 Arabidopsis SmC SEQ ID NO: 1054
Rid Neurospora 5mC SEQ ID NO: 1055
hsdM gene bacteria (. coli, strain 12) | m6A SEQ ID NO: 1056
hsdS gene bacteria (£. coli, strain 12) | m6A SEQ ID NO: 1057
Bacteria (Thermus
M.Taql aquaticus) mo6A SEQ ID NO: 1058
M . EcoDam E. coli mo6A SEQ ID NO: 1059
M.CcerMI Caulobacter crescentus mo6A SEQ ID NO: 1060
CamA Clostridioides difficile moA SEQ ID NO: 1061
[0139] A functional analog of any one of the above-listed proteins, i.e., a molecule having the

same or substantially the same biological function (e.g., retaining 70% or more, 80% or more,
90% or more, 95% or more, or 98% or more) of the protein’s DNA methylation function or
recruiting function) is encompassed by the present disclosure. For example, the functional
analog may be an isoform or a variant of the above-listed protein, e.g., containing a portion of the
above protein with or without additional amino acid residues and/or containing mutations relative
to the above protein. In some embodiments, the functional analog has a sequence identity that is
at least 75, 80, 85, 90, 95, 98, or 99% to one of the sequences listed in Table 5. In some
embodiments, the effector domain herein comprises only the functional domain (or functional
analog thereof), e.g., the catalytical domain or recruiting domain, of the above-listed proteins.
[0140] As used herein, a DNMT domain (e.g., a DNMT3A domain or a DNMT3L domain)
refers to a protein domain that is identical to the parental protein (e.g., a human or murine

DNMT3A or DNMT3L) or a functional analog thereof (e.g., having a functional fragment, such
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as a catalytic fragment or recruiting fragment, of the parental protein; and/or having mutations
that improve the activity of the DNMT protein).

[0141] An epigenetic editor herein may effect methylation at, e.g., 1,2, 3,4,5,6,7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600,
700, 800, 900, or 1000 or more CpG dinucleotide sequences in the target gene or chromosome.
The CpG dinucleotide sequences may be located within or near the target gene in CpG islands, or
may be located in a region that is not a CpG island. A CpG island generally refers to a nucleic
acid sequence or chromosome region that comprises a high frequency of CpG dinucleotides. For
example, a CpG island may comprise at least 50% GC content. The CpG island may have a high
observed-to-expected CpG ratio, for example, an observed-to-expected CpG ratio of at least
60%. As used herein, an observed-to-expected CpG ratio is determined by Number of CpG *
(sequence length) / (Number of C * Number of G). In some embodiments, the CpG island has an
observed-to-expected CpG ratio of at least 60%, 70%, 80%, 90% or more. A CpG island may be
a sequence or region of, e.g., at least 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750,
or 800 nucleotides. In some embodiments, only 1, orlessthan 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 30, 40, or 50 CpG dinucleotides are methylated by the epigenetic
editor.

[0142] In some embodiments, an epigenetic editor herein effects methylation at a
hypomethylated nucleic acid sequence, i.e., a sequence that may lack methyl groups on the 5-
methyl cytosine nucleotides (e.g., in CpG) as compared to a standard control. Hypomethylation
may occur, for example, in aging cells or in cancer (e.g., early stages of neoplasia) relative to a
younger cell or non-cancer cell, respectively.

[0143] In some embodiments, an epigenetic editor described herein induces methylation at a
hypermethylated nucleic acid sequence.

[0144] In some embodiments, methylation may be introduced by the epigenetic editor at a
site other than a CpG dinucleotide. For example, the target gene sequence may be methylated at
the C nucleotide of CpA, CpT, or CpC sequences. In some embodiments, an epigenetic editor
comprises a DNMT3A domain and effects methylation at CpG, CpA, CpT, CpC sequences, or
any combination thereof. In some embodiments, an epigenetic editor comprises a DNMT3A
domain that lacks a regulatory subdomain and only maintains a catalytic domain. In some
embodiments, the epigenetic editor comprising a DNMT3A catalytic domain effects methylation
exclusively at CpG sequences. In some embodiments, an epigenetic editor comprising a

DNMT3A domain that comprises a mutation, e.g. a R836A or R836Q mutation (numbering
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according to SEQ ID NO: 1028), has higher methylation activity at CpA, CpC, and/or CpT

sequences as compared to an epigenetic editor comprising a wildtype DNMT3A domain.

C. Histone Modifiers
[0145] In some embodiments, an effector domain of an epigenetic editor herein mediates
histone modification. Histone modifications play a structural and biochemical role in gene
transcription, such as by formation or disruption of the nucleosome structure that binds to the
histone and prevents gene transcription. Histone modifications may include, for example,
acetylation, deacetylation, methylation, phosphorylation, ubiquitination, SUMOylation and the
like, e.g., at their N-terminal ends (“histone tails”). These modifications maintain or specifically
convert chromatin structure, thereby controlling responses such as gene expression, DNA
replication, DNA repair, and the like, which occur on chromosomal DNA. Post-translational
modification of histones is an epigenetic regulatory mechanism and is considered essential for
the genetic regulation of eukaryotic cells. Recent studies have revealed that chromatin
remodeling factors such as SWI/SNF, RSC, NURF, NRD, and the like, which facilitate
transcription factor access to DNA by modifying the nucleosome structure; histone
acetyltransferases (HATs) that regulate the acetylation state of histones; and histone deacetylases
(HDAC:), act as important regulators.
[0146] In particular, the unstructured N-termini of histones may be modified by acetylation,
deacetylation, methylation, ubiquitylation, phosphorylation, SUMOylation, ribosylation,
citrullination O-GlcNAcylation, crotonylation, or any combination thereof. For example, histone
acetyltransferases (HATSs) utilize acetyl-CoA as a cofactor and catalyze the transfer of an acetyl
group to the epsilon amino group of the lysine side chains. This neutralizes the lysine’s positive
charge and weakens the interactions between histones and DNA, thus opening the chromosomes
for transcription factors to bind and initiate transcription. Acetylation of K14 and K9 lysines of
histone H3 by histone acetyltransferase enzymes may be linked to transcriptional competence in
humans. Lysine acetylation may directly or indirectly create binding sites for chromatin-
modifying enzymes that regulate transcriptional activation. On the other hand, histone
methylation of lysine 9 of histone H3 may be associated with heterochromatin, or
transcriptionally silent chromatin.
[0147] In certain embodiments, an effector domain of an epigenetic editor described herein
comprises a histone methyltransferase domain. The effector domain may comprise, for example,
a DOTIL domain, a SET domain, a SUV39H1 domain, a G9a/EHMT?2 protein domain, an EZH1

domain, an EZH2 domain, a SETDB1 domain, or any combination thereof. In particular
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embodiments, the effector domain comprises a histone-lysine-N-methyltransferase SETDB1
domain.

[0148] In some embodiments, the effector domain comprises a histone deacetylase protein
domain. In certain embodiments, the effector domain comprises a HDAC family protein domain,
for example, a HDAC1, HDAC3, HDACS, HDAC7, or HDAC9 protein domain. In particular
embodiments, the effector domain comprises a nucleosome remodeling and deacetylase complex

(NURD), which removes acetyl groups from histones.

D. Other Effector Domains
[0149] In some embodiments, the effector domain comprises a tripartite motif containing
protein (TRIM28, TIF1-beta, or KAP1). In certain embodiments, the effector domain comprises
one or more KAP1 proteins. A KAP1 protein in an epigenetic editor herein may form a complex
with one or more other effector domains of the epigenetic editor or one or more proteins involved
in modulation of gene expression in a cellular environment. For example, KAP1 may be
recruited by a KRAB domain of a transcriptional repressor. A KAP1 protein domain may
interact with or recruit one or more protein complexes that reduces or silences gene expression.
In some embodiments, KAP1 interacts with or recruits a histone deacetylase protein, a histone-
lysine methyltransferase protein, a chromatin remodeling protein, and/or a heterochromatin
protein. For example, a KAP1 protein domain may interact with or recruit a heterochromatin
protein 1 (HP1) protein, a SETDB1 protein, an HDAC protein, and/or a NuRD protein complex
component. In some embodiments, a KAP1 protein domain interacts with or recruits a ZFP90
protein (e.g., isoform 2 of ZFP90), and/or a FOXP3 protein. An exemplary KAP1 amino acid
sequence is shown in SEQ ID NO: 1062.
[0150] In some embodiments, the effector domain comprises a protein domain that interacts
with or is recruited by one or more DNA epigenetic marks. For example, the effector domain
may comprise a methyl CpG binding protein 2 (MECP2) protein that interacts with methylated
DNA nucleotides in the target gene (which may or may not be at a CpG island of the target
gene). An MECP?2 protein domain in an epigenetic editor described herein may induce
condensed chromatin structure, thereby reducing or silencing expression of the target gene. In
some embodiments, an MECP2 protein domain in an epigenetic editor described herein may
interact with a histone deacetylase (e.g. HDAC), thereby repressing or silencing expression of the
target gene. In some embodiments, an MECP2 protein domain in an epigenetic editor described

herein may block access of a transcription factor or transcriptional activator to the target
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sequence, thereby repressing or silencing expression of the target gene. An exemplary MECP2
amino acid sequence is shown in SEQ ID NO: 1063.

[0151] Also contemplated as effector domains for the epigenetic editors described herein are,
e.g., a chromoshadow domain, a ubiquitin-2 like Rad60 SUMO-like (Rad60-SLD/SUMO)
domain, a chromatin organization modifier domain (Chromo) domain, a Yaf2/RYBP C-terminal
binding motif domain (YAF2 RYBP), a CBX family C-terminal motif domain (CBX7 C), a zinc
finger C3HC4 type (RING finger) domain (ZF-C3HC4 _2), a cytochrome b5 domain (Cyt-b5), a
helix-loop-helix domain (HLH), a helix-hairpin-helix motif domain (e.g., HHH_3), a high
mobility group box domain (HMG-box), a basic leucine zipper domain (e.g., bZIP 1 or bZIP 2),
a Myb_DNA-binding domain, a homeodomain, a MYM-type Zinc finger with FCS sequence
domain (ZF-FCS), an interferon regulatory factor 2-binding protein zinc finger domain (IRF-
2BP1 2), an SSX repression domain (SSXRD), a B-box-type zinc finger domain (ZF-B_box), a
CXXC zinc finger domain (ZF-CXXC), a regulator of chromosome condensation 1 domain
(RCC1), an SRC homology 3 domain (SH3 9), a sterile alpha motif domain (SAM_1), a sterile
alpha motif domain (SAM_2), a sterile alpha motif/Pointed domain (SAM_PNT), a
Vestigial/Tondu family domain (Vg_Tdu), a LIM domain, an RNA recognition motif domain
(RRM_1), a paired amphipathic helix domain (PAH), a proteasomal ATPase OB C-terminal
domain (Prot ATP ID OB), a nervy homology 2 domain (NHR2), a hinge domain of cleavage
stimulation factor subunit 2 (CSTF2 hinge), a PPAR gamma N-terminal region domain
(PPARgamma N), a CDC48 N-terminal domain (CDC48_2), a WD40 repeat domain (WD40), a
Fip1 motif domain (Fip1), a PDZ domain (PDZ _6), a Von Willebrand factor type C domain
(VWC), a NAB conserved region 1 domain (NCD1), an S1 RNA-binding domain (S1), an HNF3
C-terminal domain (HNF_C), a Tudor domain (Tudor 2), a histone-like transcription factor
(CBF/NF-Y) and archaeal histone domain (CBFD_NFYB HMF), a zinc finger protein domain
(DUF3669), an EGF-like domain (cEGF), a GATA zinc finger domain (GATA), a TEA/ATTS
domain (TEA), a phorbol esters/diacylglycerol binding domain (C1-1), polycomb-like MTF2
factor 2 domain (Mtf2 C), a transactivation domain of FOXO protein family (FOXO-TAD), a
homeobox KN domain (Homeobox KN), a BED zinc finger domain (ZF-BED), a zinc finger of
C3HC4-type RING domain (ZF-C3HC4 4), a RADS]1 interacting motif domain

(RADS1 interact), a p5S5-binding region of a nethyl-CpG-binding domain protein MBD (MBDa),
a Notch domain, a Raf-like Ras-binding domain (RBD), a Spin/Ssty family domain (Spin-Ssty), a
PHD finger domain (PHD_3), a Low-density lipoprotein receptor domain class A (Ldl recept a),
a CS domain, a DM DNA-binding domain, and a QLQ domain.
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[0152] In some embodiments, the effector domain is a protein domain comprising a

YAF2 RYBP domain or homeodomain or any combination thereof. In certain embodiments, the
homeodomain of the YAF2 RYBP domain is a PRD domain, an NKL domain, a HOXL domain,
or a LIM domain. In particular embodiments, the YAF2 RYBP domain may comprise a 32
amino acid Yaf2/RYBP C-terminal binding motif domain (32 aa RYBP).

[0153] In some embodiments, the effector domain comprises a protein domain selected from
a group consisting of SUMO3 domain, Chromo domain from M phase phosphoprotein 8 (MPP8),
chromoshadow domain from Chromobox 1 (CBX1), and SAM_1/SPM domain from Scm
Polycomb Group Protein Homolog 1 (SCMHL1).

[0154] In some embodiments, the effector domain comprises an HNF3 C-terminal domain
(HNF_C). The HNF C domain may be from FOXA1 or FOXA2. In certain embodiments, the
HNF_C domain comprises an EH1 (engrailed homology 1) motif.

[0155] In some embodiments, the effector domain may comprise an interferon regulatory
factor 2-binding protein zinc finger domain (IRF-2BP1_2), a Cyt-bS domain from DNA repair
factor HERC2 E3 ligase, a variant SH3 domain (SH3_9) from Bridging Integrator 1 (BIN1), an
HMG-box domain from transcription factor TOX or ZF-C3HC4 2 RING finger domain from the
polycomb component PCGF2, a Chromodomain-helicase-DNA binding protein 3 (CHD3)

domain, or a ZNF783 domain.

IV. Epigenetic Editors
[0156] Provided herein are epigenetic editors, also referred to herein as epigenetic editing

systems, that direct epigenetic modification(s) to a target sequence in a gene of interest, e.g.,
using one or more DNA-binding domains as described herein and one or more effector domains
(e.g., epigenetic repression domains) as described herein, in any combination. The DNA-binding
domain (in concert with a guide polynucleotide such as one described herein, where the DNA-
binding domain is a polynucleotide guided DNA-binding domain) directs the effector domain to
epigenetically modify the target sequence, resulting in gene repression or silencing that may be
durable and inheritable across cell generations. In some aspects, the epigenetic editors described
herein can repress or silence genes reversibly or irreversibly in cells.

[0157] In particular embodiments, an epigenetic editor described herein comprises one or
more fusion proteins, each comprising (1) DNA-binding domain(s) and (2) effector domain(s).
The effector domains may be on one or more fusion proteins comprised by the epigenetic editor.

For example, a single fusion protein may comprise all of the effector domains with a DNA-
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binding domain. Alternatively, the effector domains or subsets thereof may be on separate fusion
proteins, each with a DNA-binding domain (which may be the same or different). A fusion
protein described herein may further comprise one or more linkers (e.g., peptide linkers),
detectable tags, nuclear localization signals (NLSs), or any combination thereof. As used herein,
a “fusion protein” refers to a chimeric protein in which two or more coding sequences (e.g., for
DNA-binding domain(s) and/or effector domain(s)) are covalently or non-covalently joined,
directly or indirectly.
[0158] In some embodiments, an epigenetic editor described herein comprises 2, 3, 4, 5, 6, 7,
8, 9, 10, or more effector (e.g., repression) domains, which may be identical or different. In
certain embodiments, two or more of said effector domains function synergistically.
Combinations of effector domains may comprise DNA methylation domains, histone
deacetylation domains, histone methylation domains, and/or scaffold domains that recruit any of
the above. For example, an epigenetic editor described herein may comprise one or more
transcriptional repressor domains (e.g., a KRAB domain such as KOX1, ZIM3, ZFP28, or
ZN627 KRAB) in combination with one or more DNA methylation domains (e.g., a DNMT
domain) and/or recruiter domain (e.g., a DNMT3L domain). Such an epigenetic editor may
comprise, for instance, a KRAB domain, a DNMT3A domain, and a DNMT3L domain. An
epigenetic editor can comprise a DNMT3A domain and a DNMT3L domain and preferably
further comprise a KRAB domain. In some embodiments, the epigenetic editor further
comprises an additional effector domain (e.g., a KAP1, MECP2, HP1b, CBXS8, CDYL2, TOX,
TOX3, TOX4, EED, RBBP4, RCOR1, or SCML2 domain). In some embodiments, the
additional effector domain is a CDYL2, TOX, TOX3, TOX4, or HP1a domain. For example, an
epigenetic editor described herein may comprise a CDYL2 and/or a TOX domain in combination
with a KRAB domain (e.g., a KOX1 KRAB domain).

A. Linkers
[0159] A fusion protein as described herein may comprise one or more linkers that connect
components of the epigenetic editor. A linker may be a peptide or non-peptide linker.
[0160] In some embodiments, one or more linkers utilized in an epigenetic editor provided
herein is a peptide linker, i.e., a linker comprising a peptide moiety. A peptide linker can be any
length applicable to the epigenetic editor fusion proteins described herein. In some
embodiments, the linker can comprise a peptide between 1 and 200 (e.g., between 1 and 80)
amino acids. In some embodiments, the linker comprises from 1to 5, 1 to 10, 1 to 20, 1 to 30, 1
t0 40, 1t0 50, 1t0 60, 1 to 80, 1 to 100, 1 to 150, 1t0 200, 5 to 10, 5 to 20, 5 to 30, 5 to 40, 5 to
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60, 5 to 80, 5 to 100, 5 to 150, 5 to 200, 10 to 20, 10 to 30, 10 to 40, 10 to 50, 10 to 60, 10 to 80,
10 to 100, 10 to 150, 10 to 200, 20 to 30, 20 to 40, 20 to 50, 20 to 60, 20 to 80, 20 to 100, 20 to
150, 20 to 200, 30 to 40, 30 to 50, 30 to 60, 30 to 80, 30 to 100, 30 to 150, 30 to 200, 40 to 50, 40
to 60, 40 to 80, 40 to 100, 40 to 150, 40 to 200, 50 to 60 50 to 80, 50 to 100, 50 to 150, 50 to 200,
60 to 80, 60 to 100, 60 to 150, 60 to 200, 80 to 100, 80 to 150, 80 to 200, 100 to 150, 100 to 200,
or 150 to 200 amino acids in length. Longer or shorter linkers are also contemplated. In some
embodiments, the peptide linker is 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25,
30, 25, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 amino acids in length. For example,
the peptide linker may be 4, 5, 16, 20, 24, 27, 32, 40, 64, 92, or 104 amino acids in length. The
peptide linker may be a flexible or rigid linker. In particular embodiments, the peptide linker
comprises the amino acid sequence of any one of SEQ ID NOs: 1064-1068 or a sequence at least
75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical thereto.
[0161] In certain embodiments, the peptide linker is an XTEN linker. Such a linker may
comprise part of the XTEN sequence (Schellenberger et al., Nat Biotechnol (2009) 27(1):1186-
90), an unstructured hydrophilic polypeptide consisting only of residues G, S, P, T, E, and A.
The term “XTEN” as used herein refers to a recombinant peptide or polypeptide lacking
hydrophobic amino acid residues. XTEN linkers typically are unstructured and comprise a
limited set of natural amino acids. Fusion of XTEN to proteins alters its hydrodynamic
properties and reduces the rate of clearance and degradation of the fusion protein. These XTEN
fusion proteins are produced using recombinant technology, without the need for chemical
modifications, and degraded by natural pathways. The XTEN linker may be, for example, 5, 10,
16, 20, 26, or 80 amino acids in length. In some embodiments, the XTEN linker is 16 amino
acids in length. In some embodiments, the XTEN linker is 80 amino acids in length. In certain
embodiments, the XTEN linker may be XTEN10, XTEN16, XTEN20, or XTENS8O. In certain
embodiments, the XTEN linker may comprise the amino acid sequence of any one of SEQ ID
NOs: 1069-1073 and 1092 or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% identical thereto. In some embodiments, the XTEN linker may
be XTEN10, XTEN16, XTEN20, or XTENS0.

[0162] In some embodiments, one or more linkers utilized in an epigenetic editor provided
herein is a non-peptide linker. For example, the linker may be a carbon bond, a disulfide bond,
or carbon-heteroatom bond. In certain embodiments, the linker is a carbon-nitrogen bond of an
amide linkage. In certain embodiments, the linker is a cyclic or acyclic, substituted or

unsubstituted, or branched or unbranched aliphatic or heteroaliphatic linker.
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[0163] In some embodiments, one or more linkers utilized in an epigenetic editor provided
herein is polymeric (e.g., polyethylene, polyethylene glycol, polyamide, polyester, etc.). The
linker may comprise, for example, a monomer, dimer, or polymer of aminoalkanoic acid; an
aminoalkanoic acid (e.g., glycine, ethanoic acid, alanine, beta-alanine, 3-aminopropanoic acid, 4-
aminobutanoic acid, S-pentanoic acid, etc.); a monomer, dimer, or polymer of aminohexanoic
acid (Ahx); or a polyethylene glycol moiety (PEG); or an aryl or heteroaryl moiety. In certain
embodiments, the linker may be based on a carbocyclic moiety (e.g., cyclopentane or
cyclohexane) or a phenyl ring. The linker may include functionalized moieties to facilitate
attachment of a nucleophile (e.g., thiol, amino) from the peptide to the linker. Any electrophile
may be used as part of the linker. Exemplary electrophiles include, but are not limited to,
activated esters, activated amides, alkyl halides, aryl halides, acyl halides, and isothiocyanates.
[0164] Various linker lengths and flexibilities can be employed between any two components
of an epigenetic editor (e.g., between an effector domain (e.g., a repressor domain) and a DNA-
binding domain (e.g., a Cas9 domain), between a first effector domain and a second effector
domain, etc.). The linkers may range from very flexible linkers, such as glycine/serine-rich
linkers, to more rigid linkers, in order to achieve the optimal length for effector domain activity
for the specific application. In some embodiments, the more flexible linkers are glycine/serine-
rich linkers (GS-rich linkers), where more than 45% (e.g., more than 48, 50, 55, 60, 70, 80, or
90%) of the residues are glycine or serine residues. Non-limiting examples of the GS-rich linkers
are (GGGGS)n (SEQ ID NO: 485), (G)n, and W linker (SEQ ID NO: 486). In some
embodiments, the more rigid linkers are in the form of the form (EAAAK)n (SEQ ID NO: 487),
(SGGS)n (SEQ ID NO: 488), and (XP)n (SEQ ID NO: 489). In the aforementioned formulae of
flexible and rigid linkers, n may be any integer between 1 and 30. In some embodiments, nis 1,
2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 15. In some embodiments, the linker comprises a
(GGS)n motif, whereinn is 1, 3, or 7 (SEQ ID NO: 490). In some embodiments, the linker
comprises a (GGGGS)n motif, wherein n is 4 (SEQ ID NO: 491).
[0165] In some embodiments, a linker in an epigenetic editor described herein comprises a
nuclear localization signal, for example, with the amino acid sequence of any one of SEQ ID
NOs: 1074-1079. In some embodiments, a linker in an epigenetic editor described herein
comprises an expression tag, e.g., a detectable tag such as a green fluorescence protein.

B. Nuclear Localization Signals
[0166] A fusion protein described herein may comprise one or more nuclear localization

signals, and in certain embodiments, may comprise two or more nuclear localization signals. For
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example, the fusion protein may comprise 1, 2, 3, 4, or 5 nuclear localization signals. As used
herein, a “nuclear localization signal” (NLS) is an amino acid sequence that directs proteins to
the nucleus. In certain embodiments, the NLS may be an SV40 NLS. The fusion protein may
comprise an NLS at its N-terminus, C-terminus, or both, and/or an NLS may be embedded in the
middle of the fusion protein (e.g., at the N- or C- terminus of a DNA-binding domain or an
effector domain). In certain embodiments, an NLS comprises the amino acid sequence of any
one of SEQ ID NOs: 1074-1079, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to the selected sequence. Additional NLSs are
known in the art.

C. Tags
[0167] Epigenetic editors provided herein may comprise one or more additional sequences
(“tags”) for tracking, detection, and localization of the editors. In some embodiments, the
epigenetic editor comprises 1,2, 3,4, 5, 6,7, 8,9, 10 or more detectable tags. Each of the
detectable tags may be the same or different.
[0168] For example, an epigenetic editor fusion protein may comprise cytoplasmic
localization sequences, export sequences, such as nuclear export sequences, or other localization
sequences, as well as sequence tags that are useful for solubilization, purification, or detection of
the fusion proteins. Suitable protein tags provided herein include, but are not limited to, biotin
carboxylase carrier protein (BCCP) tags, myc-tags, calmodulin-tags, FL AG-tags, hemagglutinin
(HA)-tags, poly-histidine tags (also referred to as histidine tags or His-tags), maltose binding
protein (MBP)-tags, nus-tags, glutathione-S-transferase (GST)-tags, green fluorescent protein
(GFP)-tags, thioredoxin-tags, S-tags, Softags (e.g., Softag 1 or Softag 3), strep-tags, biotin ligase
tags, F1AsH tags, V5 tags, and SBP-tags. Additional suitable sequences will be apparent to those
of skill in the art. Sequences disclosed herein that are presented with tag sequences included are
also contemplated without the presented tag sequences; similarly, sequences disclosed herein
without tag sequences are also contemplated to include the addition of suitable tag sequences
apparent to those of skill in the art.

D. Fusion Protein Configurations
[0169] A fusion protein of an epigenetic editor described herein may have its components
structured in different configurations. For example, the DNA-binding domain may be at the C-
terminus, the N-terminus, or in between two or more epigenetic effector domains or additional
domains. In some embodiments, the DNA-binding domain is at the C-terminus of the epigenetic

editor. In some embodiments, the DNA-binding domain is at the N-terminus of the epigenetic
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editor. In some embodiments, the DNA-binding domain is linked to one or more nuclear
localization signals. In some embodiments, the DNA-binding domain is flanked by an epigenetic
effector domain and/or an additional domain on both sides. In some embodiments, where
“DBD” indicates DNA-binding domain and “ED” indicates effector domain, the epigenetic editor
comprises the configuration of’

- N’]-[ED1]-[DBD]-[ED2]-[C’

- N’]-[ED1]-[DBD]-[ED2]-[ED3]-[C’

- N’J-[ED1]-[ED2]-[DBD]-[ED3]-[C’

or

- N’]-[ED1]-[ED2]-DBD]-[ED3]-[ED4]-[C’.
[0170] In some embodiments, an epigenetic editor comprises a DNA-binding domain (DBD),
a DNA methyltransferase (DNMT) domain, and a transcriptional repressor (“repressor”’) domain
that represses or silences expression of a target gene. The DBD, DNMT, and transcriptional
repressor domains may be any as described herein, in any combination. For example, an
epigenetic editor can comprise a DBD, a DNMT3A domain, and a DNMT3L domain. An
epigenetic editor can comprise a DBD, a DNMT3A domain, a DNMT3L domain, and preferably
further comprise a KRAB domain. In some embodiments, the epigenetic editor comprises a
fusion protein with the configuration of’

N’]-[DNA methyltransferase domain]-[DBD]-[repressor domain]-[C’

N’]-[repressor domain]-[DBD]-[DNA methyltransferase domain]-[C’

N’]-[DNA methyltransferase domain]-[repressor domain]- [DBD]-[C’

or

N’]-[repressor domain]-[DNA methyltransferase domain]- [DBD]-[C’.
[0171] In some embodiments, a connecting structure “]-[“in any one of the epigenetic editor
structures is a linker, e.g., a peptide linker; a detectable tag; a peptide bond; a nuclear localization
signal; and/or a promoter or regulatory sequence. In an epigenetic editor structure, the multiple
connecting structures “]-[“ may be the same or may each be a different linker, tag, NLS, or
peptide bond. In particular embodiments, the DNA methyltransferase domain comprises
DNMT3A, DNMT3L, or both. In particular embodiments, the DBD is a catalytically inactive
polynucleotide guided DNA-binding domain (e.g., a dCas9) or a ZFP domain. In particular
embodiments, the repressor domain is a KRAB domain.
[0172] In some embodiments, the epigenetic editor comprises a configuration selected from

N’]-[DNMT3A-DNMT3L]-[DBD]-[KRAB]-[C’
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N’J-[KRABJ-[DBD]-[DNMT3A-DNMT3L]-[C’

N’]-[KRAB]-[DBD]-[DNMT3A]-[C’

N’]-[DNMT3A]-[DBD]-[KRAB]-[C’

N’]-[KRABJ-[DBD]-[DNMT3A]-[DNMT3L]-[C’

N’]-[DNMT3A]- [DNMT3L]- [DBD]-[KRAB]-[C’

N’]-[DNMT3A]-[DBD]-[C’

N’]-[DBD]-[DNMT3A]-[C’

N’J-[DNMT3L]-[DBD]-[C’

N’]-[DBD]-[DNMT3L]-[C’
wherein [DNMT3A-DNMT3L] indicates that the DNMT3A and DNMT3L domains are directly
fused via a peptide bond, and wherein the connecting structure |-[ is any one of the linkers as
described herein, a detectable tag, an affinity domain, a peptide bond, a nuclear localization
signal, a promoter, and/or a regulatory sequence. The DBD, KRAB, DNMT3A, and DNMT3L
domains may be any as described herein, in any combination. In particular embodiments, the
DBD is a CRISPR-associated protein domain (e.g., dCas9) or a ZFP domain; the KRAB domain
is derived from KOX1, ZIM3, ZFP28, or ZN627; the DNMT3A domain is a human DNMT3A
domain; and the DNMT3L domain is a human or mouse DNMT3L domain; any combination of
these components is also contemplated by the present disclosure.
[0173] In some embodiments, the epigenetic editor comprises a configuration selected from

N’J-[DNMT3A]-[DBD]-[SETDB1]-[C’

N’]-[DNMT3A]- [DNMT3L]- [DBD]-[SETDB1]-[C’

N’]- [DNMT3A-DNMT3L]- [DBD]- [SETDB1]- [C’

N’]-[SETDB1]-[DBD]-[DNMT3A]-[DNMT3L]-[C’

N’]-[SETDB1]-[DBD]-[DNMT3A]-[C’
wherein [DNMT3A-DNMT3L] indicates that the DNMT3A and DNMT3L domains are directly
fused via a peptide bond, and wherein the connecting structure ]-[ is any one of the linkers as
described herein, a detectable tag, an affinity domain, a peptide bond, a nuclear localization
signal, a promoter, and/or a regulatory sequence. The DBD, SETDB1, DNMT3A, and DNMT3L
domains may be any as described herein, in any combination. In particular embodiments, the
DBD is a CRISPR-associated protein domain (e.g., dCas9) or a ZFP domain; the SETDB1
domain is derived from human SETDB1, ZIM3, ZFP28, or ZN627; the DNMT3A domain is a
human DNMT3A domain; and the DNMT3L domain is a human or mouse DNMT3L domain;

any combination of these components is also contemplated by the present disclosure.
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[0174] Particular constructs contemplated herein include:
DNMT3A-DNMT3L-XTEN80-NLS-dCas9-NLS-XTEN16-KOX1 KRAB
(Configuration 1), and
DNMT3A-DNMT3L-XTENSO-NLS-ZFP domain-NLS-XTEN16-KOX1 KRAB
(Configuration 2).

In particular embodiments, the DNMT3L and DNMT3A are both derived from human parental

proteins. In particular embodiments, the DNMT3L and DNMT3A are derived from human and

mouse parental proteins, respectively. In particular embodiments, the DNMT3L and DNMT3A
are derived from mouse and human parental proteins, respectively. In particular embodiments,
the DNMT3L and DNMT3A are both derived from mouse parental proteins. In some
embodiments, the dCas9 is dSpCas9. In some embodiments, the KOX1 is human KOX1.

[0175] In particular embodiments, a fusion construct described herein may have

Configuration 1 and comprise SEQ ID NO: 1080, or a sequence at least 75%, 80%, 85%, 90%,

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical thereto. In SEQ ID NO: 1080

below, the XTEN linkers are underlined, the NLS sequences are bolded, the DNMT3A sequence

is italicized, the DNMT3L sequence is underlined and italicized, the dCas9 domain is bolded and
italicized, and the KOX1 KRAB domain is underlined and bolded:

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYTASEVCEDST
TVGMVRHQGKIMYVGDVRSVITQRKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRL
FFEFYRLLHDARPKEGDDRPFEFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHR
ARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNS IKQGKDOHF PV
FMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFA
CVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKROPVRVLSLFRNIDKVL
KSLGFLESGSGSGGGTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYMF
QFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLOQTEAVTLOQDVRGRDYQNAM
RVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQON
SLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPT
STEEGTSTEPSEGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYKVP
SKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSN
EMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDK
ADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA
KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSK
DTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEH
HODLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEE
LLVKLNREDLLRKQRTFDNGSIPHQTHLGELHATILRRQEDFYPFLKDNREKIEKILTFRI
PYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFTIERMTNFDKNLPNEKVL
PKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDY
FKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFED
REMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGF
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ANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPATIKKGILQTVKVVDELV
KVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLON
EKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSD
NVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQIT
KHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAY
LNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKT
EITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKE
SILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITI
MERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELAL
PSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLD
KVLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLT
HQOSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPESTGRTLVTFKDVEVDETR
EEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP (SEQ ID NO:
1080)

[0176] In particular embodiments, a fusion construct described herein may have
Configuration 2 and comprise SEQ ID NO: 1081, or a sequence at least 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical thereto. In SEQ ID NO: 1081
below, the XTEN linkers are underlined, the NLS sequences are bolded and underlined, the
DNMT3A sequence is italicized, the DNMT3L sequence is underlined and italicized, the ZFP
domain is bolded, and the KOX1 KRAB domain is underlined and bolded. Variable amino

acids represented by Xs are the amino acids of the DN A-recognition helix of the zinc finger and
XX in italics may be either TR, LR or LK.

MNHDOQEFDPPKVYPPVPAEKRKPIRVLSLEDGIATGLLVLKDLGIQVDRYIASEVCEDST
TVGMVRHQGKIMYVGDVRSVITORHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRL
FFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHR
ARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNS IKQGKDOHF PV
FMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFA
CVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKROPVRVLSLFRNIDKVL
KSLGFLESGSGSGGGTLKYVEDVINVVRRDVEKWGPEFDLVYGSTQPLGSSCDRCPGWYME
QFHRILOYALPROESQRPFFWIFMDNLLLTEDDQETTTRFLOTEAVTLODVRGRDYQNAM
RVWSNIPGLKSKHAPLTPKEEEYLOAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQON
SLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPT
STEEGTSTEPSEGSAPGTSTEPSEPKKKRKVY SRPGERPFQCRICMRNESXXXXXXXHXX
THTGEKPFQCRICMRNFSXXXXXXXHXXTH [linker ] PFQCRICMRNFESXXXXXXXHXX
THTGEKPFQCRICMRNFSXXXXXXXHXXTH [linker ] PFQCRICMRNFESXXXXXXXHXX
THTGEKPFQCRICMRNFEFSXXXXXXXHXXTHLRGSPKKKRKVSGSETPGTSESATPESTGR
TLVTFKDVEVDEFTREEWKLLD TAQOTVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEE
P (SEQ ID NO: 1081)

In certain embodiments, the six “XXXXXXX” regions in SEQ ID NO: 1081 comprise, in order,

the F1-F6 amino acid sequences shown in Table 1. [linker] represents a linker sequence. In
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some embodiments, one or both linker sequences may be TGSQKP (SEQ ID NO: 1085). In
some embodiments, one or both linker sequences may be TGGGGSQKP (SEQ ID NO: 1086). In
some embodiments, one linker sequence may have the amino acid sequence of SEQ ID NO: 1085
and the other linker sequence may have the amino acid sequence of SEQ ID NO: 1086.

[0177] Multiple epigenetic editors may be used to effect activation or repression of a target
gene or multiple target genes. For example, an epigenetic editor fusion protein comprising a
DNA-binding domain (e.g., a dCas9 domain) and an effector domain may be co-delivered with
two or more guide polynucleotides (e.g., gRNAs), each targeting a different target DNA
sequence. The target sites for two of the DNA-binding domains may be the same or in the
vicinity of each other, or separated by, for example, about 100 base pairs, about 200 base pairs,
about 300 base pairs, about 400 base pairs, about 500 base pairs, or about 600 or more base pairs.
In addition, when targeting double-strand DNA, such as an endogenous gene locus, the guide
polynucleotides may target the same or different strands (one or more to the positive strand

and/or one or more to the negative strand).

V. Target Sequences

[0178] An epigenetic editor herein may be directed to an HBV target sequence to effect
epigenetic modification of HBV or an HBV gene. As used herein, a “target sequence,” a “target
site,” or a “target region” is a nucleic acid sequence present in a genome or gene of interest, e.g.,
in an HBV genome or an HBV gene; in some instances, the target sequence may be outside but
in the vicinity of the gene of interest wherein methylation or binding by a repressor of the target
sequence represses expression of the gene. In some embodiments, the target sequence may be a
hypomethylated or hypermethylated nucleic acid sequence.

[0179] The structure and biology of HBV as well as HBV-associated diseases have been
reported (see, for example, Yuen, MF., Chen, DS., Dusheiko, G. et al. Hepatitis B virus infection.
Nat Rev Dis Primers 4, 18035 (2018); R. Koshy and W.H. Caselman (Eds.), Hepatitis B Virus:
Molecular Mechanism in Disease and Novel Strategies for Antiviral Therapy, Imperial College
Press, London (1998), ISBN 1783262737, the entire contents of each of which are incorporated
herein by reference). HBV genotypes and sub-types, as well as their genomic, transcript, and
protein sequences have been described and are known to the skilled artisan. Some exemplary
HBYV sequences, e.g., those under accession numbers NC 00397 and U95551 are provided
elsewhere herein, and the entire content of each such database entry is incorporated herein by

reference.
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[0180] Without wishing to be bound by any particular theory, it has been reported that HBV
persists as a covalently closed circular DNA (cccDNA) of approximately 3.2 kb, as well as in an
integrated form. The HBV genome has been extensively characterized. The HBV genome has
been shown to comprise four genes (the S gene, the P gene, the C gene, and the X gene),
regulated by four promoter elements (sp1, sp2, cp and xp) and two enhancer elements (Enh I and
Enh II) that control the expression of four defined (and overlapping) protein-encoding open
reading frames (S, C, X, and P). See Figure 1. The HBV genome has been described to express
six major viral RNA transcripts encoding the viral proteins: (1) the preCore (preC) RNA, which
encodes the C protein (also referred to as Core protein, HBe Antigen, or HBeAg); (2), the pre-
genomic (pg)RNA, which encodes the two viral proteins C (core) and P (polymerase), and also
serves as the template for the synthesis of viral DNA, which is mediated by the reverse
transcriptase activity of the viral P protein once pg RNA and the P protein are encapsidated into
the nucleocapsids formed by the C protein; (3) the large surface protein (preS1) RNA, which
encodes the Large S Antigen (also referred to as L-HBsAg); (4) the middle surface protein
(preS2) RNA, which encodes the Middle S Antigen (also referred to as M-HBsAg); (5) the small
surface protein (S) RNA, which encodes the Small S Antigen (also referred to as S-HBsAg); and
(6) the X protein (HBx) RNA, which encodes the X protein. Transcription start sites (TSSs) as
well as the termination site of the HBV transcripts have been mapped in various HBV genotypes
and sub-types. Notably, HBV transcripts have been described to terminate at a single
termination/polyadenylation signal located downstream of the Hbx CDS and comprising a
canonical ATAAA motif. It has further been reported that HBY DNA may be methylated by
infected cells and such methylation has been postulated to correlate with inhibition of viral gene
expression. However, naturally occurring cell-mediated methylation of viral DNA is typically
insufficient to silence viral expression to a level that would result in control of HBV infection.
DNA methylation typically occurs at CpG dinucleotides. Several CpG-rich genomic regions,
also referred to as CpG islands or CGIs, have been identified in the HBV genome. CGIs are
typically identified in HBV genomic sequences as sequences of a specific minimal length (e.g., at
least 100bp) that comprise a minimum percentage of G and C nucleotides (e.g., at least 50% or at
least 60% GC content) and a ratio of observed vs. expected CpG dinucleotides of at least 0.6.
CGIs satisfying these criteria have been identified in all HBV genotypes, and it has been
demonstrated that HBV genomes typically contain three CpG islands (CGI-I, CHI-II, and CGI-
II1, respectively), which are also sometimes referred to as ‘conventional’ HBV CpG islands.

Some HBV genotypes or sub-types have been reported to comprise additional, ‘non-
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conventional’ CGls. Figure 1 is a diagram illustrating an exemplary structure of a circular HBV
genome (the underlying sequence of which is provided herein as SEQ ID NO: 1082), identifying
the coding regions of HBV genes and CpG islands CGI-I-III. See, for example, M.J. Kosovsky,
et al., The regulation of hepatitis B virus gene expression: an overview of the cis- and trans-
acting components in R. Koshy and W H. Caselman (Eds.), Hepatitis B Virus: Molecular
Mechanism in Disease and Novel Strategies for Antiviral Therapy, Imperial College Press,
London (1998), ISBN 1783262737; Miller et al Compact organization of the hepatitis B virus
genome. Hepatology. 1989 Feb;9(2):322-7; Stadelmayer et al., Full-length 5'RACE identifies all
major HBV transcripts in HBV-infected hepatocytes and patient serum. J Hepatol. 2020
Jul;73(1):40-51;, Meier-Stephenson et al., Comprehensive Analysis of Hepatitis B Virus Promoter
Region Mutations. Viruses. 2018 Nov 1;10(11):603; Vivekanandan et al., Hepatitis B viral DNA
is methylated in liver tissues. J Viral Hepat. 2008, 15(2):103-7; Chen et al., Detection of hepatitis
B virus DNA in hepatocellular carcinoma: methylation of integrated viral DNA. J Virol
Methods. 1988, 19(3—4):257-63; Zhang et al., Comparative Analysis of CpG Islands among
HBYV Genotypes. PLOS ONE 2013, 8(2):e56711; Jain et al., Comprehensive DNA methylation
analysis of hepatitis B virus genome in infected liver tissues. Sci Rep 5, 10478 (2015); Low et
al., Hepatitis B virus DNA methylation and its potential role in chronic hepatitis B. Expert
Reviews in Molecular Medicine. 2023;25:e11; Hou et al., CpG islands of hepatitis B virus
genome isolated from Chinese patients. Gene (2015) 561:261-267, Mouzannar et al., The Post-
Transcriptional Regulatory Element of Hepatitis B Virus: From Discovery to Therapy. Viruses.
2024 Mar 29;16(4):528; Peng et al., Nonproductive Hepatitis B Virus Covalently Closed Circular
DNA Generates HBx-Related Transcripts from the HBx/Enhancer I Region and Acquires
Reactivation by Superinfection in Single Cells. J Virol. 2023 Jan 31;97(1):e0171722; Altinel et
al., Single-Nucleotide Resolution Mapping of Hepatitis B Virus Promoters in Infected Human
Livers and Hepatocellular Carcinoma. J Virol. 2016 Nov 14;90(23):10811-10822; the entire
contents of each of which, and, where applicable, including any supplemental information, are
incorporated herein by reference.

[0181] The target sequence (also referred to herein as target site or target region) of an
epigenetic editor provided herein may be any suitable HBV sequence.

[0182] The target sequence may be in any part of a target gene. In some embodiments, the
target sequence is part of or near a noncoding sequence of the gene. In some embodiments, the
target sequence is part of an exon of the gene. In some embodiments, the target sequence is part

of or near a transcriptional regulatory sequence of the gene, such as a promoter or an enhancer.
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In some embodiments, the target sequence is adjacent to, overlaps with, or encompasses a CpG
island, e.g., a CpG island identified within the HBV genome. In some embodiments, the target
sequence is outside of a CpG island. In certain embodiments, the target sequence is within about
3000, 2900, 2800, 2700, 2600, 2500, 2400, 2300, 2200, 2100, 2000, 1900, 1800, 1700, 1600,
1500, 1400, 1300, 1200, 1100, 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100 base pairs
(bp) flanking an HBV TSS. In certain embodiments, the target sequence is within 500 bp
flanking the HBV TSS. In certain embodiments, the target sequence is within 1000 bp flanking
the HBV TSS.

[0183] Some exemplary embodiments in which the target sequence is part of a target gene
are provided herein and additional embodiments will be apparent to the skilled artisan based on
the present disclosure and the knowledge of the genomic structure of HBV in the art. For
example, in some embodiments, the target sequence is part of the HBV S gene, the HBV P gene,
the HBV C gene, or the HBV X gene. In some embodiments, the target sequence is part of the
HBYV S gene. In some embodiments, the target sequence is part of the HBV P gene. In some
embodiments, the target sequence is part of the HBV C gene. In some embodiments, the target
sequence is part of the HBV X gene.Some exemplary embodiments in which the target sequence
is part of a noncoding sequence of a target gene are provided herein and additional embodiments
will be apparent to the skilled artisan based on the present disclosure and the knowledge of the
genomic structure of HBV in the art. For example, in some embodiments the target sequence is
part of a noncoding sequence of the HBV S gene, of the HBV P gene, of the HBV C gene, or of
the HBV X gene. For example, in some embodiments, the target sequence is part of a noncoding
sequence of the HBV S gene. In some embodiments, the target sequence is part of a noncoding
sequence of the HBV P gene. In some embodiments, the target sequence is part of a noncoding
sequence of the HBV C gene. In some embodiments, the target sequence is part of a noncoding
sequence of the HBV X gene. Noncoding sequences of the various HBV genes are known in the
art and include, for example, the promoter and enhancer sequences of the HBV genome.
Accordingly, in some embodiments, the target sequence is part of an HBV promoter sequence
(e.g., of a promoter sequence within the HBV genome driving the transcription of one of the
HBYV transcripts described elsewhere herein, including, for example, of a sequence of the sp1, the
sp2, the cp, and the xp promoter elements). In some embodiments, the target sequences is part of
an HBV enhancer sequence (e.g., of the Enh I or of the Enh II sequence).

[0184] Some exemplary embodiments, in which the target sequence is adjacent to, overlaps

with, or encompasses a CpG island, e.g., a CpG island identified within the HBV genome include
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embodiments in which the target sequence is adjacent to, overlaps with, or encompasses a
conventional CGI of HBV, e.g., CGI I, CGI II, or CGI III. CGIs of HBV have been identified
and described in numerous publications and are thus known to the skilled artisan. Bioinformatics
tools for the identification of CGIs in any specific HBV sequence, e.g., in a sequence of a
specific HBV genotype or sub-type, or in an HBV sequence isolated from a patient, are known in
the art, including, for example, EMBOSS CpG plot (EMBL-EBI) and Methprimer (Li LC and
Dahiya R. MethPrimer: designing primers for methylation PCRs. Bioinformatics. 2002
Nov;18(11):1427-31). Conventional CGls of HBV include CGI I, which overlaps the S and the
P gene ORF's; CGI-1II, which overlaps the P gene and X gene ORFs; and CGI 111, which overlaps
the C gene and P gene ORFs (see Figure 1). In some embodiments, an HBV CGI is identified as
a sequence within the HBV genome that is (1) at least 100 nucleotides long; (2) is characterized
by a GC content of at least 50%; and (3) is characterized by an observed-to-expected CpG
dinucleotide ratio of at least 0.6. According to these criteria, in the exemplary HBV genome
referenced in Figure 1, i.e,, NC_003977 (provided herein as SEQ ID NO: 1082), CGI I spans
nucleotides 186-288, CGI II spans nucleotides 1,217-1,670, and CGI III spans nucleotides 2,282-
2,448 (see Figure 1). CGIs of HBV fulfilling these criteria, including conventional HBV CGIs I-
III, of other HBV sequences, including other genotypes, sub-types, or specific HBV sequences,
will be apparent to the skilled artisan. In some embodiments, the target sequence overlaps with
HBV CGI 1. In some embodiments, the target sequence overlaps with HBY CGI II. In some
embodiments, the target sequence overlaps with CGI III.

[0185] Exemplary embodiments in which the target sequence is within about 3000, 2900,
2800, 2700, 2600, 2500, 2400, 2300, 2200, 2100, 2000, 1900, 1800, 1700, 1600, 1500, 1400,
1300, 1200, 1100, 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100 base pairs (bp) flanking
an HBV TSS (transcription start site) include embodiments, in which the target sequence is
within the respective number of base pairs of the TSS of any of the six major viral RNA
transcripts, i.e., the TSS of the preCore (pre-C) RNA, the TSS of the pre-genomic (pg)RNA, the
TSS of the large surface protein (preS1) RNA, the TSS of the middle surface protein (preS2)
RNA, the TSS of the the small surface protein (S) RNA, and the TSS of the X protein (HBx)
RNA. The positions of the transcription start sites of the various HBV transcripts have been
identified in various HBV genotypes and sub-types and are thus known to the skilled artisan. For
example, for HBV of genotype D, as exemplified by NCBI database entries NC_003977 and
U95551.1 (provided as SEQ ID NOs 1082 and 1083 herein), the TSS of the pg RNA transcript
has been identified as nucleotide 1820, the TSS of the pre-C RNA as nucleotide 1791, and the
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TSS of the pre-S2 RNA as nucleotide 3159. The initiation of HBx RNA transcripts encoded by
HBYV genomes has been reported to not be limited to a single nucleotide, but to be spread over a
short sequence. For example, TSSs for canonical HBx transcripts have been reported to initiate
closely upstream of the first ATG in the sequence encoding the X protein, with HBx transcript
TSS positions having been mapped to nucleotides 1243-1338 of HBV of genotype D, as
exemplified by NCBI database entries NC_003977 and U95551.1 (provided as SEQ ID NOs
1082 and 1083 herein). TSSs for additional transcripts have also been identified and TSSs have
been mapped to various HBV genotypes and sub-types.

[0186] In some embodiments in which the target sequence is within about 3000, 2900, 2800,
2700, 2600, 2500, 2400, 2300, 2200, 2100, 2000, 1900, 1800, 1700, 1600, 1500, 1400, 1300,
1200, 1100, 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100 base pairs (bp) flanking an
HBV TSS, the HBV TSS is an HBV pg RNA TSS. For example, in some embodiments provided
herein, the target sequence of an epigenetic editor is within 100 bp flanking an HBV pg RNA
TSS, e.g., within 100 bp of nucleotide 1820 of SEQ ID NO: 1082 or 1083. In some embodiments
provided herein, the target sequence of an epigenetic editor is within 200 bp flanking an HBV pg
RNA TSS, e.g., within 200 bp of nucleotide 1820 of SEQ ID NO: 1082 or 1083. In some
embodiments provided herein, the target sequence of an epigenetic editor is within 300 bp
flanking an HBV pg RNA TSS, e.g., within 300 bp of nucleotide 1820 of SEQ ID NO: 1082 or
1083. In some embodiments provided herein, the target sequence of an epigenetic editor is
within 400 bp flanking an HBV pg RNA TSS, e.g., within 400 bp of nucleotide 1820 of SEQ ID
NO: 1082 or 1083. In some embodiments provided herein, the target sequence of an epigenetic
editor is within 500 bp flanking an HBV pg RNA TSS, e.g., within 500 bp of nucleotide 1820 of
SEQ ID NO: 1082 or 1083. In some embodiments provided herein, the target sequence of an
epigenetic editor is within 600 bp flanking an HBV pg RNA TSS, e.g., within 600 bp of
nucleotide 1820 of SEQ ID NO: 1082 or 1083.

[0187] In some embodiments in which the target sequence is within about 3000, 2900, 2800,
2700, 2600, 2500, 2400, 2300, 2200, 2100, 2000, 1900, 1800, 1700, 1600, 1500, 1400, 1300,
1200, 1100, 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100 base pairs (bp) flanking an
HBYV TSS, the HBV TSS is an HBV preCore (preC) RNA TSS. For example, in some
embodiments provided herein, the target sequence of an epigenetic editor is within 100 bp
flanking an HBV preC RNA TSS, e.g., within 100 bp of nucleotide 1791 of SEQ ID NO: 1082 or
1083. In some embodiments provided herein, the target sequence of an epigenetic editor is within
200 bp flanking an HBV preC RNA TSS, e.g., within 200 bp of nucleotide 1791 of SEQ ID NO:
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1082 or 1083. In some embodiments provided herein, the target sequence of an epigenetic editor
is within 300 bp flanking an HBV preC RNA TSS, e.g., within 300 bp of nucleotide 17910f SEQ
ID NO: 1082 or 1083. In some embodiments provided herein, the target sequence of an
epigenetic editor is within 400 bp flanking an HBV preC RNA TSS, e.g., within 400 bp of
nucleotide 1791 of SEQ ID NO: 1082 or 1083. In some embodiments provided herein, the target
sequence of an epigenetic editor is within 500 bp flanking an HBV preC RNA TSS, e.g., within
500 bp of nucleotide 1791 of SEQ ID NO: 1082 or 1083.

[0188] In some embodiments in which the target sequence is within about 3000, 2900, 2800,
2700, 2600, 2500, 2400, 2300, 2200, 2100, 2000, 1900, 1800, 1700, 1600, 1500, 1400, 1300,
1200, 1100, 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100 base pairs (bp) flanking an
HBV TSS, the HBV TSS is an HBV preS2 RNA TSS. For example, in some embodiments
provided herein, the target sequence of an epigenetic editor is within 100 bp flanking an HBV
preS2 RNA TSS, e.g., within 100 bp of nucleotide 3159 of SEQ ID NO: 1082 or 1083. In some
embodiments provided herein, the target sequence of an epigenetic editor is within 200 bp
flanking an HBV preS2 RNA TSS, e.g., within 200 bp of nucleotide 3159 of SEQ ID NO: 1082
or 1083. In some embodiments provided herein, the target sequence of an epigenetic editor is
within 300 bp flanking an HBV preS2 RNA TSS, e.g., within 300 bp of nucleotide 3159 of SEQ
ID NO: 1082 or 1083. In some embodiments provided herein, the target sequence of an
epigenetic editor is within 400 bp flanking an HBV preS2 RNA TSS, e.g., within 400 bp of
nucleotide 3159 of SEQ ID NO: 1082 or 1083. In some embodiments provided herein, the target
sequence of an epigenetic editor is within 500 bp flanking an HBV preS2 RNA TSS, e.g., within
500 bp of nucleotide 3159 of SEQ ID NO: 1082 or 1083.

[0189] In some embodiments in which the target sequence is within about 3000, 2900, 2800,
2700, 2600, 2500, 2400, 2300, 2200, 2100, 2000, 1900, 1800, 1700, 1600, 1500, 1400, 1300,
1200, 1100, 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100 base pairs (bp) flanking an
HBYV TSS, the HBV TSS is an HBV HBx RNA TSS. For example, in some embodiments
provided herein, the target sequence of an epigenetic editor is within 100 bp flanking an HBV
HBx RNA TSS, e.g., within 100 bp of nucleotide 1243 of SEQ ID NO: 1082 or 1083. In some
embodiments provided herein, the target sequence of an epigenetic editor is within 200 bp
flanking an HBV HBx RNA TSS, e.g., within 200 bp of nucleotide 1243 of SEQ ID NO: 1082 or
1083. In some embodiments provided herein, the target sequence of an epigenetic editor is
within 300 bp flanking an HBY HBx RNA TSS, e.g., within 300 bp of nucleotide 1243 of SEQ
ID NO: 1082 or 1083. In some embodiments provided herein, the target sequence of an
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epigenetic editor is within 400 bp flanking an HBV HBx RNA TSS, e.g., within 400 bp of
nucleotide 1243 of SEQ ID NO: 1082 or 1083. In some embodiments provided herein, the target
sequence of an epigenetic editor is within 500 bp flanking an HBV HBx RNA TSS, e.g., within
500 bp of nucleotide 1243 of SEQ ID NO: 1082 or 1083. In some embodiments provided herein,
the target sequence of an epigenetic editor is within 600 bp flanking an HBV HBx RNA TSS,
e.g., within 600 bp of nucleotide 1243 of SEQ ID NO: 1082 or 1083.

[0190] In some embodiments in which the target sequence is within about 3000, 2900, 2800,
2700, 2600, 2500, 2400, 2300, 2200, 2100, 2000, 1900, 1800, 1700, 1600, 1500, 1400, 1300,
1200, 1100, 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100 base pairs (bp) flanking an
HBV TSS, the HBV TSS is an HBV HBx RNA TSS. For example, in some embodiments
provided herein, the target sequence of an epigenetic editor is within 100 bp flanking an HBV
HBx RNA TSS, e.g., within 100 bp of nucleotide 1338 of SEQ ID NO: 1082 or 1083. In some
embodiments provided herein, the target sequence of an epigenetic editor is within 200 bp
flanking an HBY HBx RNA TSS, e.g., within 200 bp of nucleotide 1338 of SEQ ID NO: 1082 or
1083. In some embodiments provided herein, the target sequence of an epigenetic editor is
within 300 bp flanking an HBV HBx RNA TSS, e.g., within 300 bp of nucleotide 1338 of SEQ
ID NO: 1082 or 1083. In some embodiments provided herein, the target sequence of an
epigenetic editor is within 400 bp flanking an HBV HBx RNA TSS, e.g., within 400 bp of
nucleotide 1338 of SEQ ID NO: 1082 or 1083. In some embodiments provided herein, the target
sequence of an epigenetic editor is within 500 bp flanking an HBV HBx RNA TSS, e.g., within
500 bp of nucleotide 1338 of SEQ ID NO: 1082 or 1083. In some embodiments provided herein,
the target sequence of an epigenetic editor is within 600 bp flanking an HBV HBx RNA TSS,
e.g., within 600 bp of nucleotide 1338 of SEQ ID NO: 1082 or 1083.

[0191] In some embodiments in which the target sequence is within about 3000, 2900, 2800,
2700, 2600, 2500, 2400, 2300, 2200, 2100, 2000, 1900, 1800, 1700, 1600, 1500, 1400, 1300,
1200, 1100, 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100 base pairs (bp) flanking an
HBV TSS, the HBV TSS is an HBV HBx RNA TSS. For example, in some embodiments
provided herein, the target sequence of an epigenetic editor is within 100 bp flanking an HBV
HBx RNA TSS, e.g., within 100 bp of nucleotide 1243 and within 100 bp of nucleotide 1338 of
SEQ ID NO: 1082 or 1083. In some embodiments provided herein, the target sequence of an
epigenetic editor is within 200 bp flanking an HBV HBx RNA TSS, e.g., within 200 bp of
nucleotide 1243 and within 200 bp of nucleotide 1338 of SEQ ID NO: 1082 or 1083. In some

embodiments provided herein, the target sequence of an epigenetic editor is within 300 bp
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flanking an HBV HBx RNA TSS, e.g., within 300 bp of nucleotide 1243 and within 300 bp of
nucleotide 1338 of SEQ ID NO: 1082 or 1083. In some embodiments provided herein, the target
sequence of an epigenetic editor is within 400 bp flanking an HBV HBx RNA TSS, e.g., within
400 bp of nucleotide 1243 and within 400 bp of nucleotide 1338 of SEQ ID NO: 1082 or 1083.
In some embodiments provided herein, the target sequence of an epigenetic editor is within 500
bp flanking an HBV HBx RNA TSS, e.g., within 500 bp of nucleotide 1243 and within 500 bp of
nucleotide 1338 of SEQ ID NO: 1082 or 1083. In some embodiments provided herein, the target
sequence of an epigenetic editor is within 600 bp flanking an HBV HBx RNA TSS, e.g., within
600 bp of nucleotide 1243 and within 600 bp of nucleotide 1338 of SEQ ID NO: 1082 or 1083.
[0192] In some embodiments, the target sequence may hybridize to a guide polynucleotide
sequence (e.g., gRNA) complexed with a fusion protein comprising a polynucleotide guided
DNA-binding domain (e.g., a CRISPR protein such as dCas9) and effector domain(s). The guide
polynucleotide sequence may be designed to have complementarity to the target sequence, or
identity to the opposing strand of the target sequence. In some embodiments, the guide
polynucleotide comprises a spacer sequence that is about 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98% or 99% identical to a protospacer sequence in the target sequence. In
particular embodiments, the guide polynucleotide comprises a spacer sequence that is 100%
identical to a protospacer sequence in the target sequence.

[0193] In some embodiments, where the DNA-binding domain of an epigenetic editor
described herein is a zinc finger array, the target sequence may be recognized by said zinc finger
array.

[0194] In some embodiments, where the DNA-binding domain of an epigenetic editor
described herein is a TALE, the target sequence may be recognized by said TALE.

[0195] A target sequence described herein may be specific to one genotype of HBV, to one
copy of am HBYV target gene, or may be specific to one allele of an HBV target gene. In some
embodiments, however, the target sequence may be conserved across two or more HBV
genotypes, across two or more copies of an HBV gene, and across alleles of an HBV gene.
Accordingly, the epigenetic modification and modulation of expression thereof may be specific
to one copy or one allele of the target gene, or, in other embodiments, may be universal to
different HBV genotypes, or HBV gene copies or alleles.

[0196] In some embodiments, the target sequence is comprised in the following sequence:

>NC 003977.2 Hepatitis B virus (strain ayw) genome
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AATTCCACAACCTTCCACCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTGTATTTCCCTGCTGGTGGCTCCAGTTCA
GGAACAGTAAACCCTGTTCTGACTACTGCCTCTCCCTTATCGTCAATCTTCTCGAGGATTGGGGACCCTGCGCTGAAC
ATGGAGAACATCACATCAGGATTCCTAGGACCCCTTCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTC
ACAATACCGCAGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGAACTACCGTGTGTCTTGGCCAAAAT
TCGCAGTCCCCAACCTCCAATCACTCACCAACCTCTTGTCCTCCAACTTGTCCTGGTTATCGCTGGATGTGTCTGCGG
CGTTTTATCATCTTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTATCAAGGTATGTTG
CCCGTTTGTCCTCTAATTCCAGGATCCTCAACAACCAGCACGGGACCATGCCGGACCTGCATGACTACTGCTCAAGGA
ACCTCTATGTATCCCTCCTGTTGCTGTACCAAACCTTCGGACGGAAATTGCACCTGTATTCCCATCCCATCATCCTGG
GCTTTCGGAAAATTCCTATGGGAGTGGGCCTCAGCCCGTTTCTCCTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGG
TTCGTAGGGCTTTCCCCCACTGTTTGGCTTTCAGTTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCATC
TTGAGTCCCTTTTTACCGCTGTTACCAATTTTCTTTTGTCTTTGGGTATACATTTAAACCCTAACAAAACAAAGAGAT
GGGGTTACTCTCTAAATTTTATGGGTTATGTCATTGGATGTTATGGGTCCTTGCCACAAGAACACATCATACAAAAAA
TCAAAGAATGTTTTAGAAAACTTCCTATTAACAGGCCTATTGATTGGAAAGTATGTCAACGAATTGTGGGTCTTTTGG
GTTTTGCTGCCCCTTTTACACAATGTGGTTATCCTGCGTTGATGCCTTTGTATGCATGTATTCAATCTAAGCAGGCTT
TCACTTTCTCGCCAACTTACAAGGCCTTTCTGTGTAAACAATACCTGAACCTTTACCCCGTTGCCCGGCAACGGCCAG
GTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTTGGTCATGGGCCATCAGCGCATGCGTGGAACCT
TTTCGGCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGAGCAAACATTA
TCGGGACTGATAACTCTGTTGTCCTATCCCGCAAATATACATCGTTTCCATGGCTGCTAGGCTGTGCTGCCAACTGGA
TCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGCTGAATCCTGCGGACGACCCTTCTCGGGGTCGCTTGGGALC
TCTCTCGTCCCCTTCTCCGTCTGCCGTTCCGACCGACCACGGGGCGCACCTCTCTTTACGCGGACTCCCCGTCTGTGC
CTTCTCATCTGCCGGACCGTGTGCACTTCGCTTCACCTCTGCACGTCGCATGGAGACCACCGTGAACGCCCACCAAAT
ATTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCTCAGCAATGTCAACGACCGACCTTGAGGCATACTTCAAAGA
CTGTTTGTTTAAAGACTGGGAGGAGTTGGCGGGAGGAGATTAGGTTAAAGGTCTTTGTACTAGGAGGCTGTAGGCATAA
ATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCC
TCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATCGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTC
TCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTACGAGATCTTCTAGATACCGCCTCAGCTCTGTATCGGGAAGCCTTA
GAGTCTCCTGAGCATTGTTCACCTCACCATACTGCACTCAGGCAAGCAATTCTTTGCTGGGGGGAACTAATGACTCTA
GCTACCTGGGTGGGTGTTAATTTGGAAGATCCAGCGTCTAGAGACCTAGTAGTCAGTTATGTCAACACTAATATGGGC
CTAAAGTTCAGGCAACTCTTGTGGTTTCACATTTCTTGTCTCACTTTTGGAAGAGAAACAGTTATAGAGTATTTGGTG
TCTTTCGGAGTGTGGATTCGCACTCCTCCAGCTTATAGACCACCAAATGCCCCTATCCTATCAACACTTCCGGAGACT
ACTGTTGTTAGACGACGAGGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACGAAGGTCTCAATCGCCGCGT
CGCAGAAGATCTCAATCTCGGGAATCTCAATGTTAGTATTCCTTGGACTCATAAGGTGGGGAACTTTACTGGGCTTTA
TTCTTCTACTGTACCTGTCTTTAATCCTCATTGGAAAACACCATCTTTTCCTAATATACATTTACACCAAGACATTAT
CAAAAAATGTGAACAGTTTGTAGGCCCACTCACAGTTAATGAGAAAAGAAGATTGCAATTGATTATGCCTGCCAGGTT
TTATCCAAAGGTTACCAAATATTTACCATTGGATAAGGGTATTAAACCTTATTATCCAGAACATCTAGTTAATCATTA
CTTCCAAACTAGACACTATTTACACACTCTATGGAAGGCGGGTATATTATATAAGAGAGAAACAACACATAGCGCCTC
ATTTTGTGGGTCACCATATTCTTGGGAACAAGATCTACAGCATGGGGCAGAATCTTTCCACCAGCAATCCTCTGGGAT
TCTTTCCCGACCACCAGTTGGATCCAGCCTTCAGAGCAAACACCGCAAATCCAGATTGGGACTTCAATCCCAACAAGG
ACACCTGGCCAGACGCCAACAAGGTAGGAGCTGGAGCATTCGGGCTGGGTTTCACCCCACCGCACGGAGGCCTTTTGG
GGTGGAGCCCTCAGGCTCAGGGCATACTACAAACTTTGCCAGCAAATCCGCCTCCTGCCTCCACCAATCGCCAGTCAG

-84-



WO 2024/238700 PCT/US2024/029529

GAAGGCAGCCTACCCCGCTGTCTCCACCTTTGAGAAACACT CATCCTCAGGCCATGCAGTGG (SEQ ID No.
1082)Figure 1 provides a diagram illustrating the structure of a circular HBV genome comprising
SEQ ID NO: 1082. The coding regions of the HBV genes and CpG islands CGI-I-III are
identified. Nucleotides 2309-1625 of SEQ ID NO: 1082 encode the P protein (NCBI reference
number YP_009173866.1). Nucleotides 2850-837 of SEQ ID NO: 1082 encode the long surface
protein (L-HBsAG or LHBS; NCBI reference number YP_009173869.1). Nucleotides 3174-837
of SEQ ID NO: 1082 encode the middle surface protein (M-HBsAg or MHBS; NCBI reference
number YP_009173870.1). Nucleotides 157-837 of SEQ ID NO: 1082 encode the small surface
protein (S-HBsAg or SHBs; NCBI reference number YP_009173871.1). Nucleotides 1816-2454
of SEQ ID NO: 1082 encode the C Protein (core protein, NCBI reference number AAB59971.1).
Nucleotides 1376-1840 of SEQ ID NO: 1082 encode the X protein (HBx, NCBI reference
number YP_009173867.1). CGI I spans nucleotides 186-288, CGI II spans nucleotides 1,217-
1,670, and CGI III spans nucleotides 2,282-2,448. See, NCBI database entry NC 003977 2.
TSSs of various transcripts have been mapped: pg RNA TSS: 1820; pre-C RNA TSS: 1791; pre-
S2 RNA TSS: 3159; HBx RNA TSSs: 1243-1338. The ATAAA motif of the transcription
termination/polyadenylation site is located at nucleotide 1919. See references cited elsewhere
herein. See also, e.g., Abraham,T.M. and Loeb,D.D., The topology of hepatitis B virus
pregenomic RNA promotes its replication, J. Virol. 81 (21), 11577-11584 (2007); Chen,A.,
Kao,Y F. and Brown,C .M., Translation of the first upstream ORF in the hepatitis B virus
pregenomic RN A modulates translation at the core and polymerase initiation codons, Nucleic
Acids Res. 33 (4), 1169-1181 (2005); Borisova,G.P., Pumpen,P P., Bychko,V.V., Pushko,P.M.,
Kalis, Y.V, Dishler,A.V., Gren,E. Y, Tsibinogin,V.V. and Kukain,R.A., Structure and expression
of the gene of the core antigen of human hepatitis B virus (HBV) in Escherichia coli cells, Dokl.
Biochem. 279, 386-390 (1985); Galibert,F., Mandart,E., Fitoussi,F., Tiollais,P. and Charnay,P.,
Nucleotide sequence of the hepatitis B virus genome (subtype ayw) cloned in E. coli, Nature 281
(5733), 646-650 (1979), the entire contents of each of which are incorporated herein by
reference.

[0197] In some embodiments, the target sequence is comprised in the following sequence:
>U95551.1 Hepatitis B virus subtype ayw, complete genome

AATTCCACAACCTTTCACCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTGTATTTCCCTGCTGGTGGCTCCAGTTCA
GGAGCAGTAAACCCTGTTCCGACTACTGCCTCTCCCTTATCGTCAATCTTCTCGAGGATTGGGGACCCTGCGCTGAAC
ATGGAGAACATCACATCAGGATTCCTAGGACCCCTTCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTC
ACAATACCGCAGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGAACTACCGTGTGTCTTGGCCAAAAT
TCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAACTTGTCCTGGTTATCGCTGGATGTGTCTGCGG
CGTTTTATCATCTTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTATCAAGGTATGTTG
CCCGTTTGTCCTCTAATTCCAGGATCCTCAACCACCAGCACGGGACCATGCCGAACCTGCATGACTACTGCTCAAGGA
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ACCTCTATGTATCCCTCCTGTTGCTGTACCAAACCTTCGGACGGAAATTGCACCTGTATTCCCATCCCATCATCCTGG
GCTTTCGGAAAATTCCTATGGGAGTGGGCCTCAGCCCGTTTCTCCTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGG
TTCGTAGGGCTTTCCCCCACTGTTTGGCTTTCAGTTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCATC
TTGAGTCCCTTTTTACCGCTGTTACCAATTTTCTTTTGTCTTTGGGTATACATTTAAACCCTAACAAAACAAAGAGAT
GGGGTTACTCTCTGAATTTTATGGGTTATGT CATTGGAAGTTATGGGTCCTTGCCACAAGAACACATCATACAAAARA
TCAAAGAATGTTTTAGAAAACTTCCTATTAACAGGCCTATTGATTGGAAAGTATGTCAACGAATTGTGGGTCTTTTGG
GTTTTGCTGCCCCATTTACACAATGTGGTTATCCTGCGTTAATGCCCTTGTATGCATGTATTCAATCTAAGCAGGCTT
TCACTTTCTCGCCAACTTACAAGGCCTTTCTGTGTAAACAATACCTGAACCTTTACCCCGTTGCCCGGCAACGGCCAG
GTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTTGGTCATGGGCCATCAGCGCGTGCGTGGAACCT
TTTCGGCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGAGCAAACATTA
TCGGGACTGATAACTCTGTTGTCCTCTCCCGCAAATATACATCGTATCCATGGCTGCTAGGCTGTGCTGCCAACTGGA
TCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGCTGAATCCTGCGGACGACCCTTCTCGGGGTCGCTTGGGALC
TCTCTCGTCCCCTTCTCCGTCTGCCGTTCCGACCGACCACGGGGCGCACCTCTCTTTACGCGGACTCCCCGTCTGTGC
CTTCTCATCTGCCGGACCGTGTGCACTTCGCTTCACCTCTGCACGTCGCATGGAGACCACCGTGAACGCCCACCGAAT
GTTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCTCTGCAATGTCAACGACCGACCTTGAGGCATACTTCAAAGA
CTGTTTGTTTAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGATTAAAGGTCTTTGTACTAGGAGGCTGTAGGCATAA
ATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCC
TCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATCGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTC
TCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTACGAGATCTTCTAGATACCGCCTCAGCTCTGTATCGGGAAGCCTTA
GAGTCTCCTGAGCATTGTTCACCTCACCATACTGCACTCAGGCAAGCAATTCTTTGCTGGGGGGAACTAATGACTCTA
GCTACCTGGGTGGGTGTTAATTTGGAAGATCCAGCATCTAGAGACCTAGTAGTCAGTTATGTCAACACTAATATGGGC
CTAAAGTTCAGGCAACTCTTGTGGTTTCACATTTCTTGTCTCACTTTTGGAAGAGAAACCGTTATAGAGTATTTGGTG
TCTTTCGGAGTGTGGATTCGCACTCCTCCAGCTTATAGACCACCAAATGCCCCTATCCTATCAACACTTCCGGAAACT
ACTGTTGTTAGACGACGAGGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACGAAGGTCTCAATCGCCGCGT
CGCAGAAGATCTCAATCTCGGGAACCTCAATGTTAGTATTCCTTGGACTCATAAGGTGGGGAACTTTACTGGTCTTTA
TTCTTCTACTGTACCTGTCTTTAATCCTCATTGGAAAACACCATCTTTTCCTAATATACATTTACACCAAGACATTAT
CAAAAAATGTGAACAGTTTGTAGGCCCACTTACAGTTAATGAGAAAAGAAGATTGCAATTGATTATGCCTGCTAGGTT
TTATCCAAAGGTTACCAAATATTTACCATTGGATAAGGGTATTAAACCTTATTATCCAGAACATCTAGTTAATCATTA
CTTCCAAACTAGACACTATTTACACACTCTATGGAAGGCGGGTATATTATATAAGAGAGAAACAACACATAGCGCCTC
ATTTTGTGGGTCACCATATTCTTGGGAACAAGATCTACAGCATGGGGCAGAATCTTTCCACCAGCAATCCTCTGGGAT
TCTTTCCCGACCACCAGTTGGATCCAGCCTTCAGAGCAAACACAGCAAATCCAGATTGGGACTTCAATCCCAACAAGG
ACACCTGGCCAGACGCCAACAAGGTAGGAGCTGGAGCATTCGGGCTGGGTTTCACCCCACCGCACGGAGGCCTTTTGG
GGTGGAGCCCTCAGGCTCAGGGCATACTACAAACTTTGCCAGCAAATCCGCCTCCTGCCTCCACCAATCGCCAGACAG

GAAGGCAGCCTACCCCGCTGTCTCCACCTTTGAGAAACACTCATCCTCAGGCCATGCAGTGG (SEQ ID No.
1083).
[0198] Annotation of SEQ ID NO: 1083: P protein CDS: 2309-1625; L-HBsAG CDS: 2850-

837, M-HBsAg CDS: 3174-837;, S-HBsAg CDS: 157-837; C Protein CDS: 1816-2454; X protein
CDS: 1376-1840; CGI I: 186-288; CGI II: 1,217-1,670; CGI III: 2,282-2,448; pg RNA TSS:
1820; pre-C RNA TSS: 1791; pre-S2 RNA TSS: 3159; HBx RNA TSSs: 1243-1338;

termination/polyA site: 1919. See references cited elsewhere herein.

VI. Epigenetic Modifications

[0199] An epigenetic editor described herein may perform sequence-specific epigenetic
modification(s) (e.g., alteration of chemical modification(s)) of a target gene that harbors the
target sequence. Such epigenetic modulation may be safer and more easily reversible than
modulation due to gene editing, e.g., with generation of DNA double-strand breaks. In some
embodiments, the epigenetic modulation may reduce or silence the target gene. In some

embodiments, the modification is at a specific site of the target sequence. In some embodiments,
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the modification is at a specific allele of the target gene. Accordingly, the epigenetic
modification may result in modulated (e.g., reduced) expression of one copy of a target gene
harboring a specific allele, and not the other copy of the target gene. In some embodiments, the
specific allele is associated with a disease, condition, or disorder.

[0200] In some embodiments, the epigenetic modification reduces or abolishes transcription
of the target gene harboring the target sequence. In some embodiments, the epigenetic
modification reduces or abolishes transcription of a copy of the target gene harboring a specific
allele recognized by the epigenetic editor. In some embodiments, the epigenetic editor reduces
the level of or eliminates expression of a protein encoded by the target gene. In some
embodiments, the epigenetic editor reduces the level of or eliminates expression of a protein
encoded by a copy of the target gene harboring a specific allele recognized by the epigenetic
editor. The target HB}) gene may be epigenetically modified in vitro, ex vivo, or in vivo.

[0201] The effector domain of an epigenetic editor described herein may alter (e.g., deposit
or remove) a chemical modification at a nucleotide of the target gene or at a histone associated
with the target gene. The chemical modification may be altered at a single nucleotide or a single
histone, or may be altered at 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40,
50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000 or
more nucleotides.

[0202] In some embodiments, an effector domain of an epigenetic editor described herein
may alter a CpG dinucleotide within the target gene. In some embodiments, all CpG
dinucleotides within 2000, 1500, 1000, 500, or 200 bps flanking a target sequence (e.g., in an
alteration site as described herein) are altered according to a modification type described herein,
as compared to the original state of the gene or the gene in a comparable cell not contacted with
the epigenetic editor. In some embodiments, at least 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450,
500, 550, 600, 650, 700 or more of the CpG dinucleotides are altered as compared to the original
state of the gene or the gene in a comparable cell not contacted with the epigenetic editor. In
some embodiments, at least 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% of the CpG
dinucleotides are altered as compared to the original state of the gene or the gene in a comparable
cell not contacted with the epigenetic editor. In some embodiments, one single CpG dinucleotide
is altered, as compared to the original state of the gene or the gene in a comparable cell not

contacted with the epigenetic editor.

-87-



WO 2024/238700 PCT/US2024/029529

[0203] An effector domain of an epigenetic editor described herein may alter a histone
modification state of a histone associated with or bound to the target gene. For example, an
effector domain may deposit a modification on one or more lysine residues of histone tails of
histones associated with the target gene. In some embodiments, the effector domain may result
in deacetylation of one or more histone tails of histones associated with the target gene, thereby
reducing or silencing expression of the target gene. In some embodiments, the histone
modification state is a methylation state. For example, the effector domain may result in a
H3K9, H3K27 or H4K20 methylation (e.g. one or more of a H3K9me2, H3K9me3, H3K27me2,
H3K27me3, and H4K20me3 methylation) at one or more histone tails associated with the target
gene, thereby reducing or silencing expression of the target gene.

[0204] In some embodiments, all histone tails of histones bound to DNA nucleotides within
2000, 1500, 1000, 500, or 200 bps flanking the target sequence are altered according to a
modification type as described herein, as compared to the original state of the chromosome or the
chromosome in a comparable cell not contacted with the epigenetic editor. In some
embodiments, at least 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120 or more histone tails of the
bound histones are altered as compared to the original state of the chromosome or the
chromosome in a comparable cell not contacted with the epigenetic editor. In some
embodiments, at least 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% of histone tails of
the bound histones are altered as compared to the original state of the chromosome or the
chromosome in a comparable cell not contacted with the epigenetic editor. For example, one
single histone tail of the bound histones may be altered as compared to the original state of the
chromosome or the chromosome in a comparable cell not contacted with the epigenetic editor.
As another example, one single bound histone octamer may be altered as compared to the
original state of the chromosome or the chromosome in a comparable cell not contacted with the
epigenetic editor.

[0205] The chemical modification deposited at target gene DNA nucleotides or histone
residues may be at or in close proximity to a target sequence in the target gene. In some
embodiments, an effector domain of an epigenetic editor described herein alters a chemical
modification state of a nucleotide or histone tail bound to a nucleotide 100-200, 200-300, 300-
400, 400-55, 500-600, 600-700, or 700-800 nucleotides 5’ or 3’ to the target sequence in the

target gene. In some embodiments, an effector domain alters a chemical modification state of a
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nucleotide or histone tail bound to a nucleotide within 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200,
300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900,
or 2000 nucleotides flanking the target sequence. As used herein, “flanking” refers to nucleotide
positions 5’ to the 5’ end of and 3’ to the 3 end of a particular sequence, e.g. a target sequence.
[0206] In some embodiments, an effector domain mediates or induces a chemical
modification change of a nucleotide or a histone tail bound to a nucleotide distant from a target
sequence. Such modification may be initiated near the target sequence, and may subsequently
spread to one or more nucleotides in the target gene distant from the target sequence. For
example, an effector domain may initiate alteration of a chemical modification state of one or
more nucleotides or one or more histone residues bound to one or more nucleotides within 10,
20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500 nucleotides flanking the target sequence,
and the chemical modification state alteration may spread to one or more nucleotides at least 100,
200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800,
1900, 2000, 2500, 3000, or more nucleotides from the target sequence in the target gene, either
upstream or downstream of the target sequence. In certain embodiments, the chemical
modification may be initiated at less than 2, 3, 5, 10, 20, 30, 40, 50, or 100 nucleotides in the
target gene and spread to at least 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, or
more nucleotides in the target gene. In some embodiments, the chemical modification spreads to
nucleotides in the entire target gene. Additional proteins or transcription factors, for example,
transcription repressors, methyltransferases, or transcription regulation scaffold proteins, may be
involved in the spreading of the chemical modification. Alternatively, the epigenetic editor alone
may be involved.

[0207] In some embodiments, an epigenetic editor described herein reduces expression of a
target gene by at least about 20%, at least about 30%, at least about 40%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%, at least about 90%, at least about 95%, at
least about 99%, or more, as measured by transcription of the target gene in a cell, a tissue, or a
subject as compared to a control cell, control tissue, or a control subject (e.g., in the absence of
the epigenetic editor). In some embodiments, the epigenetic editors described herein reduces
expression of a copy of target gene by at least about 20%, at least about 30%, at least about 40%,
at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%,
at least about 95%, at least about 99%, at least about 99.9%, or more, as measured by
transcription of the copy of the target gene in a cell, a tissue, or a subject as compared to a control

cell, control tissue, or a control subject. For example, in some embodiments, an epigenetic editor
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described herein reduces expression of an HBV target gene in vitro or in vivo (e.g., as measured
as the level of an HBV biomarker in a subject), by at least 20%, at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, at
least 99.9%, or more, as measured for example, by transcription of the target gene, or by
assessing an HBV biomarker (e.g., plasma HBV DNA, plasma HBVsAg, or plasma HBVeAg) in
a cell, atissue, or a subject contacted or administered with the epigenetic editor as compared to a
control cell, control tissue, or a control subject (e.g., in the absence of the epigenetic editor). In
certain embodiments, the copy of the target gene harbors a specific sequence or allele recognized
by the epigenetic editor. In particular embodiments, the epigenetically modified copy encodes a
functional protein, and accordingly an epigenetic editor disclosed herein may reduce or abolish
expression and/or function of the protein. For example, an epigenetic editor described herein
may reduce expression and/or function of a protein encoded by the target gene by at least 3-fold,
at least 4-fold, at least 5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold, at least
10-fold, at least 11-fold, at least 12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least
20-fold, at least 25-fold, at least 30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least
50-fold, at least 60-fold, at least 70-fold, at least 80-fold, at least 90-fold, or at least 100 fold in a
cell, a tissue, or a subject as compared to a control cell, control tissue, or a control subject.
[0208] Modulation of target gene expression can be assayed by determining any parameter
that is indirectly or directly affected by the expression of the target gene. Such parameters
include, e.g., changes in RNA or protein levels; changes in protein activity; changes in product
levels; changes in downstream gene expression; changes in transcription or activity of reporter
genes such as, for example, luciferase, CAT, beta-galactosidase, or GFP; changes in signal
transduction; changes in phosphorylation and dephosphorylation; changes in receptor-ligand
interactions; changes in concentrations of second messengers such as, for example, cGMP,
cAMP, IP3, and Ca2"; changes in cell growth; changes in neovascularization; and/or changes in
any functional effect of gene expression. Measurements can be made in vitro, in vivo, and/or ex
vivo, and can be made by conventional methods, e.g., measurement of RNA or protein levels,
measurement of RNA stability, and/or identification of downstream or reporter gene expression.
Readout can be by way of, for example, chemiluminescence, fluorescence, colorimetric
reactions, antibody binding, inducible markers, ligand binding assays, changes in intracellular
second messengers such as cGMP and inositol triphosphate (IP3), changes in intracellular

calcium levels; cytokine release, and the like.
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[0209] Methods for determining the expression level of a gene, for example the target of an
epigenetic editor, may include, e.g., determining the transcript level of a gene by reverse
transcription PCR, quantitative RT-PCR, droplet digital PCR (ddPCR), Northern blot, RNA
sequencing, DNA sequencing (e.g., sequencing of complementary deoxyribonucleic acid
(cDNA) obtained from RNA); next generation (Next-Gen) sequencing, nanopore sequencing,
pyrosequencing, or Nanostring sequencing. Levels of protein expressed from a gene may be
determined, e.g., by Western blotting, enzyme linked immuno-absorbance assays, mass-
spectrometry, immunohistochemistry, or flow cytometry analysis. Gene expression product
levels may be normalized to an internal standard such as total messenger ribonucleic acid
(mRNA) or the expression level of a particular gene, e.g., a housekeeping gene.

[0210] In some embodiments, the effect of an epigenetic editor in modulating target gene
expression may be examined using a reporter system. For example, an epigenetic editor may be
designed to target a reporter gene encoding a reporter protein, such as a fluorescent protein.
Expression of the reporter gene in such a model system may be monitored by, e.g., flow
cytometry, fluorescence-activated cell sorting (FACS), or fluorescence microscopy. In some
embodiments, a population of cells may be transfected with a vector that harbors a reporter gene.
The vector may be constructed such that the reporter gene is expressed when the vector transfects
acell. Suitable reporter genes include genes encoding fluorescent proteins, for example green,
yellow, cherry, cyan or orange fluorescent proteins. The population of cells carrying the reporter
system may be transfected with DNA, mRNA, or vectors encoding the epigenetic editor targeting

the reporter gene.

VII. Pharmaceutical Compositions

[0211] Another aspect of the present disclosure is a pharmaceutical composition comprising
as an active ingredient (or as the sole active ingredient) one or more epigenetic editors described
herein or component(s) (e.g., fusion proteins and/or guide polynucleotides) thereof, or nucleic
acid molecule(s) encoding said epigenetic editors or component(s) thereof. For example, a
pharmaceutical composition may comprise nucleic acid molecule(s) encoding the fusion
protein(s) (and guide polynucleotides, where applicable) of an epigenetic editor described herein.
In some embodiments, separate pharmaceutical compositions comprise the fusion protein(s) and
the guide polynucleotide(s). In some embodiments, multiple pharmaceutical compositions, each
comprising one epigenetic editor, are administered simultaneously. A pharmaceutical

composition may also comprise cells that have undergone epigenetic modification(s) mediated or
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induced by an epigenetic editor provided herein.

[0212] Generally, the epigenetic editors described herein or component(s) thereof, or nucleic
acid molecule(s) encoding said epigenetic editors or component(s) thereof, of the present
disclosure are suitable to be administered as a formulation in association with one or more
pharmaceutically acceptable excipient(s), e.g., as described below.

[0213] The term “excipient” is used herein to describe any ingredient other than the
compound(s) of the present disclosure. The choice of excipient(s) will to a large extent depend
on factors such as the particular mode of administration, the effect of the excipient on solubility
and stability, and the nature of the dosage form. As used herein, “pharmaceutically acceptable
excipient” includes any and all solvents, dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents, and the like that are physiologically compatible.
Some examples of pharmaceutically acceptable excipients are water, saline, phosphate buffered
saline, dextrose, glycerol, ethanol and the like, as well as combinations thereof. In many cases, it
will be preferable to include isotonic agents, for example, sugars, polyalcohols such as mannitol,
sorbitol, or sodium chloride in the composition. Additional examples of pharmaceutically
acceptable substances are wetting agents or minor amounts of auxiliary substances such as
wetting or emulsifying agents, preservatives, or buffers, which enhance the shelf life or
effectiveness of the antibody.

[0214] Formulations of a pharmaceutical composition suitable for parenteral administration
typically comprise the active ingredient combined with a pharmaceutically acceptable carrier,
such as sterile water or sterile isotonic saline. Such formulations may be prepared, packaged, or
sold in a form suitable for bolus administration or for continuous administration. In some
embodiments, the epigenetic editor or its component(s) are introduced to target cells in the form
of nucleic acid molecule(s) encoding the epigenetic editor or its component(s); accordingly, the
pharmaceutical compositions herein comprise the nucleic acid molecule(s). Such nucleic acid
molecule(s) may be, for example, DNA, RNA or mRNA, and/or modified nucleic acid
sequence(s) (e.g., with chemical modifications, a 5’ cap, or one or more 3’ modifications). In
some embodiments, the nucleic acid molecule(s) may be delivered as naked DNA or RNA, for
instance by means of transfection or electroporation, or can be conjugated to molecules (e.g., N-
acetylgalactosamine) promoting uptake by target cells. In some embodiments, the nucleic acid
molecule(s) may be in nucleic acid expression vector(s), which may include expression control
sequences such as promoters, enhancers, transcription signal sequences, transcription termination

sequences, introns, polyadenylation signals, Kozak consensus sequences, internal ribosome entry
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sites (IRES), etc. Such expression control sequences are well known in the art. A vector may
also comprise a sequence encoding a signal peptide (e.g., for nuclear localization, nucleolar
localization, or mitochondrial localization), associated with (e.g., inserted into or fused to) a

sequence coding for a protein.

[0215] Examples of vectors include, but are not limited to, plasmid vectors; viral vectors
based on vaccinia virus, poliovirus, adenovirus, adeno-associated virus, SV40, herpes simplex
virus, human immunodeficiency virus, retrovirus (e.g., Murine Leukemia Virus, or spleen
necrosis virus, vectors derived from retroviruses such as Rous Sarcoma Virus, Harvey Sarcoma
Virus, avian leukosis virus, a lentivirus, human immunodeficiency virus, myeloproliferative
sarcoma virus, and mammary tumor virus); and other recombinant vectors. In certain
embodiments, the vector is a plasmid or a viral vector. Viral particles may also be used to deliver
nucleic acid molecule(s) encoding epigenetic editors or component(s) thereof as described herein.
For example, “empty” viral particles can be assembled to contain any suitable cargo. Viral
vectors and viral particles may also be engineered to incorporate targeting ligands to alter target
tissue specificity.

[0216] In certain embodiments, an epigenetic editor as described herein or component(s)
thereof are encoded by nucleic acid sequence(s) present in one or more viral vectors, or a suitable
capsid protein of any viral vector. Examples of viral vectors include adeno-associated viral
vectors (e.g., derived from AAV3, AAV3b, AAV4, AAVS, AAV6, AAVT7, AAVS, AAVY,
AAVTh8, AAV10, and/or variants thereof); retroviral vectors (e.g., Maloney murine leukemia
virus, MML-V), adenoviral vectors (e.g., AD100), lentiviral vectors (e.g., HIV and FIV-based
vectors), and herpesvirus vectors (e.g., HSV-2).

[0217] In some embodiments, delivery involves an adeno-associated virus (AAV) vector.
AAYV vector delivery may be particularly useful where the DNA-binding domain of an epigenetic
editor fusion protein is a zinc finger array. Without wishing to be bound by any theory, the
smaller size of zinc finger arrays compared to larger DNA-binding domains such as Cas protein
domains may allow such a fusion protein to be conveniently packed in viral vectors such as an
AAYV vector.

[0218] Any AAYV serotype, e.g., human AAYV serotype, can be used for an AAV vector as
described herein, including, but not limited to, AAV serotype 1 (AAV1), AAV serotype 2
(AAV2), AAV serotype 3 (AAV3), AAV serotype 4 (AAV4), AAV serotype 5 (AAVS), AAV
serotype 6 (AAVO), AAV serotype 7 (AAVT), AAV serotype 8 (AAVS), AAV serotype 9
(AAV9), AAV serotype 10 (AAV10), and AAV serotype 11 (AAV11), as well as variants
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thereof. In some embodiments, an AAV variant has at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% amino acid sequence identity to a wildtype AAV. In certain
embodiments, the AAV variant may be engineered such that its capsid proteins have reduced
immunogenicity or enhanced transduction ability in humans. In some instances, one or more
regions of at least two different AAV serotype viruses are shuffled and reassembled to generate a
chimeric variant. For example, a chimeric AAV may comprise inverted terminal repeats (ITRs)
that are of a heterologous serotype compared to the serotype of the capsid. The resulting
chimeric AAV can have a different antigenic reactivity or recognition compared to its parental
serotypes. In some embodiments, a chimeric variant of an AAV includes amino acid sequences
from 2, 3, 4, 5, or more different AAV serotypes.

[0219] Non-viral systems are also contemplated for delivery as described herein. Non-viral
systems include, but are not limited to, nucleic acid transfection methods including
electroporation, sonoporation, calcium phosphate transfection, microinjection, DNA biolistics,
lipid-mediated transfection, transfection through heat shock, compacted DNA-mediated
transfection, lipofection, cationic agent-mediated transfection, and transfection with liposomes,
immunoliposomes, or cationic facial amphiphiles (CFAs). In certain embodiments, one or more
mRNAs encoding epigenetic editor fusion proteins as described herein may be co-electroporated
with one or more guide polynucleotides (e.g., gRNAs) as described herein. One important
category of non-viral nucleic acid vectors is nanoparticles, which can be organic (e.g., lipid) or
inorganic (e.g., gold). For instance, organic (e.g. lipid and/or polymer) nanoparticles can be
suitable for use as delivery vehicles in certain embodiments of this disclosure.

[0220] In some embodiments, delivery is accomplished using a lipid nanoparticle (LNP).
LNP compositions are typically sized on the order of micrometers or smaller and may include a
lipid bilayer. In some embodiments, a LNP refers to any particle that has a diameter of less than
1000 nm, 500 nm, 250 nm, 200 nm, 150 nm, 100 nm, 75 nm, 50 nm, or 25 nm. Nanoparticle
compositions encompass lipid nanoparticles (LNPs), liposomes (e.g., lipid vesicles), and
lipoplexes.

[0221] An LNP as described herein may be made from cationic, anionic, or neutral lipids. In
some embodiments, an LNP may comprise neutral lipids, such as the fusogenic phospholipid 1,2-
Dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) or the membrane component cholesterol,
as helper lipids to enhance transfection activity and nanoparticle stability. In some embodiments,
an LNP may comprise hydrophobic lipids, hydrophilic lipids, or both hydrophobic and
hydrophilic lipids. Any lipid or combination of lipids that are known in the art can be used to
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produce an LNP. The lipids may be combined in any molar ratios to produce the LNP. In some
embodiments, the LNP is a liver-targeting (e.g., preferentially or specifically targeting the liver)
LNP.

[0222] LNP formulations and methods of LNP delivery that can be used will be apparent to
those skilled in the art based on the present disclosure and the state of the art. Non-limiting
exemplary compositions and methods can be found in Shah, R., Eldridge, D., Palombo, E., and
Harding, 1., Lipid Nanoparticles: Production, Characterization and Stability, Springer, 2015,
ISBN-13 978-3319107103; Ziegler, S., Lipid Nanoparticles: Advances in Research and
Applications, Nova Science Pub., Inc, ISBN-13 978-1536186536, Mitchell, M.J., Billingsley,
M.M., Haley, R M. et al. Engineering precision nanoparticles for drug delivery, Nat Rev Drug
Discov 20, 101-124 (2021); Hou, X., Zaks, T., Langer, R. et al. Lipid nanoparticles for mRNA
delivery. Nat Rev Mater 6, 1078-1094 (2021); Lipid-Nanoparticle-Based Delivery of
CRISPR/Cas9 Genome-Editing Components, Pardis Kazemian, Si-Yue Yu, Sarah B. Thomson,
Alexandra Birkenshaw, Blair R. Leavitt, and Colin J. D. Ross. Molecular

Pharmaceutics 2022 19 (6), 1669-1686; Cullis PR, Hope MJ. Lipid Nanoparticle Systems for
Enabling Gene Therapies, Mol Ther. 2017 Jul 5;25(7):1467-1475; Hatit, M.Z.C., Lokugamage,
M.P., Dobrowolski, C.N. et al. Species-dependent in vivo mRNA delivery and cellular responses
to nanoparticles, Nat. Nanotechnol. 17, 310-318 (2022); Lam, K., Schreiner, P, Leung, A.,
Stainton, P., Reid, S., Yaworski, E., Lutwyche, P. and Heyes, J. (2023), Optimizing Lipid
Nanoparticles for Delivery in Primates, Adv. Mater; Dilliard, S.A ., Siegwart, D J. Passive, active
and endogenous organ-targeted lipid and polymer nanoparticles for delivery of genetic

drugs, Nat Rev Mater (2023); Kasiewicz, L.N., et.al., Lipid nanoparticles incorporating a
GalNAc ligand enable in vivo liver ANGPTL3 editing in wild-type and somatic LDLR knockout
non-human primates,

bioRxiv 2021.11.08.467731, doi: https://doi.org/10.1101/2021.11.08.467731; Tombacz, 1., et.al.,
Highly efficient CD4+ T cell targeting and genetic recombination using engineered CD4+ cell-
homing mRNA-LNPs, Molecular Therapy, Volume 29, Issue 11, 2021, 3293-3304; Cheng, Q.,
Wei, T, Farbiak, L. et al. Selective organ targeting (SORT) nanoparticles for tissue-specific
mRNA delivery and CRISPR-Cas gene editing, Nat. Nanotechnol. 15, 313-320 (2020); Zhang,
Y., et.al., Lipids and Lipid Derivatives for RNA Delivery, Chemical Reviews 2021 121 (20);
Lam, K., et.al, Unsaturated, Trialkyl lonizable Lipids are Versatile Lipid-Nanoparticle
Components for Therapeutic and Vaccine Applications, Adv. Mater. 2023, 35; Han, X., Zhang,
H., Butowska, K. et al. An ionizable lipid toolbox for RNA delivery, Nat Commun 12, 7233
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(2021); US Patent No. 9,364,435, US Patent No. 8,058,069; US Patent No. 8,822,668; US Patent
No. 8,492,359; US Patent No. 11,141,378; US Patent No. 9,518,272; US Patent No. 9,404,127,
US Patent No. 9,006,417; US Patent No. 7,901,708; US Patent No. 9,005,654; US Patent No.
9,878,042; US Patent No. 9,682,139; US Patent No. 8,642,076; US Patent No. 9,593,077, US
Patent No. 9,415,109; US Patent No. 9,701,623; US Patent No. 10,369,226; US Patent No.
9,999,673; US Patent No. 9,301,923; US Patent No. 10,342,761, US Patent No. 10,137,201;
International Patent Application PCT/US2014/070882; International Publication No.
WO02015199952A1; International Publication No. W0O2017075531A1; International Publication
No. WO2018081480A1; International Publication No. WO2016081029A1; European
Application No. EP3852911A2; each of which are incorporated herein by reference in their
entirety. The ordinarily skilled artisan will be able to identify an appropriate LNP and method of
delivery based on the present disclosure and the state of the art. The present disclosure is not
limited in this respect.

[0223] Other methods of delivery to target cells will be known to those skilled in the art and
can be used with the compositions of the present disclosure.

[0224] Any type of cell may be targeted for delivery of an epigenetic editor or component(s)
thereof as described herein. For example, the cells may be eukaryotic or prokaryotic. In some
embodiments, the cells are mammalian (e.g., human) cells. Human cells may include, for
example, hepatocytes, biliary epithelial cells (cholangiocytes), stellate cells, Kupffer cells, and
liver sinusoidal endothelial cells.

[0225] In some embodiments, an epigenetic editor described herein, or component(s) thereof,
are delivered to a host cell for transient expression, €.g., via a transient expression vector.
Transient expression of the epigenetic editor or its component(s) may result in prolonged or
permanent epigenetic modification of the target gene. For example, the epigenetic modification
may be stable for at least 1, 2, 3,4, 5,6,7,8,9, 10. 11, or 12 weeks or more; or 3,4, 5,6, 7, 8, 9,
10, 11, or 12 months or more, after introduction of the epigenetic editor into the host cell. The
epigenetic modification may be maintained after one or more mitotic and/or meiotic events of the
host cell. In particular embodiments, the epigenetic modification is maintained across

generations in offspring generated or derived from the host cell.

VIII. Therapeutic Uses of Epigenetic Editors

[0226] The present disclosure also provides methods for treating or preventing a condition in

a subject, comprising administering to the subject an epigenetic editor or pharmaceutical
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composition as described herein. The epigenetic editor may effectuate an epigenetic
modification of a target polynucleotide sequence in a target gene associated with a disease,
condition, or disorder in the subject, thereby modulating expression of the target gene to treat or
prevent the disease, condition, or disorder. In some embodiments, the epigenetic editor reduces
the expression of the target gene to an extent sufficient to achieve a desired effect, e.g., a
therapeutically relevant effect such as the prevention or treatment of the disease, condition, or
disorder

[0227] In some embodiments, a subject is administered a system for modulating (e.g.,
repressing) expression of HBV or of an HBV gene, wherein the system comprises (1) the fusion
protein(s) and, where relevant, guide polynucleotide(s) of an epigenetic editor as described
herein, or (2) nucleic acid molecules encoding said fusion protein(s) and, where relevant, guide
polynucleotide(s).

[0228] “Treat,” “treating” and “treatment” refer to a method of alleviating or abrogating a
biological disorder and/or at least one of its attendant symptoms. As used herein, to “alleviate” a
disease, disorder or condition means reducing the severity and/or occurrence frequency of the
symptoms of the disease, disorder, or condition. Further, references herein to “treatment”
include references to curative, palliative and prophylactic treatment. In some embodiments, as
compared with an equivalent untreated control, alleviating a symptom may involve reduction of
the symptom by at least 3%, 5%, 10%, 20%, 40%, 50%, 60%, 80%, 90%, 95%, 98%, 99%,
99.5%, 99.9%, or 100% as measured by any standard technique.

[0229] In some embodiments, the subject may be a mammal, e.g., a human. In some
embodiments, the subject is selected from a non-human primate such as chimpanzee,
cynomolgus monkey, or macaque, and other apes and monkey species

[0230] Some aspects of this disclosure provide methods comprising administering an
epigenetic editing system to a subject characterized by the presence of detectable levels of HBV
DNA, HBsAg, and/or HBeAg in the plasma of the subject, for example, a subject having a
chronic HBV infection. In some such embodiments, the epigenetic editing system comprises a
first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or one
or more nucleic acid molecules encoding the same, wherein the first DNA binding domain binds
a first target region of an HBV gene or genome, and the administering results in a reduction of
the level of HBV DNA, the level of HBsAg, and/or the level of HBsAg in the plasma of the
subject, and the reduction of the level of HBV DNA, of the level of HBsAg, and/or of the level of
HBsAg in the plasma of the subject, is at least 90% (a 1-log reduction) compared to the
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respective level observed or observable in the plasma of the subject prior to the administering,
and the 1-log reduction is maintained for at least 14 days after the administering. In some
embodiments, the reduction of the level of HBV DNA in the plasma of the subject is at least 90%
(a 1-log reduction). In some embodiments, the reduction of the level of HBV DNA in the plasma
of the subject is at least 99% (a 2-log reduction). In some embodiments, the reduction of the level
of HBsAg in the plasma of the subject is at least 90% (a 1-log reduction). In some embodiments,
the reduction of the level of HBsAg in the plasma of the subject is at least 99% (a 2-log
reduction). In some embodiments, the reduction of the level of HBeAg in the plasma of the
subject is at least 90% (a 1-log reduction). In some embodiments, the reduction of the level of
HBeAg in the plasma of the subject is at least 99% (a 2-log reduction). In some embodiments,
the reduction is maintained for at least 21 days. In some embodiments, the reduction is
maintained for at least 28 days. In some embodiments, the reduction is maintained for at least 35
days. In some embodiments, the reduction is maintained for at least 42 days. In some
embodiments, the reduction is maintained for at least 56 days. In some embodiments, the
reduction is maintained for at least 70 days. In some embodiments, the reduction is maintained
for at least 84 days. In some embodiments, the reduction is maintained for at least 112 days. In
some embodiments, the reduction is maintained for at least 140 days. In some embodiments, the
reduction is maintained for at least 168 days. In some embodiments, the reduction is maintained
for at least 6 months. In some embodiments, the reduction is maintained for at least 9 months. In
some embodiments, the reduction is maintained for at least 12 months. In some embodiments, the
reduction is maintained for at least 24 months. In some embodiments, the HBV genome
comprises HBV genotype A. In some embodiments, the HBV genome comprises HBV genotype
B. In some embodiments, the HBV genome comprises HBV genotype C. In some embodiments,
the HBV genome comprises, HBV genotype D. In some embodiments, the HBV genome
comprises HBV genotype E. In some embodiments, the HBV genome comprises HBV genotype
F. In some embodiments, the HBV genome comprises HBV genotype G. In some embodiments,
the HBV genome comprises HBV genotype H. In some embodiments, the HBV genome
comprises a sequence with at least 80%, at least 90%, at least 95%, at least 99%, or greater than
99% sequence identity to an HBV genome sequence provided herein. In some embodiments, the
first target region is located in a region of the HBV genome within nucleotides 0-303 of an HBV
genome provided herein. In some embodiments, the first target region is located within
nucleotides 0-303 of SEQ ID NO: 1082. In some embodiments, the first target region is located
within nucleotides 0-303 of SEQ ID NO: 1083. In some embodiments, the first target region is
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located in a region of the HBV genome within nucleotides 1000-2448 of an HBV genome
provided herein. In some embodiments, the first target region is located within nucleotides 1000-
2448 of SEQ ID NO: 1082. In some embodiments, the first target region is located within
nucleotides 1000-2448 of SEQ ID NO: 1083. In some embodiments, the first target region is
located in a region of the HBV genome within nucleotides 2802-3182 of an HBV genome
provided herein. In some embodiments, the first target region is located within nucleotides 2802-
3182 of SEQ ID NO: 1082. In some embodiments, the first target region is located within
nucleotides 2802-3182 of SEQ ID NO: 1083. In some embodiments, the first target region of the
HBYV genome is located in an HBV CpG island (CGI). In some embodiments, the CGI is an HBV
canonical CGI. In some embodiments, the CGI is canonical CGI-I. In some embodiments, CGI
is canonical CGI-I of HBV genotype D. In some embodiments, CGI-I spans nucleotides 186-288
of SEQ ID NO: 1082In some embodiments, CGI-I spans nucleotides 186-288 of SEQ ID NO:
1083In some embodiments, the CGI is canonical CGI-II. In some embodiments, the CGI is
canonical CGI-II HBV genotype D. In some embodiments, the CGI is CGI II spans nucleotides
1,217-1,670 of SEQ ID NO: 1082. In some embodiments, the CGI is CGI II spans nucleotides
1,217-1,670 of SEQ ID NO: 1083. In some embodiments, the CGI is canonical CGI-III. In some
embodiments, the CGI is canonical CGI-III HBV genotype D. In some embodiments, the CGI is
CGI-II spans nucleotides 2,282-2,448 of SEQ ID NO: 1082. In some embodiments, the CGI is
CGI-II spans nucleotides 2,282-2,448 of SEQ ID NO: 1083. In some embodiments, the first
target region of the HBV genome is located in a promotor. In some embodiments, the first target
region of the HBV genome is located in the spl promoter. In some embodiments, the first target
region of the HBV genome is located in sp2 promoter. In some embodiments, the first target
region of the HBV genome is located in cp promoter. In some embodiments, the first target
region of the HBV genome is located in xp promoter. In some embodiments, the first target
region of the HBV genome is located in an enhancer region. In some embodiments, the first
target region of the HBV genome is located in Enh I. In some embodiments, the first target
region of the HBV genome is located in Enh II. In some embodiments, the first target region of
the HBV genome is located in a section of the HBV genome that encodes a transcript. In some
embodiments, the first target region of the HBV genome is located in a section of the HBV
genome that encodes a pgRNA transcript. In some embodiments, the first target region of the
HBYV genome is located in a section of the HBV genome that encodes a preCore RNA transcript.
In some embodiments, the first target region of the HBV genome is located in a section of the

HBYV genome that encodes a preS RNA transcript. In some embodiments, the first target region
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of the HBV genome is located in a section of the HBV genome that encodes an S RNA
transcript. In some embodiments, the first target region of the HBV genome is located in a
section of the HBV genome that encodes an HBx RNA transcript. In some embodiments, the first
target region of the HBV genome is within 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100
base pairs (bp) of an HBV transcription start site (TSS). In some embodiments, the TSS is a pg
RNA TSS. In some embodiments, the first target region is within 600, within 500, within 400,
within 300, within 200, or within 100 base pairs of the pg RNA TSS. In some embodiments, the
pg RNA TSS is located at nucleotide 1820 of SEQ ID NO: 1082 or at nucleotide 1820 of SEQ ID
NO: 1083. In some embodiments, the first target region is within 600 base pairs of nucleotide
1820 in SEQ ID NO: 1082. In some embodiments, the first target region is within 600 base pairs
of nucleotide 1820 in SEQ ID NO: 1083. In some embodiments, the first target region is within
500 base pairs of nucleotide 1820 in SEQ ID NO: 1082. In some embodiments, the first target
region is within 500 base pairs of nucleotide 1820 in SEQ ID NO: 1083. In some embodiments,
the first target region is within 400 base pairs of nucleotide 1820 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 400 base pairs of nucleotide 1820 in SEQ ID NO:
1083. In some embodiments, the first target region is within 300 base pairs of nucleotide 1820 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 300 base pairs of
nucleotide 1820 in SEQ ID NO: 1083. In some embodiments, the first target region is within 200
base pairs of nucleotide 1820 in SEQ ID NO: 1082. In some embodiments, the first target region
is within 200 base pairs of nucleotide 1820 in SEQ ID NO: 1083. In some embodiments, the first
target region is within 100 base pairs of nucleotide 1820 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 100 base pairs of nucleotide 1820 in SEQ ID NO:
1083. In some embodiments, the TSS is a preC RNA TSS. In some embodiments, the first target
region is within 600, within 500, within 400, within 300, within 200, or within 100 base pairs of
the preC RNA TSS. In some embodiments, the preC RNA TSS is located at nucleotide 1791 of
SEQ ID NO: 1082 or at nucleotide 1791 of SEQ ID NO: 1083. In some embodiments, the first
target region is within 600 base pairs of nucleotide 1791 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 600 base pairs of nucleotide 1791 in SEQ ID NO:
1083. In some embodiments, the first target region is within 500 base pairs of nucleotide 1791 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 500 base pairs of
nucleotide 1791 in SEQ ID NO: 1083. In some embodiments, the first target region is within 400
base pairs of nucleotide 1791 in SEQ ID NO: 1082. In some embodiments, the first target region
is within 400 base pairs of nucleotide 1791 in SEQ ID NO: 1083. In some embodiments, the first
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target region is within 300 base pairs of nucleotide 1791 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 300 base pairs of nucleotide 1791 in SEQ ID NO:
1083. In some embodiments, the first target region is within 200 base pairs of nucleotide 1791 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 200 base pairs of
nucleotide 1791 in SEQ ID NO: 1083. In some embodiments, the first target region is within 100
base pairs of nucleotide 1791 in SEQ ID NO: 1082. In some embodiments, the first target region
is within 100 base pairs of nucleotide 1791 in SEQ ID NO: 1083. In some embodiments, the TSS
is a preS2 RNA TSS. In some embodiments, the first target region is within 600, within 500,
within 400, within 300, within 200, or within 100 base pairs of the preS2 RNA TSS. In some
embodiments, the preS2 RNA TSS is located at nucleotide 3159 of SEQ ID NO: 1082 or at
nucleotide 3159 of SEQ ID NO: 1083. In some embodiments, the first target region is within 600
base pairs of nucleotide 3159 in SEQ ID NO: 1082. In some embodiments, the first target region
is within 600 base pairs of nucleotide 3159 in SEQ ID NO: 1083. In some embodiments, the first
target region is within 500 base pairs of nucleotide 3159 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 500 base pairs of nucleotide 3159 in SEQ ID NO:
1083. In some embodiments, the first target region is within 400 base pairs of nucleotide 3159 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 400 base pairs of
nucleotide 3159 in SEQ ID NO: 1083. In some embodiments, the first target region is within 300
base pairs of nucleotide 3159 in SEQ ID NO: 1082. In some embodiments, the first target region
is within 300 base pairs of nucleotide 3159 in SEQ ID NO: 1083. In some embodiments, the first
target region is within 200 base pairs of nucleotide 3159 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 200 base pairs of nucleotide 3159 in SEQ ID NO:
1083. In some embodiments, the first target region is within 100 base pairs of nucleotide 3159 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 100 base pairs of
nucleotide 3159 in SEQ ID NO: 1083. In some embodiments, the TSS is an HBx RNA TSSs. In
some embodiments, the first target region is within 600, within 500, within 400, within 300,
within 200, or within 100 base pairs of the HBx RNA TSS. In some embodiments, the HBx RNA
TSS is located at a nucleotide within the sequence of nucleotides 1243-1338 of SEQ ID NO:
1082 or nucleotides 1243-1338 of SEQ ID NO: 1083. In some embodiments, the first target
region is within 600 base pairs of nucleotide 1243 in SEQ ID NO: 1082. In some embodiments,
the first target region is within 600 base pairs of nucleotide 1243 in SEQ ID NO: 1083. In some
embodiments, the first target region is within 500 base pairs of nucleotide 1243 in SEQ ID NO:

1082. In some embodiments, the first target region is within 500 base pairs of nucleotide 1243 in
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SEQ ID NO: 1083. In some embodiments, the first target region is within 400 base pairs of
nucleotide 1243 in SEQ ID NO: 1082. In some embodiments, the first target region is within 400
base pairs of nucleotide 1243 in SEQ ID NO: 1083. In some embodiments, the first target region
is within 300 base pairs of nucleotide 1243 in SEQ ID NO: 1082. In some embodiments, the first
target region is within 300 base pairs of nucleotide 1243 in SEQ ID NO: 1083. In some
embodiments, the first target region is within 200 base pairs of nucleotide 1243 in SEQ ID NO:
1082. In some embodiments, the first target region is within 200 base pairs of nucleotide 1243 in
SEQ ID NO: 1083. In some embodiments, the first target region is within 100 base pairs of
nucleotide 1243 in SEQ ID NO: 1082. In some embodiments, the first target region is within 100
base pairs of nucleotide 1243 in SEQ ID NO: 1083. In some embodiments, the first target region
is within 600 base pairs of nucleotide 1338 in SEQ ID NO: 1083. In some embodiments, the first
target region is within 500 base pairs of nucleotide 1338 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 500 base pairs of nucleotide 1338 in SEQ ID NO:
1083. In some embodiments, first target region is within 400 base pairs of nucleotide 1338 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 400 base pairs of
nucleotide 1338 in SEQ ID NO: 1083. In some embodiments, the first target region is within 300
base pairs of nucleotide 1338 in SEQ ID NO: 1082. In some embodiments, the first target region
is within 300 base pairs of nucleotide 1338 in SEQ ID NO: 1083. In some embodiments, the first
target region is within 200 base pairs of nucleotide 1338 in SEQ ID NO: 1082. In some
embodiments, the first target region is within 200 base pairs of nucleotide 1338 in SEQ ID NO:
1083. In some embodiments, the first target region is within 100 base pairs of nucleotide 1338 in
SEQ ID NO: 1082. In some embodiments, the first target region is within 100 base pairs of
nucleotide 1338 in SEQ ID NO: 1083. In some embodiments, the reduction is a reduction in the
number of HBV viral episomes. In some embodiments, the reduction is a reduction in the number
of cccDNA genomes. In some embodiments, the reduction is a reduction in total HBYV DNA. In
some embodiments, the reduction is a reduction in the replication of the HBV genome. In some
embodiments, the reduction is a reduction in a level of expression of a protein product encoded
by the HBV genome. In some embodiments, the reduction is a reduction in a level of HBsAg. In
some embodiments, the reduction is a reduction in a level of HBeAg. In some embodiments, the
reduction is a reduction of total HBV DNA of at least 70%, at least 80%, at least 90%, at least
95%, at least 99%, or at least 99.9%, and the reduction is maintained for at least 14 days after the
contacting or the administering. In some embodiments, the reduction is a reduction of HBeAg of

at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or at least 99.9%, and the
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reduction is maintained for at least 14 days after the contacting or the administering. In some
embodiments, the reduction is a reduction of HBsAg of at least 70%, at least 80%, at least 90%,
at least 95%, at least 99%, or at least 99.9%, and the reduction is maintained at or below that
level for at least 14 days after the contacting or the administering. In some embodiments, the
reduction is a reduction of at least 90%. In some embodiments, the reduction is a reduction of at
least 95%. In some embodiments, the reduction is a reduction of at least 99%. In some
embodiments, the reduction is a reduction of at least 99.9%. In some embodiments, the reduction
is maintained for at least 14 days after the contacting or the administering. In some embodiments,
the reduction is maintained for at least 21 days. In some embodiments, the reduction is
maintained for at least 28 days. In some embodiments, the reduction is maintained for at least 35
days. In some embodiments, the reduction is maintained for at least 42 days. In some
embodiments, the reduction is maintained for at least 56 days. In some embodiments, the
reduction is maintained for at least 70 days. In some embodiments, the reduction is maintained
for at least 84 days. In some embodiments, the reduction is maintained for at least 112 days. In
some embodiments, the reduction is maintained for at least 140 days. In some embodiments, the
reduction is maintained for at least 168 days. In some embodiments, the reduction is maintained
for at least 6 months. In some embodiments, the reduction is maintained for at least 7 months. In
some embodiments, the reduction is maintained for at least 8 months. In some embodiments, the
reduction is maintained for at least 9 months. In some embodiments, the reduction is maintained
for at least 12 months. In some embodiments, the reduction is maintained for at least 18 months.
In some embodiments, the reduction is maintained for at least 24 months. In some embodiments,
the epigenetic editing system is administered as a monotherapy. Accordingly, in some
embodiments, the method does not comprise administering a nucleoside or nucleotide analog
(NUC) to the subject. In some embodiments, the method further comprises administering a NUC
to the subject. In some embodiments, the first DNA binding domain comprises a CRISPR-Cas
protein. In some embodiments, the epigenetic editing system further comprises a first guide RNA
(gRNA) that comprises a region complementary to a strand of the first target region. In some
embodiments, the gRNA comprises a sequence selected from a gRNA provided herein, and
preferably the gRNA comprises a sequence provided in Table 12 or 13. In some embodiments,
the first DNA binding domain comprises a zinc-finger protein. In some embodiments, the zinc-
finger protein comprises a zinc-finger motif with a sequence selected from any zinc finger or zinc
finger motif provided herein, e.g., in Table 1 or Table 18. In some embodiments, the zinc-finger

protein comprises a sequence of any of the zinc finger epigenetic repressors provided herein. In
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some embodiments, the transcriptional repressor domain comprises ZIM3. In some
embodiments, the first DNMT domain is a DNMT3A domain or a DNMT3L domain. In some
embodiments, the first DNMT domain comprises a sequence of a DNMT domain provided
herein. In some embodiments, the epigenetic editing system comprises the fusion protein
provided in SEQ ID NO: 1248 or the fusion protein provided in SEQ ID NO: 1252 and at least
one guide RNA provided as gRNA #003, gRNA #007, gRNA #008, gRNA #009, gRNA #011, or
gRNA #015 herein. Some aspects of this disclosure provide epigenetic editing systems for use in
the methods described herein. In some embodiments, the epigenetic editing system comprises a
fusion protein or a nucleic acid encoding the fusion protein, and the fusion protein comprises: (a)
a DNA-binding domain that binds a target region of a HBV gene or genome, (b) a first DNA
methyltransferase (DNMT) domain, and (c¢) a transcriptional repressor domain. In some
embodiments, the fusion protein comprises a sequence of a fusion protein provided herein. In
some embodiments, the DNA-binding domain is a CRISPR-Cas DNA binding domain, and the
epigenetic editing system comprises at least gRNA provided herein. In some embodiments, the
epigenetic editing system comprises the fusion protein provided in SEQ ID NO: 1248 or the
fusion protein provided in SEQ ID NO: 1252 and at least one guide RNA provided as gRNA
#003, gRNA #007, gRNA #008, gRNA #009, gRNA #011, or gRNA #015 herein.

[0231] In some embodiments, the subject is a mammalian subject having, or having been
diagnosed with, a Hepatitis B virus (HBV) infection. In some embodiments, the subject is a
mammalian subject having, or having been diagnosed with, a Hepatitis D virus infection.
[0232] In some embodiments, the subject is a mammalian subject, for example, a human
subject, having, or having been diagnosed with, a Hepatitis B virus (HBV) infection. In some
embodiments, the subject is a mammalian subject, for example, a human subject, having, or
having been diagnosed with Hepatitis B In some embodiments, the subject is a mammalian
subject, for example, a human subject, having, or having been diagnosed with, a Hepatitis D
virus infection. In some embodiments, a patient to be treated with an epigenetic editor of the
present disclosure has received prior treatment for the condition to be treated (e.g., an HBV
and/or HDV infection, or Hepatitis B). In other embodiments, the patient has not received such
prior treatment. In some embodiments, the patient has failed on (or is refractory to) a prior
treatment for the condition (e.g., a prior HBV treatment).

[0233] In some embodiments, contacting the HBV gene or genome or a cell with an
epigenetic editor as described herein results in a reduction of: number of HBV viral episomes,

replication of the HBV gene or genome, or expression of a protein product encoded by the HBV
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gene or genome. In some embodiments, the reduction is at least about 20%, at least about 30%, at
least about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%,
or at least about 90% compared to contacting the HBV gene or genome or the cell with a suitable
control or without contacting the HBV gene or genome or the cell with the epigenetic editor
described herein. In some embodiments, the reduction is maintained for at least 6 days, 19 days,
27 days, 42 days, or 168 days. In some embodiments, the protein product comprises a HBe
antigen or a HBs antigen.

[0234] In some embodiments, administering to the subject an epigenetic editor or
pharmaceutical composition as described herein results in a reduction of: number of HBV viral
episomes, replication of the HBV gene or genome, or expression of a protein product encoded by
the HBV gene or genome. In some embodiments, the reduction is at least about 20%, at least
about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at least
about 80%, or at least about 90% compared to administering a suitable control or without
administering the epigenetic editor or pharmaceutical composition described herein. In some
embodiments, the reduction is maintained for at least 6 days, 19 days, 27 days, 42 days, or 168
days. In some embodiments, the protein product comprises a HBe antigen or a HBs antigen.
[0235] An epigenetic editor of the present disclosure may be administered in a
therapeutically effective amount to a patient with a condition described herein. “Therapeutically
effective amount,” as used herein, refers to an amount of the therapeutic agent being
administered that will relieve to some extent one or more of the symptoms of the disorder being
treated, and/or result in clinical endpoint(s) desired by healthcare professionals. An effective
amount for therapy may be measured by its ability to stabilize disease progression and/or
ameliorate symptoms in a patient, and preferably to reverse disease progression. The ability of
an epigenetic editor of the present disclosure to reduce or silence HB} expression may be
evaluated by in vitro assays, e.g., as described herein, as well as in suitable animal models that
are predictive of the efficacy in humans. Suitable dosage regimens will be selected in order to
provide an optimum therapeutic response in each particular situation, for example, administered
as a single bolus or as a continuous infusion, and with possible adjustment of the dosage as
indicated by the exigencies of each case.

[0236] An epigenetic editor of the present disclosure may be administered without additional
therapeutic treatments, i.e., as a stand-alone therapy (monotherapy). Alternatively, treatment
with an epigenetic editor of the present disclosure may include at least one additional therapeutic

treatment (combination therapy). In some embodiments, the additional therapeutic agent is any
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known in the art to treat an HBV infection. The current standard therapy for HBV employs
nucleoside/nucleotide analogs (NUCs) and interferon (IFN). NUCs are viral polymerase and
reverse transcriptase inhibitors that can efficiently suppress HBV viral replication, resulting in
rapid HBV DNA reduction. NUCs do not directly target HBV cccDNA transcription, but NUC
treatment of human HBV patients has been reported to reduce plasma HBV biomarkers such as
HBeAg and HBsAg tp some extent. Prolonged therapy with NUCs is frequently associated with
the pathogen developing a resistance to the treatment, but some NUCs have been reported to be
able to achieve long-term viral suppression and halt disease progression. IFN-based therapy has
both direct antiviral and immunomodulatory effects, and has been reported to prevent the
formation of replication-competent pregenomic RNA-containing HBV capsids, or otherwise
accelerates their degradation, thereby inhibiting HBV replication. See, e.g., Su et al., Improving
clinical outcomes of chronic hepatitis B virus infection. Expert Rev Gastroenterol Hepatol.
2015;9:141-154; European Association for the Study of the Liver. EASL clinical practice
guidelines: management of chronic hepatitis B virus infection. J Hepatol. 2012;57:167-185;
Wieland et al., Intrahepatic induction of alpha/beta interferon eliminates viral RNA-containing
capsids in hepatitis B virus transgenic mice. J Virol. 2000; and Wieland et al., Interferon
prevents formation of replication-competent hepatitis B virus RNA-containing nucleocapsids.
Proc Natl Acad Sci U S A. 2005;102:9913-9917, the entire contents of each of which are

incorporated herein by reference.

[0237] In some embodiments, an epigenetic editor of the present disclosure is administered to
a subject in need thereof, e.g., a subject having an HBV infection, without additional therapeutic
treatment, e.g., without the co-administration of NUCs or IFN, or any other therapeutic treatment
aimed at HBV, i.e., as a stand-alone therapy (monotherapy). In some such embodiments, a
durable reduction of an HBV biomarker (e.g., as measured as the plasma level of HBV DNA,
HBsAg, or HBeAG) by at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at
least 70%, at least 80%, at least 90%, at least 95%, at least 99%, at least 99.9%, or more, is
achieved over a time period of at least 14 days, at least 21 days, at least 28 days, at least 35 days,
at least 42 days, at least 56 days, at least 70 days, at least 84 days, at least 112 days, at least 140
days, at least 168 days, at least 6 months, at least 7 months, at least 8 months, at least 9 months,
at least 10 months, at least 11 months, at least 12 months, at least 18 months, at least 24 months,
or longer, after a single-dose administration of the epigenetic editor to the subject.

[0238] In some embodiments, an epigenetic editor of the present disclosure is administered to

a subject in need thereof, e.g., a subject having an HBV infection, in combination with (i.e., in
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temporal proximity) at least one additional HBV therapeutics, e.g., with NUCs and/or IFN
therapeutics, or with any other therapeutic treatment aimed at HBV, i.e., as a combination
therapy (monotherapy). In some such embodiments, a durable reduction of an HBV biomarker
(e.g., as measured as the plasma level of HBV DNA, HBsAg, or HBeAG) by by at least 20%, at
least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 95%, at least 99%, at least 99.9%, or more, is achieved over a time period of at least 14
days, at least 21 days, at least 28 days, at least 35 days, at least 42 days, at least 56 days, at least
70 days, at least 84 days, at least 112 days, at least 140 days, at least 168 days, at least 6 months,
at least 7 months, at least 8 months, at least 9 months, at least 10 months, at least 11 months, at
least 12 months, at least 18 months, at least 24 months, or longer.

[0239] An epigenetic editor of the present disclosure may be administered without additional
therapeutic treatments, i.e., as a stand-alone therapy (monotherapy). Alternatively, treatment
with an epigenetic editor of the present disclosure may include at least one additional therapeutic
treatment (combination therapy). In some embodiments, the additional therapeutic agent is any
known in the art to HBV and/or HDV. In some embodiments, therapeutic agents include, but are
not limited to, antivirals, such as entecavir, tenofovir, lamivudine, telvivudine, bictegravir,
emtricitabine, or defovir, as well as immune modulators, such as pegylated interferon and
interferon alpha.

[0240] The epigenetic editors or components thereof (or nucleic acid molecules encoding the
epigenetic editors or components thereof) of the present disclosure may be administered by any
method accepted in the art (e.g., parenterally, intravenously, intradermally, or intramuscularly).
[0241] The epigenetic editors or components thereof (or nucleic acid molecules encoding the
epigenetic editors or components thereof) of the present disclosure may be administered to a
subject once, twice, three times, or 4, 5, 6, 7, 8, 9, 10, or more times. In some embodiments, the
one, two, three, or 4, 5, 6, 7, 8, 9, 10, or more administrations of epigenetic editors or
components thereof (or nucleic acid molecules encoding the epigenetic editors or components
thereof) are in temporal proximity, e.g., within 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 1
week, 2 weeks, 4 weeks, 1 month or two months of each other. In some embodiments, a subject
is re-dosed with the epigenetic editors or components thereof (or nucleic acid molecules
encoding the epigenetic editors or components thereof) of the present disclosure for at least one
more time after an initial dose. In some cases, a subject is administered with a subsequent dose of
the epigenetic editors or components thereof (or nucleic acid molecules encoding the epigenetic

editors or components thereof) of the present disclosure, which target a different DNA region of
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the HBV genome than the DNA region of the HBV genome that is targeted by the epigenetic
editors or components thereof that the subject receives at the initial dose. In some cases, a
subject is administered with multiple doses (e.g., 2, 3,4, 5, 6, 7, 8, 9, 10, or more) of the same
epigenetic editors or components thereof (or nucleic acid molecules encoding the epigenetic
editors or components thereof) of the present disclosure. In some cases, a subject is administered
with a single dose of different epigenetic editors or components thereof (or nucleic acid
molecules encoding the epigenetic editors or components thereof) of the present disclosure, at
least two of which target different DNA regions of the HBV genome. In some cases, a subject is
administered with multiple doses (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) of different epigenetic
editors or components thereof (or nucleic acid molecules encoding the epigenetic editors or
components thereof) of the present disclosure, at least two of which target different DNA regions
of the HBV genome. In some embodiments, redosing of the epigenetic editors or components
thereof (or nucleic acid molecules encoding the epigenetic editors or components thereof) of the
present disclosure has a better therapeutic efficacy than a single dose of the same, e.g., more
potent suppression of HBV replication, or more profound reduction in HBV DNA and/or HBV
antigens (e.g., HBsAg, HBeAg, and/or HBV core antigen (HBcAg)) present in the subject, e.g.,

in the circulation system and/or liver of the subject.

XII. Definitions

[0242] The term “nucleic acid” as used herein refers to any oligonucleotide or polynucleotide
containing nucleotides (e.g., deoxyribonucleotides or ribonucleotides) in either single- or double-
strand form, and includes DNA and RNA. “Nucleotides” contain a sugar deoxyribose (DNA) or
ribose (RNA), a base, and a phosphate group, and are linked together through the phosphate
groups. “Bases” include purines and pyrimidines, which include natural compounds such as
adenine, thymine, guanine, cytosine, uracil, inosine, and natural analogs; as well as synthetic
derivatives of purines and pyrimidines, which include, but are not limited to, modified versions
which place new reactive groups such as amines, alcohols, thiols, carboxylates, alkylhalides, etc.
Nucleic acids may contain known nucleotide analogs and/or modified backbone residues or
linkages, which may be synthetic, naturally occurring, and non-naturally occurring. Such
nucleotide analogs, modified residues, and modified linkages are well known in the art, and may
provide a nucleic acid molecule with enhanced cellular uptake, reduced immunogenicity, and/or

increased stability in the presence of nucleases.
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[0243] As used herein, an “isolated” or “purified” nucleic acid molecule is a nucleic acid
molecule that exists apart from its native environment. For example, an “isolated” or “purified”
nucleic acid molecule (1) has been separated away from the nucleic acids of the genomic DNA or
cellular RNA of its source of origin; and/or (2) does not occur in nature. In some embodiments,
an “isolated” or “purified” nucleic acid molecule is a recombinant nucleic acid molecule.

[0244] It will be understood that in addition to the specific proteins and nucleic acid
molecules mentioned herein, the present disclosure also contemplates the use of variants,
derivatives, homologs, and fragments thereof. A variant of any given sequence may have the
specific sequence of residues (whether amino acid or nucleic acid residues) modified in such a
manner that the polypeptide or polynucleotide in question substantially retains at least one of its
endogenous functions. A variant sequence can be obtained by addition, deletion, substitution,
modification, replacement and/or variation of at least one residue present in the naturally-
occurring sequence (in some embodiments, no more than 1, 2,3,4,5,6,7, 8,9, 10, 15, or 20
residues). For specific proteins described herein (e.g., KRAB, dCas9, DNMT3A, and DNMT3L
proteins described herein), the present disclosure also contemplates any of the protein’s naturally
occurring forms, or variants or homologs that retain at least one of its endogenous functions (e.g.,
at least 50%, 60%, 70%, 80%, 90%, 85%, 96%, 97%, 98%, or 99% of its function as compared
to the specific protein described).

[0245] As used herein, a homologue of any polypeptide or nucleic acid sequence
contemplated herein includes sequences having a certain homology with the wildtype amino acid
and nucleic sequence. A homologous sequence may include a sequence, e.g. an amino acid
sequence which may be at least 50%, 55%, 65%, 75%, 85%, 90%, 91%, 92%< 93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to the subject sequence. The term “percent identical” in the
context of amino acid or nucleotide sequences refers to the percent of residues in two sequences
that are the same when aligned for maximum correspondence. In some embodiments, the length
of a reference sequence aligned for comparison purposes is at least 30%, (e.g., at least 40, 50, 60,
70, 80, or 90%, or 100%) of the reference sequence. Sequence identity may be measured using
sequence analysis software (for example, Sequence Analysis Software Package of the Genetics
Computer Group, University of Wisconsin Biotechnology Center, 1710 University Avenue,
Madison, Wis. 53705, BLAST, BESTFIT, GAP, or PILEUP/PRETTYBOX programs). Such
software matches identical or similar sequences by assigning degrees of homology to various

substitutions, deletions, and/or other modifications. In an exemplary approach to determining the
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degree of identity, a BLAST program may be used, with a probability score between e-3 and e-
100 indicating a closely related sequence.

[0246] The percent identity of two nucleotide or polypeptide sequences is determined by, e.g.,
BLAST® using default parameters (available at the U.S. National Library of Medicine’s
National Center for Biotechnology Information website). In some embodiments, the length of a
reference sequence aligned for comparison purposes is at least 30%, (e.g., at least 40, 50, 60, 70,
80, or 90%) of the reference sequence.

[0247] It will be understood that the numbering of the specific positions or residues in
polypeptide sequences depends on the particular protein and numbering scheme used.
Numbering might be different, e.g., in precursors of a mature protein and the mature protein
itself, and differences in sequences from species to species may affect numbering. One of skill in
the art will be able to identify the respective residue in any homologous protein and in the
respective encoding nucleic acid by methods well known in the art, e.g., by sequence alignment
and determination of homologous residues.

[0248] The term “modulate” or “alter” refers to a change in the quantity, degree, or extent of
a function. For example, an epigenetic editor as described herein may modulate the activity of a
promoter sequence by binding to a motif within the promoter, thereby inducing, enhancing, or
suppressing transcription of a gene operatively linked to the promoter sequence. As other
examples, an epigenetic editor as described herein may block RNA polymerase from transcribing

2

a gene, or may inhibit translation of an mRNA transcript. The terms “inhibit,” “repress,”

2«

“suppress,” “silence” and the like, when used in reference to an epigenetic editor or a component
thereof as described herein, refers to decreasing or preventing the activity (e.g., transcription) of a
nucleic acid sequence (e.g., a target gene) or protein relative to the activity of the nucleic acid
sequence or protein in the absence of the epigenetic editor or component thereof. The term may
include partially or totally blocking activity, or preventing or delaying activity. The inhibited
activity may be, e.g., 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 99.9% less than that of a control, or may be, e.g., at
least 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, or 10-fold less than that of a control. For example, in
some embodiments, the inhibited activity (e.g., the transcription or expression of an HBV target
gene, or the level of an HBV biomarker) may be at least 70% less than that of a control. In some
embodiments, the inhibited activity may be at least 80% less than that of a control. In some
embodiments, the inhibited activity may be at least 90% less than that of a control (1 log

reduction). In some embodiments, the inhibited activity may be at least 91% less than that of a
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control. In some embodiments, the inhibited activity may be at least 92% less than that of a
control. In some embodiments, the inhibited activity may be at least 93% less than that of a
control. In some embodiments, the inhibited activity may be at least 94% less than that of a
control. In some embodiments, the inhibited activity may be at least 95% less than that of a
control. In some embodiments, the inhibited activity may be at least 96% less than that of a
control. In some embodiments, the inhibited activity may be at least 97% less than that of a
control. In some embodiments, the inhibited activity may be at least 98% less than that of a
control. In some embodiments, the inhibited activity may be at least 99% less than that of a
control (2 log reduction). In some embodiments, the inhibited activity may be at least 99.9% less
than that of a control (3 log reduction).

[0249] The term “about” or “approximately” means within an acceptable error range for the
particular value as determined by one of ordinary skill in the art, which will depend in part on
how the value is measured or determined, e.g., the limitations of the measurement system. For
example, “about” can mean within one or more than one standard deviation, per the practice in
the given value. Where particular values are described in the application and claims, unless
otherwise stated, the term “about” should be assumed to mean an acceptable error range for the
particular value.

[0250] Ranges provided herein are understood to be shorthand for all of the values within the
range. For example, a range of 1 to 50 is understood to include any number, combination of
numbers, or sub-range from the group consisting of 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, as well as all intervening decimal values between the
aforementioned integers such as, for example, 1.1, 1.2, 1.3,1.4,1.5,1.6,1.7, 1.8, and 1.9. With
respect to sub-ranges, “nested sub-ranges” that extend from either end point of the range are
specifically contemplated. For example, a nested sub-range of an exemplary range of 1 to 50
may comprise 1to 10, 1 to 20, 1 to 30, and 1 to 40 in one direction, or 50 to 40, 50 to 30, 50 to
20, and 50 to 10 in the other direction.

[0251] Unless otherwise defined herein, scientific and technical terms used in connection
with the present disclosure shall have the meanings that are commonly understood by those of
ordinary skill in the art. Exemplary methods and materials are described below, although
methods and materials similar or equivalent to those described herein can also be used in the
practice or testing of the present disclosure. In case of conflict, the present specification,

including definitions, will control. Further, unless otherwise required by context, singular terms
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shall include pluralities and plural terms shall include the singular. Throughout this specification
and embodiments, the words “have” and “comprise,” or variations such as “has,” “having,”
“comprises,” or “comprising,” will be understood to imply the inclusion of a stated integer or
group of integers but not the exclusion of any other integer or group of integers. The recitation
of a listing of elements herein includes any of the elements singly or in any combination. The
recitation of an embodiment herein includes that embodiment as a single embodiment, or in
combination with any other embodiment(s) herein. All publications, patents, patent applications,
and other references mentioned herein, including, where applicable, any supplementary
information, are incorporated by reference in their entirety. To the extent that references
incorporated by reference contradict the disclosure contained in the specification, the
specification is intended to supersede and/or take precedence over any such contradictory
material. Although a number of documents are cited herein, this citation does not constitute an

admission that any of these documents forms part of the common general knowledge in the art.

LISTINGS OF EXEMPLARY EMBODIMENTS
[0252] In order that the present disclosure may be better understood, the following listings of
exemplary embodiments is provided. This listing is for purposes of illustration of certain
embodiments only. Additional embodiments will be apparent to the skilled artisan based on the
present disclosure, and the listing below is not to be construed as limiting the scope of the present
disclosure.
[0253] LISTING #1 of exemplary embodiments:
1. A method of modifying an epigenetic state of a hepatitis B virus (HBV) gene or genome,
comprising contacting the HBV gene or genome with an epigenetic editing system,
wherein the epigenetic editing system comprises
a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or
one or more nucleic acid molecules encoding the same,
wherein the first DNA binding domain binds a first target region of the HBV gene or genome,
and
wherein the contacting results in a reduction of:
number of HBV viral episomes,
replication of the HBV gene or genome, and/or

expression of a protein product encoded by the HBV gene or genome,
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wherein the reduction is at least about 50%, and preferably wherein the reduction is at least 60%,
at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or greater than 99%,
compared to contacting the HBV gene or genome with a suitable control.

2. A method of treating an HBV infection in a subject comprising administering an epigenetic
editing system to the subject,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,

wherein the first DNA binding domain binds a first target region of a HBV gene or genome, and

wherein the administering results in a reduction of’

number of HBV viral episomes,

replication of the HBV gene or genome, and/or

expression of a protein product encoded by the HBV gene or genome,

wherein the reduction is at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at
least 99%, or greater than 99%, compared to administering a suitable control.

3. A method of modulating expression of an HBV gene or genome comprising contacting the
HBYV gene or genome with an epigenetic editing system,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,

wherein the first DNA binding domain binds a first target region of the HBV gene or genome,
and

wherein the contacting results in a reduction of expression of a gene product encoded by the
HBYV gene or genome, optionally, wherein the gene product is a nucleic acid or a protein,

wherein the reduction is at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at
least 99%, or greater than 99%, compared to contacting the HBV genome with a suitable
control.

4. A method of inhibiting viral replication in a cell infected with an HBV comprising
administering an epigenetic editing system,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,
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wherein the first DNA binding domain binds a first target region of a HBV gene or genome, and
wherein the epigenetic editing system targets a target region of the HBV gene or genome,
and

wherein the administering results in a reduction of number of HBV viral episomes or replication
of the HBV gene or genome,

wherein the reduction is at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at
least 99%, or greater than 99%, compared to administering a suitable control.

5. The method of any one of embodiments 1-4, wherein the reduction is at least 70%.

6 The method of any one of embodiments 1-4, wherein the reduction is at least 80%.

7. The method of any one of embodiments 1-4, wherein the reduction is at least 90%.

8.  The method of any one of embodiments 1-4, wherein the reduction is at least 95%.

9. The method of any one of embodiments 1-4, wherein the reduction is at least 99%.

10. The method of any one of embodiments 1-4, wherein the reduction is greater than 99%.

11. The method of any one of embodiments 1-10, wherein the HBV genome is a covalently
closed circular DNA (cccDNA).

12.  The method of any one of embodiments 1-10, wherein the HBV genome is an HBV
integrated DNA.

13. The method of any one of embodiments 1-12, wherein the HBV genome comprises HBV
genotype A.

14. The method of any one of embodiments 1-12, wherein the HBV genome comprises HBV
genotype B.

15. The method of any one of embodiments 1-12, wherein the HBV genome comprises HBV
genotype C.

16. The method of any one of embodiments 1-12, wherein the HBV genome comprises, HBV
genotype D.

17. The method of any one of embodiments 1-12, wherein the HBV genome comprises HBV
genotype E.

18. The method of any one of embodiments 1-12, wherein the HBV genome comprises HBV
genotype F.

19. The method of any one of embodiments 1-12, wherein the HBV genome comprises HBV
genotype G.

20. The method of any one of embodiments 1-12, wherein the HBV genome comprises HBV
genotype H.
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The method of any one of embodiments 1-12, wherein the HBV genome comprises a
sequence with at least 80%, at least 90%, at least 95%, at least 99%, or greater than 99%
sequence identity to an HBV genome sequence provided herein.

The method of any one of embodiments 1-21, wherein the first target region is located in a
region of the HBV genome within nucleotides 0-303 of an HBV genome provided herein.
The method of any one of embodiments 1-21, wherein the first target region is located
within nucleotides 0-303 of SEQ ID NO: 1082.

The method of any one of embodiments 1-21, wherein the first target region is located
within nucleotides 0-303 of SEQ ID NO: 1083.

The method of any one of embodiments 1-21, wherein the first target region is located in a
region of the HBV genome within nucleotides 1000-2448 of an HBV genome provided
herein.

The method of any one of embodiments 1-21, wherein the first target region is located
within nucleotides 1000-2448 of SEQ ID NO: 1082.

The method of any one of embodiments 1-21, wherein the first target region is located
within nucleotides 1000-2448 of SEQ ID NO: 1083.

The method of any one of embodiments 1-21, wherein the first target region is located in a
region of the HBV genome within nucleotides 2802-3182 of an HBV genome provided
herein.

The method of any one of embodiments 1-21, wherein the first target region is located
within nucleotides 2802-3182 of SEQ ID NO: 1082.

The method of any one of embodiments 1-21, wherein the first target region is located
within nucleotides 2802-3182 of SEQ ID NO: 1083.

The method of any one of embodiments 1-21, wherein the first target region of the HBV
genome 1s located in an HBV CpG island (CGI).

The method of embodiment 31, wherein the CGI is an HBV canonical CGIL.

The method of embodiment 31, wherein the CGI is canonical CGI-1.

The method of embodiment 31, wherein the CGI is canonical CGI-I of HBV genotype D.
The method of embodiment 33, wherein CGI-I spans nucleotides 186-288 of SEQ ID NO:
1082.

The method of embodiment 33, wherein CGI-I spans nucleotides 186-288 of SEQ ID NO:
1083.

The method of embodiment 31, wherein the CGI is canonical CGI-II.
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The method of embodiment 31, wherein the CGI is canonical CGI-IIl HBV genotype D.
The method of embodiment 38, wherein the CGI is CGI II spans nucleotides 1,217-1,670 of
SEQ ID NO: 1082.

The method of embodiment 38, wherein the CGI is CGI II spans nucleotides 1,217-1,670 of
SEQ ID NO: 1083.

The method of embodiment 31, wherein the CGI is canonical CGI-III.

The method of embodiment 31, wherein the CGI is canonical CGI-III HBV genotype D.
The method of embodiment 42, wherein the CGI is CGI-III spans nucleotides 2,282-2,448
of SEQ ID NO: 1082.

The method of embodiment 42, wherein the CGI is CGI-III spans nucleotides 2,282-2,448
of SEQ ID NO: 1083.

The method of any one of embodiments 1-21, wherein the first target region of the HBV
genome is located in a promotor.

The method of embodiment 45, wherein the first target region of the HBV genome is
located in the sp1 promoter.

The method of embodiment 45, wherein the first target region of the HBV genome is
located in sp2 promoter.

The method of embodiment 45, wherein the first target region of the HBV genome is
located in cp promoter.

The method of embodiment 45, wherein the first target region of the HBV genome is
located in xp promoter.

The method of any one of embodiments 1-21, wherein the first target region of the HBV
genome is located in an enhancer region.

The method of embodiment 50, wherein the first target region of the HBV genome is
located in Enh I.

The method of embodiment 50, wherein the first target region of the HBV genome is
located in Enh II.

The method of any one of embodiments 1-21, wherein the first target region of the HBV
genome is located in a section of the HBV genome that encodes a transcript.

The method of embodiment 53, wherein the first target region of the HBV genome is
located in a section of the HBV genome that encodes a pgRNA transcript.

The method of embodiment 53, wherein the first target region of the HBV genome is

located in a section of the HBV genome that encodes a preCore RNA transcript.

-116-



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

WO 2024/238700 PCT/US2024/029529

The method of embodiment 53, wherein the first target region of the HBV genome is
located in a section of the HBV genome that encodes a preS RNA transcript.

The method of embodiment 53, wherein the first target region of the HBV genome is
located in a section of the HBV genome that encodes an S RNA transcript.

The method of embodiment 53, wherein the first target region of the HBV genome is
located in a section of the HBV genome that encodes an HBx RNA transcript.

The method of any one of embodiments 1-21, wherein the first target region of the HBV
genome is within 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100 base pairs (bp) of an
HBYV transcription start site (T'SS).

The method of embodiment 59, wherein the TSS is a pg RNA TSS.

The method of embodiment 60, wherein the first target region is within 600, within 500,
within 400, within 300, within 200, or within 100 base pairs of the pg RNA TSS.

The method of embodiment 60, wherein the pg RNA TSS is located at nucleotide 1820 of
SEQ ID NO: 1082 or at nucleotide 1820 of SEQ ID NO: 1083.

The method of embodiment 60, wherein the first target region is within 600 base pairs of
nucleotide 1820 in SEQ ID NO: 1082,

The method of embodiment 60, wherein the first target region is within 600 base pairs of
nucleotide 1820 in SEQ ID NO: 1083,

The method of embodiment 60, wherein the first target region is within 500 base pairs of
nucleotide 1820 in SEQ ID NO: 1082.

The method of embodiment 60, wherein the first target region is within 500 base pairs of
nucleotide 1820 in SEQ ID NO: 1083.

The method of embodiment 60, wherein the first target region is within 400 base pairs of
nucleotide 1820 in SEQ ID NO: 1082.

The method of embodiment 60, wherein the first target region is within 400 base pairs of
nucleotide 1820 in SEQ ID NO: 1083,

The method of embodiment 60, wherein the first target region is within 300 base pairs of
nucleotide 1820 in SEQ ID NO: 1082,

The method of embodiment 60, wherein the first target region is within 300 base pairs of
nucleotide 1820 in SEQ ID NO: 1083.

The method of embodiment 60, wherein the first target region is within 200 base pairs of

nucleotide 1820 in SEQ ID NO: 1082.
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The method of embodiment 60, wherein the first target region is within 200 base pairs of
nucleotide 1820 in SEQ ID NO: 1083.

The method of embodiment 60, wherein the first target region is within 100 base pairs of
nucleotide 1820 in SEQ ID NO: 1082 or wherein the first target region is within 100 base
pairs of nucleotide 1820 in SEQ ID NO: 1083.

The method of embodiment 59, wherein the TSS is a preC RNA TSS.

The method of embodiment 74, wherein the first target region is within 600, within 500,
within 400, within 300, within 200, or within 100 base pairs of the preC RNA TSS.

The method of embodiment 74, wherein the preC RNA TSS is located at nucleotide 1791
of SEQ ID NO: 1082 or at nucleotide 1791 of SEQ ID NO: 1083.

The method of embodiment 74, wherein the first target region is within 600 base pairs of
nucleotide 1791 in SEQ ID NO: 1082.

The method of embodiment 74, wherein the first target region is within 600 base pairs of
nucleotide 1791 in SEQ ID NO: 1083,

The method of embodiment 74, wherein the first target region is within 500 base pairs of
nucleotide 1791 in SEQ ID NO: 1082,

The method of embodiment 74, wherein the first target region is within 500 base pairs of
nucleotide 1791 in SEQ ID NO: 1083,

The method of embodiment 74, wherein the first target region is within 400 base pairs of
nucleotide 1791 in SEQ ID NO: 1082.

The method of embodiment 74, wherein the first target region is within 400 base pairs of
nucleotide 1791 in SEQ ID NO: 1083.

The method of embodiment 74, wherein the first target region is within 300 base pairs of
nucleotide 1791 in SEQ ID NO: 1082.

The method of embodiment 74, wherein the first target region is within 300 base pairs of
nucleotide 1791 in SEQ ID NO: 1083,

The method of embodiment 74, wherein the first target region is within 200 base pairs of
nucleotide 1791 in SEQ ID NO: 1082,

The method of embodiment 74, wherein the first target region is within 200 base pairs of
nucleotide 1791 in SEQ ID NO: 1083.

The method of embodiment 74, wherein the first target region is within 100 base pairs of

nucleotide 1791 in SEQ ID NO: 1082.
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The method of embodiment 74, wherein the first target region is within 100 base pairs of
nucleotide 1791 in SEQ ID NO: 1083.

The method of embodiment 59, wherein the TSS is a preS2 RNA TSS.

The method of embodiment 89, wherein the first target region is within 600, within 500,
within 400, within 300, within 200, or within 100 base pairs of the preS2 RNA TSS.

The method of embodiment 89, wherein the preS2 RNA TSS is located at nucleotide 3159
of SEQ ID NO: 1082 or at nucleotide 3159 of SEQ ID NO: 1083.

The method of embodiment 89, wherein the first target region is within 600 base pairs of
nucleotide 3159 in SEQ ID NO: 1082,

The method of embodiment 89, wherein the first target region is within 600 base pairs of
nucleotide 3159 in SEQ ID NO: 1083,

The method of embodiment 89, wherein the first target region is within 500 base pairs of
nucleotide 3159 in SEQ ID NO: 1082,

The method of embodiment 89, wherein the first target region is within 500 base pairs of
nucleotide 3159 in SEQ ID NO: 1083.

The method of embodiment 89, wherein the first target region is within 400 base pairs of
nucleotide 3159 in SEQ ID NO: 1082,

The method of embodiment 89, wherein the first target region is within 400 base pairs of
nucleotide 3159 in SEQ ID NO: 1083.

The method of embodiment 89, wherein the first target region is within 300 base pairs of
nucleotide 3159 in SEQ ID NO: 1082,

The method of embodiment 89, wherein the first target region is within 300 base pairs of
nucleotide 3159 in SEQ ID NO: 1083,

The method of embodiment 89, wherein the first target region is within 200 base pairs of
nucleotide 3159 in SEQ ID NO: 1082.

The method of embodiment 89, wherein the first target region is within 200 base pairs of
nucleotide 3159 in SEQ ID NO: 1083,

The method of embodiment 89, wherein the first target region is within 100 base pairs of
nucleotide 3159 in SEQ ID NO: 1082,

The method of embodiment 89, wherein the first target region is within 100 base pairs of
nucleotide 3159 in SEQ ID NO: 1083,

The method of embodiment 89, wherein the TSS is an HBx RNA TSSs.
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The method of embodiment 104, wherein the first target region is within 600, within 500,
within 400, within 300, within 200, or within 100 base pairs of the HBx RNA TSS.

The method of embodiment 105, wherein the HBx RNA TSS is located at a nucleotide
within the sequence of nucleotides 1243-1338 of SEQ ID NO: 1082 or nucleotides 1243-
1338 of SEQ ID NO: 1083.

The method of embodiment 105, wherein the first target region is within 600 base pairs of
nucleotide 1243 in SEQ ID NO: 1082.

The method of embodiment 105, wherein the first target region is within 600 base pairs of
nucleotide 1243 in SEQ ID NO: 1083,

The method of embodiment 105, wherein the first target region is within 500 base pairs of
nucleotide 1243 in SEQ ID NO: 1082,

The method of embodiment 105, wherein the first target region is within 500 base pairs of
nucleotide 1243 in SEQ ID NO: 1083,

The method of embodiment 105, wherein the first target region is within 400 base pairs of
nucleotide 1243 in SEQ ID NO: 1082.

The method of embodiment 105, wherein the first target region is within 400 base pairs of
nucleotide 1243 in SEQ ID NO: 1083,

The method of embodiment 105, wherein the first target region is within 300 base pairs of
nucleotide 1243 in SEQ ID NO: 1082.

The method of embodiment 105, wherein the first target region is within 300 base pairs of
nucleotide 1243 in SEQ ID NO: 1083,

The method of embodiment 105, wherein the first target region is within 200 base pairs of
nucleotide 1243 in SEQ ID NO: 1082,

The method of embodiment 105, wherein the first target region is within 200 base pairs of
nucleotide 1243 in SEQ ID NO: 1083.

The method of embodiment 105, wherein the first target region is within 100 base pairs of
nucleotide 1243 in SEQ ID NO: 1082,

The method of embodiment 105, wherein the first target region is within 100 base pairs of
nucleotide 1243 in SEQ ID NO: 1083,

The method of embodiment 105, wherein the first target region is within 600 base pairs of
nucleotide 1338 in SEQ ID NO: 1083,

The method of embodiment 105, wherein the first target region is within 500 base pairs of
nucleotide 1338 in SEQ ID NO: 1082,
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The method of embodiment 105, wherein the first target region is within 500 base pairs of
nucleotide 1338 in SEQ ID NO: 1083.

The method of embodiment 105, wherein the first target region is within 400 base pairs of
nucleotide 1338 in SEQ ID NO: 1082,

The method of embodiment 105, wherein the first target region is within 400 base pairs of
nucleotide 1338 in SEQ ID NO: 1083,

The method of embodiment 105, wherein the first target region is within 300 base pairs of
nucleotide 1338 in SEQ ID NO: 1082,

The method of embodiment 105, wherein the first target region is within 300 base pairs of
nucleotide 1338 in SEQ ID NO: 1083,

The method of embodiment 105, wherein the first target region is within 200 base pairs of
nucleotide 1338 in SEQ ID NO: 1082.

The method of embodiment 105, wherein the first target region is within 200 base pairs of
nucleotide 1338 in SEQ ID NO: 1083,

The method of embodiment 105, wherein the first target region is within 100 base pairs of
nucleotide 1338 in SEQ ID NO: 1082,

The method of embodiment 105, wherein the first target region is within 100 base pairs of
nucleotide 1338 in SEQ ID NO: 1083,

The method of any one of embodiments 1-129, wherein the reduction is a reduction in the
number of HBV viral episomes.

The method of embodiment 130, wherein the reduction is a reduction in the number of
cccDNA genomes.

The method of embodiment 130, wherein the reduction is a reduction in total HBV DNA.
The method of any one of embodiments 1-129, wherein the reduction is a reduction in the
replication of the HBV genome.

The method of any one of embodiments 1-129, wherein the reduction is a reduction in a
level of expression of a protein product encoded by the HBV genome.

The method of embodiment 130, wherein the reduction is a reduction in a level of HBsAg.
The method of embodiment 130, wherein the reduction is a reduction in a level of HBeAg.
The method of any one of embodiments 1-129, wherein the reduction is a reduction of total
HBYV DNA of at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or at least
99.9%, and wherein the reduction is maintained for at least 14 days after the contacting or

the administering.
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The method of any one of embodiments 1-129, wherein the reduction is a reduction of
HBeAg of at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or at least
99.9%, and wherein the reduction is maintained for at least 14 days after the contacting or
the administering.

The method of any one of embodiments 1-129, wherein the reduction is a reduction of
HBsAg of at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or at least
99.9%, and wherein the reduction is maintained at or below that level for at least 14 days
after the contacting or the administering.

The method of any one of embodiments 137-139, wherein the reduction is a reduction of at
least 90%.

The method of any one of embodiments 137-139, wherein the reduction is a reduction of at
least 95%.

The method of any one of embodiments 137-139, wherein the reduction is a reduction of at
least 99%.

The method of any one of embodiments 137-139, wherein the reduction is a reduction of at
least 99.9%.

The method of any one of embodiments 140-143, wherein the reduction is maintained for at
least 14 days after the contacting or the administering.

The method of embodiment 144, wherein the reduction is maintained for at least 21 days.
The method of embodiment 144, wherein the reduction is maintained for at least 28 days.
The method of embodiment 144, wherein the reduction is maintained for at least 35 days.
The method of embodiment 144, wherein the reduction is maintained for at least 42 days.
The method of embodiment 144, wherein the reduction is maintained for at least 56 days.
The method of embodiment 144, wherein the reduction is maintained for at least 70 days.
The method of embodiment 144, wherein the reduction is maintained for at least 84 days.
The method of embodiment 144, wherein the reduction is maintained for at least 112 days.
The method of embodiment 144, wherein the reduction is maintained for at least 140 days.
The method of embodiment 144, wherein the reduction is maintained for at least 168 days.
The method of embodiment 144, wherein the reduction is maintained for at least 6 months.
The method of embodiment 144, wherein the reduction is maintained for at least 7 months.
The method of embodiment 144, wherein the reduction is maintained for at least 8 months.

The method of embodiment 144, wherein the reduction is maintained for at least 9 months.
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The method of embodiment 144, wherein the reduction is maintained for at least 12
months.

The method of embodiment 144, wherein the reduction is maintained for at least 18
months.

The method of embodiment 144, wherein the reduction is maintained for at least 24
months.

The method of any one of embodiments 1-161, wherein the method does not comprise
contacting the HBV gene or genome with a nucleoside or nucleotide analog (NUC) or
wherein the method does not comprise administering a NUC to the subject.

The method of any one of embodiments 1-162, wherein the method further comprises
contacting the HBV gene or genome with a nucleoside or nucleotide analog (NUC) or
wherein the method further comprises administering a NUC to the subject.

The method of any one of embodiments 1-163, wherein the first DNA binding domain
comprises a CRISPR-Cas protein.

The method of embodiment 164, wherein the epigenetic editing system further comprises a
first guide RNA (gRNA) that comprises a region complementary to a strand of the first
target region.

The method of embodiment 165, wherein the gRNA comprises a sequence selected from a
gRNA provided herein, preferably wherein the gRNA comprises a sequence provided in
Table 12 or 13.

The method of any one of embodiments 1-164, wherein the first DNA binding domain
comprises a zinc-finger protein.

The method of embodiment 167, wherein the zinc-finger protein comprises a zinc-finger
motif with a sequence selected from any zinc finger or zinc finger motif provided herein,
e.g., in Table 1 or Table 18.

The method of embodiment 167 or 168, wherein the zinc-finger protein comprises a
sequence of any of the zinc finger epigenetic repressors provided herein.

The method of any one of embodiments 1-169, wherein the transcriptional repressor
domain comprises ZIM3.

The method of any one of embodiments 1-170, wherein the first DNMT domain is a
DNMT3A domain or a DNMT3L domain.

The method of embodiment 171, wherein the first DNMT domain comprises a sequence of
a DNMT domain provided herein.
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The method of any one of embodiments 1-172, wherein the epigenetic editing system
further comprises a second DNMT domain or a nucleic acid encoding thereof.

The method of embodiment 173, wherein the second DNMT domain is a DNMT3A domain
or a DNMT3L domain.

The method of embodiment 173 or 174, wherein the second DNMT domain comprises a
sequence of a DNMT domain provided herein.

The method of any one of embodiments 173-175, wherein the epigenetic editing system
comprises a fusion protein or a nucleic acid encoding thereof, and wherein the fusion
protein comprises the first DNA binding domain, the first DNMT domain, the repressor
domain and the second DNMT domain.

The method of embodiment 176, wherein the fusion protein further comprises a nuclear
localization sequence (NLS).

The method of embodiment 177, wherein the fusion protein comprises a sequence of a
fusion protein provided herein.

The method of any one of embodiments 1-178, wherein the epigenetic editing system
further comprises a second DNA binding domain or a nucleic acid encoding a second DNA
binding domain, wherein the second DNA binding domain binds a second target region of
the HBV genome.

The method of embodiment 179, wherein the second target region is a target region recited
in any of embodiments 22-129.

The method of embodiment 179 or 180, wherein the second DNA binding domain
comprises a CRISPR-Cas protein.

The method of any one of embodiments 1-180, wherein the epigenetic editing system
comprises at least one CRISPR-Cas DNA binding domain and at least two different
gRNA:s.

The method of embodiment 182, wherein the epigenetic editing system comprises a first
gRNA binding the first HBV target region and a second gRNA binding a second HBV
target region, wherein the first and second target regions are not identical.

The method of embodiment 183, wherein the first gRNA comprises a gRNA sequence
provided herein, e.g., a sequence provided in Table 12 or 13, and wherein the second gRNA
comprises a different gRNA sequence provided herein, e.g., a sequence provided in Table

12 or 13.
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The method of embodiment 179, wherein the second DNA binding domain comprises a
zinc-finger protein.

The method of embodiment 185, wherein the zinc-finger protein of the second DNA
binding domain comprises a zinc-finger motif with a sequence selected from a zinc finger
motif sequence provided herein, e.g., a zinc finger motif provided in Table 1.

The method of embodiment 185 or 186, wherein the zinc-finger protein of the second DNA
binding domain comprises a sequence of a zinc finger motif provided in Table 1.

The method of any one of embodiments 179-187, wherein the epigenetic editing system
comprises a first fusion protein or a first nucleic acid encoding thereof and a second fusion

protein or a second nucleic acid encoding thereof,

wherein the first fusion protein comprises the first DNA binding domain and the first DNMT

domain, and

wherein the second fusion protein comprises the second DNA binding domain and the

189.

190.

191.

192.

transcriptional repressor domain.

The method of embodiment 188, wherein the first fusion protein comprises a sequence of a
fusion protein provided herein.

The method of embodiment 188 or 189, wherein the second fusion protein comprises a
sequence of a fusion protein provided herein.

The method of any one of embodiments 179-190, wherein the epigenetic editing system
further comprises a third DNA binding domain or a nucleic acid encoding a third DNA
binding domain, wherein the third DNA binding domain binds to a third target region of the
HBYV genome, optionally, wherein the third DNA binding domain comprises a comprises at
least one CRISPR-Cas DNA binding domain, optionally wherein the epigenetic editing
system comprises a third gRNA comprising a sequence complementary to a strand of a
third HBV target region, optionally wherein the third gRNA comprises a gRNA sequence
provided herein, optionally, a gRNA sequence provided in Table 12 or 13, optionally,
wherein the third DNA binding domain is comprised in a fusion protein comprising a
DNMT domain and a transcriptional repressor domain, optionally, wherein the fusion
protein is a fusion protein provided herein.

A method, comprising administering an epigenetic editing system to a subject,

wherein the subject is characterized by the presence of detectable levels of HBYV DNA, HBsAg,

and/or HBeAg in the plasma of the subject,
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wherein the epigenetic editing system comprises a first DNA binding domain, a first DNMT
domain, and a transcriptional repressor domain or one or more nucleic acid molecules
encoding the same, wherein the first DNA binding domain binds a first target region of an
HBYV gene or genome,

wherein the administering results in a reduction of the level of HBV DNA, the level of HBsAg,
and/or the level of HBsAg in the plasma of the subject,

wherein the reduction of the level of HBV DNA, of the level of HBsAg, and/or of the level of
HBsAg in the plasma of the subject, is at least 90% (a 1-log reduction) compared to the
respective level observed or observable in the plasma of the subject prior to the
administering, and

wherein the 1-log reduction is maintained for at least 14 days after the administering.

193. The method of embodiment 192, wherein the reduction of the level of HBV DNA in the
plasma of the subject is at least 90% (a 1-log reduction).

194. The method of embodiment 192, wherein the reduction of the level of HBV DNA in the
plasma of the subject is at least 99% (a 2-log reduction).

195. The method of embodiment 192, wherein the reduction of the level of HBsAg in the plasma
of the subject is at least 90% (a 1-log reduction).

196. The method of embodiment 192, wherein the reduction of the level of HBsAg in the plasma
of the subject is at least 99% (a 2-log reduction).

197. The method of embodiment 192, wherein the reduction of the level of HBeAg in the plasma
of the subject is at least 90% (a 1-log reduction).

198. The method of embodiment 192, wherein the reduction of the level of HBeAg in the plasma
of the subject is at least 99% (a 2-log reduction).

199. The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 21 days.

200. The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 28 days.

201. The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 35 days.

202. The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 42 days.

203. The method of any one of embodiments 192-198, wherein the reduction is maintained for at

least 56 days.
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The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 70 days.

The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 84 days.

The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 112 days.

The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 140 days.

The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 168 days.

The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 6 months.

The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 9 months.

The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 12 months.

The method of any one of embodiments 192-198, wherein the reduction is maintained for at
least 24 months.

The method of any one of embodiments 192-212, wherein the HBV genome comprises
HBYV genotype A.

The method of any one of embodiments 192-212, wherein the HBV genome comprises
HBYV genotype B.

The method of any one of embodiments 192-212, wherein the HBV genome comprises
HBYV genotype C.

The method of any one of embodiments 192-212, wherein the HBV genome comprises,
HBYV genotype D.

The method of any one of embodiments 192-212, wherein the HBV genome comprises
HBYV genotype E.

The method of any one of embodiments 192-212, wherein the HBV genome comprises
HBYV genotype F.

The method of any one of embodiments 192-212, wherein the HBV genome comprises

HBYV genotype G.
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. The method of embodiment 231, wherein the CGI is canonical CGI-I of HBV genotype D.
235.

The method of any one of embodiments 192-212, wherein the HBV genome comprises
HBYV genotype H.

The method of any one of embodiments 192-212, wherein the HBV genome comprises a
sequence with at least 80%, at least 90%, at least 95%, at least 99%, or greater than 99%
sequence identity to an HBV genome sequence provided herein.

The method of any one of embodiments 192-221, wherein the first target region is located
in a region of the HBV genome within nucleotides 0-303 of an HBV genome provided
herein.

The method of any one of embodiments 192-221, wherein the first target region is located
within nucleotides 0-303 of SEQ ID NO: 1082.

The method of any one of embodiments 192-221, wherein the first target region is located
within nucleotides 0-303 of SEQ ID NO: 1083.

The method of any one of embodiments 192-221, wherein the first target region is located
in aregion of the HBV genome within nucleotides 1000-2448 of an HBV genome provided
herein.

The method of any one of embodiments 192-221, wherein the first target region is located
within nucleotides 1000-2448 of SEQ ID NO: 1082.

The method of any one of embodiments 192-221, wherein the first target region is located
within nucleotides 1000-2448 of SEQ ID NO: 1083.

The method of any one of embodiments 192-221, wherein the first target region is located
in a region of the HBV genome within nucleotides 2802-3182 of an HBV genome provided
herein.

The method of any one of embodiments 192-221, wherein the first target region is located
within nucleotides 2802-3182 of SEQ ID NO: 1082.

The method of any one of embodiments 192-221, wherein the first target region is located
within nucleotides 2802-3182 of SEQ ID NO: 1083.

The method of any one of embodiments 192-221, wherein the first target region of the
HBYV genome is located in an HBV CpG island (CGI).

The method of embodiment 231, wherein the CGI is an HBV canonical CGI.

The method of embodiment 231, wherein the CGI is canonical CGI-I.

The method of embodiment 233, wherein CGI-I spans nucleotides 186-288 of SEQ ID NO:
1082.
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247.

248.

249.

250.

251.

252.

The method of embodiment 233, wherein CGI-I spans nucleotides 186-288 of SEQ ID NO:
1083.

The method of embodiment 231, wherein the CGI is canonical CGI-II.

The method of embodiment 231, wherein the CGI is canonical CGI-IT HBV genotype D.
The method of embodiment 238, wherein the CGI is CGI II spans nucleotides 1,217-1,670
of SEQ ID NO: 1082.

The method of embodiment 238, wherein the CGI is CGI II spans nucleotides 1,217-1,670
of SEQ ID NO: 1083.

The method of embodiment 231, wherein the CGI is canonical CGI-IIL

The method of embodiment 231, wherein the CGI is canonical CGI-III HBV genotype D.
The method of embodiment 242, wherein the CGI is CGI-III spans nucleotides 2,282-2,448
of SEQ ID NO: 1082.

The method of embodiment 242, wherein the CGI is CGI-III spans nucleotides 2,282-2,448
of SEQ ID NO: 1083.

The method of any one of embodiments 192-221, wherein the first target region of the
HBYV genome is located in a promotor.

The method of embodiment 245, wherein the first target region of the HBV genome is
located in the sp1 promoter.

The method of embodiment 245, wherein the first target region of the HBV genome is
located in sp2 promoter.

The method of embodiment 245, wherein the first target region of the HBV genome is
located in ¢cp promoter.

The method of embodiment 245, wherein the first target region of the HBV genome is
located in xp promoter.

The method of any one of embodiments 192-221, wherein the first target region of the
HBYV genome is located in an enhancer region.

The method of embodiment 250, wherein the first target region of the HBV genome is
located in Enh L.

The method of embodiment 250, wherein the first target region of the HBV genome is
located in Enh IL

. The method of any one of embodiments 192-221, wherein the first target region of the

HBYV genome is located in a section of the HBV genome that encodes a transcript.
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The method of embodiment 253, wherein the first target region of the HBV genome is
located in a section of the HBV genome that encodes a pgRNA transcript.

The method of embodiment 253, wherein the first target region of the HBV genome is
located in a section of the HBV genome that encodes a preCore RNA transcript.

The method of embodiment 253, wherein the first target region of the HBV genome is
located in a section of the HBV genome that encodes a preS RNA transcript.

The method of embodiment 253, wherein the first target region of the HBV genome is
located in a section of the HBV genome that encodes an S RNA transcript.

The method of embodiment 253, wherein the first target region of the HBV genome is
located in a section of the HBV genome that encodes an HBx RNA transcript.

The method of any one of embodiments 192-221, wherein the first target region of the
HBYV genome is within 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100 base pairs (bp)
of an HBV transcription start site (TSS).

The method of embodiment 259, wherein the TSS is a pg RNA TSS.

The method of embodiment 260, wherein the first target region is within 600, within 500,
within 400, within 300, within 200, or within 100 base pairs of the pg RNA TSS.

The method of embodiment 260, wherein the pg RNA TSS is located at nucleotide 1820 of
SEQ ID NO: 1082 or at nucleotide 1820 of SEQ ID NO: 1083.

The method of embodiment 260, wherein the first target region is within 600 base pairs of
nucleotide 1820 in SEQ ID NO: 1082.

The method of embodiment 260, wherein the first target region is within 600 base pairs of
nucleotide 1820 in SEQ ID NO: 1083.

The method of embodiment 260, wherein the first target region is within 500 base pairs of
nucleotide 1820 in SEQ ID NO: 1082.

The method of embodiment 260, wherein the first target region is within 500 base pairs of
nucleotide 1820 in SEQ ID NO: 1083,

The method of embodiment 260, wherein the first target region is within 400 base pairs of
nucleotide 1820 in SEQ ID NO: 1082,

The method of embodiment 260, wherein the first target region is within 400 base pairs of
nucleotide 1820 in SEQ ID NO: 1083.

The method of embodiment 260, wherein the first target region is within 300 base pairs of

nucleotide 1820 in SEQ ID NO: 1082.
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The method of embodiment 260, wherein the first target region is within 300 base pairs of
nucleotide 1820 in SEQ ID NO: 1083.

The method of embodiment 260, wherein the first target region is within 200 base pairs of
nucleotide 1820 in SEQ ID NO: 1082,

The method of embodiment 260, wherein the first target region is within 200 base pairs of
nucleotide 1820 in SEQ ID NO: 1083,

The method of embodiment 260, wherein the first target region is within 100 base pairs of
nucleotide 1820 in SEQ ID NO: 1082 or wherein the first target region is within 100 base
pairs of nucleotide 1820 in SEQ ID NO: 1083.

The method of embodiment 259, wherein the TSS is a preC RNA TSS.

The method of embodiment 274, wherein the first target region is within 600, within 500,
within 400, within 300, within 200, or within 100 base pairs of the preC RNA TSS.

The method of embodiment 274, wherein the preC RNA TSS is located at nucleotide 1791
of SEQ ID NO: 1082 or at nucleotide 1791 of SEQ ID NO: 1083.

The method of embodiment 274, wherein the first target region is within 600 base pairs of
nucleotide 1791 in SEQ ID NO: 1082,

The method of embodiment 274, wherein the first target region is within 600 base pairs of
nucleotide 1791 in SEQ ID NO: 1083,

The method of embodiment 274, wherein the first target region is within 500 base pairs of
nucleotide 1791 in SEQ ID NO: 1082.

The method of embodiment 274, wherein the first target region is within 500 base pairs of
nucleotide 1791 in SEQ ID NO: 1083.

The method of embodiment 274, wherein the first target region is within 400 base pairs of
nucleotide 1791 in SEQ ID NO: 1082.

The method of embodiment 274, wherein the first target region is within 400 base pairs of
nucleotide 1791 in SEQ ID NO: 1083,

The method of embodiment 274, wherein the first target region is within 300 base pairs of
nucleotide 1791 in SEQ ID NO: 1082,

The method of embodiment 274, wherein the first target region is within 300 base pairs of
nucleotide 1791 in SEQ ID NO: 1083.

The method of embodiment 274, wherein the first target region is within 200 base pairs of

nucleotide 1791 in SEQ ID NO: 1082.

-131-



WO 2024/238700 PCT/US2024/029529

286.

287.

288.

289.
290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

The method of embodiment 274, wherein the first target region is within 200 base pairs of
nucleotide 1791 in SEQ ID NO: 1083.

The method of embodiment 274, wherein the first target region is within 100 base pairs of
nucleotide 1791 in SEQ ID NO: 1082,

The method of embodiment 274, wherein the first target region is within 100 base pairs of
nucleotide 1791 in SEQ ID NO: 1083,

The method of embodiment 259, wherein the TSS is a preS2 RNA TSS.

The method of embodiment 289, wherein the first target region is within 600, within 500,
within 400, within 300, within 200, or within 100 base pairs of the preS2 RNA TSS.

The method of embodiment 289, wherein the preS2 RNA TSS is located at nucleotide 3159
of SEQ ID NO: 1082 or at nucleotide 3159 of SEQ ID NO: 1083.

The method of embodiment 289, wherein the first target region is within 600 base pairs of
nucleotide 3159 in SEQ ID NO: 1082,

The method of embodiment 289, wherein the first target region is within 600 base pairs of
nucleotide 3159 in SEQ ID NO: 1083.

The method of embodiment 289, wherein the first target region is within 500 base pairs of
nucleotide 3159 in SEQ ID NO: 1082,

The method of embodiment 289, wherein the first target region is within 500 base pairs of
nucleotide 3159 in SEQ ID NO: 1083.

The method of embodiment 289, wherein the first target region is within 400 base pairs of
nucleotide 3159 in SEQ ID NO: 1082,

The method of embodiment 289, wherein the first target region is within 400 base pairs of
nucleotide 3159 in SEQ ID NO: 1083,

The method of embodiment 289, wherein the first target region is within 300 base pairs of
nucleotide 3159 in SEQ ID NO: 1082.

The method of embodiment 289, wherein the first target region is within 300 base pairs of
nucleotide 3159 in SEQ ID NO: 1083,

The method of embodiment 289, wherein the first target region is within 200 base pairs of
nucleotide 3159 in SEQ ID NO: 1082,

The method of embodiment 289, wherein the first target region is within 200 base pairs of
nucleotide 3159 in SEQ ID NO: 1083,

The method of embodiment 289, wherein the first target region is within 100 base pairs of
nucleotide 3159 in SEQ ID NO: 1082,
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The method of embodiment 289, wherein the first target region is within 100 base pairs of
nucleotide 3159 in SEQ ID NO: 1083.

The method of embodiment 259, wherein the TSS is an HBx RNA TSSs.

The method of embodiment 304, wherein the first target region is within 600, within 500,
within 400, within 300, within 200, or within 100 base pairs of the HBx RNA TSS.

The method of embodiment 304, wherein the HBx RNA TSS is located at a nucleotide
within the sequence of nucleotides 1243-1338 of SEQ ID NO: 1082 or nucleotides 1243-
1338 of SEQ ID NO: 1083.

The method of embodiment 304, wherein the first target region is within 600 base pairs of
nucleotide 1243 in SEQ ID NO: 1082,

The method of embodiment 304, wherein the first target region is within 600 base pairs of
nucleotide 1243 in SEQ ID NO: 1083.

The method of embodiment 304, wherein the first target region is within 500 base pairs of
nucleotide 1243 in SEQ ID NO: 1082,

The method of embodiment 304, wherein the first target region is within 500 base pairs of
nucleotide 1243 in SEQ ID NO: 1083,

The method of embodiment 304, wherein the first target region is within 400 base pairs of
nucleotide 1243 in SEQ ID NO: 1082,

The method of embodiment 304, wherein the first target region is within 400 base pairs of
nucleotide 1243 in SEQ ID NO: 1083.

The method of embodiment 304, wherein the first target region is within 300 base pairs of
nucleotide 1243 in SEQ ID NO: 1082,

The method of embodiment 304, wherein the first target region is within 300 base pairs of
nucleotide 1243 in SEQ ID NO: 1083.

The method of embodiment 304, wherein the first target region is within 200 base pairs of
nucleotide 1243 in SEQ ID NO: 1082,

The method of embodiment 304, wherein the first target region is within 200 base pairs of
nucleotide 1243 in SEQ ID NO: 1083,

The method of embodiment 304, wherein the first target region is within 100 base pairs of

nucleotide 1243 in SEQ ID NO: 1082.

. The method of embodiment 304, wherein the first target region is within 100 base pairs of

nucleotide 1243 in SEQ ID NO: 1083.
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The method of embodiment 304, wherein the first target region is within 600 base pairs of
nucleotide 1338 in SEQ ID NO: 1083.

The method of embodiment 304, wherein the first target region is within 500 base pairs of
nucleotide 1338 in SEQ ID NO: 1082,

The method of embodiment 304, wherein the first target region is within 500 base pairs of
nucleotide 1338 in SEQ ID NO: 1083,

The method of embodiment 304, wherein the first target region is within 400 base pairs of
nucleotide 1338 in SEQ ID NO: 1082,

The method of embodiment 304, wherein the first target region is within 400 base pairs of
nucleotide 1338 in SEQ ID NO: 1083,

The method of embodiment 304, wherein the first target region is within 300 base pairs of
nucleotide 1338 in SEQ ID NO: 1082.

The method of embodiment 304, wherein the first target region is within 300 base pairs of
nucleotide 1338 in SEQ ID NO: 1083,

The method of embodiment 304, wherein the first target region is within 200 base pairs of
nucleotide 1338 in SEQ ID NO: 1082,

The method of embodiment 304, wherein the first target region is within 200 base pairs of
nucleotide 1338 in SEQ ID NO: 1083,

The method of embodiment 304, wherein the first target region is within 100 base pairs of
nucleotide 1338 in SEQ ID NO: 1082.

The method of embodiment 304, wherein the first target region is within 100 base pairs of
nucleotide 1338 in SEQ ID NO: 1083.

The method of any one of embodiments 192-329, wherein the reduction is a reduction in
the number of HBV viral episomes.

The method of embodiment 330, wherein the reduction is a reduction in the number of
cccDNA genomes.

The method of embodiment 330, wherein the reduction is a reduction in total HBV DNA.
The method of any one of embodiments 192-329, wherein the reduction is a reduction in
the replication of the HBV genome.

The method of any one of embodiments 192-329, wherein the reduction is a reduction in a
level of expression of a protein product encoded by the HBV genome.

The method of embodiment 330, wherein the reduction is a reduction in a level of HBsAg.

The method of embodiment 330, wherein the reduction is a reduction in a level of HBeAg.
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The method of any one of embodiments 192-329, wherein the reduction is a reduction of
total HBV DNA of at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or at
least 99.9%, and wherein the reduction is maintained for at least 14 days after the
contacting or the administering.

The method of any one of embodiments 192-329, wherein the reduction is a reduction of
HBeAg of at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or at least
99.9%, and wherein the reduction is maintained for at least 14 days after the contacting or
the administering.

The method of any one of embodiments 192-329, wherein the reduction is a reduction of
HBsAg of at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or at least
99.9%, and wherein the reduction is maintained at or below that level for at least 14 days
after the contacting or the administering.

The method of any one of embodiments 337-339, wherein the reduction is a reduction of at
least 90%.

The method of any one of embodiments 337-339, wherein the reduction is a reduction of at
least 95%.

The method of any one of embodiments 337-339, wherein the reduction is a reduction of at
least 99%.

The method of any one of embodiments 337-339, wherein the reduction is a reduction of at
least 99.9%.

The method of any one of embodiments 340-343, wherein the reduction is maintained for at

least 14 days after the contacting or the administering.

. The method of embodiment 344, wherein the reduction is maintained for at least 21 days.
. The method of embodiment 344, wherein the reduction is maintained for at least 28 days.
. The method of embodiment 344, wherein the reduction is maintained for at least 35 days.
. The method of embodiment 344, wherein the reduction is maintained for at least 42 days.
. The method of embodiment 344, wherein the reduction is maintained for at least 56 days.
. The method of embodiment 344, wherein the reduction is maintained for at least 70 days.
. The method of embodiment 344, wherein the reduction is maintained for at least 84 days.
. The method of embodiment 344, wherein the reduction is maintained for at least 112 days.
. The method of embodiment 344, wherein the reduction is maintained for at least 140 days.
. The method of embodiment 344, wherein the reduction is maintained for at least 168 days.
355.

The method of embodiment 344, wherein the reduction is maintained for at least 6 months.
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356. The method of embodiment 344, wherein the reduction is maintained for at least 7 months.

357. The method of embodiment 344, wherein the reduction is maintained for at least 8 months.

358. The method of embodiment 344, wherein the reduction is maintained for at least 9 months.

359. The method of embodiment 344, wherein the reduction is maintained for at least 12
months.

360. The method of embodiment 344, wherein the reduction is maintained for at least 18
months.

361. The method of embodiment 344, wherein the reduction is maintained for at least 24
months.

362. The method of any one of embodiments 192-361, wherein the method does not comprise
contacting the HBV gene or genome with a nucleoside or nucleotide analog (NUC) or
wherein the method does not comprise administering a NUC to the subject.

363. The method of any one of embodiments 192-362, wherein the method further comprises
contacting the HBV gene or genome with a nucleoside or nucleotide analog (NUC) or
wherein the method further comprises administering a NUC to the subject.

364. The method of any one of embodiments 192-363, wherein the first DNA binding domain
comprises a CRISPR-Cas protein.

365. The method of embodiment 364, wherein the epigenetic editing system further comprises a
first guide RNA (gRNA) that comprises a region complementary to a strand of the first
target region.

366. The method of embodiment 365, wherein the gRNA comprises a sequence selected from a
gRNA provided herein, preferably wherein the gRNA comprises a sequence provided in
Table 12 or 13.

367. The method of any one of embodiments 192-364, wherein the first DNA binding domain
comprises a zinc-finger protein.

368. The method of embodiment 367, wherein the zinc-finger protein comprises a zinc-finger
motif with a sequence selected from any zinc finger or zinc finger motif provided herein,
e.g.,in Table 1 or Table 18.

369. The method of embodiment 367 or 368, wherein the zinc-finger protein comprises a
sequence of any of the zinc finger epigenetic repressors provided herein.

370. The method of any one of embodiments 192-369, wherein the transcriptional repressor

domain comprises ZIM3.
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. The method of any one of embodiments 192-370, wherein the first DNMT domain is a
DNMT3A domain or a DNMT3L domain.

The method of embodiment 371, wherein the first DNMT domain comprises a sequence of
a DNMT domain provided herein.

The method of any one of embodiments 1-372, wherein the epigenetic editing system
comprises the fusion protein provided in SEQ ID NO: 1248 or the fusion protein provided
in SEQ ID NO: 1252 and at least one guide RNA, wherein the guide RNA is the guide
RNA provided as gRNA #003, gRNA #007, gRNA #008, gRNA #009, gRNA #011, or
gRNA #015 herein.

An epigenetic editing system for use in the method of any one of embodiments 1-373,
comprising:

sion protein or a nucleic acid encoding the fusion protein,

wherein the fusion protein comprises:

(a) a DNA-binding domain that binds a target region of a HBV gene or genome,
(b) a first DNA methyltransferase (DNMT) domain, and

(c) a transcriptional repressor domain.

375

376.

377.

378
1.

2.

. The epigenetic editing system of embodiment 374, wherein the fusion protein comprises a

sequence of a fusion protein provided herein.

The epigenetic editing system of embodiment 374 or 375, wherein the DNA-binding

domain is a CRISPR-Cas DNA binding domain, and wherein the epigenetic editing system

comprises at least gRNA provided herein.

The epigenetic editing system of embodiment 374, wherein the epigenetic editing system

comprises the fusion protein provided in SEQ ID NO: 1248 or the fusion protein provided

in SEQ ID NO: 1252 and at least one guide RNA, wherein the guide RNA is the guide

RNA provided as gRNA #003, gRNA #007, gRNA #008, gRNA #009, gRNA #011, or

gRNA #015 herein.

. An epigenetic editing system comprising:

a first fusion protein or a nucleic acid encoding the first fusion protein, wherein the first
fusion protein comprises a first DNA binding domain and a first DNMT domain, wherein
the first DNA binding domain binds a first target region of a HBV genome, and

a second fusion protein or a nucleic acid encoding the second fusion protein, wherein the

second fusion protein comprises a second DNA binding domain and a transcriptional
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repressor domain, wherein the second DNA binding domain binds a second target region of
the HBV genome.

The epigenetic system of embodiment 378, wherein the epigenetic editing system is capable
of reducing a number of the HBV viral episome, replication of the HBV, or expression of a
gene product encoded by the HBV genome, wherein said reduction is at least about 20%
compared to contacting the HBV genome with a suitable control.

The epigenetic system of embodiment 378 or 379, wherein the HBV genome is a covalently
closed circular DNA (cccDNA) or an HBV integrated DNA.

The epigenetic system of embodiments 378-380, wherein the HBV genome comprises
HBYV genotype A, HBV genotype B, HBV genotype C, HBV genotype D, HBV genotype
E, HBV genotype F, HBV genotype G or HBV genotype H.

The epigenetic system of embodiments 378-381, wherein the HBV genome comprises a
sequence with at least 80% identity to an HBV genome provided herein.

The epigenetic system of embodiments 378-381, further comprising a third fusion protein
or a nucleic acid encoding the third fusion protein, wherein the third fusion protein
comprises a third DNA binding domain and a second DNMT domain, wherein the third
DNA binding domain binds a third target region of the HBV genome.

The epigenetic system of embodiment 383, wherein the first target region, the second target
region or the third target region is located in a region of the HBV genome within nucleotide
0-303, 1000-2448 or 2802-3182 of an HBV genome provided herein.

The epigenetic system of embodiment 383, wherein the first target region, the second target
region or the third target region of the HBV genome is located in a CpG island.

The epigenetic system of embodiment 383, wherein the first target region, the second target
region or the third target region of the HBV genome is located in a promotor.

The epigenetic system of embodiment 383, wherein the first target region, the second target
region or the third target region of the HBV genome is located in a section of the HBV
genome that encodes a transcript selected from the group consisting of a pgRNA, a precure
mRNA, a preS mRNA, a S mRNA, and a X mRNA.

The epigenetic system of embodiment 383, wherein the first DNA binding domain, the
second DNA binding domain or the third DNA binding domain comprises a CRISPR-Cas
protein.

The epigenetic system of embodiment 388, wherein the epigenetic editing system further

comprises a first gRNA that comprises a region complementary to a strand of the first target
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region, a second gRNA that comprises a region complementary to a strand of the second
target region or a third RNA that comprises a region complementary to a strand of the third
target region.

The epigenetic system of embodiment 389, wherein the first gRNA comprises a sequence
selected from a gRNA sequence provided herein, e.g., provided in Table 12 or 13, the
second gRNA comprises a sequence selected from a gRNA sequence provided herein, e.g.,
provided in Table 12 or 13, and/or the third gRNA comprises a sequence selected from a
gRNA sequence provided herein, e.g., provided in Table 12 or 13.

The epigenetic system of embodiment 383, wherein the first DNA binding domain, the
second DNA binding domain or the third DNA binding domain comprises a zinc-finger
protein.

The epigenetic system of embodiment 391, wherein the zinc-finger protein comprises a
zinc-finger motif with a sequence selected from a zinc finger motif provided herein.

The epigenetic system of embodiment 391 or 392, wherein the zinc-finger protein
comprises a sequence of a zinc finger motif provided in Table 1.

The epigenetic system of embodiments 378-393, wherein the transcriptional repressor
domain comprises ZIM3.

The epigenetic system of embodiments 378-394, wherein the first DNMT domain is a
DNMT3A domain or a DNMT3L domain.

The epigenetic system of embodiment 395, wherein the first DNMT domain comprises a
sequence of a DNMT provided herein.

The epigenetic system of embodiment 383, wherein the second DNMT domain is a
DNMT3A domain or a DNMT3L domain.

The epigenetic system of embodiment 397, wherein the second DNMT domain comprises a

sequence of a DNMT domain provided herein.

. The epigenetic system of embodiment 378-398, wherein the first fusion protein comprises a

sequence of a fusion protein provided herein.

The epigenetic system of embodiments 378-399, wherein the second fusion protein
comprises a sequence of a fusion protein provided herein.

The epigenetic system of embodiments 383-399, wherein the third fusion protein comprises
a sequence of a fusion protein provided herein.

The method of any one of embodiments 1-401, wherein the epigenetic editing system

comprises a nucleic acid sequence provided in Table 18.
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[0254] LISTING #2 of exemplary embodiments:

1. A method of modifying an epigenetic state of a hepatitis B virus (HBV) gene or genome,
comprising contacting the HBV gene or genome with an epigenetic editing system,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,

and

wherein the contacting results in a reduction of:

number of HBV viral episomes,

replication of the HBV gene or genome, or

expression of a protein product encoded by the HBV gene or genome,

wherein the reduction is at least about 20% compared to contacting the HBV gene or genome
with a suitable control or without contacting the HBV gene or genome with the epigenetic
editing system.

2. A method of treating an HBV infection in a subject comprising administering an epigenetic
editing system to the subject,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,

and

wherein the administering results in a reduction of"

number of HBV viral episomes,

replication of the HBV gene or genome, or

expression of a protein product encoded by an HBV gene or genome,

wherein the reduction is at least about 20% compared to administering a suitable control or
without administering the epigenetic editing system.

3. A method of modulating expression of an HBV gene or genome comprising contacting the
HBYV gene or genome with an epigenetic editing system,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,

and
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wherein the contacting results in a reduction of expression of a gene product encoded by the
HBYV gene or genome, optionally, wherein the gene product is a nucleic acid or a protein,

wherein the reduction is at least about 20% compared to contacting the HBV gene or genome
with a suitable control or without contacting the HBV gene or genome with the epigenetic
editing system.

4. A method of inhibiting viral replication in a cell infected with an HBV comprising
contacting the cell with an epigenetic editing system,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,

wherein the epigenetic editing system targets a target region of an HBV gene or genome, and

wherein the contacting results in a reduction of number of HBV viral episomes or replication of
the HBV gene or genome,

wherein the reduction is at least about 20% compared to contacting the cell with a suitable
control or without contacting the cell with the epigenetic editing system.

5. A method of inhibiting viral replication in a subject infected with an HBV comprising
administering an epigenetic editing system to the subject,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,

wherein the epigenetic editing system targets a target region of the HBV gene or genome, and

wherein the administering results in a reduction of

number of HBV viral episomes,

replication of the HBV gene or genome, or

expression of a protein product encoded by an HBV gene or genome,

wherein the reduction is at least about 20% compared to administering a suitable control or
without administering the epigenetic editing system.

6. The method of embodiment 2 or 5, wherein the reduction is at least about 30%, about 40%,
about 50%, about 60% or about 70% compared to administering the suitable control.

7. The method of any one of embodiments 1, and 3-4, wherein the reduction is at least about
30%, about 40%, about 50%, about 60% or about 70% compared to contacting with the

suitable control.
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8. The method of any one of embodiments 1-7, wherein the reduction is maintained for at
least 6 days, 19 days, 27 days, 42 days, or 168 days.

9.  The method of embodiment 4, wherein the contacting further results in a reduction of a
protein product.

10. The method of embodiment 5, wherein the administering further results in a reduction of a
protein product.

11. The method of any one of embodiments 1-2 and 9-10, wherein the protein product
comprises a HBe antigen.

12.  The method of any one of embodiments 1-2 and 9-10, wherein the protein produce
comprises a HBs antigen.

13. The method of any one of embodiments 1-12, wherein the HBV genome is a covalently
closed circular DNA (cccDNA) or an HBV integrated DNA.

14. The method of any one of embodiments 1-13, wherein the HBV genome comprises HBV
genotype A, HBV genotype B, HBV genotype C, HBV genotype D, HBV genotype E,
HBYV genotype F, HBV genotype G or HBV genotype H.

15. The method of any one of embodiments 1-14, wherein the HBV genome comprises a
sequence with at least 80% identity to an HBV genome sequence provided herein.

16. The method of embodiment 15, wherein the first target region is located in a region of the
HBYV genome within nucleotide 0-303, 1000-2448 or 2802-3182 of an HBV genome
provided herein.

17. The method of any one of embodiments 1-15, wherein the first target region of the HBV
genome is located in a CpG island.

18. The method of any one of embodiments 1-15, wherein the first target region of the HBV
genome is located in a promotor.

19. The method of any one of embodiments 1-15, wherein the first target region of the HBV
genome is located in a section of the HBV genome that encodes a transcript selected from
the group consisting of a pgRNA, a precure mRNA, a preS mRNA, a S mRNA, and a X
mRNA.

20. The method of any one of embodiments 1-19, wherein the first DNA binding domain
comprises a CRISPR-Cas protein.

21. The method of any one of embodiments 1-20, wherein the epigenetic editing system further
comprises a first guide RNA (gRNA) that comprises a region complementary to a strand of

the first target region.
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The method of embodiment 21, wherein the gRNA comprises a sequence selected from a
gRNA provided herein, e.g., in Table 12 and/or 13.

The method of any one of embodiments 1-19, wherein the first DNA binding domain
comprises a zinc-finger protein.

The method of embodiment 23, wherein the zinc-finger protein comprises a zinc-finger
motif with a sequence selected from any zinc finger or zinc finger motif provided herein,
e.g., in Table 1 or Table 18.

The method of embodiment 23 or 24, wherein the zinc-finger protein comprises a sequence
of any of the zinc finger epigenetic repressors provided herein.

The method of any one of embodiments 1-25, wherein the transcriptional repressor domain
comprises ZIM3.

The method of any one of embodiments 1-26, wherein the first DNMT domain is a
DNMT3A domain or a DNMT3L domain.

The method of embodiment 27, wherein the first DNMT domain comprises a sequence of a
DNMT domain provided herein.

The method of any one of embodiments 1-28, wherein the epigenetic editing system further
comprises a second DNMT domain or a nucleic acid encoding thereof.

The method of embodiments 29, wherein the second DNMT domain is a DNMT3A domain
or a DNMT3L domain.

The method of embodiment 30, wherein the second DNMT domain comprises a sequence
of a DNMT domain provided herein.

The method of any one of embodiments 29-31, wherein the epigenetic editing system
comprises a fusion protein or a nucleic acid encoding thereof, and wherein the fusion
protein comprises the first DNA binding domain, the first DNMT domain, the repressor
domain and the second DNMT domain.

The method of embodiment 32, wherein the fusion protein further comprises a nuclear
localization sequence (NLS).

The method of embodiment 33, wherein the fusion protein comprises a sequence of a fusion
protein provided herein.

The method of any one of embodiments 1-34, wherein the epigenetic editing system further
comprises a second DNA binding domain or a nucleic acid encoding thereof, wherein the

second DNA binding domain binds a second target region of the HBV genome.
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36. The method of embodiment 35, wherein the second target region is located in a region of
the HBV genome within nucleotide 0-303, 1000-2448 or 2802-3182.

37. The method of embodiment 35, wherein the second target region of the HBV genome is
located in a CpG island.

38. The method of embodiment 35, wherein the second target region of the HBV genome is
located in a promotor.

39. The method of embodiment 35, wherein the second target region of the HBV genome is
located in a section of the HBV genome that encodes a transcript selected from the group
consisting of a pgRNA, a precure mRNA, a preS mRNA, a S mRNA, and a X mRNA.

40. The method of any one of embodiments 35-39, wherein the second DNA binding domain
comprises a CRISPR-Cas protein.

41. The method of embodiment 40, wherein the epigenetic editing system further comprises a
second gRNA that comprises a region complementary to a strand of the second target
region.

42. The method of embodiment 41, wherein the gRNA comprises a sequence selected from a
gRNA sequence provided herein, e.g., a sequence provided in Table 12 and/or 13.

43. The method of any one of embodiments 35-39, wherein the second DNA binding domain
comprises a zinc-finger protein.

44. The method of embodiment 43, wherein the zinc-finger protein comprises a zinc-finger
motif with a sequence selected from a zinc finger motif sequence provided herein, e.g., a
zinc finger motif provided in Table 1 and/or 18.

45. The method of embodiment 43 or 44, wherein the zinc-finger protein comprises a sequence
of a zinc finger motif provided in Table 1 and/or 18.

46. The method of any one of embodiments 35-45, wherein the epigenetic editing system
comprises a first fusion protein or a first nucleic acid encoding thereof and a second fusion
protein or a second nucleic acid encoding thereof,

wherein the first fusion protein comprises the first DNA binding domain and the first DNMT
domain, and

wherein the second fusion protein comprises the second DNA binding domain and the
transcriptional repressor domain.

47. The method of embodiment 46, wherein the first fusion protein comprises a sequence of a

fusion protein provided herein.
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The method of embodiment 46, wherein the second fusion protein comprises a sequence of
a fusion protein provided herein.

The method of any one of embodiments 46-48, wherein the epigenetic editing system
further comprises a third DNA binding domain or a nucleic acid encoding thereof, wherein
the third DNA binding domain binds to a third target region of the HBV genome.

The method of embodiment 49, wherein the third target region is located in a region of the
HBYV genome within nucleotide 0-303, 1000-2448 or 2802-3182.

The method of embodiment 49, wherein the third target region of the HBV genome is
located in a CpG island.

The method of embodiment 49, wherein the third target region of the HBV genome is
located in a promotor.

The method of embodiment 49, wherein the third target region of the HBV genome is
located in a section of the HBV genome that encodes a transcript selected from the group
consisting of a pgRNA, a precure mRNA, a preS mRNA, a S mRNA, and a X mRNA.
The method of any one of embodiments 49-53, wherein the third DNA binding domain
comprises a CRISPR-Cas protein.

The method of embodiment 54, wherein the epigenetic editing system further comprises a
third gRNA that comprises a region complementary to a strand of the third target region.
The method of embodiment 55, wherein the third gRNA comprises a sequence selected
from a gRNA sequence provided herein, e.g., of a gRNA sequence provided in Table 12
and/or 13.

The method of any one of embodiments 49-53, wherein the third DNA binding domain
comprises a zinc-finger protein.

The method of embodiment 57, wherein the zinc-finger protein comprises a zinc-finger
motif with a sequence selected from a zinc finger motif provided herein.

The method of embodiment 57 or 58, wherein the zinc-finger protein comprises a sequence
of a zinc finger motif provided in Table 1 and/or 18.

The method of any one of embodiments 49-59, wherein the epigenetic editing system
further comprises a second DNMT domain or a nucleic acid encoding thereof.

The method of embodiment 60, wherein the second DNMT domain is a DNMT3A domain
or a DNMT3L domain.
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62. The method of embodiment 61, wherein the epigenetic editing system comprises a third
fusion protein or a nucleic acid encoding thereof, wherein the third fusion protein
comprises the third DNA binding domain and the second DNMT domain.

63. The method of embodiment 62, wherein the third fusion protein comprises a sequence of a
fusion protein provided herein.

64. An epigenetic editing system comprising:

a fusion protein or a nucleic acid encoding the fusion protein,

wherein the fusion protein comprises:

(a) a DNA-binding domain that binds a target region of a HBV gene or genome,

(b) a first DN A methyltransferase (DNMT) domain, and

(c) a transcriptional repressor domain.

65. The epigenetic system of embodiment 64, wherein the epigenetic editing system is capable
of reducing a number of the HBV viral episome, replication of the HBV, or expression of a
gene product encoded by the HBV gene or genome, wherein said reduction is at least about
20% compared to contacting the HBV gene or genome with a suitable control.

66. The epigenetic system of embodiment 64 or 65, wherein the HBV genome is a covalently
closed circular DNA (cccDNA) or an HBV integrated DNA.

67. The epigenetic system of any one of embodiments 64-66, wherein the HBV genome
comprises HBV genotype A, HBV genotype B, HBV genotype C, HBV genotype D, HBV
genotype E, HBV genotype F, HBV genotype G or HBV genotype H.

68. The epigenetic system of any one of embodiments 64-67, wherein the HBV genome
comprises a sequence with at least 80% identity to an HBV genome sequence provided
herein.

69. The epigenetic system of any one of embodiments 64-68, wherein the target region is
located in a region of the HBV genome within nucleotide 0-303, 1000-2448 or 2802-3182
of an HBV genome sequence provided herein.

70. The epigenetic system of any one of embodiments 64-68, wherein the target region of the
HBYV genome is located in a CpG island.

71. The epigenetic system of any one of embodiments 63-68, wherein the target region of the
HBYV genome is located in a promotor.

72. The epigenetic system of any one of embodiments 63-68, wherein the target region of the

HBYV genome is located in a section of the HBV genome that encodes a transcript selected
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from the group consisting of a pgRNA, a precure mRNA, a preS mRNA, a S mRNA, and a
X mRNA.

73. The epigenetic system of embodiments 63-72, wherein the DNA binding domain comprises
a CRISPR-Cas protein.

74. The epigenetic system of embodiment 73, wherein the epigenetic editing system further
comprises a gRNA that comprises a region complementary to a strand of the target region.

75. The epigenetic system of embodiment 74, wherein the gRNA comprises a sequence
selected from a gRNA sequence provided herein, e.g., in Table 12 and/or 13.

76. The epigenetic system of any one of embodiments 63-72, wherein the DNA binding
domain comprises a zinc-finger protein.

77. The epigenetic system of embodiment 76, wherein the zinc-finger protein comprises a zinc-
finger motif with a sequence selected from a zinc finger motif provided herein.

78. The epigenetic system of embodiment 76 or 77, wherein the zinc-finger protein comprises a
sequence of a zinc finger motif provided in Table 1 and/or 18.

79. The epigenetic system of any one of embodiments 63-78, wherein the transcriptional
repressor domain comprises a sequence of a transcriptional repressor provided herein.

80. The epigenetic system of any one of embodiments 63-79, wherein the first DNMT domain
is a DNMT3A domain or a DNMT3L domain.

81. The epigenetic system of embodiment 80, wherein the DNMT domain comprises a
sequence of a DNMT domain provided herein.

82. The epigenetic system of any one of embodiments 63-81, wherein the fusion protein further
comprises a second DNMT domain.

83. The epigenetic system of embodiment 82, wherein the second DNMT domain is a
DNMT3A domain or a DNMT3L domain.

84. The epigenetic system of any one of embodiments 63-83, wherein the fusion protein further
comprises a nuclear localization sequence (NLS).

85. The epigenetic system of embodiment 84, wherein the fusion protein comprises a sequence
of a fusion protein provided herein.

86. An epigenetic editing system comprising:

a first fusion protein or a nucleic acid encoding the first fusion protein, wherein the first fusion
protein comprises a first DNA binding domain and a first DNMT domain, wherein the first

DNA binding domain binds a first target region of a HBV genome, and
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a second fusion protein or a nucleic acid encoding the second fusion protein, wherein the second
fusion protein comprises a second DNA binding domain and a transcriptional repressor
domain, wherein the second DNA binding domain binds a second target region of the HBV
genome.

87. The epigenetic system of embodiment 86, wherein the epigenetic editing system is capable
of reducing a number of the HBV viral episome, replication of the HBV, or expression of a
gene product encoded by the HBV genome, wherein said reduction is at least about 20%
compared to contacting the HBV genome with a suitable control.

88. The epigenetic system of embodiment 86 or 87, wherein the HBV genome is a covalently
closed circular DNA (cccDNA) or an HBV integrated DNA.

89. The epigenetic system of any one of embodiments 86-88, wherein the HBV genome
comprises HBV genotype A, HBV genotype B, HBV genotype C, HBV genotype D, HBV
genotype E, HBV genotype F, HBV genotype G or HBV genotype H.

90. The epigenetic system of any one of embodiments 86-89, wherein the HBV genome
comprises a sequence with at least 80% identity to an HBV genome provided herein.

91. The epigenetic system of any one of embodiments 86-89, further comprising a third fusion
protein or a nucleic acid encoding the third fusion protein, wherein the third fusion protein
comprises a third DNA binding domain and a second DNMT domain, wherein the third
DNA binding domain binds a third target region of the HBV genome.

92. The epigenetic system of embodiment 91, wherein the first target region, the second target
region or the third target region is located in a region of the HBV genome within nucleotide
0-303, 1000-2448 or 2802-3182 of an HBV genome provided herein.

93. The epigenetic system of embodiment 91, wherein the first target region, the second target
region or the third target region of the HBV genome is located in a CpG island.

94. The epigenetic system of embodiment 91, wherein the first target region, the second target
region or the third target region of the HBV genome is located in a promotor.

95. The epigenetic system of embodiment 91, wherein the first target region, the second target
region or the third target region of the HBV genome is located in a section of the HBV
genome that encodes a transcript selected from the group consisting of a pgRNA, a precure
mRNA, a preS mRNA, a S mRNA, and a X mRNA.

96. The epigenetic system of embodiment 91, wherein the first DNA binding domain, the
second DNA binding domain or the third DNA binding domain comprises a CRISPR-Cas

protein.

-148-



WO 2024/238700 PCT/US2024/029529

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

The epigenetic system of embodiment 96, wherein the epigenetic editing system further
comprises a first gRNA that comprises a region complementary to a strand of the first target
region, a second gRNA that comprises a region complementary to a strand of the second
target region or a third RNA that comprises a region complementary to a strand of the third
target region.

The epigenetic system of embodiment 97, wherein the first gRNA comprises a sequence
selected from a gRNA sequence provided herein, e.g., provided in Table 12 and/or 13, the
second gRNA comprises a sequence selected from a gRNA sequence provided herein, e.g.,
provided in Table 12 and/or 13, and/or the third gRNA comprises a sequence selected from
a gRNA sequence provided herein, e.g., provided in Table 12 and/or 13.

The epigenetic system of embodiment 91, wherein the first DNA binding domain, the
second DNA binding domain or the third DNA binding domain comprises a zinc-finger
protein.

The epigenetic system of embodiment 99, wherein the zinc-finger protein comprises a zinc-
finger motif with a sequence selected from a zinc finger motif provided herein.

The epigenetic system of embodiment 99 or 100, wherein the zinc-finger protein comprises
a sequence of a zinc finger motif provided in Table 1 and/or 18.

The epigenetic system of any one of embodiments 86-101, wherein the transcriptional
repressor domain comprises ZIM3.

The epigenetic system of any one of embodiments 86-102, wherein the first DNMT domain
is a DNMT3A domain or a DNMT3L domain.

The epigenetic system of embodiment 103, wherein the first DNMT domain comprises a
sequence of a DNMT provided herein.

The epigenetic system of embodiment 91, wherein the second DNMT domain is a
DNMT3A domain or a DNMT3L domain.

The epigenetic system of embodiment 105, wherein the second DNMT domain comprises a
sequence of a DNMT domain provided herein.

The epigenetic system of any one of embodiment 86-106, wherein the first fusion protein
comprises a sequence of a fusion protein provided herein.

The epigenetic system of any one of embodiments 86-107, wherein the second fusion
protein comprises a sequence of a fusion protein provided herein.

The epigenetic system of any one of embodiments 91-107, wherein the third fusion protein

comprises a sequence of a fusion protein provided herein.

-149-



WO 2024/238700 PCT/US2024/029529

110. The method of any one of embodiments 1-63, wherein the epigenetic editing system
comprises a nucleic acid sequence provided in Table 18.

111. A method of treating an HDV infection in a subject comprising administering an epigenetic
editing system to the subject,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,

wherein the first DNA binding domain binds a first target region of a HBV gene or genome, and

wherein the contacting results in a reduction of:

number of HDV viral episomes,

replication of the HDV gene or genome, or

expression of a protein product encoded by the HDV gene or genome,

wherein said reduction is at least about 20% compared to administering a suitable control.

112. A method of inhibiting viral replication in a cell infected with an HDV comprising
administering an epigenetic editing system,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,

wherein the first DNA binding domain binds a first target region of a HBV gene or genome, and
wherein the epigenetic editing system targets a target region of the HBV gene or genome,
and

wherein the contacting results in a reduction of number of HDV viral episomes or replication of
the HDV gene or genome,

wherein said reduction is at least about 20% compared to administering a suitable control.

113. The method of embodiment 111 or 112, wherein the first DNA binding domain comprises a
CRISPR-Cas protein.

114. The method of embodiment 113, wherein the epigenetic editing system further comprises a
first guide RNA (gRNA) that comprises a region complementary to a strand of the first
target region.

115. The method of embodiment 114, wherein the gRNA comprises a sequence selected from a
gRNA provided herein, e.g., in Table 12 and/or 13.

116. The method of embodiment 111 or 112, wherein the first DNA binding domain comprises a

zinc-finger protein.
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117. The method of embodiment 116, wherein the zinc-finger protein comprises a zinc-finger
motif with a sequence selected from any zinc finger or zinc finger motif provided herein,
e.g., in Table 1 and/or 18.

118. The method of embodiment 116 or 117, wherein the zinc-finger protein comprises a
sequence of any of the zinc finger epigenetic repressors provided herein.

119. The method of any one of embodiments 111-118, wherein the transcriptional repressor
domain comprises ZIM3.

120. The method of any one of embodiments 111-119, wherein the first DNMT domain is a
DNMT3A domain or a DNMT3L domain.

121. The method of embodiment 120, wherein the first DNMT domain comprises a sequence of
a DNMT domain provided herein.

122. The method of any one of embodiments 111-121, wherein the epigenetic editing system
further comprises a second DNMT domain or a nucleic acid encoding thereof.

123. The method of embodiment 122, wherein the second DNMT domain is a DNMT3A domain
or a DNMT3L domain.

124. The method of embodiment 123, wherein the second DNMT domain comprises a sequence
of a DNMT domain provided herein.

125. The method of any one of embodiments 122-123, wherein the epigenetic editing system
comprises a fusion protein or a nucleic acid encoding thereof, and wherein the fusion
protein comprises the first DNA binding domain, the first DNMT domain, the repressor
domain and the second DNMT domain.

126. The method of embodiment 125, wherein the fusion protein further comprises a nuclear
localization sequence (NLS).

127. The method of embodiment 126, wherein the fusion protein comprises a sequence of a
fusion protein provided herein.

128. The method of any one of embodiments 111-127, wherein the first DNA binding domain
binds a target region of an HBV gene or genome encoding or controlling expression of an

S-antigen.
[0255] In order that the present disclosure may be better understood, the following examples

are set forth. These examples are for purposes of illustration only and are not to be construed as

limiting the scope of the present disclosure in any manner.
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EXAMPLES
Example 1: Selection of Target HBV Sequences for Epigenetic Silencing
[0256] Target sequences were manually and computationally designed using the
representative HBV genome sequences (SEQ ID Nos. 1082, 1083) as a reference:
[0257] While target site design focused on CpG islands identified within the HBV genome,
target sites outside of HBV CpG islands were also considered.
[0258] Table 2 presents some representative target sites that were identified as suitable for
targeting with an epigenetic repressor.
[0259] Target domains identified above that are adjacent to a PAM sequence, e.g., an §.
pyogenes Cas9 PAM sequence, can be targeted by a CRISPR-based epigenetic repressor, e.g., an
epigenetic repressor comprising a dCas9 DNA-binding domain. For example, target sites 1-143
are suitable for dCas9-based epigenetic repressor targeting. Figure 1 provides an overview over
the position of the target sites identified in the HBV genome.
[0260] Target sites were analyzed for conservation across HBV genotypes A-E (Figures 2
and 3). Some target sites were identified that were well conserved across two or more, or in
some cases all, HBV genotypes. Targeting such conserved sites allows for silencing different

genotypes with the same epigenetic repressor.

Example 2: Guide RNA Assays in HepAD38 HBYV cells

[0261] The HepAD38 cell line expresses the HBV genome under a doxycycline-inducible
promoter (see, e.g., Ladner et al., Inducible expression of human hepatitis B virus (HBV) in
stably transfected hepatoblastoma cells: a novel system for screening potential inhibitors of HBV
replication. Antimicrob. Agents Chemother. 41:1715-1720(1997), incorporated herein by
reference).

[0262] Results are shown in Figure 4A and B.

Example 3: Guide RNA Assays in HepG2-NTCP cells

[0263] HepG?2 cells were engineered by lentiviral transduction to express the human NTCP
receptor which is used by hepatitis B virus (HBV) to infect the cells.

[0264] HBYV viral particles were produced using the HepAD38 cell line. HepAD38 is a
subclone, derived from HepG2 cell line, that expresses HBV genome (genotype D subtype ayw)

under the transcriptional control of a tetracycline-responsive promoter in a TET-OFF system.
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[0265] A triple combination of Engineered Transcriptional Repressors (ETRs) consisting of
three plasmids expressing dCas9-KRAB, dCas9-DNMT3A and dCas9-DNMT3L was used in
combination with one or more of the designed sgRNAs.

[0266] LNPs were formulated using GENVOY ILM Lipid Mix (Precision Nanosystem) and
the formulator Nanoassemblr Spark (Precision Nanosystem). LNPs were formulated according
to the manufacturer’s recommendations with Nitrogen:Phosphate (NP) ratio equal to 6 and flow
rate ratio (FRR) 2:1. The RNA payload was diluted to a final concentration of 350 ng/uL in the
PNI formulation buffer. The ETRs, dCas9-KRAB, dCas9-DNMT3A, dCas9-DNMT3L and each
of the 121 sgRNA were mixed at 1:1:1:4 ratio. The RNA mix, the Genvoy lipid mix (25 mM)
and PBS were loaded each in the dedicated chambers of the Spark cartridge and formulated. The
quality of the formulated LNPs was evaluated quantifying the packaged mRNA using Quant-it™
RiboGreen RNA Assay Kit (Thermo Fisher) and sizing the LNP by Dynamic Light Scattering
(Zetasizer, Malvern Panalytic).

[0267] HepG2-NTCP cells were plated at 20,000 cells/well in collagen coated 96 well plates.
After 24h cells were infected with HBV at 5,000 multiplicity of genome equivalent (MGE) and
16h after viral inoculum was removed, cells were washed with PBS, and fresh media was added.
Three days post-infection, using LNPs, each sgRNA and the mRNAs encoding each of the
components of the triple constructs of ETRs (dCas9-KRAB, dCas9-DNMT3A, dCas9-DNMT3L)
were delivered. Three days after, LNP was removed, medium was replaced, and cells were
maintained in complete medium for three days.

[0268] Viral antigens HBeAg and HBsAg were quantified 6 days after LNP removal using
ELISA assays. Data were normalized to a non-targeting guide designed against the mouse
PCSK?9 and control 3.2 gRNA was used as positive control. Cells viability assay were performed
and normalized to non-targeting control.

[0269] The Table below provides amino acid sequences of exemplary epigenetic editors used
in the gRNA screen (the ETR constructs):

TABLE 6: amino acid sequences of exemplary epigenetic editors

SEQ Description Amino acid sequence
ID NO
476 dCas9:G:KRAB MYPYDVPDYASPKKKRKVEASDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEK

VLGNTDRHSIKKNLIGALLEDSGETAEATRLKRTARRRYTRRKNRICYLQEIF
SNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLR
KKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALS
LGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSD
ATLLSDILRVNTEITKAPLSASMIKRYDEHHOQDLTLLKALVRQQLPEKYKEIF
FDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRT
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FDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLAR
GNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQ
LKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDIL
EDIVLTLTLFEDREMIEERLKTYAHLEFDDKVMKQLKRRRYTGWGRLSRKLING
IRDKQSGKTILDFLKSDGFANRNFMOLIHDDSLTFKEDIQKAQVSGQGDSLHE
HIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQK
NSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQEL
DINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKN
YWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQT
LDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYS
NIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVN
IVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVV
AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLP
KYSLFELENGRKRMLASAGELQKGNELALPSKYVNEFLYLASHYEKLKGSPEDN
EQKQLEFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQ
AENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYET
RIDLSQLGGDSPKKKRKVGVDGSGGGALSPQHSAVTQGSIIKNKEGMDAKSLT
AWSRTLVTFKDVEVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKP
DVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSV*

YPYDVPDYA - HA-Tag
GSGGG — Linker

477

dCas9:G:DNMT3A

MYPYDVPDYASPKKKRKVEASDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFK
VLGNTDRHSTIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETF
SNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLR
KKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALS
LGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSD
ATLLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLKALVRQQLPEKYKEIF
FDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRT
FDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLAR
GNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQ
LKEDYFKKIECFDSVEISGVEDRENASLGTYHDLLKIIKDKDFLDNEENEDIL
EDIVLTLTLFEDREMIEERLKTYAHLEFDDKVMKQLKRRRYTGWGRLSRKLING
IRDKQSGKTILDFLKSDGFANRNFMOQLIHDDSLTFKEDIQKAQVSGQGDSLHE
HIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQK
NSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQEL
DINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKN
YWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQT
LDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYS
NIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVN
IVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVV
AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLP
KYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDN
EQKQLEFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQ
AENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYET
RIDLSQLGGDSPKKKRKVGVDGSGGGTYGLLRRREDWPSRLOMFFANNHDQEF
DPPKVYPPVPAEKRKPIRVLSLEDGIATGLLVLKDLGIQVDRYIASEVCEDSI
TVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGL
YEGTGRLFFEFYRLLHDARPKEGDDRPFEFWLFENVVAMGVSDKRDISRFLESN
PVMIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFESK
VRTITTRSNSIKQGKDQHFPVEMNEKEDILWCTEMERVEGFPVHYTDVSNMSR
LARQRLLGRSWSVPVIRHLFAPLKEYFACV*

YPYDVPDYA - HA-Tag

-154-




WO 2024/238700

PCT/US2024/029529

GSGGG — Linker

478

dCas9:G:hDNMT3L

MYPYDVPDYASPKKKRKVEASDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEK
VLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETF
SNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLR
KKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLEFIQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALS
LGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSD
AILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIF
FDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRT
FDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLAR
GNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQ
LKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDIL
EDIVLTLTLFEDREMIEERLKTYAHLEFDDKVMKQLKRRRYTGWGRLSRKLING
IRDKQSGKTILDFLKSDGFANRNFMOQLIHDDSLTFKEDIQKAQVSGQGDSLHE
HIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOK
NSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQEL
DINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKN
YWRQLLNAKLITQRKEFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQT
LDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYS
NIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVN
IVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVV
AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLP
KYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDN
EQKQLEFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQ
AENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYET
RIDLSQLGGDSPKKKRKVGVDGSGGGMAAI PALDPEAEPSMDVILVGSSELSS
SVSPGTGRDLIAYEVKANQRNIEDICICCGSLOQVHTQHPLFEGGICAPCKDKFE
LDALFLYDDDGYQSYCSICCSGETLLICGNPDCTRCYCFECVDSLVGPGTSGK
VHAMSNWVCYLCLPSSRSGLLORRRKWRSQLKAFYDRESENPLEMFETVPVWR
ROPVRVLSLFEDIKKELTSLGFLESGSDPGQLKHVVDVTDTVRKDVEEWGPED
LVYGATPPLGHTCDRPPSWYLFQFHRLLOQYARPKPGSPRPFFWMFVDNLVLNK
EDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIPAIRSRHWALVSEEELSL
LAQONKQSSKLAAKWPTKLVKNCFLPLREYFKYFSTELTSSL*

YPYDVPDYA - HA-Tag
GSGGG — Linker

479

HA-Tag

YPYDVPDYA

480

linker

GSGGG

[0270]

The Table below provides amino acid sequences and polynucleotide sequences of

exemplary epigenetic editors

TABLE 7: sequences of exemplary epigenetic editors

SEQ Description Sequence
ID NO
481 PLAOOl amino MPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDGIATG

acid sequence

LLVLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQE
WGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDD
RPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWGNLP
GMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDQHFPV
FMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHL
FAPLKEYFACVSSGNSNANSRGPSEFSSGLVPLSLRGSHMAATPALDPEAEP
SMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDICICCGSLQVHTQ
HPLFEGGICAPCKDKFLDALFLYDDDGYQSYCSICCSGETLLICGNPDCTR
CYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGLLORRRKWRSQLKA
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FYDRESENPLEMFETVPVWRRQPVRVLSLFEDIKKELTSLGFLESGSDPGQ
LKHVVDVTDTVRKDVEEWGPEFDLVYGATPPLGHTCDRPPSWYLFQFHRLLQ
YARPKPGSPRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLON
AVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSSKLAAKWPTKLVKNCELP
LREYFKYFSTELTSSLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESG
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSELEDKKY
SIGLATIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDSG
ETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLV
EEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLAL
AHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAK
ATILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNFKSNEDLAE
DAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE
ITKAPLSASMIKRYDEHHQDLTLLKALVRQOLPEKYKEIFFDQSKNGYAGY
IDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQ
IHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSREFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLY
EYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIVDLLFKTNRKVTVKQLKE
DYFKKIECFDSVEISGVEDRENASLGTYHDLLKIIKDKDFLDNEENEDILE
DIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLIN
GIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDS
LHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTT
QKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRD
MYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPS
EEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEFIKRQLVE
TRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYK
VREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKS
EQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDK
GRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWD
PKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNP
IDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALP
SKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITIEQISEFSKRV
ILADANLDKVLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYEFDTTI
DRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDSPKKKRKVGVDGSS
GSETPGTSESATPESTGDSVAFEDVAVNEFTLEEWALLDPSQKNLYRDVMRE
TFRNLASVGKQWEDONIEDPFKIPRRNISHIPERLCESKEGGQGEESADYK
DDDDKAPKKKRKVPKKKRKV

482

PLAOOL
polynucleotid
e sequence

ATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAAT
CACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAG
AAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGC
CTGCTGGTGCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCC
GAGGTGTGCGAGGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAG
ATCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAG
TGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCC
ATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTC
TTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGAT
AGACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGAT
AAGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCA
AAGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCCA
GGAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAG
GAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATC
ACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCCCGTG
TTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTG
TTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCA
AGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTG
TTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAAT
GCCAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTG
AGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCT
AGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCT
CCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGG
AACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAG
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CACCCACTGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCTG
GACGCCCTGTTTCTGTACGACGATGACGGCTACCAGTCCTATTGCTCTATC
TGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAATCCAGATTGTACAAGG
TGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCACCAGCGGA
AAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCT
CGCAGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCTGAAGGCC
TTCTATGATAGGGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCA
GTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTTCGAGGATATCAAG
AAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGACCCCGGACAG
CTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGTGGAGGAG
TGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACA
TGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAG
TATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTG
GATAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTG
GAGATGGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAAT
GCCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCA
CTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGC
AAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCA
CTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGA
GGACCCTCCTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCT
CCAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACCAGAGTCTGGA
CCTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCA
GGCAGCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGC
AGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTAC
AGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACC
GACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGAC
CGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGC
GAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATG
GCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTG
GAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGAC
GAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAA
CTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTG
GCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAAC
CCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTAC
AACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAG
GCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATC
GCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCC
CTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAG
GATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAAC
CTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAG
AACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAG
ATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCAC
CACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAG
AAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTAC
ATTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATC
CTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAG
GACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAG
ATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTAC
CCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGC
ATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGG
ATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTG
GTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTC
GATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTAC
GAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAG
GGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTG
GACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAG
GACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTG
GAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATT
ATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAA
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GATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAA
CGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTG
AAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAAC
GGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCC
GACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTG
ACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGC
CTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGC
ATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGG
CACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACC
CAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGC
ATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACC
CAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGAT
ATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTG
GACGCCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAG
GTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCC
GAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCC
AAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGC
GGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAA
ACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAAC
ACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACC
CTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAA
GTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCC
GTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTC
GTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGC
GAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATC
ATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAG
CGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAG
GGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAAT
ATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATC
CTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGAC
CCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTG
GTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAA
GAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCC
ATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATC
ATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGA
ATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCC
TCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAG
GGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAG
CACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTG
ATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCAC
CGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACC
CTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATC
GACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATC
CACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTG
GGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGC
GGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCACCGGT
GACTCCGTTGCTTTCGAGGACGTGGCCGTGAACTTCACACTTGAGGAATGG
GCCTTGCTCGACCCAAGTCAGAAGAATCTGTACAGAGACGTGATGCGGGAG
ACATTCAGGAATCTCGCCAGTGTCGGAAAGCAGTGGGAAGACCAGAACATC
GAAGATCCTTTCAAGATACCACGGCGCAATATCTCCCACATTCCTGAGAGG
CTGTGTGAATCTAAGGAAGGCGGACAAGGTGAGGAAAGCGCTGATTACAAA
GATGATGACGATAAAGCCCCCAAGAAGAAAAGGAAGGTCCCAAAGAAARAAA
AGAAAGGTGTGA

483

PLAOO2
Amino acid
sequence

MPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDGIATG
LLVLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQE
WGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDD
RPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWGNLP
GMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDQHEPV
FMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHL
FAPLKEYFACVSSGNSNANSRGPSEFSSGLVPLSLRGSHMAAIPALDPEAEP

-158-




WO 2024/238700

PCT/US2024/029529

SMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDICICCGSLQVHTQ
HPLFEGGICAPCKDKFLDALFLYDDDGYQSYCSICCSGETLLICGNPDCTR
CYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGLLQRRRKWRSQLKA
FYDRESENPLEMFETVPVWRRQPVRVLSLFEDIKKELTSLGFLESGSDPGQ
LKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLQ
YARPKPGSPRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLON
AVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSSKLAAKWPTKLVKNCELP
LREYFKYFSTELTSSLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESG
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSELEDKKY
SIGLATIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDSG
ETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLV
EEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLAL
AHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAK
ATILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNFKSNEDLAE
DAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTE
ITKAPLSASMIKRYDEHHQDLTLLKALVRQOLPEKYKEIFFDQSKNGYAGY
IDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQ
IHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSREFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLY
EYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIVDLLFKTNRKVTVKQLKE
DYFKKIECFDSVEISGVEDRENASLGTYHDLLKIIKDKDFLDNEENEDILE
DIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLIN
GIRDKQSGKTILDFLKSDGFANRNFMOQLIHDDSLTFKEDIQKAQVSGQGDS
LHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTT
QKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRD
MYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPS
EEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEFIKRQLVE
TRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYK
VREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKS
EQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDK
GRDFATVRKVLSMPQVNIVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWD
PKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNP
IDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALP
SKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRV
ILADANLDKVLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTI
DRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDSPKKKRKVGVDGSS
GSETPGTSESATPESTGMNNSQGRVTFEDVTVNFTQGEWQRLNPEQRNLYR
DVMLENYSNLVSVGQGETTKPDVILRLEQGKEPWLEEEEVLGSGRAEKNGD
IGGQIWKPKDVKESLSADYKDDDDKAPKKKRKVPKKKRKV

484

PLA0OO2
polynucleotid
e sequence

ATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAAT
CACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAG
AAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGC
CTGCTGGTGCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCC
GAGGTGTGCGAGGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAG
ATCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAG
TGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCC
ATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTC
TTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGAT
AGACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGAT
AAGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCA
AAGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCCA
GGAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAG
GAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATC
ACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCCCGTG
TTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTG
TTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCA
AGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTG
TTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAAT
GCCAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTG
AGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCT
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AGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCT
CCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGG
AACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAG
CACCCACTGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCTG
GACGCCCTGTTTCTGTACGACGATGACGGCTACCAGTCCTATTGCTCTATC
TGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAATCCAGATTGTACAAGG
TGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCACCAGCGGA
AAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCT
CGCAGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCTGAAGGCC
TTCTATGATAGGGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCA
GTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTTCGAGGATATCAAG
AAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGACCCCGGACAG
CTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGTGGAGGAG
TGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACA
TGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAG
TATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTG
GATAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTG
GAGATGGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAAT
GCCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCA
CTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGC
AAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCA
CTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGA
GGACCCTCCTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCT
CCAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACCAGAGTCTGGA
CCTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCA
GGCAGCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGC
AGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTAC
AGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACC
GACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGAC
CGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGC
GAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATG
GCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTG
GAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGAC
GAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAA
CTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTG
GCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAAC
CCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTAC
AACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAG
GCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATC
GCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCC
CTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAG
GATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAAC
CTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAG
AACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAG
ATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCAC
CACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAG
AAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTAC
ATTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATC
CTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAG
GACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAG
ATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTAC
CCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGC
ATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGG
ATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTG
GTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTC
GATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTAC
GAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAG
GGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTG
GACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAG
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GACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTG
GAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATT
ATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAA
GATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAA
CGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTG
AAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAAC
GGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCC
GACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTG
ACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGC
CTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGC
ATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGG
CACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACC
CAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGC
ATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACC
CAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGAT
ATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTG
GACGCCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAG
GTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCC
GAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCC
AAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGC
GGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAA
ACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAAC
ACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACC
CTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAA
GTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCC
GTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTC
GTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGC
GAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATC
ATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAG
CGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAG
GGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAAT
ATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATC
CTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGAC
CCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTG
GTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAA
GAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCC
ATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATC
ATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGA
ATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCC
TCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAG
GGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAG
CACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTG
ATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCAC
CGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACC
CTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATC
GACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATC
CACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTG
GGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGC
GGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCACCGGT
ATGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGTGAACTTC
ACCCAGGGAGAATGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTATCGG
GACGTGATGCTGGAAAACTACTCAAATTTGGTGAGCGTTGGGCAGGGTGAG
ACCACTAAGCCTGACGTGATCCTGAGATTGGAACAGGGCAAGGAGCCTTGG
CTCGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCCGAGAAAAACGGTGAT
ATAGGAGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAGCGCT
GATTACAAAGATGATGACGATAAAGCCCCCAAGAAGAAAAGGAAGGTCCCA
AAGAAAAAAAGAAAGGTGTGA

492

PLAOO3 amino
acid sequence

MPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATG
LLVLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQE
WGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDD
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RPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWGNLP
GMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNS IKQGKDQHEPV
FMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHL
FAPLKEYFACVSSGNSNANSRGPSEFSSGLVPLSLRGSHMAAIPALDPEAEP
SMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDICICCGSLQVHTQ
HPLFEGGICAPCKDKFLDALFLYDDDGYQSYCSICCSGETLLICGNPDCTR
CYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGLLOQRRRKWRSQLKA
FYDRESENPLEMFETVPVWRROQPVRVLSLFEDIKKELTSLGFLESGSDPGQ
LKHVVDVTDTVRKDVEEWGPEFDLVYGATPPLGHTCDRPPSWYLFQFHRLLQ
YARPKPGSPRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLON
AVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSSKLAAKWPTKLVKNCELP
LREYFKYFSTELTSSLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESG
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSELEDKKY
SIGLATIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDSG
ETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLV
EEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLAL
AHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAK
ATILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNFKSNEFDLAE
DAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTE
ITKAPLSASMIKRYDEHHQDLTLLKALVRQOLPEKYKEIFFDQSKNGYAGY
IDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQ
IHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSREAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLY
EYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATVDLLFKTNRKVTVKQLKE
DYFKKIECFDSVEISGVEDRENASLGTYHDLLKIIKDKDFLDNEENEDILE
DIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLIN
GIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDS
LHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTT
QKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRD
MYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPS
EEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEFIKRQLVE
TROITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFEYK
VREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKS
EQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDK
GRDFATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIARKKDWD
PKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNP
IDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALP
SKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRV
ILADANLDKVLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTI
DRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDSPKKKRKVGVDGSS
GSETPGTSESATPESTGMNNSQGRVTFEDVTVNEFTQGEWQRLNPEQRNLYR
DVMLENYSNLVSVGQGETTKPDVILRLEQGKEPWLEEEEVLGSGRAEKNGD
IGGQIWKPKDVKESLSAPKKKRKVPKKKRKV

493

PLAOO3 full
plasmid
sequence

GGGCGCTCGAGCAGGTTCAGAAGGAGATCAAAAACCCCCAAGGATCAAACA
TGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAATC
ACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGA
AGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCC
TGCTGGTGCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCG
AGGTGTGCGAGGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGA
TCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGT
GGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCA
TCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTCT
TTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGATA
GACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGATA
AGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCAA
AGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCCAG
GAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAGG
AGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATCA
CCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCCCGTGT
TCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTGT
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TCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAA
GGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTGT
TCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATG
CCAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGA
GGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTA
GCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTC
CAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGA
ACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGC
ACCCACTGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGG
ACGCCCTGTTTCTGTACGACGATGACGGCTACCAGTCCTATTGCTCTATCT
GCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAATCCAGATTGTACAAGGT
GCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCACCAGCGGAA
AGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTC
GCAGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCTGAAGGCCT
TCTATGATAGGGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAG
TGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTTCGAGGATATCAAGA
AGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGACCCCGGACAGC
TGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGTGGAGGAGT
GGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACAT
GCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGT
ATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGG
ATAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGG
AGATGGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATG
CCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCAC
TGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCA
AGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCAC
TGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGAG
GACCCTCCTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTC
CAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACCAGAGTCTGGAC
CTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCAG
GCAGCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGCA
GCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTACA
GCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCG
ACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACC
GGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCG
AAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCA
GACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGG
CCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGG
AAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACG
AGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAAC
TGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGG
CCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACC
CCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACA
ACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGG
CCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCG
CCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCC
TGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGG
ATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACC
TGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGA
ACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGA
TCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACC
ACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGA
AGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACA
TTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCC
TGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGG
ACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAGA
TCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACC
CATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCA
TCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGA
TGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGT GG
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TGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCG
ATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACG
AGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGG
GAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGG
ACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGG
ACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGG
AAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTA
TCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAG
ATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAAC
GGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGA
AGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAACG
GCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCG
ACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGA
CCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCC
TGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCA
TCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGGC
ACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCC
AGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCA
TCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCC
AGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATA
TGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTGG
ACGCCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGG
TGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCG
AAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCCA
AGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCG
GCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAA
CCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACA
CTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCC
TGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAG
TGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCG
TCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCG
TGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCG
AGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCA
TGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGC
GGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAGG
GCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAATA
TCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCC
TGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACC
CTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGG
TGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAG
AGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCA
TCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCA
TCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAA
TGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCT
CCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGG
GCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAGC
ACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGA
TCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCACC
GGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCC
TGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCG
ACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCC
ACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGG
GAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCG
GCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCACCGGTA
TGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGTGAACTTCA
CCCAGGGAGAATGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTATCGGG
ACGTGATGCTGGAAAACTACTCAAATTTGGTGAGCGTTGGGCAGGGTGAGA
CCACTAAGCCTGACGTGATCCTGAGATTGGAACAGGGCAAGGAGCCTTGGC
TCGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCCGAGAAAAACGGTGATA
TAGGAGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAGCGCTC
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CCAAGAAGAAAAGGAAGGTCCCAAAGAAAAAAAGAAAGGTGTGAGGATCCT
GAGTCTAGAAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGT
ATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATG
CCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTG
TATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGG
CAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGG
GGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTC
CCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACA
GGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCA
TCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGG
ACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCC
CGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCT
CAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARANARA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGCTTGA
AGAGCCTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGT
ATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACCCGCTGAT
CAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCC
CCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAAT
AAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGG
GGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCA
GGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCA
GCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGG
GCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCT
GCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGA
ATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGC
CAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCC
CCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCC
GACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCG
CTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCC
TTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTC
GGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCA
GCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGT
AAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAG
AGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTA
CGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGT
TACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGC
TGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAA
AGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTG
GAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGAT
CTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAG
TATATATGAGTAAACTTGGTCTGACAGTTAGAAAAACTCATCGAGCATCAA
ATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAA
AAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGAT
GGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACA
ACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACC
ATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGTTTATGCATTTCTTT
CCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGC
ATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAAACGAAATAC
GCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCG
CAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTC
TTCTAATACCTGGAATGCTGTTTTCCCAGGGATCGCAGTGGTGAGTAACCA
TGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAA
TTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAAC
GCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATA
CAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTT
ATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTAGAGCA
AGACGTTTCCCGTTGAATATGGCTCATACTCTTCCTTTTTCAATATTATTG
AAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTAT
TTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCC
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ACCTGACGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCAC
TCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCC
TGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTAC
AACAAGGCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAG
GCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTG
ATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGG
CTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTT
ACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTAC
GCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCA
GTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGT
CATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGG
ATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAA
TGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAA
CAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT
CTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCT
TATCGAAATTAATACGACTCACTATAAG

494

PLAOO3
plasmid
coding
sequence

ATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAAT
CACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAG
AAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGL
CTGCTGGTGCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCC
GAGGTGTGCGAGGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAG
ATCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAG
TGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCC
ATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTC
TTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGAT
AGACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGAT
AAGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCA
AAGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCCA
GGAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAG
GAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATC
ACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCCCGTG
TTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTG
TTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCA
AGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTG
TTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAAT
GCCAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTG
AGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCT
AGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCT
CCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGG
AACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAG
CACCCACTGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCTG
GACGCCCTGTTTCTGTACGACGATGACGGCTACCAGTCCTATTGCTCTATC
TGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAATCCAGATTGTACAAGG
TGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCACCAGCGGA
AAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCT
CGCAGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCTGAAGGCC
TTCTATGATAGGGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCA
GTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTTCGAGGATATCAAG
AAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGACCCCGGACAG
CTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGTGGAGGAG
TGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACA
TGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAG
TATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTG
GATAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTG
GAGATGGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAAT
GCCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCA
CTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGC
AAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCA
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CTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGA
GGACCCTCCTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCT
CCAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACCAGAGTCTGGA
CCTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCA
GGCAGCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGC
AGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTAC
AGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACC
GACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGAC
CGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGC
GAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATG
GCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTG
GAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGAC
GAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAA
CTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTG
GCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAAC
CCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTAC
AACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAG
GCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATC
GCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCC
CTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAG
GATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAAC
CTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAG
AACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAG
ATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCAC
CACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAG
AAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTAC
ATTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATC
CTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAG
GACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAG
ATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTAC
CCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGC
ATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGG
ATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTG
GTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTC
GATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTAC
GAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAG
GGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTG
GACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAG
GACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTG
GAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATT
ATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAA
GATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAA
CGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTG
AAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAAC
GGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCC
GACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTG
ACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGC
CTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGC
ATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGG
CACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACC
CAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGC
ATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACC
CAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGAT
ATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTG
GACGCCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAG
GTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCC
GAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCC
AAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGC
GGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAA
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ACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAAC
ACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACC
CTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAA
GTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCC
GTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTC
GTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGC
GAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATC
ATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAG
CGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAG
GGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAAT
ATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATC
CTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGAC
CCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTG
GTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAA
GAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCC
ATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATC
ATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGA
ATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCC
TCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAG
GGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAG
CACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTG
ATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCAC
CGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACC
CTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATC
GACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATC
CACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTG
GGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGC
GGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCACCGGT
ATGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGTGAACTTC
ACCCAGGGAGAATGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTATCGG
GACGTGATGCTGGAAAACTACTCAAATTTGGTGAGCGTTGGGCAGGGTGAG
ACCACTAAGCCTGACGTGATCCTGAGATTGGAACAGGGCAAGGAGCCTTGG
CTCGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCCGAGAAAAACGGTGAT
ATAGGAGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAGCGCT
CCCAAGAAGAAAAGGAAGGTCCCAAAGAAAAAAAGAAAGGTGTGA

[0271] Table 8 below lists components of the fusion polypeptide PLA0O1 and their

corresponding amino acid position in the fusion polypeptide sequence (SEQ ID No. 481) set

forth in Table 7.

TABLE 8: annotation of PLA0OO1 amino acid sequence

Type Start End Length
SV40 NLS CDS 2 8 7
SV40 NLS CDS 9 15 7
DNMT3A CDS 17 317 301
Linker CDS 318 344 27
DNMT3L full- | CDS 345 730 386
length
XTENSO CDS 731 810 80
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dCas9 CDS 811 2180 1370
NLS CDS 2181 2187 7
XTEN16 CDS 2188 2208 21
ZN627 CDS 2211 2290 80
FLAG CDS 2293 2300 8
SV40 NLS CDS 2302 2308 7
SV40 NLS CDS 2309 2315 7

[0272] Table 9 below lists components of the polynucleotide encoding the fusion polypeptide
PLAOO1 and their corresponding nucleotide position in the polynucleotide sequence (SEQ ID
No. 482) set forth in Table 7.

TABLE 9: annotation of PLA0O1 polynucleotide sequence

Name Type Minimum | Maximum | Length
SV40 NLS CDS 4 24 21
SV40 NLS CDS 25 44 20
DNMT3A CDS 49 951 903
Linker CDS 952 1032 81
DNMT3L full- | CDS 1033 2190 1158
length

XTENS8O CDS 2191 2430 240
dCas9 CDS 2431 6540 4110
NLS CDS 6541 6561 21
XTEN16 CDS 6562 6624 63
ZN627 CDS 6631 6870 240
FLAG CDS 6877 6900 24
SV40 NLS CDS 6904 6924 21
SV40 NLS CDS 6925 6945 21

[0273] Table 10 below lists components of the fusion polypeptide PLA002 and their
corresponding amino acid position in the fusion polypeptide sequence (SEQ ID No. 483) set
forth in Table 7.

TABLE 10: annotation of PLA002 amino acid sequence
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Name Type Minimum | Maximum | Length
SV40 NLS CDS 2 8 7
SV40 NLS CDS 9 15 7
DNMT3A CDS 17 317 301
Linker CDS 318 344 27
DNMT3L full- | CDS 345 730 386
length

XTENBSO CDS 731 810 80
dCas9 CDS 811 2180 1370
NLS CDS 2181 2187 7
XTEN16 CDS 2188 2208 21
ZIM3 CDS 2211 2310 100
FLAG CDS 2313 2320 8
SV40 NLS CDS 2322 2328 7
SV40 NLS CDS 2329 2335 7

[0274] Table 11 below lists components of the polynucleotide encoding the fusion
polypeptide PLAOO2 and their corresponding nucleotide position in the polynucleotide sequence
(SEQ ID No. 484) set forth in Table 7.

TABLE 11: annotation of PLA002 polynucleotide sequence

Name Type Minimum | Maximum | Length
SV40 NLS CDS 4 24 21
SV40 NLS CDS 25 45 21
DNMT3A CDS 49 951 903
Linker CDS 952 1032 81
DNMT3L full- | CDS 1033 2190 1158
length

XTENBSO CDS 2191 2430 240
dCas9 CDS 2431 6540 4110
NLS CDS 6541 6561 21
XTEN16 CDS 6562 6624 63
ZIM3 CDS 6631 6930 300
FLAG CDS 6937 6960 24
SV40 NLS CDS 6964 6984 21
SV40 NLS CDS 6985 7005 21
stop terminator | 7006 7008 3

[0275] Table 12 below provides gRNA sequence tested.
TABLE 12: Exemplary gRNA sequences

SE
Target Q
SEQ domain D
IDs sequence k] gRNA sequence
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333 CCTGCTGGTG 10 | CCUGCUGGUGGCUCCAGUUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GCTCCAGTTC 93 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

334 CTGAACTGGA 10 | CUGAACUGGAGCCACCAGCAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GCCACCAGCA 94 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

335 CCTGAACTGG 10 | CCUGAACUGGAGCCACCAGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AGCCACCAGC 95 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

336 CCTCGAGAAG 10 | CCUCGAGAAGAUUGACGAUAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
ATTGACGATA 96 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

337 TCGTCAATCT 10 | UCGUCAAUCUUCUCGAGGAUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
TCTCGAGGAT 97 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

338 CGTCAATCTT 10 | CGUCAAUCUUCUCGAGGAUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CTCGAGGATT 98 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

339 GTCAATCTTC 10 | GUCAAUCUUCUCGAGGAUUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TCGAGGATTG 99 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

340 AACATGGAGA 11 | AACAUGGAGAACAUCACAUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
ACATCACATC 00 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

341 AACATCACAT 11 | AACAUCACAUCAGGAUUCCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
CAGGATTCCT 01 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

342 CTAGACTCTG 11 | CUAGACUCUGCGGUAUUGUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CGGTATTGTG 02 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

343 TACCGCAGAG 11 | UACCGCAGAGUCUAGACUCGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
TCTAGACTCG 03 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

344 CGCAGAGTCT 11 | CGCAGAGUCUAGACUCGUGGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAATU
AGACTCGTGG 04 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

345 CACCACGAGT 11 | CACCACGAGUCUAGACUCUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CTAGACTCTG 05 | AAGGCUAGUCCGUUAUCAACUUGAARAAAGUGGCACCGAGUCGGUGCUUUUUU

346 TGGACTTCTC 11 | UGGACUUCUCUCAAUUUUCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TCAATTTTCT 06 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

347 GGACTTCTCT 11 | GGACUUCUCUCAAUUUUCUAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
CAATTTTCTA 07 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

348 GACTTCTCTC 11 | GACUUCUCUCAAUUUUCUAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AATTTTCTAG 08 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

349 ACTTCTCTCA 11 | ACUUCUCUCAAUUUUCUAGGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
ATTTTCTAGG 09 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

350 CGAATTTTGG 11 | CGAAUUUUGGCCAAGACACAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CCAAGACACA 10 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

351 AGGTTGGGGA 11 | AGGUUGGGGACUGCGAAUUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CTGCGAATTT 11 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

352 GGCATAGCAG 11 | GGCAUAGCAGCAGGAUGAAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CAGGATGAAG 12 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

353 AGAAGATGAG 11 | AGAAGAUGAGGCAUAGCAGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
GCATAGCAGC 13 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

354 GCTATGCCTC 11 | GCUAUGCCUCAUCUUCUUGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
ATCTTCTTGT 14 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

355 GAAGAACCAA 11 | GAAGAACCAACAAGAAGAUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
CAAGAAGATG 15 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

356 CATCTTCTTG 11 | CAUCUUCUUGUUGGUUCUUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TTGGTTCTTC 16 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

357 CCCGTTTGTC 11 | CCCGUUUGUCCUCUAAUUCCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
CTCTAATTCC 17 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

358 CCTGGAATTA 11 | CCUGGAAUUAGAGGACAAACGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GAGGACAAAC 18 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

359 TCCTGGAATT 11 | UCCUGGAAUUAGAGGACAAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AGAGGACAAA 19 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

360 TACTAGTGCC 11 | UACUAGUGCCAUUUGUUCAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
ATTTGTTCAG 20 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

361 CCATTTGTTC 11 | CCAUUUGUUCAGUGGUUCGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AGTGGTTCGT 21 | AAGGCUAGUCCGUUAUCAACUUGAAARAGUGGCACCGAGUCGGUGCUUUUUU

362 CATTTGTTCA 11 | CAUUUGUUCAGUGGUUCGUAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GTGGTTCGTA 22 | AAGGCUAGUCCGUUAUCAACUUGAAARAGUGGCACCGAGUCGGUGCUUUUUU

363 CCTACGAACC 11 | CCUACGAACCACUGAACAAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
ACTGAACAAA 23 | AAGGCUAGUCCGUUAUCAACUUGAAARAGUGGCACCGAGUCGGUGCUUUUUU

364 TTTCAGTTAT 11 | UUUCAGUUAUAUGGAUGAUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
ATGGATGATG 24 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
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365 CAAAAGAAAA 11 | CAAAAGAAAAUUGGUAACAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TTGGTAACAG 25 | AAGGCUAGUCCGUUAUCAACUUGAAAARAGUGGCACCGAGUCGGUGCUUUUUU

366 TACCAATTTT 11 | UACCAAUUUUCUUUUGUCUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CTTTTGTCTT 26 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

367 ACCAATTTTC 11 | ACCAAUUUUCUUUUGUCUUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TTTTGTCTTT 27 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

368 ACCCAAAGAC 11 | ACCCAAAGACAAAAGAAAAUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AAAAGAAAAT 28 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

369 TGACATACTT 11 | UGACAUACUUUCCAAUCAAUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
TCCAATCAAT 29 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

370 CACTTTCTCG 11 | CACUUUCUCGCCAACUUACAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CCAACTTACA 30 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

371 CACAGAAAGG 11 | CACAGAAAGGCCUUGUAAGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CCTTGTAAGT 31 | AAGGCUAGUCCGUUAUCAACUUGAAAARAGUGGCACCGAGUCGGUGCUUUUUU

372 TGAACCTTTA 11 | UGAACCUUUACCCCGUUGCCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CCCCGTTGCC 32 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

373 GGGCAACGGG 11 | GGGCAACGGGGUAAAGGUUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
GTAAAGGTTC 33 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

374 TTTACCCCGT 11 | UUUACCCCGUUGCCCGGCAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TGCCCGGCAA 34 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

375 GTTGCCGGGC 11 | GUUGCCGGGCAACGGGGUAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
AACGGGGTAA 35 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

376 CCCGTTGCCC 11 | CCCGUUGCCCGGCAACGGCCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAATU
GGCAACGGCC 36 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

377 CTGGCCGTTG 11 | CUGGCCGUUGCCGGGCAACGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CCGGGCAACG 37 | AAGGCUAGUCCGUUAUCAACUUGAAARAGUGGCACCGAGUCGGUGCUUUUUU

378 CCTGGCCGTT 11 | CCUGGCCGUUGCCGGGCAACGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GCCGGGCAAC 38 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

379 ACCTGGCCGT 11 | ACCUGGCCGUUGCCGGGCAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
TGCCGGGCAA 39 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

380 GCACAGACCT 11 | GCACAGACCUGGCCGUUGCCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GGCCGTTGCC 40 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

381 GGCACAGACC 11 | GGCACAGACCUGGCCGUUGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
TGGCCGTTGC 41 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

382 GCAAACACTT 11 | GCAAACACUUGGCACAGACCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GGCACAGACC 42 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

383 GGGTTGCGTC 11 | GGGUUGCGUCAGCAAACACUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AGCAAACACT 43 | AAGGCUAGUCCGUUAUCAACUUGAARAAAGUGGCACCGAGUCGGUGCUUUUUU

384 TTTGCTGACG 11 | UUUGCUGACGCAACCCCCACGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CAACCCCCAC 44 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

385 CTGACGCAAC 11 | CUGACGCAACCCCCACUGGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
CCCCACTGGC 45 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

386 TGACGCAACC 11 | UGACGCAACCCCCACUGGCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CCCACTGGCT 46 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

387 GACGCAACCC 11 | GACGCAACCCCCACUGGCUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
CCACTGGCTG 47 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

388 AACCCCCACT 11 | AACCCCCACUGGCUGGGGCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GGCTGGGGCT 48 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

389 TCCTCTGCCG 11 | UCCUCUGCCGAUCCAUACUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
ATCCATACTG 49 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

390 TCCGCAGTAT 11 | UCCGCAGUAUGGAUCGGCAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GGATCGGCAG 50 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

397 AGGAGTTCCG 11 | AGGAGUUCCGCAGUAUGGAUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CAGTATGGAT 51 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

392 CGGCTAGGAG 11 | CGGCUAGGAGUUCCGCAGUAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TTCCGCAGTA 52 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

393 TGCGAGCAAA 11 | UGCGAGCAAAACAAGCGGCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
ACAAGCGGCT 53 | AAGGCUAGUCCGUUAUCAACUUGAAARAGUGGCACCGAGUCGGUGCUUUUUU

394 CCGCTTGTTT 11 | CCGCUUGUUUUGCUCGCAGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TGCTCGCAGC 54 | AAGGCUAGUCCGUUAUCAACUUGAAARAGUGGCACCGAGUCGGUGCUUUUUU

395 CCTGCTGCGA 11 | CCUGCUGCGAGCAAAACAAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
GCAAAACAAG 55 | AAGGCUAGUCCGUUAUCAACUUGAAARAGUGGCACCGAGUCGGUGCUUUUUU

396 TGTTTTGCTC 11 | UGUUUUGCUCGCAGCAGGUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GCAGCAGGTC 56 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
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397 GCAGCACAGC 11 | GCAGCACAGCCUAGCAGCCAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CTAGCAGCCA 57 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

398 TGCTAGGCTG 11 | UGCUAGGCUGUGCUGCCAACGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TGCTGCCAAC 58 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

399 GCTGCCAACT 11 | GCUGCCAACUGGAUCCUGCGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
GGATCCTGCG 59 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

400 CTGCCAACTG 11 | CUGCCAACUGGAUCCUGCGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GATCCTGCGC 60 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

401 CGTCCCGCGC 11 | CGUCCCGCGCAGGAUCCAGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
AGGATCCAGT 61 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

402 AAACAAAGGA 11 | AAACAAAGGACGUCCCGCGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CGTCCCGCGC 62 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

403 GTCCTTTGTT 11 | GUCCUUUGUUUACGUCCCGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TACGTCCCGT 63 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

404 CGCCGACGGG 11 | CGCCGACGGGACGUAAACAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
ACGTAAACAA 64 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

405 TGCCGTTCCG 11 | UGCCGUUCCGACCGACCACGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
ACCGACCACG 65 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

406 AGGTGCGCCC 11 | AGGUGCGCCCCGUGGUCGGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CGTGGTCGGT 66 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

407 AGAGAGGTGC 11 | AGAGAGGUGCGCCCCGUGGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
GCCCCGTGGT 67 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

408 GTAAAGAGAG 11 | GUAAAGAGAGGUGCGCCCCGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAATU
GTGCGCCCCG 68 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

409 GGGGCGCACC 11 | GGGGCGCACCUCUCUUUACGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TCTCTTTACG 69 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

410 CGGGGAGTCC 11 | CGGGGAGUCCGCGUAAAGAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GCGTAAAGAG 70 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

411 CAGATGAGAA 11 | CAGAUGAGAAGGCACAGACGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
GGCACAGACG 71 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

412 GTCTGTGCCT 11 | GUCUGUGCCUUCUCAUCUGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TCTCATCTGC 72 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

413 GGCAGATGAG 11 | GGCAGAUGAGAAGGCACAGAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
AAGGCACAGA 73 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

414 GCAGATGAGA 11 | GCAGAUGAGAAGGCACAGACGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AGGCACAGAC 74 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

415 ACACGGTCCG 11 | ACACGGUCCGGCAGAUGAGAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GCAGATGAGA 75 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

416 GAAGCGAAGT 11 | GAAGCGAAGUGCACACGGUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GCACACGGTC 76 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

417 GAGGTGAAGC 11 | GAGGUGAAGCGAAGUGCACAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
GAAGTGCACA 77 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

418 CTTCACCTCT 11 | CUUCACCUCUGCACGUCGCAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GCACGTCGCA 78 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

419 GGTCTCCATG 11 | GGUCUCCAUGCGACGUGCAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
CGACGTGCAG 79 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

420 TGCCCAAGGT 11 | UGCCCAAGGUCUUACAUAAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CTTACATAAG 80 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

421 GTCCTCTTAT 11 | GUCCUCUUAUGUAAGACCUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
GTAAGACCTT 81 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

422 AGTCCTCTTA 11 | AGUCCUCUUAUGUAAGACCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TGTAAGACCT 82 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

423 GTCTTACATA 11 | GUCUUACAUAAGAGGACUCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AGAGGACTCT 83 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

424 AATGTCAACG 11 | AAUGUCAACGACCGACCUUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
ACCGACCTTG 84 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

425 TTTGAAGTAT 11 | UUUGAAGUAUGCCUCAAGGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GCCTCAAGGT 85 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

426 AGTCTTTGAA 11 | AGUCUUUGAAGUAUGCCUCAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GTATGCCTCA 86 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

427 AAGACTGTTT 11 | AAGACUGUUUGUUUAAAGACGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
GTTTAAAGAC 87 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

428 AGACTGTTTG 11 | AGACUGUUUGUUUAAAGACUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TTTAAAGACT 88 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
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429 CTGTTTGTTT 11 | CUGUUUGUUUAAAGACUGGGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AAAGACTGGG 89 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

430 GTTTAAAGAC 11 | GUUUAAAGACUGGGAGGAGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TGGGAGGAGT 90 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

431 TCTTTGTACT 11 | UCUUUGUACUAGGAGGCUGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
AGGAGGCTGT 91 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

432 AGGAGGCTGT 11 | AGGAGGCUGUAGGCAUAAAUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AGGCATAAAT 92 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

433 GTGAAAAAGT 11 | GUGAAAAAGUUGCAUGGUGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
TGCATGGTGC 93 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

434 GCAGAGGTGA 11 | GCAGAGGUGAAAAAGUUGCAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AAAAGTTGCA 94 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

435 AACAAGAGAT 11 | AACAAGAGAUGAUUAGGCAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GATTAGGCAG 95 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

436 GACATGAACA 11 | GACAUGAACAAGAGAUGAUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AGAGATGATT 96 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

437 AGCTTGGAGG 11 | AGCUUGGAGGCUUGAACAGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
CTTGAACAGT 97 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

438 CAAGCCTCCA 11 | CAAGCCUCCAAGCUGUGCCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AGCTGTGCCT 98 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

439 AAGCCTCCAA 11 | AAGCCUCCAAGCUGUGCCUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
GCTGTGCCTT 99 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

440 CCTCCAAGCT 12 | CCUCCAAGCUGUGCCUUGGGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GTGCCTTGGG 00 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

441 CCACCCAAGG 12 | CCACCCAAGGCACAGCUUGGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CACAGCTTGG 01 | AAGGCUAGUCCGUUAUCAACUUGAARAAAGUGGCACCGAGUCGGUGCUUUUUU

442 AGCTGTGCCT 12 | AGCUGUGCCUUGGGUGGCUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TGGGTGGCTT 02 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

443 AAGCCACCCA 12 | AAGCCACCCAAGGCACAGCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
AGGCACAGCT 03 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

444 GCTGTGCCTT 12 | GCUGUGCCUUGGGUGGCUUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GGGTGGCTTT 04 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

445 CTGTGCCTTG 12 | CUGUGCCUUGGGUGGCUUUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
GGTGGCTTTG 05 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

446 TAGCTCCAAA 12 | UAGCUCCAAAUUCUUUAUAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TTCTTTATAA 06 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

447 GTAGCTCCAA 12 | GUAGCUCCAAAUUCUUUAUAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
ATTCTTTATA 07 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

448 TAAAGAATTT 12 | UAAAGAAUUUGGAGCUACUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GGAGCTACTG 08 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

449 ATGACTCTAG 12 | AUGACUCUAGCUACCUGGGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
CTACCTGGGT 09 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

450 CACATTTCTT 12 | CACAUUUCUUGUCUCACUUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
GTCTCACTTT 10 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

451 TAGTTTCCGG 12 | UAGUUUCCGGAAGUGUUGAUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
AAGTGTTGAT 11 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

452 CGTCTAACAA 12 | CGUCUAACAACAGUAGUUUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CAGTAGTTTC 12 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

453 ACTACTGTTG 12 | ACUACUGUUGUUAGACGACGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
TTAGACGACG 13 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

454 CTGTTGTTAG 12 | CUGUUGUUAGACGACGAGGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
ACGACGAGGC 14 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

455 CGAGGGAGTT 12 | CGAGGGAGUUCUUCUUCUAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CTTCTTCTAG 15 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

456 GCGAGGGAGT 12 | GCGAGGGAGUUCUUCUUCUAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TCTTCTTCTA 16 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

457 GGCGAGGGAG 12 | GGCGAGGGAGUUCUUCUUCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TTCTTCTTCT 17 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

458 CTCCCTCGCC 12 | CUCCCUCGCCUCGCAGACGAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TCGCAGACGA 18 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

459 GACCTTCGTC 12 | GACCUUCGUCUGCGAGGCGAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAARAU
TGCGAGGCGA 19 | AAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

460 AGACCTTCGT 12 | AGACCUUCGUCUGCGAGGCGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CTGCGAGGCG 20 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
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461 GATTGAGACC 12 | GAUUGAGACCUUCGUCUGCGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TTCGTCTGCG 21 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

462 GATTGAGATC 12 | GAUUGAGAUCUUCUGCGACGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TTCTGCGACG 22 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

463 GTCGCAGAAG 12 | GUCGCAGAAGAUCUCAAUCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
ATCTCAATCT 23 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

464 TCGCAGAAGA 12 | UCGCAGAAGAUCUCAAUCUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TCTCAATCTC 24 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

465 ATATGGTGAC 12 | AUAUGGUGACCCACAAAAUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CCACAAAATG 25 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

466 TTTGTGGGTC 12 | UUUGUGGGUCACCAUAUUCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
ACCATATTCT 26 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

467 TTGTGGGTCA 12 | UUGUGGGUCACCAUAUUCUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CCATATTCTT 27 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

468 GCTGGATCCA 12 | GCUGGAUCCAACUGGUGGUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
ACTGGTGGTC 28 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

469 CACCCCAAAA 12 | CACCCCAARAGGCCUCCGUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
GGCCTCCGTG 29 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

470 CCTTTTGGGG 12 | CCUUUUGGGGUGGAGCCCUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
TGGAGCCCTC 30 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

471 CCTGAGGGCT 12 | CCUGAGGGCUCCACCCCAAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
CCACCCCAAA 31 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

472 GGGGTGGAGC 12 | GGGGUGGAGCCCUCAGGCUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAATU
CCTCAGGCTC 32 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

473 GGGTGGAGCC 12 | GGGUGGAGCCCUCAGGCUCAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
CTCAGGCTCA 33 | AAGGCUAGUCCGUUAUCAACUUGAAARAGUGGCACCGAGUCGGUGCUUUUUU

474 CGATTGGTGG 12 | CGAUUGGUGGAGGCAGGAGGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAU
AGGCAGGAGG 34 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

475 CTCATCCTCA 12 | CUCAUCCUCAGGCCAUGCAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUARAU
GGCCATGCAG 35 | AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

TABLE 13: Exemplary target domain sequences and effect on HbeAg and HbsAg expression

Associated
guide RNA HbeAg ($expression of

SEQ name (if Target domain non targeting HbsAg (%expression of
IDs applicable) sequence control) non targeting control)

334 gRNA#OOl
CTGAACTGGAGCCACCAGCA 27.77203753 23.4507853

335 gRNA#002
CCTGAACTGGAGCCACCAGC 41.3794605 42.3814023
333 CCTGCTGGTGGCTCCAGTTC 65.36067834 43.2303179
336 CCTCGAGAAGATTGACGATA 82.8943107 72.648219
337 TCGTCAATCTTCTCGAGGAT 45.82985382 59.7223204
338 CGTCAATCTTCTCGAGGATT 70.38176383 73.1313979
339 GTCAATCTTCTCGAGGATTG 51.92713248 54.330978
340 AACATGGAGAACATCACATC 79.31612772 80.8981286
341 AACATCACATCAGGATTCCT 41.40633262 37.5509299
342 CTAGACTCTGCGGTATTGTG 48.56267424 41.5330827

RNA#003
345 gRNAH CACCACGAGTCTAGACTCTG 44.43853541 40.8553881
343 TACCGCAGAGTCTAGACTCG 49.18078863 56.151898
344 CGCAGAGTCTAGACTCGTGG 52.41583101 57.2264647
346 TGGACTTCTCTCAATTTTCT 49.58564481 51.1350719
347 GGACTTCTCTCAATTTTCTA 76.16671739 79.1684976
348 GACTTCTCTCAATTTTCTAG 49.79317156 54.1540479
349 ACTTCTCTCAATTTTCTAGG 69.66968253 77.4650531
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350 CGAATTTTGGCCAAGACACA 53.53282063 54.0024954
371 gRNA#004 CACAGAAAGGCCTTGTAAGT 42.35590319 41.6928086
370 CACTTTCTCGCCAACTTACA 53.25960148 55.120666
373 gRNA#00S GGGCAACGGGGTAAAGGTTC 36.54111842 42.8120918
375 gRNA#006 GTTGCCGGGCAACGGGGTAA 41.20322042 38.1885911
377 CTGGCCGTTGCCGGGCAACG 57.27834882 60.830473
372 TGAACCTTTACCCCGTTGCC 48.16509881 60.952804
378 CCTGGCCGTTGCCGGGCAAC 56.34234102 65.50842
379 ACCTGGCCGTTGCCGGGCAR 54.10829257 53.324749
374 TTTACCCCGTTGCCCGGCAA 56.72089131 62.6906255
380 GCACAGACCTGGCCGTTGCC 42.46818432 47.3720079
381 GGCACAGACCTGGCCGTTGE 72.65381719 77.2400091
376 CCCGTTGCCCGGCAACGGCC 50.93018919 61.086777
382 GCAAACACTTGGCACAGACC 57.0196485 69.491449
383 GGGTTGCGTCAGCAAACACT 49.73518831 54.7510029
384 TTTGCTGACGCAACCCCCAC 41.79724731 50.0362297
385 CTGACGCAACCCCCACTGGC 36.90727137 36.8247762
386 TGACGCAACCCCCACTGGCT 46.49501492 59.6959921
387 GACGCAACCCCCACTGGCTG 40.09200943 51.4756937
388 AACCCCCACTGGCTGGGGCT 61.82883278 79.8761795
390 gRNA#007 TCCGCAGTATGGATCGGCAG 26.33655968 33.7255842
391 gRNA#008 AGGAGTTCCGCAGTATGGAT 28.49512897 40.080391
389 gRNA#009 TCCTCTGCCGATCCATACTG 28.45399116 42.735093
392 CGGCTAGGAGTTCCGCAGTA 56.5241517 66.9060644
393 gRNA#010 TGCGAGCAAAACAAGCGGCT 41.5479747 40.5350018
395 CCTGCTGCGAGCAARAACAAG 36.4525077 50.516964
394 CCGCTTGTTTTGCTCGCAGC 108.4014077 90.5082399
396 TGTTTTGCTCGCAGCAGGTC 68.78508191 75.7537996
397 GCAGCACAGCCTAGCAGCCA 78.73231487 68.3785588
398 TGCTAGGCTGTGCTGCCAAC 59.52249922 69.0333267
401 CGTCCCGCGCAGGATCCAGT 52.51634701 49.5876502
399 GCTGCCAACTGGATCCTGCG 75.81794218 89.0162904
400 CTGCCAACTGGATCCTGCGE 77.79441236 73.9461516
402 AAACAAAGGACGTCCCGCGC 67.52500576 72.6685954
404 CGCCGACGGGACGTAAACAA 77.77475148 70.288774
403 GTCCTTTGTTTACGTCCCGT 94.99070926 103.867949
406 AGGTGCGCCCCGTGGTCGGT 68.80565242 65.4335257
407 AGAGAGGTGCGCCCCGTGGT 42.18514493 55.1199635
408 GTAAAGAGAGGTGCGCCCCG 53.39922155 55.7151401
410 CGGGGAGTCCGCGTAAAGAG 52.63946411 66.9249801
409 GGGGCGCACCTCTCTTTACG 72.81702761 66.4993545
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411 gRNA#011 CAGATGAGAAGGCACAGACG 32.31425506 44.762352
413 GGCAGATGAGAAGGCACAGA 59.89738685 59.5785052
415 ACACGGTCCGGCAGATGAGA 41.29188182 52.515655
412 GTCTGTGCCTTCTCATCTGC 70.71073836 72.0049046
416 GAAGCGAAGTGCACACGGTC 31.51588976 59.2847924
417 GAGGTGAAGCGAAGTGCACA 53.23795933 54.7085711
419 GGTCTCCATGCGACGTGCAG 98.80315853 94.871871
418 CTTCACCTCTGCACGTCGCA 76.66072308 76.4195077
421 GTCCTCTTATGTAAGACCTT 50.06169791 63.8903663
422 AGTCCTCTTATGTAAGACCT 54.84793515 62.0058784
420 TGCCCAAGGTCTTACATAAG 65.64906417 79.7359246
423 GTCTTACATAAGAGGACTCT 65.0201597 62.5458243
424 AATGTCAACGACCGACCTTG 53.64938718 65.5805852
425 TTTGAAGTATGCCTCAAGGT 68.9199506 80.763234
426 gRNA#012 AGTCTTTGAAGTATGCCTCA 30.45840615 47.6679105
427 AAGACTGTTTGTTTAAAGAC 75.19137394 74.1370789
428 AGACTGTTTGTTTAAAGACT 66.21290133 75.2309845
429 CTGTTTGTTTAAAGACTGGG 63.52924235 72.0972239
430 GTTTAAAGACTGGGAGGAGT 52.01423199 66.8961386
431 TCTTTGTACTAGGAGGCTGT 51.48581844 68.9533809
432 AGGAGGCTGTAGGCATAAAT 37.69681736 56.2655965
433 GTGAAAAAGTTGCATGGTGC 82.88524703 98.0043703
434 GCAGAGGTGAAAAAGTTGCA 31.73533955 53.6210823
435 gRNA#013 AACAAGAGATGATTAGGCAG 30.51551968 43.8402184
436 gRNA#014 GACATGAACAAGAGATGATT 15.37394867 25.9017005
437 AGCTTGGAGGCTTGAACAGT 84.06388656 100.433196
441 gRNA#015 CCACCCAAGGCACAGCTTGG 22.57628478 29.4502561
443 AAGCCACCCAAGGCACAGCT 38.69686132 57.447646
438 CAAGCCTCCAAGCTGTGCCT 57.03790348 55.3144232
439 AAGCCTCCAAGCTGTGCCTT 101.2197916 108.433992
442 AGCTGTGCCTTGGGTGGCTT 62.50798441 75.5245296
444 GCTGTGCCTTGGGTGGCTTT 63.60985011 68.2127614
445 CTGTGCCTTGGGTGGCTTTG 58.80930094 60.2093595
446 TAGCTCCAAATTCTTTATAA 81.50792369 102.062484
447 GTAGCTCCAAATTCTTTATA 57.5300482 84.4089935
448 TAAAGAATTTGGAGCTACTG 55.34840957 67.1682598
449 ATGACTCTAGCTACCTGGGT 70.72899714 69.314819
450 CACATTTCTTGTCTCACTTT 135.7647935 119.430868
451 TAGTTTCCGGAAGTGTTGAT 52.38647155 59.8621336
452 CGTCTAACAACAGTAGTTTC 84.81350809 79.1119745
453 ACTACTGTTGTTAGACGACG 50.34753433 57.5139945
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454 CTGTTGTTAGACGACGAGGC 47.03375963 53.0434947
455 CGAGGGAGTTCTTCTTCTAG 36.81318989 50.1844755
456 GCGAGGGAGTTCTTCTTCTA 68.04429109 71.2738682
457 gRNA#016
GGCGAGGGAGTTCTTCTTCT 35.40374342 49.4263836
459 GACCTTCGTCTGCGAGGCGA 28.35732375 53.108582
460 AGACCTTCGTCTGCGAGGCG 41.45363172 58.2048965
461 GATTGAGACCTTCGTCTGCG 63.13599738 73.3793991
458 CTCCCTCGCCTCGCAGACGA 41.73812486 56.4066766
462 GATTGAGATCTTCTGCGACG 134.1434937 133.039909
463 GTCGCAGAAGATCTCAATCT 44.87633493 58.0732445
464 TCGCAGAAGATCTCAATCTC 70.59684886 75.0458487
4165 gRNA# 017
ATATGGTGACCCACAAAATG 41.36374656 46.043276
466 TTTGTGGGTCACCATATTCT 66.33644682 65.6466534
4167 gRNA#018 ;
TTGTGGGTCACCATATTCTT 48.06595023 41.7714626
468 GCTGGATCCAACTGGTGGTC 65.83430344 69.3357339
469 CACCCCAAAAGGCCTCCGTG 21.63462413 23.5507547
471 gRNA#019
CCTGAGGGCTCCACCCCAAA 45.40727826 44.6869573
470 CCTTTTGGGGTGGAGCCCTC 50.06807456 31.73417
472 GGGGTGGAGCCCTCAGGCTC 64.29444481 64.1755302
473 GGGTGGAGCCCTCAGGCTCA 44.19826805 53.1051257
474 CGATTGGTGGAGGCAGGAGG 65.52555289 60.9306557
RNA#020
475 gRNAH CTCATCCTCAGGCCATGCAG 35.40063237 17.5286587
[0276] In vitro silencing was observed in an HepG2-NTCP infection model with gRNAs

targeting CpG islands with ETRs (Figure SA-Figure 5B). A primary screen was conducted using

LNPs of quality within expected parameters and a pilot experiment with a single guide (Figure

6-Figure 8). Results demonstrated that 48 gRNAs showed less than 50% expression of HBeAg at

day 6 compared to non-targeting control (Figure 9) and 28 gRNAs showed less than 50%

expression of HBsAg at day 6 compared to non-targeting control (Figure 10). HBsAg and

HBeAg expression was positively correlated as shown in Figure 11.
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Example 4: Zinc finger repressors for silencing HBY

[0277] Zinc finger repressors targeting epigenetic target sites identified in the HBV genome
were designed. Table 1 above provides amino acid sequences of zinc finger and its
corresponding motif sequences and target sequences of the zinc finger.

[0278] Zinc finger repressors described in Table 1 are tested in an HBV infection model, e.g.,
in HepG2 cells as described herein, and efficient repression of HBV is confirmed for the zinc

finger repressors provided in Table 1.

Example 5: Further In vitro Evaluation of gRNAs

[0279] A CRISPR-Off single construct encoding PLA002, consisting of KRAB, DNMT3A,
DNMT3L, and dCas9, was used in combination with one or more of the designed sgRNAs for
the in vitro assays described in this example.

[0280] HepG2-NTCP cells were infected with HBV for 4 days, following procedures similar
as those in Example 3, and were then transfected with CRISPR-off construct and individual
exemplary gRNAs (as indicated in Table 13) formulated in a research-grade LNP. At Day 6 post-
transfection HBsAg and HBeAg protein expression in the supernatant was evaluated by ELISA,
as depicted in Figure 12A. Results from this experiment are shown in Figure 12B. All of the
tested gRNAs led to reduction of HBsAg and HBeAg levels in the supernatant. Positive control
used in this experiment is a gRNA against HBV genome that was previously shown to reduce
antigens ~50%.

[0281] In another experiment, the integrated HBV cell line, PLC/PRF/5, was used to evaluate
activity of gRNAs. The PLC/PRF/S cells were transfected with CRISPR-off (PLA002) and
individual gRNAs using a commercial lipid-based transfection reagent. As depicted in Figure
13A, four days after transfection HBsAg protein expression in the supernatant was evaluated by
ELISA. Results from this experiment are shown in Figure 13B. Target conservation was
evaluated in silico and target conservation was defined as 100% gRNA-DNA match.

[0282] In a further experiment, primary human hepatocytes (PHH) derived from humanized
mice were infected with HBV for 4 days and then transfected with CRISPR-off (PLA002) and
individual gRNAs formulated in a research-grade LNP, GenVoy LNPs. As depicted in Figure
14A, at Day 6 post-infection HBsAg and HBeAg protein expression in the supernatant was
evaluated by ELISA. Results from this experiment are shown in Figure 14B. Positive control
used in this experiment is an HBV gRNA that was previously shown to reduce antigens ~50%.

The data suggested strong in vitro silencing by certain gRNAs at Day 6 after transfection. In a

-179-



WO 2024/238700 PCT/US2024/029529

second PHH experiment, depicted in Figure 14C, post-infection HBsAg and HBeAg protein
expression in the supernatant was evaluated by ELISA at Day 12 after delivery of 100 ng of
payload (1:1 effector to guide RNA ratio) in research-grade LNPs . Epigenetic editors repress
HBsAg and HBeAg secretion in HBV infected PHH cells at this time point, as well. Results are
shown in Figure 14D.Sequences of the exemplary gRNAs that were tested in this example are
listed in Table 13.

Example 6: In vivo Silencing of HBV in HBV Rodent Models

[0283] Two different HBV rodent models were tested in this study. As shown in Figure 15,
in one set of experiments, a non-transgenic model of persistent HBV infection in
immunocompetent mice was used, which was established by administering an adeno-associated
viral vector (AAV) that contains HBV Genotype D DNA into the mice. The administration of
the AAV-HBYV vector resulted in expression of hepatitis B surface antigen (HBsAg), hepatitis B
e antigen (HBeAg), and high levels of serum HBV DNA in the mice. In another set of
experiments, a transgenic mouse model of persistent HBV infection was used, whose genome
was engineered to integrate HBV Genotype A DNA, resulting in expression of HBsAg and
HBeAg, and circulating viral DNA in the mice.

[0284] Both mouse models were used to test 6 different treatment groups as shown in Figure
15. At certain times (such as 7, 14, 28, and 35 days) after single administration of 3 mg/kg of the
LNPs that were loaded with the CRISPR-off construct and respective gRNAs, WT-Cas9
construct and gRNA, or control vehicle, mouse serum was extracted for analysis of HBsAg,
HBeAg, and HBV DNA. Later the mice were sacrificed, and their livers were collected for
further analysis.

[0285] As shown in Figure 16, in transgenic mouse model, durable (~1 month) and
efficacious (~2 Log) DNA and HBsAg reduction was observed with CRIPSR-Off/gRNA#011
treatment. And compared to Cas9 cutter, CRISPR-Off, when administered in combination with
gRNA#011, showed similar circulating viral DNA reduction, but superior HBsAg and HBeAg
reduction.

[0286] Reduction of HBV markers in AAV-HBYV model was also observed with

administration of certain exemplary constructs. As shown in Figure 17, overall results in AAV8-
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HBV model are similar to the Tg-HBV mouse model. About 1 log DNA and HBsAg antigen
reduction was observed with administration of CRISPR-Off and gRNA#011.

[0287] Effects of redosing of certain exemplary constructs were also tested. In the same
experiments as above, among the six transgenic mice receiving administration of "CRISPR-off +
gRNA#016" (CRISPR-off construct and gRNA gRNA#016), three were administered with a
dose of "CRISPR-off + gRNA#016" on Day 35, and the other three were administered with
"CRISPR-off + gRNA#011" on Day 35. As shown in Figure 18A, redosing either with a less
effective gRNA (gRNA#016 in this case) or with a more effective gRNA (gRNA#011 in this
case) enhanced the silencing of all HBV marker, as shown by reduction of circulating HBV
DNA, HBsAg, and HBeAg on Day 42. Redosing the gRNA#016-treated group with gRNA#011
(more effective gRNA) resulted in a more substantial reduction than redosing with gRNA#016
(less effective gRNA).

[0288] Single-dose experiments were continued to 168 days, as shown in Figure 18B. Results
show durable and progressive reduction of viral antigens achieving -2.7 log DNA and -2.8 log
HBsAg more than five months after single administration of an epigenetic editor (CRISPR-off
with gRNA #011). Five out of six animals tested had undetectable HBV DNA and HBsAg 168
days after a single dose of an epigenetic editor.

[0289] Redosing experiments were also conducted in AAV-HBV mouse model, as shown in
Figure 19. Dosing with two different gRNAs (RNA#016 and gRNA#011) further decreased all
HBYV markers. These data suggest of a potential enhanced activity when two HBV regions are
targeted.

[0290] Sequences of the exemplary gRNAs that were tested in this example are listed in
Table 13.

Example 7: Evaluation of ZFP in HepG2-NTCP Cells

[0291] In this example, ZF-off single constructs encoding a fusion protein consisting of
KRAB, DNMT3A, DNMT3L, and an exemplary zinc finger motif of choice, were tested.
Sequences of the exemplary zinc fingers that were tested in this example are listed in Table 18, as
are sequences for plasmids yielding a subset of the ZF-off single construct fusion proteins.

[0292] Certain exemplary ZF-off constructs were formulated in a research-grade LNP.
HepG2-NTCP cells were infected with HBV for 4 days and then transfected with the ZF-off
loaded LNPs. As depicted in Figure 20A, at Day 6 post-infection HBsAg and HBeAg protein

expression in the supernatant was evaluated by ELISA. Figure 20B shows the results as
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measured by percentage reduction in HBV antigens as compared to non-targeting control.
Positive control used in this experiment is a HBV gRNA previously shown to reduce antigens
~50%. Figure 21A shows the results of the top ten ZF-off constructs that lead to the most
reduction in HBV antigens. Figure 21B shows the results for all constructs in the screen.
[0293] Table 14 and 15 below show the raw data from these experiments, listed with the
mRNA number yielding the zinc finger motif.

Table 14. % HBsAg expression relative to non-targeting control

Trial# 1 2 3 4 5 6 7 8
Non-targ control | 100 100 | 100 100
Pos control 54 59 68 61 75 |79 | 65 86
mRNAO0001 10 19 25 23
mRNA0002 12 2 8 12

mRNAO0003 10 11 14 15
mRNA0004 10 28 13 39
mRNAO0005 3 5 1 8
mRNA0006 4 12 8 19
mRNA0007 97 36 60 66
mRNA0008 68 69 65 64
mRNA0009 65 67 74 98
mRNAOO10 84 69 66 73
mRNAOO11 67 50 60 59
mRNAQ0012 59 61 70 92
mRNAQOO13 97 70 66 71
mRNAO0014 60 81 66 74
mRNAOQOO1S 81 73 77 129
mRNAOO16 120 | 78 71 77
mRNAQOO17 75 77 82 82
mRNAOOIS 78 34 93 131
mRNAOO19 107 107 | 77 100
mRNA0020 77 99 60 116
mRNA0021 32 49 68 66
mRNA0022 71 66 51 56
mRNA0023 65 71 76 41
mRNA0024 109 | 89 86 92
mRNA0025 36 92 90 82
mRNA0026 77 38 81 104
mRNA0027 128 | 77 80 81
mRNA0028 71 67 59 66
mRNA0029 48 47 40 57
mRNAO0030 109 | 82 76 75
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mRNAQ0031 46 32 41 27
mRNA0032 50 59 52 73
mRNAOQ0033 61 62 46 50
mRNA0034 51 24 41 25
mRNAO0035 30 25 24 34
mRNA0036 16 22 19 19
mRNA0037 54 43 42 46
mRNAO0038 19 23 13 29
mRNA0039 28 46 37 36
mRNA0040 88 78 83 80
mRNA0041 103 92 100
mRNA0042 99 91 99
mRNA0043 93 89 97
mRNA0044 98 100 | 95
mRNA0045 100 196 |95
mRNA0046 94 83 92
mRNA0047 97 77 99
mRNA0048 96 94 90
mRNA0049 88 87 139
mRNA0050 87 87 85
mRNAO051 106 104 | 114
mRNA0052 104 101 | 107
mRNAQ0053 38 36 92
mRNA0054 98 102 |91
mRNAO0O055 101 96 100
mRNA0056 99 107 | 108
mRNAO0057 101 102 | 104
mRNA00S8 110 104 | 102
mRNAQ0059 100 | 91 98
mRNA0060 94 103 | 100
mRNAQ0061 104 | 96 103
mRNA0062 106 | 98 104
mRNA0063 96 86 [ 99

Table 15. % HBeAg expression relative to non-targeting control

Trial# 100 100 | 100 100
Non-targ control | 100 100 | 100 100
Pos control 26 36 41 33 43 (43 |34 54
mRNAO0001 12 19 22 23
mRNA0002 15 8 17 20
mRNAO0003 11 13 12
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mRNA0004 10 17 9 27
mRNAO000S 1 1 -1 3
mRNA0006 5 8 7 13
mRNAQ0007 95 78 59 65
mRNA0008 64 67 60 65
mRNA0009 65 64 81 98
mRNAOO10 34 68 69 70
mRNAOO11 65 51 51 67
mRNAQO012 64 61 74 96
mRNAOO13 92 74 73 79
mRNAO0014 58 35 58 76
mRNAOO1S 82 33 78 124
mRNAOO16 108 | 81 72 80
mRNAQO017 72 77 72 80
mRNAOQOOIS 55 35 71 93
mRNAQO019 71 79 51 87
mRNA0020 34 36 32 52
mRNA0021 32 40 55 55
mRNA0022 77 64 53 65
mRNA0023 60 69 72 43
mRNA0024 98 76 87 84
mRNA0025 91 36 82 92
mRNA0026 78 97 87 102
mRNA0027 117 |62 68 74
mRNA0028 75 59 58 71
mRNA0029 31 32 |22 45
mRNA0030 124 | 86 79 77
mRNAQ0031 42 23 27 20
mRNAQ0032 46 57 57 82
mRNAO0033 56 51 44 76
mRNA0034 42 21 41 18
mRNAOO035 22 22 |24 39
mRNA0036 13 17 16 13
mRNAQ0037 50 35 34 35
mRNAO0038 12 16 13 25
mRNA0039 29 45 39 36
mRNA0040 93 73 80 82
mRNA0041 30 63 111
mRNA0042 114 | 94 98
mRNA0043 98 91 99
mRNA0044 91 115 | 108
mRNA0045 71 55 62
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mRNA0046 76 66 63
mRNA0047 55 55 145
mRNA0048 66 63 78
mRNA0049 83 59 52
mRNA0050 51 55 49
mRNAO0S51 55 49 |49
mRNAQ0052 56 57 66
mRNAQ0053 92 60 57
mRNA0054 50 55 56
mRNAOO0SS 33 88 74
mRNA0056 61 69 112
mRNAO0057 106 |73 65
mRNAQ0058 66 65 65
mRNA0059 69 66 71
mRNA0060 59 94 101
mRNA0061 111 81 68
mRNA0062 238 33 41
mRNA0063 65 55 31

Example 8. Dose Response Testing of Viral Antigens in HepG2-NTCP cells
[0294] In this example, top ZF fusion proteins were tested in 5-point dose response assay for
HBsAg and HBeAg. The 5 dosage points were 200ng, 150ng, 100ng, 50ng, and 25ng.

Experimental schematic and results are shown in Figure 22.

Example 9. Testing for Durable Repression of HBsAg in HepG2.2.15 cells

[0295] In this example, top ZF and CRISPR-off fusion proteins with guide RNAs were tested
for durable repression of HBsAg. Active ZFPs and CRISPR-off editors showed durable silencing
through Day 27 with 50ng treatment. Experimental schematic and results are shown in Figures

23A-23C.

Example 10. Testing of Silencing of HBsAg in a Second Model for int-HBV
[0296] In this example, top ZF fusion proteins were tested for repression of HBsAg in

PLC/PRF/S cells. A subset of the ZFPs silenced HBsAg in this second model. Experimental
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schematic and results are shown in Figure 24. 1. Testing ZF Fusion Proteins and CRISPR-off
with guide RNAs for Specificity

[0297] In this example, ZF fusion proteins targeting HBV exhibiting significant silencing
were profiled for specificity in HepG2-NTCP at day 19. All comparisons were performed against
a non-targeting ZFP control. An exemplary result for the ZF fusion protein with mRNAO001 zinc
finger motif is shown in Figure 25A. CRISPR-off with guide RNAs were similarly profiled.
HepG2-NTCP cells were transfected with 100ng of total payload using GenVoyTM LNP ata 1:1
gRNA effector ratio. Cells were split every 3-4 days and collected at day 15 post-treatment for
specificity assessments, including RNA-seq and methylation array. DESeq2 was used to identify
differential gene expression. As shown in Figure 25B, little to no changes were observed above
chosen thresholds (absolute[ log2[fold change]]>1 and -log10[adjusted p-value]>5) as expected
for effectors targeting HBV DNA. For methylation array, the Infinium MethylationEPIC v2.0
array was used, and DMRs were identified using Bumphunter. EE3, EE4, and EES5 had a result of
DMR=0. Results are shown in Figures 25C-25D.

Example 11. In vivo analysis of ZF-Off constructs

[0298] Ten ZF-Off constructs as well as vehicle-only and CRISPR-Off controls were
administered to AAV-HBV mice at 1 mg/kg as shown in the schematic in Figure 26. Table 16
shows the zinc finger motifs for each experimental group; the corresponding plasmid from Table
18, comprising the nucleic acid encoding the ZF-Off construct, was administered. Plasma from
the mice was tested at Days 7, 14, 21, and 28 post dose for HBY DNA, HBsAg, and HBeAg. The
livers were collected for further analysis. Results are shown in Figure 27. The ZF-Off construct
with the ZF motif from mRNA0004 showed more than a 1.5 log reduction in HBV DNA, a >2
log reduction in HSbsAg, and a >2 log reduction of HBeAg, all sustained up to 28 days from the
dose.

Table 16. Experimental groups for in vivo testing of ZF-Off constructs.

Group ZF motif in construct N
administered

1 mRNAO0001 6

2 mRNA0002 6

3 mRNAO0003 6
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4 mRNAQ0005 6
5 mRNA0006 6
6 mRNAO0038 6
7 mRNA0004 6
8 mRNA0039 6
9 mRNA0021 6
10 mRNAQ0037 6

Example 12. Zinc Finger Protein Multiplexing Study in an AAV-HBYV and Tg-HBV Mouse
Model

[0299] AAV-HBYV mice are injected with a single administration at 0.5 mg/kg of one, two, or
three ZF fusion proteins, delivered as mRNA, in LNPs (schematic, Figure 28) in accordance with
Table 17. HBYV DNA, HBsAg, and HBeAg are assayed in plasma at one or more time points, and
the mouse liver is collected for further analysis.

Table 17. Multiplexing sample groups.

Group | ZF_Off-1 | ZF_Off-2 ZF_Off-3
1 mRNA0004 [mMRNA0021 X
2 mRNA0004 [mMRNA0003 -
3 MRNA0004 |mRNA0038 -
4 MRNA0004 |mRNA0021 mRNA0003
3 MRNA0004 |mRNA0038 mRNA0003
6 mRNA0004 |mRNA0021 mRNA0038
7 mRNA0004 [mMRNA0001 -
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8 MRNA0004 [mRNA0039 .
9 mRNA0004 |- 8
10 Vehicle - -

Example 13. Dose response for CRISPR-Off constructs in an AAV in vivo model

[0300] A single dose of CRISPR-Off (SEQ ID NO: 1248) mRNA with guide RNA #008 as
well as vehicle-only control was tested via 1:1 mRNA:guide RNA administration to AAV-HBV
mice at 0.5 mg/kg, 1 mg/kg, or 3 mg/kg in LNPs as shown in the schematic in Figure 29. Plasma
from the mice was tested for HBsAg at thirteen time points through 186 days after injection.
Results are shown in Figure 30. The highest dose administered showed an approximately 3.3 log

reduction in HBsAg, sustained through 186 days after the dose.

Example 14. Dose response for CRISPR Off constructs in Tg in vivo model

[0301] A single dose of CRISPR-Off (SEQ ID NO: 1248) mRNA with guide RNA #008 as
well as vehicle-only control was tested via 1:1 mRNA:guide RNA administration to Tg-HBV
mice at 0.5 mg/kg, 1 mg/kg, or 3 mg/kg in LNPs as shown in the schematic in Figure 31. Plasma
from the mice was tested for HBsAg at thirteen time points through 186 days after injection.
Results are shown in Figure 32. The highest dose administered showed an approximately 2.6 log
reduction in HBsAg, sustained through 196 days after the dose.

[0302] A second dose response experiment in Tg-HBV model using CRISPR-Off (SEQ ID
NO: 1248) mRNA with guide RNA #008 formulated in LNPs was conducted, with
administrations at 0.2 mg/kg, 0.5 mg/kg, 1 mg/kg, or 3 mg/kg of 1:1 mRNA:guide RNA. A
vehicle-only control was also used. In this experiment, plasma was tested for HBV DNA,
HBsAg, and HBeAg at 13 time points through 207 days after injection. Results are shown in
Figure 32. The HBsAg results for individual mice at the final time point of 207 days after
injection are plotted in Figure 33. All of the mice in the 0.5 mg/kg, 1 mg/kg, and 3 mg/kg group
had reduced HBsAg at Day 207 as compared to vehicle only control. Alanine transaminase
(ALT) level in the mice was also tested at 207 days and found to be comparable to that of healthy

untreated mice for all treatment groups.
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Example 15. Guide RNA testing in AAV-HBYV mice

[0303] Six guide RNAs were tested for relative efficacy using CRISPR-Off (SEQ ID NO:
1248) in a 28-day, single-dose study. CRISPR-Off construct mRNA and one of gRNA #003,
gRNA #007, gRNA #008, gRNA #009, gRNA #011, and gRNA #015 was delivered at 1:1
mRNA guide RNA at 1 mg/kg. Controls included vehicle only, CRISPRi with gRNA #008 (not
shown), and wild type Cas9 with gRNA #011 (not shown). HBV DNA and HBsAg was
measured over 28 days. Results are shown in Figure 34. Most of the single guide treatments
tested in this experiment resulted in decreased HBV DNA and HBsAg versus vehicle only

control.

Example 16. Durability study for ZF-Off in AAV-HBYV in vivo model: single and re-dose
[0304] Mice were injected with a single dose ZF-Off construct (SEQ ID NO: 36) mRNA at 1
mg/kg in LNPs. HBV DNA and HBsAg were measured from plasma over a period of 168 days.
Results are shown in Figure 35A. The treatment resulted in a sustained reduction of greater than
2 log in HBV DNA and similar sustained reduction in HBsAg.

[0305] In another study, mice were injected with the ZF-Off construct (SEQ ID NO: 36)
mRNA at 1 mg/kg for three doses: Day 0, Day 21, and Day 42. HBV DNA and HBsAg were
measured from plasma over a period of 225 days. Results are shown in Figure 35B. Results were
similar to those of the previous single-dose experiment and in this experiment sustained over 225

days.

Example 17. Re-dosing studies for CRISPR-Off in AAV-HBYV in vivo model

[0306] AAV-HBYV mice were dosed with either a single dose or three doses, all at 1 mg/kg in
LNPs, of CRISPR-Off (SEQ ID NO: 1248) mRNA with gRNA #008 at a 1:1 ratio of mRNA:
guide RNA. For the single dose condition, the dose was administered at Day 0. For the three-
dose condition, the doses were administered at Day 36, Day 57, and Day 78. A vehicle-only
control was also administered. Plasma measurements of HBY DNA, HBsAg, and HBeAg were
taken through Day 168 for the single-dose condition, and through Day 261 for both the three-
dose condition and the vehicle control. Results are shown in Figure 36. Re-dosing with CRISPR-
Off further improved and sustained the durability of the modulation of these HBV biomarkers.
[0307] In another study, AAV-HBV mice were dosed with either a single dose of CRISPR-
Off (SEQ ID NO: 1248) mRNA with gRNA #008 with an updated modification pattern (SEQ ID
NO: 1249) (1:1 ratio mRNA: guide RNA) in LNPs at 3 mg/kg, or three doses of the same
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epigenetic editor, each at 1 mg/kg. Both groups received a dose at Day 0, and the three-dose
group also received a dose at Day 14 and at Day 28. A vehicle-only control was also
administered. HBsAg and HBeAg were measured from plasma through 126 days. Results are

shown in Figure 37. Near-additive pharmacology was demonstrated with the repeat dosing.

Example 18. Testing CRISPR-Off and guide RNA modifications in an AAV-HBYV in vivo
model

[0308] AAV-HBYV mice were dosed with a single dose of either CRISPR-Off (SEQ ID NO:
1248) mRNA with gRNA #008 or an updated CRISPR-Off variant (SEQ ID NO: 1252) mRNA
with gRNA #008 with an updated modification pattern (SEQ ID NO: 1249), with a 1:1 ratio of
mRNA to guide RNA at either 0.5 mg/kg or 1 mg/kg, delivered in LNPs. A vehicle only control
was also administered. HBsAg was measured in plasma over 28 days. Results are shown in
Figure 38. The updated CRISPR-Off variant with guide RNA modifications demonstrated 1.5x

potency over the previous lead epigenetic editor.

Example 19. Methylation studies for CRISPR-Off with various guide RNAs

[0309] HepG2.2.15 cells were dosed at 1 nanogram (ng)/microliter (100 ng) of 1:1 CRISPR-
Off (SEQ ID NO: 1248) mRNA with various single guide RNAs in LNPs with commercial
apolipoprotein E (to aid LNP entry). Methylation profiles were performed on the HBV genome
samples as well as controls: for gRNA #008, untreated samples and treated with CRISPRi and
wild type Cas9. For other gRNAs tested, an untreated sample (APOE only) was used as a control.
Results for gRNA #008, gRNA #003, gRNA #007, gRNA #009, gRNA #011, and gRNA #015
are shown in Figures 39A, 39B, 39C, 39D, 39E, and 39F, respectively. A control for the
application of an off-target PCSK9 guide RNA is shown in Figure 39G.

Example 20. Specificity studies for CRISPR-Off and ZF Off

[0310] HepG2.2.15 cells were transfected with either ZF-Off (SEQ ID NOs: 36 and 73)
mRNA or CRISPR-Off (SEQ ID NO: 1248) mRNA with gRNA #008 in research-grade LNPs.
RNA-Seq was conducted to determine differentially expressed genes (DEGs), and the Twist
panel was used to determine differentially methylated regions (DMRs) at CpG-enriched sites.
Differentially expressed genes (DEG) and differentially methylated regions (DMR) are defined
based on literature reviews, software recommendations, sequencing depth and controls DEGs are

genes that have >= 2-fold change and with adjusted p-value <=1e-05. DMRs are defined as
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regions with a minimum of 10 CpGs, with 5x coverage, p-value of <=1e-10 and min average
change in methylation (beta) >=20%. Results are shown in Figure 40. Silencing data for same

samples was also obtained. Results are shown in Figure 41.

Example 21. Dose response of guide RNAs in vitro

[0311] An 8-point dose-response (two-fold dilution with from 4 ng/uL (400ng) to 0.031
ng/uL (3.1 ng)) was generated using HepG2.2.15 cells treated with LNPs with CRISPR-Off
effector (SEQ ID NO: 1248), delivered as mRNA, and each of four gRNAs co-formulated in a

1:1 ratio. HBsAg and HBeAg were measured over six days. Results are shown in Figure 42.

Example 22. Dose response of CRISPR-Off variant in vitro

[0312] HepG2.2.15 cells transfected via Messenger Max with CRISPR-OfY effector (SEQ ID
NO: 1252), delivered as mRNA, and gRNA #008 with updated modification pattern (SEQ ID
NO: 1249) was used to generate a 9-point dose-response (200-0.8 ng) curve. HBsAg and HBeAg

were measured over 6 days. Results are shown in Figure 43.

Example 23. Multiplexing Study in AAV-HBYV and Tg-HBV Mouse Models

[0313] AAV-HBV and Tg-HBV mice are injected with a single administration at 0.5 mg/kg
of one, two, three, or four guide RNAs targeting regions listed in Table 12 and Table 13 with
CRISPR-Off (SEQ ID NO: 1248 or 1252) mRNA formulated in LNPs.

[0314] Amongst others, the following gRNAs are combined: (1) gRNA#008 andgRNA#011;
(2) gRNA#008 and gRNA#003; (3) gRNA#008 and gRNA#015; (4) gRNA#008, gRNA#011,
and gRNA#015; (6) gRNA#008, gRNA#011, and gRNA#003. Treatment with a single guide
RNA, e.g., gRNA#008 or gRNA#011 serves as a positive control, and treatment with vehicle or
with a non-targeting guide as a negative control.

[0315] One or more of HBV DNA, HBsAg, and HBeAg are assayed in plasma of the mice at
one or more time points after administration, and the mouse liver is collected for further analysis.
Combinations of multiple guides yield silencing at least as robust as treatment with single
guides. In some cases, more robust silencing with multiple guides as compared to treatment with

a single guide is observed.

Example 24. Testing mRNA: guide RNA ratios in vivo
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[0316] AAV-HBYV mice are treated with CRISPR-OfY effector (SEQ ID NO: 1252) mRNA
with guide RNA (SEQ ID NO: 1249) in ratios including 1:1, 1:1.5, 2:1, 1:2, and 1:3
mRNA:guide RNA formulated into LNPs and administered at 0.5 mg/kg. 5 or 6 mice per study
group are used. An optimized ratio of effector and guide RNA is identified that results in durable
reduction of one or more HBV biomarkers, e.g., plasma level measurements of HBV DNA,

HBsAg, and HBeAg of greater than 2 log below the observed control plasma level.

Example 25. Combination Treatment with Epigenetic Editor in vivo

[0317] Tg-HBV mice are dosed with Entecavir (ETV) at 0.1 mg/kg for 14 days followed by
CRISPR-Off with guide RNA at 1 mg/kg in a single intravenous dose. HBV DNA and HBsAg
are measured in plasma for 112 days. HBV DNA levels drop after ETV treatment and there is
slight synergism in the CRISPR-Off with guide with ETV group. After ETV withdrawal, the
CRISPR-Off with guide maintains sustained reduction of DNA comparable to a group treated
with CRISPR-Off and guide RNA alone. The addition of ETV does not affect HBsAg.

Example 26. Stable HBV Silencing via Epigenetic Editing in Non-Transgenic Mouse Model
of Persistent HBV infection

[0318] A non-transgenic model of persistent HBV infection (AAV-HBV) in
immunocompetent mice was used, which was established by administering an adeno-associated
viral vector (AAV) that contains HBV Genotype D DNA into the mice. The administration of
the AAV-HBYV vector resulted in expression of hepatitis B surface antigen (HBsAg), hepatitis B
e antigen (HBeAg), and high levels of serum HBV DNA in the mice.

[0319] The CRISPR-off and ZF-off constructs are tested. Constructs are delivered via IV
administration of mRNA/gRNA (CRISPR-Off) or mRNA (ZF-Off) formulated into a lipid
nanoparticle (LNP) at 2.5 mg/kg and 0.5 mg/kg for CRISPR-Off and ZF-Off, respectively. Some
constructs are formulated in LNP compositions as described in PCT/US2014/070882,
US20220402862A1, and/or US20230203480A1. A subset of the mice are re-dosed at two weeks
after the first dose; a second subset are re-dosed at one month after the first dose. The readouts
are circulating viral DNA, HBsAg, and HBeAg, tested using mouse plasma at one or more time
points (such as 7, 14, 28, and 35 days). A durable and significant reduction in the levels of one or

more of HBV DNA, HBsAg, and HBeAg is observed for some constructs.

-192-



WO 2024/238700 PCT/US2024/029529

[0320] Longer-term durability is tested over three to six months using the HBV DNA,
HBsAg, and HBeAg markers. Progressive and durable reduction in one or more of these markers
is seen with delivery of some constructs. The mice are sacrificed and livers are collected for
further analysis, and durable silencing is confirmed by at least 2 log reduction of HBsAg and
HBV DNA.

Example 27: Stable HBV Silencing via Epigenetic Editing in Transgenic Mice Expressing
viral HBV DNA

[0321] A transgenic mouse model of persistent HBV infection (Tg-HBV) was used, whose
genome was engineered to integrate HBV Genotype A DNA, resulting in expression of HBsAg
and HBeAg, and circulating viral DNA in the mice.

[0322] The CRISPR-off and ZF-off constructs are tested. Constructs are delivered via IV
administration of mMRNA/gRNA (CRISPR-Off) or mRNA (ZF-Off) formulated into LNP at 2.5
mg/kg and 0.5 mg/kg for CRISPR-Off and ZF-Off, respectively. Some constructs are formulated
in LNP compositions as described in US20220402862A1, and/or US20230203480A1. A subset
of the mice are re-dosed at two weeks after the first dose; a second subset are re-dosed at one
month after the first dose. The readouts are circulating viral DNA, HBsAg, and HBeAg, tested
using mouse plasma at one or more time points (such as 7, 14, 28, and 35 days). A durable and
significant reduction in the levels of one or more of HBV DNA, HBsAg, and HBeAg is observed
for some constructs.

[0323] Longer-term durability is tested over three to six months using the HBV DNA,
HBsAg, and HBeAg markers. Progressive and durable reduction in one or more of these markers
is seen with delivery of some constructs. The mice are sacrificed and livers are collected for
further analysis, and durable silencing is confirmed by at least 2 log reduction of HBsAg and

HBV DNA.

SEQUENCES
[0324] The SEQ ID NOs (SEQ) of nucleotide (nt) and amino acid (aa) sequences described
in the present disclosure are listed in Table 18 below.

TABLE 18. Sequence listing.

SEQ Description Sequence
S. pyogenes WT | ATGGATAAGAAATACT CAATAGGCTTAGATATCGGCACAAATAGCGT CGGATGG
1 Cas9 Sequence | GCGGTGATCACTGATGAATATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGA
(nt) AATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTTATTTGAC
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SEQ

Description

Sequence

AGTGGAGAGACAGCGGAAGCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTAT
ACACGTCGGAAGAATCGTATTTGTTATCTACAGGAGATTTTTTCAAATGAGATG
GCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGTGGAA
GAAGACAAGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTT
GCTTATCATGAGAAATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGAT
TCTACTGATAAAGCGGATTTGCGCTTAATCTATTTGGCCTTAGCGCATATGATT
AAGTTTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGAT
GTGGACAAACTATTTATCCAGTTGGTACAAACCTACAATCAATTATTTGAAGAA
AACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTG
AGTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAAA
AATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTT
AAATCAAATTTTGATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACT
TACGATGATGATTTAGATAATTTATTGGCGCAAATTGGAGATCAATATGCTGAT
TTGTTTTTGGCAGCTAAGAATTTATCAGATGCTATTTTACTTTCAGATATCCTA
AGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGCTTCAATGATTAAACGC
TACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAACAA
CTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCA
GGTTATATTGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCA
ATTTTAGAAAAAATGGATGGTACTGAGGAATTATTGGTGAAACTAAATCGTGAA
GATTTGCTGCGCAAGCAACGGACCTTTGACAACGGCTCTATTCCCCATCAAATT
CACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTATCCATTT
TTAAAAGACAATCGTGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTAT
TATGTTGGTCCATTGGCGCGTGGCAATAGTCGTTTTGCATGGATGACTCGGAAG
TCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGGTGCT
TCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAAT
GAAAAAGTACTACCAAAACATAGTTTGCTTTATGAGTATTTTACGGTTTATAAC
GAATTGACAAAGGTCAAATATGTTACTGAAGGAATGCGAAAACCAGCATTTCTT
TCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTCTTCAAAACAAATCGAARA
GTAACCGTTAAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGTTTTGAT
AGTGTTGAAATTTCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCTAC
CATGATTTGCTAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAAAT
GAAGATATCTTAGAGGATATTGTTTTAACATTGACCTTATTTGAAGATAGGGAG
ATGATTGAGGAAAGACTTAAAACATATGCTCACCTCTTTGATGATAAGGTGATG
AAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTG
ATTAATGGTATTAGGGATAAGCAATCTGGCAAAACAATATTAGATTTTTTGAAA
TCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGATAGTTTG
ACATTTAAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTTA
CATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTA
CAGACTGTAAAAGTTGTTGATGAATTGGTCAAAGTAATGGGGCGGCATAAGCCA
GAAAATATCGTTATTGAAATGGCACGTGAAAATCAGACAACTCAAAAGGGCCAG
AAAAATTCGCGAGAGCGTATGAAACGAATCGAAGAAGGTATCAAAGAATTAGGA
AGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAG
CTCTATCTCTATTATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTA
GATATTAATCGTTTAAGTGATTATGATGTCGATCACATTGTTCCACAAAGTTTC
CTTAAAGACGATTCAATAGACAATAAGGTCTTAACGCGTTCTGATAAAAATCGT
GGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTCAAAAAGATGAAAAACTAT
TGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTA
ACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAAA
CGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGCACAAATTTTGGAT
AGTCGCATGAATACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTAAA
GTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAAGATTTCCAATTC
TATAAAGTACGTGAGATTAACAATTACCATCATGCCCATGATGCGTATCTAAAT
GCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAACTTGAATCGGAGTTT
GTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGTCTGAG
CAAGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAAC
TTCTTCAAAACAGAAATTACACTTGCAAATGGAGAGATTCGCAAACGCCCTCTA
ATCGAAACTAATGGGGAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGATTTT
GCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTGTCAAGAAAACA
GAAGTACAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAAAAGAAATTCG
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SEQ

Description

Sequence

GACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGTTTT
GATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGG
ARAATCGAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACAATTATGGAA
AGAAGTTCCTTTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGATATAAG
GAAGTTAAAAAAGACTTAATCATTAAACTACCTAAATATAGTCTTTTTGAGTTA
GAAAACGGTCGTAAACGGATGCTGGCTAGTGCCGGAGAATTACAAAAAGGAAAT
GAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTAGCTAGTCATTAT
GAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTGGAG
CAGCATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAG
CGTGTTATTTTAGCAGATGCCAATTTAGATAAAGTTCTTAGTGCATATAACAAA
CATAGAGACAAACCAATACGTGAACAAGCAGAAAATATTATTCATTTATTTACG
TTGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACAATTGAT
CGTAAACGATATACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAA
TCCATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCAGCTAGGAGGTGAC
TGA

S. pyogenes WT
Cas9 Sequence
(aa)

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLED
SGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVE
EDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMI
KFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKR
YDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKP
ILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDEFYPF
LKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGA
SAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLGTY
HDLLKIIKDKDEFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVM
KQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMQLIHDDSL
TFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKP
ENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEK
LYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNR
GKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEIK
ROQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQF
YKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSE
QEIGKATAKYFEFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF
ATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIARKKDWDPKKYGGFE
DSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYK
EVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHY
EKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNK
HRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

SaCas9

MKRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGAR
RLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAA
LLHLAKRRGVHNVNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDG
EVRGSINRFKTSDYVKEAKQLLKVQKAYHQLDQSFIDTYIDLLETRRTYYEGPG
EGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKYAYNADLYNALNDLNNLVITRD
ENEKLEYYEKFQIIENVFKOQKKKPTLKQIAKEILVNEEDIKGYRVTSTGKPEET
NLKVYHDIKDITARKEIIENAELLDQIAKILTIYQSSEDIQEELTNLNSELTQE
EIEQISNLKGYTGTHNLSLKAINLILDELWHTNDNQIAIFNRLKLVPKKVDLSQ
QKEIPTTLVDDFILSPVVKRSFIQSIKVINAITKKYGLPNDIIIELAREKNSKD
AQKMINEMOKRNRQTNERIEEITRTTGKENAKYLIEKIKLHDMQEGKCLYSLEA
IPLEDLLNNPENYEVDHIIPRSVSFDNSENNKVLVKQEENSKKGNRTPFQYLSS
SDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVQKDEFINRNLVD
TRYATRGLMNLLRSYFRVNNLDVKVKSINGGFTSFLRRKWKFKKERNKGYKHHA
EDALIIANADFIFKEWKKLDKAKKVMENOMFEEKQAESMPEIETEQEYKEIFIT
PHOIKHIKDFKDYKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIVNNLNGLYD
KDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDEKNPLYKYYEETGNY
LTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYL
DNGVYKFVTVKNLDVIKKENYYEVNSKCYEEAKKLKKISNQAEFTASFYNNDLI
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Description
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KINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPRIIKTIASKTQS
IKKYSTDILGNLYEVKSKKHPQIIKKG

F. novicida WT
Cpf1

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQII
DKYHQFFIEEILSSVCISEDLLONYSDVYFKLKKSDDDNLQKDEFKSAKDTIKKQ
ISEYIKDSEKFKNLFNONLIDAKKGQESDLILWLKQSKDNGIELFKANSDITDI
DEALEIIKSFKGWTTYFKGFHENRKNVYSSNDIPTSIIYRIVDDNLPKFLENKA
KYESLKDKAPEAINYEQIKKDLAEELTFDIDYKTSEVNQRVEFSLDEVFEIANEN
NYLNQSGITKEFNTIIGGKEFVNGENTKRKGINEYINLYSQQINDKTLKKYKMSVL
FKQILSDTESKSFVIDKLEDDSDVVITMQSEFYEQIAAFKTVEEKSIKETLSLLE
DDLKAQKLDLSKIYFKNDKSLTDLSQQVFDDYSVIGTAVLEYITQQIAPKNLDN
PSKKEQELIAKKTEKAKYLSLETIKLALEEFNKHRDIDKQCRFEEILANFAATIP
MIFDEIAQNKDNLAQISIKYONQGKKDLLOQASAEDDVKAIKDLLDQTNNLLHKL
KIFHISQSEDKANILDKDEHEFYLVFEECYFELANIVPLYNKIRNYITQKPYSDE
KEFKLNFENSTLANGWDKNKEPDNTAILFIKDDKYYLGVMNKKNNKIFDDKAIKE
NKGEGYKKIVYKLLPGANKMLPKVEFFSAKSIKFYNPSEDILRIRNHSTHTKNGS
POKGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFREFSDTQRYNSIDEFYRE
VENQGYKLTFENISESYIDSVVNQGKLYLFQIYNKDESAYSKGRPNLHTLYWKA
LEDERNLODVVYKLNGEAELFYRKQSIPKKITHPAKEAIANKNKDNPKKESVFEE
YDLIKDKREFTEDKFFFHCPITINFKSSGANKFNDEINLLLKEKANDVHILSIDR
GERHLAYYTLVDGKGNITIKQODTFNITIGNDRMKTNYHDKLAATEKDRDSARKDWK
KINNIKEMKEGYLSQVVHEIAKLVIEYNAIVVFEDLNFGFKRGRFKVEKQVYQK
LEKMLIEKLNYLVFKDNEFDKTGGVLRAYQLTAPFETFKKMGKQTGITIYYVPAG
FTSKICPVTGEVNQLYPKYESVSKSQEFFSKEFDKICYNLDKGYFEFSEDYKNFG
DKAAKGKWTIASFGSRLINFRNSDKNHNWDTREVYPTKELEKLLKDYSIEYGHG
ECIKAAICGESDKKFFAKLTSVLNTILOMRNSKTGTELDYLISPVADVNGNEED
SROAPKNMPQDADANGAYHIGLKGLMLLGRIKNNQEGKKLNLVIKNEEYFEFVQ
NRNN

CasX

MEKRINKIRKKLSADNATKPVSRSGPMKTLLVRVMTDDLKKRLEKRRKKPEVMP
QVISNNAANNLRMLLDDYTKMKEAILQVYWQEFKDDHVGLMCKFAQPASKKIDQ
NKLKPEMDEKGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEH
EKLILLAQLKPEKDSDEAVTYSLGKFGQRALDFYSIHVIKESTHPVKPLAQIAG
NRYASGPVGKALSDACMGTIASFLSKYQDIIIEHQKVVKGNQKRLESLRELAGK
ENLEYPSVTLPPQPHTKEGVDAYNEVIARVRMWVNLNLWOQKLKLSRDDAKPLLR
LKGFPSEFPVVERRENEVDWWNTINEVKKLIDAKRDMGRVFWSGVTAEKRNTILE
GYNYLPNENDHKKREGSLENPKKPAKRQFGDLLLYLEKKYAGDWGKVEDEAWER
IDKKIAGLTSHIEREEARNAEDAQSKAVLTDWLRAKASFVLERLKEMDEKEFYA
CETIQLOKWYGDLRGNPFAVEAENRVVDISGEFSIGSDGHSIQYRNLLAWKYLENG
KREFYLLMNYGKKGRIRFTDGTDIKKSGKWQGLLYGGGKAKVIDLTFDPDDEQL
IILPLAFGTRQGREFIWNDLLSLETGLIKLANGRVIEKTIYNKKIGRDEPALFEFV
ALTFERREVVDPSNIKPVNLIGVDRGENIPAVIALTDPEGCPLPEFKDSSGGPT
DILRIGEGYKEKQRAIQAAKEVEQRRAGGYSRKFASKSRNLADDMVRNSARDLE
YHAVTHDAVLVFENLSRGEFGRQGKRTEMTERQYTKMEDWLTAKLAYEGLTSKTY
LSKTLAQYTSKTCSNCGEFTITTADYDGMLVRLKKT SDGWATTLNNKELKAEGQI
TYYNRYKRQTVEKELSAELDRLSEESGNNDISKWTKGRRDEALFLLKKRESHRP
VQEQFVCLDCGHEVHADEQAALNIARSWLELNSNSTEFKSYKSGKQPEFVGAWQA
FYKRRLKEVWKPNA

CasY

MRKKLFKGYILHNKRLVYTGKAAIRSIKYPLVAPNKTALNNLSEKIIYDYEHLF
GPLNVASYARNSNRYSLVDFWIDSLRAGVIWQSKSTSLIDLISKLEGSKSPSEK
IFEQIDFELKNKLDKEQFKDIILLNTGIRSSSNVRSLRGRFLKCFKEEFRDTEE
VIACVDKWSKDLIVEGKSILVSKQFLYWEEEFGIKIFPHFKDNHDLPKLTFEVE
PSLEFSPHLPLANCLERLKKFDISRESLLGLDNNEFSAFSNYFNELENLLSRGEIL
KKIVTAVLAVSKSWENEPELEKRLHFLSEKAKLLGYPKLTSSWADYRMIIGGKI
KSWHSNYTEQLIKVREDLKKHQIALDKLOEDLKKVVDSSLREQIEAQREALLPL
LDTMLKEKDFSDDLELYRFILSDFKSLLNGSYQRYIQTEEERKEDRDVTKKYKD
LYSNLRNIPRFFGESKKEQFNKFINKSLPTIDVGLKILEDIRNALETVSVRKPP
SITEEYVTKQLEKLSRKYKINAFNSNRFKQITEQVLRKYNNGELPKISEVEFYRY
PRESHVAIRILPVKISNPRKDISYLLDKYQISPDWKNSNPGEVVDLIEIYKLTL
GWLLSCNKDFSMDESSYDLKLEFPEAASLIKNFGSCLSGYYLSKMIFNCITSEIK
GMITLYTRDKFVVRYVTOMIGSNQKFPLLCLVGEKQTKNFSRNWGVLIEEKGDL
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Sequence

GEEKNQEKCLIFKDKTDFAKAKEVEIFKNNIWRIRTSKYQIQFLNRLEFKKTKEW
DLMNLVLSEPSLVLEEEWGVSWDKDKLLPLLKKEKSCEERLYYSLPLNLVPATD
YKEQSAETEQRNTYLGLDVGEFGVAYAVVRIVRDRIELLSWGFLKDPALRKIRE
RVODMKKKQVMAVESSSSTAVARVREMATIHSLRNQIHSIALAYKAKIIYEISIS
NFETGGNRMAKIYRSIKVSDVYRESGADTLVSEMIWGKKNKQMGNHISSYATSY
TCCNCARTPFELVIDNDKEYEKGGDEFIFNVGDEKKVRGFLQKSLLGKTIKGKE
VLKSIKEYARPPIREVLLEGEDVEQLLKRRGNSYIYRCPFCGYKTDADIQAALN
IACRGYISDNAKDAVKEGERKLDYILEVRKLWEKNGAVLRSAKFL

CasPhi

MADTPTLFTQFLRHHLPGQRFRKDILKQAGRILANKGEDATIAFLRGKSEESPP
DFQPPVKCPITIACSRPLTEWPIYQASVAIQGYVYGQSLAEFEASDPGCSKDGLL
GWEDKTGVCTDYFSVQGLNLIFQONARKRYIGVQTKVTNRNEKRHKKLKRINAKR
IAEGLPELTSDEPESALDETGHLIDPPGLNTNIYCYQQVSPKPLALSEVNQLPT
AYAGYSTSGDDPIQPMVTKDRLSISKGQPGYIPEHQRALLSQKKHRRMRGYGLK
ARALLVIVRIQDDWAVIDLRSLLRNAYWRRIVQTKEPSTITKLLKLVTGDPVLD
ATRMVATFTYKPGIVQVRSAKCLKNKQGSKLFSERYLNETVSVTSIDLGSNNLV
AVATYRLVNGNTPELLQRFTLPSHLVKDFERYKQAHDTLEDSIQKTAVASLPQG
QOTEIRMWSMYGFREAQERVCQELGLADGSIPWNVMTATSTILTDLFLARGGDP
KKCMFTSEPKKKKNSKQVLYKIRDRAWAKMYRTLLSKETREAWNKALWGLKRGS
PDYARLSKRKEELARRCVNYTISTAEKRAQCGRTIVALEDLNIGFFHGRGKQEP
GWVGLFTRKKENRWLMQALHKAFLELAHHRGYHVIEVNPAYTSQTCPVCRHCDP
DNRDQHNREAFHCIGCGFRGNADLDVATHNIAMVAITGESLKRARGSVASKTPQ
PLAAE

Cas12f1 (Cas14a)

MIKVYRYEIVKPLDLDWKEFGTILRQLOQETRFALNKATQLAWEWMGESSDYKD
NHGEYPKSKDILGYTNVHGYAYHTIKTKAYRLNSGNLSQTIKRATDRFKAYQKE
ILRGDMSIPSYKRDIPLDLIKENISVNRMNHGDYIASLSLLSNPAKQEMNVKRK
ISVITIIVRGAGKTIMDRILSGEYQVSASQITHDDRKNKWYLNISYDFEPQTRVL
DLNKIMGIDLGVAVAVYMAFQHTPARYKLEGGEIENFRROVESRRI SMLRQGKY
AGGARGGHGRDKRIKPIEQLRDKIANFRDTTNHRYSRYIVDMAIKEGCGTIQME
DLTNIRDIGSRFLONWTYYDLOQKITYKAEEAGIKVIKIDPQYTSQRCSECGNI
DSGNRIGQATIFKCRACGYEANADYNAARNIAIPNIDKIIAESIKSGGS

Cas12f2 (Cas14b)

NAMIAQKTIKIKLNPTKEQITKLNSIIEEYIKVSNFTAKKIAEIQESFTDSGLT
QGTCSECGKEKTYRKYHLLKKDNKLEFCITCYKRKYSQFTLOKVEFQNKTGLRNV
AKLPKTYYTNAIRFASDTFSGFDEIIKKKQONRLNSIQNRLNFWKELLYNPSNRN
EIKIKVVKYAPKTDTREHPHYYSEAEIKGRIKRLEKQLKKFKMPKYPEFTSETI
SLORELYSWKNPDELKISSITDKNESMNYYGKEYLKRYIDLINSQTPQILLEKE
NNSEFYLCFPITKNIEMPKIDDTFEPVGIDWGITRNIAVVSILDSKTKKPKFVKE
YSAGYILGKRKHYKSLRKHFGQKKRODKINKLGTKEDRFIDSNIHKLAFLIVKE
IRNHSNKPIILMENITDNREEAEKSMRONILLHSVKSRLONYTIAYKALWNNIPT
NLVKPEHTSQICNRCGHQDRENRPKGSKLFKCVKCNYMSNADFNASINIARKEY
IGEYEPFYKDNEKMKSGVNSISM

10

Cas12f3 (Cas14c)

MEVQKTVMKTLSLRILRPLYSQEIEKEIKEEEKERRKQAGGTGELDGGEFYKKLE
KKHSEMESFDRLNLLLNQLOREIAKVYNHAISELYIATIAQGNKSNKHYISSIV
YNRAYGYFYNAYIALGICSKVEANFRSNELLTQQSALPTAKSDNFPIVLHKQKG
AEGEDGGFRISTEGSDLIFEIPIPEFYEYNGENRKEPYKWVKKGGQKPVLKLILS
TFRRORNKGWAKDEGTDAEIRKVTEGKYQVSQIEINRGKKLGEHQKWFANESTE
QPIYERKPNRSIVGGLDVGIRSPLVCAINNSFSRYSVDSNDVEFKESKQVEFAFRR
RLLSKNSLKRKHGHAAHKLEPITEMTEKNDKFRKKIIERWAKEVINFEVKNQVG
IVOQIEDLSTMKDREDHFFNQYLRGFWPYYQOMOTLIENKLKEYGIEVKRVOAKYT
SQLCSNPNCRYWNNYEFNFEYRKVNKFPKFKCEKCNLEISADYNAARNLSTPDIE
KEVAKATKGINLPEK

11

C2c8

MKVLEFKIHPTEEQVSKIDQSLAACKLLWNLSTIALKEESKQRYYRKKHKFDEF'S
PEIWGLSYSGHYDEKEFKTLKDKEKKLLIGNPCCKIAYFKKTSNGKEYTPLNST
PIRRFMNAENIDKDAVNYLNRKKLAFYFRENTAKFIGEIETEFKKGEFKSVIKP
AYDAAKKGIRGIPRFKGRRDKVETLVNGQPETIKIKSNGVIVSSKIGLLKIRGL
DRLOGKAPRMAKITRKATGYYLOQLTIETDDTIYKESDKCVGLDMGAVAIFTDDL
GRQSEAKRYAKIQKKRLNRLORQASRQKDNSNNQRKTYAKLARVHEKTIARQRKG
RNAQLAHKITSEYQSVILEDLNLKNMTAAAKPKEREDGDGYKQONGKKRKSGLNK
ALLDNAIGQLRTFIENKANERGRKIIRVNPKHTSQTCPNCGNIDKANRVSQSKF
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KCVSCGYEAHADONAAANILIRGLRDEFLRAIGSLYKFPVSMIGKYPGLAGEET
PDLDANQESIGDAPIENAEHSISKOMKQEGNRTPTQPENGSQSLIFLSAPPQPC
GDSHGTNNPKALPNKASKRSSKKPRGAIPENPDQLTIWDLLD

12

dSpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLED
SGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVE
EDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMI
KFRGHFLIEGDLNPDNSDVDKLFIQLVOTYNQLFEENPINASGVDAKATILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKR
YDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKP
ILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHATILRRQEDFYPF
LKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNEFEEVVDKGA
SAQSFIERMTNEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLGTY
HDLLKIIKDKDEFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVM
KQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSL
TFKEDIQKAQVSGQGDSLHEHIANLAGSPATKKGILQTVKVVDELVKVMGRHKP
ENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEK
LYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNR
GKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEIK
ROLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQF
YKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSE
QEIGKATAKYFEYSNIMNEFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF
ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGE
DSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYK
EVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHY
EKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNK
HRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

13

dSaCas9

MKRNYILGLAIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGAR
RLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAA
LLHLAKRRGVHNVNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDG
EVRGSINRFKTSDYVKEAKQLLKVQKAYHQLDQSFIDTYIDLLETRRTYYEGPG
EGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKYAYNADLYNALNDLNNLVITRD
ENEKLEYYEKFQIIENVFKQKKKPTLKQIAKEILVNEEDIKGYRVTSTGKPEET
NLKVYHDIKDITARKEIIENAELLDQIAKILTIYQSSEDIQEELTNLNSELTQE
ETEQISNLKGYTGTHNLSLKAINLILDELWHTNDNQIATIFNRLKLVPKKVDLSQ
QKEIPTTLVDDFILSPVVKRSFIQSIKVINAITIKKYGLPNDIIIELAREKNSKD
AQKMINEMOKRNRQTNERIEEITRTTGKENAKYLIEKIKLHDMQEGKCLYSLEA
IPLEDLLNNPEFNYEVDHIIPRSVSEFDNSFNNKVLVKQEEASKKGNRTPFQYLSS
SDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVQKDEINRNLVD
TRYATRGLMNLLRSYFRVNNLDVKVKSINGGFTSFLRRKWKEFKKERNKGYKHHA
EDALIIANADFIFKEWKKLDKAKKVMENQMFEEKQAESMPEIETEQEYKEIFIT
PHOIKHIKDFKDYKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIVNNLNGLYD
KDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDEKNPLYKYYEETGNY
LTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYL
DNGVYKEVIVKNLDVIKKENYYEVNSKCYEEAKKLKKISNQAEFIASFYNNDLI
KINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPRIIKTIASKTQS
IKKYSTDILGNLYEVKSKKHPQITIKKG

14

inactive FnCpf1

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQIT
DKYHQFFIEEILSSVCISEDLLONYSDVYFKLKKSDDDNLQKDEFKSAKDTIKKQ
ISEYIKDSEKFKNLFNONLIDAKKGQESDLILWLKQSKDNGIELFKANSDITDI
DEALEIIKSFKGWTTYFKGFHENRKNVYSSNDIPTSIIYRIVDDNLPKFLENKA
KYESLKDKAPEAINYEQIKKDLAEELTFDIDYKTSEVNQRVEFSLDEVFEIANEN
NYLNQSGITKEFNTIIGGKEFVNGENTKRKGINEYINLYSQQINDKTLKKYKMSVL
FKQILSDTESKSFVIDKLEDDSDVVTTMQOSEFYEQIAAFKTVEEKSIKETLSLLE
DDLKAQKLDLSKIYFKNDKSLTDLSQQVEDDYSVIGTAVLEYITQQIAPKNLDN
PSKKEQELIAKKTEKAKYLSLETIKLALEEFNKHRDIDKQCRFEEILANFAATIP
MIFDEIAQNKDNLAQISTIKYONQGKKDLLQASAEDDVKAIKDLLDOQTNNLLHKL
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KIFHISQSEDKANILDKDEHFYLVFEECYFELANIVPLYNKIRNYITQKPYSDE
KFKLNFENSTLANGWDKNKEPDNTATILFIKDDKYYLGVMNKKNNKIFDDKAIKE
NKGEGYKKIVYKLLPGANKMLPKVEFFSAKSIKFYNPSEDILRIRNHSTHTKNGS
POKGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFRESDTQRYNSIDEFYRE
VENQGYKLTFENISESYIDSVVNQGKLYLFQIYNKDESAYSKGRPNLHTLYWKA
LEDERNLODVVYKLNGEAELEFYRKQSIPKKITHPAKEAIANKNKDNPKKESVEE
YDLIKDKRFTEDKFFFHCPITINFKSSGANKFNDEINLLLKEKANDVHILSIAR
GERHLAYYTLVDGKGNITIKQDTFNITIGNDRMKTNYHDKLAATEKDRDSARKDWK
KINNIKEMKEGYLSQVVHEIAKLVIEYNAIVVFEDLNFGFKRGRFKVEKQVYQK
LEKMLIEKLNYLVFKDNEFDKTGGVLRAYQLTAPFETFKKMGKQTGITIYYVPAG
FTSKICPVTGEVNQLYPKYESVSKSQEFFSKEDKICYNLDKGYFEFSFDYKNFG
DKAAKGKWTIASFGSRLINFRNSDKNHNWDTREVYPTKELEKLLKDYSIEYGHG
ECIKAAICGESDKKFFAKLTSVLNTILOMRNSKTGTELDYLISPVADVNGNEED
SROAPKNMPQODADANGAYHIGLKGLMLLGRIKNNQEGKKLNLVIKNEEYFEFVQ
NRNN

15

dNmeCas9

MAAFKPNSINYILGLAIGIASVGWAMVEIDEEENPIRLIDLGVRVFERAEVPKT
GDSLAMARRLARSVRRLTRRRAHRLLRTRRLLKREGVLQAANFDENGLIKSLPN
TPWOQLRAAALDRKLTPLEWSAVLLHLIKHRGYLSQRKNEGETADKELGALLKGV
AGNAHALQTGDFRTPAELALNKFEKESGHIRNQRSDYSHTFSRKDLOAELILLFE
EKQKEFGNPHVSGGLKEGIETLLMTQRPALSGDAVQKMLGHCTFEPAEPKAAKN
TYTAERFIWLTKLNNLRILEQGSERPLTDTERATLMDEPYRKSKLTYAQARKLL
GLEDTAFFKGLRYGKDNAEASTLMEMKAYHAI SRALEKEGLKDKKSPLNLSPEL
QDEIGTAFSLFKTDEDITGRLKDRIQPEILEALLKHISFDKEVQISLKALRRIV
PLMEQGKRYDEACAEIYGDHYGKKNTEEKIYLPPIPADEIRNPVVLRALSQARK
VINGVVRRYGSPARIHIETAREVGKSFKDRKEIEKRQEENRKDREKAAAKFREY
FPNFVGEPKSKDILKLRLYEQQHGKCLYSGKEINLGRLNEKGYVEIDAALPFSR
TWDDSEFNNKVLVLGSENONKGNQTPYEYFNGKDNSREWQEFKARVETSREPRSK
KQRILLOKFDEDGFKERNLNDTRYVNRFLCQFVADRMRLTGKGKKRVFASNGQI
TNLLRGFWGLRKVRAENDRHHALDAVVVACSTVAMQQKITREVRYKEMNAFDGK
TIDKETGEVLHQKTHFPQPWEFFAQEVMIRVFGKPDGKPEFEEADTLEKLRTLL
AEKLSSRPEAVHEYVTPLEVSRAPNRKMSGQGHMETVKSAKRLDEGVSVLRVPL
TQLKLKDLEKMVNREREPKLYEALKARLEAHKDDPAKAFAEPFYKYDKAGNRTQ
QVKAVRVEQVOKTGVWVRNHNGIADNATMVRVDVFEKGDKYYLVPIYSWQVAKG
ILPDRAVVQGKDEEDWQLIDDSEFNFKEFSLHPNDLVEVITKKARMFGYFASCHRG
TGNINIRIHDLDHKIGKNGILEGIGVKTALSFQKYQIDELGKEIRPCRLKKRPP
VR

16

dCjCas9

MARILAFAIGISSIGWAFSENDELKDCGVRIFTKVENPKTGESLALPRRLARSA
RKRLARRKARLNHLKHLIANEFKLNYEDYQSFDESLAKAYKGSLISPYELRERA
LNELLSKQDFARVILHIAKRRGYDDIKNSDDKEKGAILKATKONEEKLANYQSV
GEYLYKEYFQKFKENSKEFTNVRNKKESYERCIAQSFLKDELKLIFKKQREFGE
SESKKFEEEVLSVAFYKRALKDFSHLVGNCSEFFTDEKRAPKNSPLAFMEFVALTR
IINLLNNLKNTEGILYTKDDLNALLNEVLKNGTLTYKQTKKLLGLSDDYEFKGE
KGTYFIEFKKYKEFIKALGEHNLSQDDLNEIAKDITLIKDEIKLKKALAKYDLN
ONQIDSLSKLEFKDHLNISFKALKLVTPLMLEGKKYDEACNELNLKVAINEDKK
DFLPAFNETYYKDEVINPVVLRAIKEYRKVLNALLKKYGKVHKINIELAREVGK
NHSQRAKIEKEQNENYKAKKDAELECEKLGLKINSKNILKLRLFKEQKEFCAYS
GEKIKISDLODEKMLEIDAIYPYSRSFDDSYMNKVLVEFTKONQEKLNQTPFEAF
GNDSAKWQKIEVLAKNLPTKKQKRILDKNYKDKEQKNFKDRNLNDTRYIARLVL
NYTKDYLDFLPLSDDENTKLNDTQKGSKVHVEAKSGMLT SALRHTWGESAKDRN
NHLHHAIDAVIIAYANNSIVKAFSDFKKEQESNSAELYAKKISELDYKNKRKEE
EPFSGFRQKVLDKIDEIFVSKPERKKPSGALHEETFRKEEEFYQSYGGKEGVLK
ALELGKIRKVNGKIVKNGDMFRVDIFKHKKTNKFYAVPIYTMDFALKVLPNKAV
ARSKKGEIKDWILMDENYEFCEFSLYKDSLILIQTKDMQEPEEVYYNAFTSSTVS
LIVSKHDNKFETLSKNQKILFKNANEKEVIAKSIGIONLKVFEKYIVSALGEVT
KAEFRQREDFKK

17

dSt1Cas9

MGSDLVLGLAIGIGSVGVGILNKVTGEITHKNSRIFPAAQAENNLVRRTNRQGR
RLARRKKHRRVRLNRLFEESGLITDFTKISINLNPYQLRVKGLTDELSNEELET
ALKNMVKHRGISYLDDASDDGNSSVGDYAQIVKENSKQLETKTPGQIQLERYQT
YGQLRGDFTVEKDGKKHRLINVFPTSAYRSEALRILOQTQQEFNPQITDEFINRY
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Sequence

LEILTGKRKYYHGPGNEKSRTDYGRYRTSGETLDNIFGILIGKCTFYPDEFRAA
KASYTAQEFNLLNDLNNLTVPTETKKLSKEQKNQIINYVKNEKAMGPAKLFKYI
AKLLSCDVADIKGYRIDKSGKAEIHTFEAYRKMKTLETLDIEQMDRETLDKLAY
VLTLNTEREGIQEALEHEFADGSEFSQKQVDELVQFRKANSSIFGKGWHNFSVKL
MMELIPELYETSEEQMTILTRLGKQKTTSSSNKTKYIDEKLLTEEIYNPVVAKS
VROAIKIVNAATKEYGDEDNIVIEMARETNEDDEKKAIQKIQKANKDEKDAAML
KAANQYNGKAELPHSVFHGHKQLATKIRLWHQQGERCLYTGKTISIHDLINNSN
QFEVDAILPLSITFDDSLANKVLVYATANQEKGORTPYQALDSMDDAWSFRELK
AFVRESKTLSNKKKEYLLTEEDISKFDVRKKFIERNLVDTRYASRVVLNALQEH
FRAHKIDTKVSVVRGQFTSQLRRHWGIEKTRDTYHHHAVDALTITAASSQLNLWK
KOQKNTLVSYSEDQLLDIETGELISDDEYKESVFKAPYQHFVDTLKSKEFEDSIL
FSYQVDSKEFNRKISDATIYATRQAKVGKDKADETYVLGKIKDIYTQDGYDAFMK
IYKKDKSKELMYRHDPQTFEKVIEPILENYPNKQINEKGKEVPCNPFLKYKEEH
GYIRKYSKKGNGPEIKSLKYYDSKLGNHIDITPKDSNNKVVLQSVSPWRADVYF
NKTTGKYEILGLKYADLQFEKGTGTYKISQEKYNDIKKKEGVDSDSEFKFTLYK
NDLLLVKDTETKEQQLFRFLSRTMPKQKHYVELKPYDKQKFEGGEALIKVLGNV
ANSGQCKKGLGKSNISIYKVRTDVLGNQHITKNEGDKPKLDE

MTKPYSIGLAIGTNSVGWAVITDNYKVPSKKMKVLGNTSKKYIKKNLLGVLLED
SGITAEGRRLKRTARRRYTRRRNRILYLQEIFSTEMATLDDAFFQRLDDSFLVP
DDKRDSKYPIFGNLVEEKVYHDEFPTIYHLRKYLADSTKKADLRLVYLALAHMI
KYRGHFLIEGEFNSKNNDIQKNFQDFLDTYNAIFESDLSLENSKQLEEIVKDKI
SKLEKKDRILKLFPGEKNSGIFSEFLKLIVGNQADFRKCENLDEKASLHESKES
YDEDLETLLGYIGDDYSDVFLKAKKLYDAILLSGFLTVTDNETEAPLSSAMIKR
YNEHKEDLALLKEYIRNISLKTYNEVFKDDTKNGYAGYIDGKTNQEDFYVYLKN
LLAEFEGADYFLEKIDREDFLRKQRTFDNGSIPYQIHLQEMRAILDKQAKFEYPF
LAKNKERIEKILTFRIPYYVGPLARGNSDFAWSIRKRNEKITPWNFEDVIDKES
SAEAFINRMTSFDLYLPEEKVLPKHSLLYETENVYNELTKVRFIAESMRDYQFL
DSKQKKDIVRLYFKDKRKVTDKDIIEYLHAIYGYDGIELKGIEKQFNSSLSTYH
DLLNIINDKEFLDDSSNEAIIEEITHTLTIFEDREMIKQRLSKFENIFDKSVLK
KLSRRHYTGWGKLSAKLINGIRDEKSGNTILDYLIDDGISNRNEMQLIHDDALS
FKKKIQKAQIIGDEDKGNIKEVVKSLPGSPAIKKGILQSIKIVDELVKVMGGRK
PESIVVEMARENQYTNQGKSNSQORLKRLEKSLKELGSKILKENIPAKLSKIDN
NALONDRLYLYYLONGKDMYTGDDLDIDRLSNYDIDHIIPQAFLKDNSIDNKVL
VSSASARGKSDDFPSLEVVKKRKTFWYQLLKSKLISQRKFDNLTKAERGGLLPE
DKAGFIQRQLVETRQITKHVARLLDEKFNNKKDENNRAVRTVKIITLKSTLVSQ
FRKDFELYKVREINDFHHAHDAYLNAVIASALLKKYPKLEPEFVYGDYPKYNSF
RERKSATEKVYFYSNIMNIFKKSISLADGRVIERPLIEVNEETGESVWNKESDL
ATVRRVLSYPQVNVVKKVEEQNHGLDRGKPKGLENANLSSKPKPNSNENLVGAK
EYLDPKKYGGYAGISNSFAVLVKGTIEKGAKKKITNVLEFQGISILDRINYRKD
KLNFLLEKGYKDIELITELPKYSLFELSDGSRRMLASILSTNNKRGEIHKGNQI
FLSQKFVKLLYHAKRISNTINENHRKYVENHKKEFEELEYYILEFNENYVGAKK
NGKLLNSAFQSWONHSIDELCSSFIGPTGSERKGLFELTSRGSAADFEFLGVKI
PRYRDYTPSSLLKDATLIHQSVTGLYETRIDLAKLGEG

WO 2024/238700
SEQ Description
18 dSt3Cas9
19 dLbCpf1

MSKLEKEFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRAEDYKGVKKLL
DRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKA
FKGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSENGFTTAFTGEFEFDNRENME
SEEAKSTSIAFRCINENLTRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDV
EDFFEGEFFNFVLTQEGIDVYNAIIGGEFVTESGEKIKGLNEYINLYNQKTKQKL
PKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVEFRNTLNKNSEIFSSIKKLEKL
FKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDIHLKKKAVVT
EKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIITQKVDEIYKVYGSS
EKLEFDADFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESE
YGDEVLAYDILLKVDHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKET
DYRATILRYGSKYYLAIMDKKYAKCLOQKIDKDDVNGNYEKINYKLLPGPNKMLP
KVFFSKKWMAYYNPSEDIQKIYKNGTFKKGDMFNLNDCHKLIDEFFKDSISRYPK
WSNAYDENFSETEKYKDIAGEFYREVEEQGYKVSFESASKKEVDKLVEEGKLYME
QIYNKDFSDKSHGTPNLHTMYFKLLEDENNHGQIRLSGGAELFMRRASLKKEEL
VVHPANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPIAINKCPKNIF
KINTEVRVLLKHDDNPYVIGIARGERNLLYIVVVDGKGNIVEQYSLNEIINNEN
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SEQ

Description

Sequence

GIRIKTDYHSLLDKKEKERFEARQNWTSIENIKELKAGYISQVVHKICELVEKY
DAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKLNYMVDKKSNPCATGGALK
GYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGEFVNLLKTKYTSIADSKK
FISSFDRIMYVPEEDLFEFALDYKNEFSRTDADYIKKWKLYSYGNRIRIFRNPKK
NNVFDWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLM
LOMRNSITGRTDVDFLISPVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIA
RKVLWAIGQFKKAEDEKLDKVKIAI SNKEWLEYAQTSVKH

20

inactive AsCpf1

MTQFEGEFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKELKPII
DRIYKTYADQCLOLVQLDWENLSAATIDSYRKEKTEETRNALIEEQATYRNAIHD
YFIGRTDNLTDAINKRHAEIYKGLFKAELFNGKVLKQLGTVTTTEHENALLRSFEF
DKEFTTYEFSGFYENRKNVFSAEDISTATIPHRIVODNFPKFKENCHIFTRLITAVP
SLREHFENVKKAIGIFVSTSIEEVESFPFYNQLLTQTQIDLYNQLLGGISREAG
TEKIKGLNEVLNLATIQKNDETAHIIASLPHRFIPLFKQILSDRNTLSFILEEFK
SDEEVIQSEFCKYKTLLRNENVLETAEALFNELNSIDLTHIFISHKKLETISSAL
CDHWDTLRNALYERRISELTGKITKSAKEKVQRSLKHEDINLQEIISAAGKELS
EAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWEAV
DESNEVDPEFSARLTGIKLEMEPSLSFYNKARNYATKKPYSVEKFKLNFOMPTL
ASGWDVNKEKNNGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGEFDKMY
YDYFPDAAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNP
EKEPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSS
QYKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHG
KPNLHTLYWTGLFSPENLAKTSIKLNGQAELFYRPKSRMKRMAHRLGEKMLNKK
LKDQKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVITKEVSHEIIKDRRFE
TSDKEFFFHVPITLNYQAANSPSKFNQRVNAYLKEHPETPIIGIARGERNLIYIT
VIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSVVGTIKDLKQGYL
SQVIHEIVDLMIHYQAVVVLENLNFGFKSKRTGIAEKAVYQQFEKMLIDKLNCL
VLKDYPAEKVGGVLNPYQLTDQFTSFAKMGTQSGFLEYVPAPYTSKIDPLTGEV
DPEFVWKTIKNHESRKHFLEGFDFLHYDVKTGDFILHFKMNRNLSFQRGLPGEMP
AWDIVFEKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLEE
KGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVR
DLNGVCEDSRFONPEWPMDADANGAYHIALKGQLLLNHLKESKDLKLONGISNQ
DWLAYIQELRN

21

inactive enAsCpf1

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKELKPII
DRIYKTYADQCLOLVQLDWENLSAATIDSYRKEKTEETRNALIEEQATYRNAIHD
YFIGRTDNLTDAINKRHAEIYKGLFKAELFNGKVLKQLGTVTTTEHENALLRSFEF
DKETTYFSGFYRNRKNVESAEDISTAIPHRIVODNFPKFKENCHIFTRLITAVP
SLREHFENVKKAIGIEFVSTSIEEVESFPFYNQLLTQTQIDLYNQLLGGISREAG
TEKIKGLNEVLNLATIQKNDETAHITASLPHRFIPLFKQILSDRNTLSFILEEFK
SDEEVIQSFCKYKTLLRNENVLETAEALFNELNSIDLTHIFISHKKLETISSAL
CDHWDTLRNALYERRISELTGKITKSAKEKVQRSLKHEDINLOQEIISAAGKELS
EAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWEAV
DESNEVDPEFSARLTGIKLEMEPSLSFYNKARNYATKKPYSVEKFKLNFOMPTL
ARGWDVNREKNNGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMY
YDYFPDAAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNP
EKEPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSS
QYKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHG
KPNLHTLYWTGLFSPENLAKTSIKLNGOQAELFYRPKSRMKRMAHRLGEKMLNKK
LKDQKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVITKEVSHEITIKDRRF
TSDKFFFHVPITLNYQAANSPSKENQRVNAYLKEHPETPIIGIARGERNLIYIT
VIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSVVGTIKDLKQOGYL
SQVIHEIVDLMIHYQAVVVLENLNEFGFKSKRTGIAEKAVYQQFEKMLIDKLNCL
VLKDYPAEKVGGVLNPYQLTDQFTSFAKMGTQSGFLEYVPAPYTSKIDPLTGEV
DPFVWKTIKNHESRKHFLEGEFDFLHYDVKTGDFILHFKMNRNLS FQRGLPGEMP
AWDIVFERKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLEE
KGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVR
DLNGVCEDSRFONPEWPMDADANGAYHIALKGQLLLNHLKESKDLKLONGISNQ
DWLAYIQELRN

22

inactive HFAsCpf1

MTQFEGEFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKELKPITI
DRIYKTYADQCLOQLVQLDWENLSAATDSYRKEKTEETRNALIEEQATYRNAIHD
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SEQ

Description

Sequence

YFIGRTDNLTDAINKRHAEIYKGLFKAELFNGKVLKQLGTVTTTEHENALLRSE
DKFTTYFSGEFYRNRKNVFSAEDISTAIPHRIVODNFPKFKENCHIFTRLITAVP
SLREHFENVKKAIGIEFVSTSIEEVESFPFYNQLLTQTQIDLYNQLLGGISREAG
TEKIKGLNEVLALATQKNDETAHITASLPHRFIPLFKQILSDRNTLSFILEEFK
SDEEVIQSFCKYKTLLRNENVLETAEALFNELNSIDLTHIFISHKKLETISSAL
CDHWDTLRNALYERRISELTGKITKSAKEKVQRSLKHEDINLQEITSAAGKELS
EAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWEAV
DESNEVDPEFSARLTGIKLEMEPSLSFYNKARNYATKKPYSVEKFKLNFOQMPTL
ARGWDVNREKNNGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMY
YDYFPDAAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNP
EKEPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSS
QYKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHG
KPNLHTLYWTGLEFSPENLAKTSIKLNGOQAELFYRPKSRMKRMAHRLGEKMLNKK
LKDQKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVITKEVSHEITIKDRRFE
TSDKFFFHVPITLNYQAANSPSKFNQRVNAYLKEHPETPIIGIARGERNLIYIT
VIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSVVGTIKDLKQOGYL
SQVIHEIVDLMIHYQAVVVLENLNEFGFKSKRTGIAEKAVYQQFEKMLIDKLNCL
VLKDYPAEKVGGVLNPYQLTDQFTSFAKMGTQSGFLEYVPAPYTSKIDPLTGEV
DPFVWKTIKNHESRKHFLEGEFDFLHYDVKTGDFILHFKMNRNLS FQRGLPGEMP
AWDIVFEKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLEE
KGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVR
DLNGVCFDSRFQNPEWPMDADANGAYHIALKGQLLLNHLKESKDLKLONGI SNQ
DWLAYIQELRN

23

inactive
RVRAsCpf1

MTQFEGEFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKELKPIT
DRIYKTYADQCLOLVQLDWENLSAATIDSYRKEKTEETRNALIEEQATYRNAIHD
YFIGRTDNLTDAINKRHAEIYKGLFKAELFNGKVLKQLGTVTTTEHENALLRSFE
DKFTTYEFSGFYENRKNVFSAEDISTATIPHRIVQODNFPKFKENCHIFTRLITAVP
SLREHFENVKKAIGIFVSTSIEEVESFPFYNQLLTQTQIDLYNQLLGGISREAG
TEKIKGLNEVLNLATIQKNDETAHIIASLPHRFIPLFKQILSDRNTLSFILEEFK
SDEEVIQSFCKYKTLLRNENVLETAEALFNELNSIDLTHIFISHKKLETISSAL
CDHWDTLRNALYERRISELTGKITKSAKEKVQRSLKHEDINLQEIISAAGKELS
EAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWEAV
DESNEVDPEFSARLTGIKLEMEPSLSFYNKARNYATKKPYSVEKFKLNFOMPTL
ARGWDVNVEKNRGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGEFDKMY
YDYFPDAAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNP
EKEPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSS
QYKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHG
KPNLHTLYWTGLFSPENLAKTSIKLNGQAELFYRPKSRMKRMAHRLGEKMLNKK
LKDQKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVITKEVSHEIIKDRRE
TSDKEFFFHVPITLNYQAANSPSKFNQRVNAYLKEHPETPIIGIARGERNLIYIT
VIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSVVGTIKDLKQGYL
SQVIHEIVDLMIHYQAVVVLENLNFGFKSKRTGIAEKAVYQQFEKMLIDKLNCL
VLKDYPAEKVGGVLNPYQLTDQFTSFAKMGTQSGFLEYVPAPYTSKIDPLTGEV
DPFVWKTIKNHESRKHFLEGFDFLHYDVKTGDFILHFKMNRNLS FQRGLPGEMP
AWDIVFEKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLEE
KGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVR
DLNGVCEFDSRFONPEWPMDADANGAYHIALKGQLLLNHLKESKDLKLONGISNQ
DWLAYIQELRN

24

inactive
RRAsCpf1

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKELKPII
DRIYKTYADQCLOLVQLDWENLSAATIDSYRKEKTEETRNALIEEQATYRNATIHD
YFIGRTDNLTDAINKRHAEIYKGLFKAELFNGKVLKQLGTVTTTEHENALLRSEF
DKEFTTYFSGFYENRKNVESAEDISTAIPHRIVQODNFPKFKENCHIFTRLITAVP
SLREHFENVKKAIGIEFVSTSIEEVESFPFYNQLLTQTQIDLYNQLLGGISREAG
TEKIKGLNEVLNLATIQKNDETAHITIASLPHRFIPLFKQILSDRNTLSFILEEFK
SDEEVIQSFCKYKTLLRNENVLETAEALFNELNSIDLTHIFISHKKLETISSAL
CDHWDTLRNALYERRISELTGKITKSAKEKVQRSLKHEDINLQEITSAAGKELS
EAFKQKTSEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWEAV
DESNEVDPEFSARLTGIKLEMEPSLSFYNKARNYATKKPYSVEKFKLNFOQMPTL
ARGWDVNKEKNNGAILFVENGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMY
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Sequence

YDYFPDAAKMIPRCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNP
EKEPKKEFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSS
QYKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHG
KPNLHTLYWTGLFSPENLAKTSIKLNGOQAELFYRPKSRMKRMAHRLGEKMLNKK
LKDQKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVITKEVSHEITIKDRRF
TSDKFFFHVPITLNYQAANSPSKENQRVNAYLKEHPETPIIGIARGERNLIYIT
VIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSVVGTIKDLKQGYL
SQVIHEIVDLMIHYQAVVVLENLNEFGFKSKRTGIAEKAVYQQFEKMLIDKLNCL
VLKDYPAEKVGGVLNPYQLTDQFTSFAKMGTQSGFLEYVPAPYTSKIDPLTGEV
DPFVWKTIKNHESRKHFLEGEFDFLHYDVKTGDFILHFKMNRNLS FQRGLPGEMP
AWDIVFEKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLEE
KGIVFRDGSNILPKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVR
DLNGVCEDSRFONPEWPMDADANGAYHIALKGQLLLNHLKESKDLKLONGISNQ
DWLAYIQELRN

25

dCasX

MEKRINKIRKKLSADNATKPVSRSGPMKTLLVRVMTDDLKKRLEKRRKKPEVMP
QVISNNAANNLRMLLDDYTKMKEAILQVYWQEFKDDHVGLMCKFAQPASKKIDQ
NKLKPEMDEKGNLTTAGFACSQCGQPLFVYKLEQVSEKGKAYTNYFGRCNVAEH
EKLILLAQLKPEKDSDEAVTYSLGKFGQRALDFYSIHVTKESTHPVKPLAQIAG
NRYASGPVGKALSDACMGTIASFLSKYQDIIIEHQKVVKGNQKRLESLRELAGK
ENLEYPSVTLPPQPHTKEGVDAYNEVIARVRMWVNLNLWQKLKLSRDDAKPLLR
LKGFPSFPVVERRENEVDWWNTINEVKKLIDAKRDMGRVEFWSGVTAEKRNTILE
GYNYLPNENDHKKREGSLENPKKPAKRQFGDLLLYLEKKYAGDWGKVEFDEAWER
IDKKIAGLTSHIEREEARNAEDAQSKAVLTDWLRAKASEFVLERLKEMDEKEFYA
CEIQLOKWYGDLRGNPFAVEAENRVVDISGESIGSDGHSIQYRNLLAWKYLENG
KREFYLLMNYGKKGRIRFTDGTDIKKSGKWQGLLYGGGKAKVIDLTFDPDDEQL
IILPLAFGTRQGREFIWNDLLSLETGLIKLANGRVIEKTIYNKKIGRDEPALFV
ALTFERREVVDPSNIKPVNLIGVARGENIPAVIALTDPEGCPLPEFKDSSGGPT
DILRIGEGYKEKQRAIQAAKEVEQRRAGGYSRKFASKSRNLADDMVRNSARDLE
YHAVTHDAVLVFANLSRGFGRQGKRTFMTERQYTKMEDWLTAKLAYEGLTSKTY
LSKTLAQYTSKTCSNCGFTITTADYDGMLVRLKKTSDGWATTLNNKELKAEGQT
TYYNRYKRQTVEKELSAELDRLSEESGNNDI SKWTKGRRDEALFLLKKRESHRP
VQEQFVCLDCGHEVHAAEQAALNIARSWLEFLNSNSTEFKSYKSGKQPEFVGAWQA
FYKRRLKEVWKPNA

26

dCasPhi

MPKPAVESEFSKVLKKHFPGERFRSSYMKRGGKILAAQGEEAVVAYLQGKSEEE
PPNFQPPAKCHVVTKSRDFAEWPIMKASEAIQRYIYALSTTERAACKPGKSSES
HAAWFAATGVSNHGYSHVQGLNLIFDHTLGRYDGVLKKVQLRNEKARARLESIN
ASRADEGLPEIKAEEEEVATNETGHLLQPPGINPSFYVYQTISPQAYRPRDEIV
LPPEYAGYVRDPNAPIPLGVVRNRCDIQKGCPGYIPEWQREAGTAI SPKTGKAV
TVPGLSPKKNKRMRRYWRSEKEKAQDALLVTVRIGTDWVVIDVRGLLRNARWRT
IAPKDISLNALLDLFTGDPVIDVRRNIVTFTYTLDACGTYARKWTLKGKQTKAT
LDKLTATQTVALVAIALGQTNPISAGISRVIQENGALQCEPLDREFTLPDDLLKD
ISAYRIAWDRNEEELRARSVEALPEAQQAEVRALDGVSKETARTQLCADFGLDP
KRLPWDKMSSNTTFISEALLSNSVSRDQVFFTPAPKKGAKKKAPVEVMRKDRTW
ARAYKPRLSVEAQKLKNEALWALKRTSPEYLKLSRRKEELCRRSINYVIEKTRR
RTQCQIVIPVIEDLNVRFFHGSGKRLPGWDNFFTAKKENRWFIQGLHKAFSDLR
THRSEFYVFEVRPERTSITCPKCGHCEVGNRDGEAFQCLSCGKTCNADLDVATHN
LTQVALTGKTMPKREEPRDAQGTAPARKTKKASKSKAPPAEREDQTPAQEPSQT
S

27

inactive VRER
SpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLED
SGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVE
EDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMI
KFRGHFLIEGDLNPDNSDVDKLFIQLVOQTYNQLFEENPINASGVDAKATILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSASMIKR
YDEHHQDLTLLKALVRQOLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKP
ILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHATLRRQEDFYPF
LKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGA
SAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLGTY
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Description

Sequence

HDLLKITIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVM
KQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSL
TFKEDIQKAQVSGQGDSLHEHIANLAGSPATKKGILQTVKVVDELVKVMGRHKP
ENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEK
LYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNR
GKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEIK
ROLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQF
YKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSE
QEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFE
ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGE
VSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYK
EVKKDLIIKLPKYSLFELENGRKRMLASARELQKGNELALPSKYVNFLYLASHY
EKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNK
HRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKEYRSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

28

inactive EQR
SpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLED
SGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVE
EDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMI
KFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKR
YDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKP
ILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDEFYPF
LKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGA
SAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLGTY
HDLLKIIKDKDEFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVM
KQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMQLIHDDSL
TFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKP
ENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEK
LYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNR
GKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEIK
ROQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQF
YKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSE
QEIGKATAKYFEFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF
ATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIARKKDWDPKKYGGFE
ESPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYK
EVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHY
EKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNK
HRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKQYRSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

29

inactive VQR
SpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLED
SGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVE
EDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMI
KFRGHFLIEGDLNPDNSDVDKLFIQLVOQTYNQLFEENPINASGVDAKATILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKR
YDEHHQDLTLLKALVRQOQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKP
ILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDEFYPF
LKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGA
SAQSFIERMTINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLGTY
HDLLKITIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVM
KQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMQLIHDDSL
TFKEDIQKAQVSGQGDSLHEHIANLAGSPATKKGILQTVKVVDELVKVMGRHKP
ENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEK
LYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNR
GKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEIK
RQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEFQF
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Description

Sequence

YKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSE
QEIGKATAKYFEFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF
ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGE
VSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYK
EVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHY
EKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNK
HRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKQYRSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

30

inactive SPG
SpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFED
SGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVE
EDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMI
KFRGHFLIEGDLNPDNSDVDKLFIQLVOQTYNQLFEENPINASGVDAKATILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKR
YDEHHQDLTLLKALVRQOLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKP
ILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDEYPF
LKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGA
SAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLGTY
HDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVM
KQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMQLIHDDSL
TFKEDIQKAQVSGQGDSLHEHIANLAGSPATKKGILQTVKVVDELVKVMGRHKP
ENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEK
LYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNR
GKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEIK
ROLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQF
YKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSE
QEIGKATAKYFEFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF
ATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIARKKDWDPKKYGGFE
LWPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYK
EVKKDLIIKLPKYSLFELENGRKRMLASAKQLOQKGNELALPSKYVNFLYLASHY
EKLKGSPEDNEQKQLFVEQHKHYLDEITIEQISEFSKRVILADANLDKVLSAYNK
HRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKQYRSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

31

inactive SpRY
Cas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLED
SGETAERTRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVE
EDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMI
KFRGHFLIEGDLNPDNSDVDKLFIQLVOTYNQLFEENPINASGVDAKATILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKR
YDEHHQDLTLLKALVRQOLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKP
ILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHATLRRQEDFYPF
LKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGA
SAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLGTY
HDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVM
KQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMQLIHDDSL
TFKEDIQKAQVSGQGDSLHEHIANLAGSPATKKGILQTVKVVDELVKVMGRHKP
ENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEK
LYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSEFLKDDSIDNKVLTRSDKNR
GKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEIK
ROLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQF
YKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSE
QEIGKATAKYFEYSNIMNEFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFE
ATVRKVLSMPQVNIVKKTEVQTGGFSKESIRPKRNSDKLIARKKDWDPKKYGGFEF
LWPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYK
EVKKDLIIKLPKYSLFELENGRKRMLASAKQLOQKGNELALPSKYVNFLYLASHY
EKLKGSPEDNEQKQLFVEQHKHYLDEITIEQISEFSKRVILADANLDKVLSAYNK
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HRDKPIREQAENIIHLFTLTRLGAPRAFKYFDTTIDPKQYRSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

32

inactive KKH
dSaCas9

MKRNYILGLAIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGAR
RLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAA
LLHLAKRRGVHNVNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDG
EVRGSINRFKTSDYVKEAKQLLKVQKAYHQLDQSFIDTYIDLLETRRTYYEGPG
EGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKYAYNADLYNALNDLNNLVITRD
ENEKLEYYEKFQIIENVFKQKKKPTLKQIAKEILVNEEDIKGYRVTSTGKPEET
NLKVYHDIKDITARKEIIENAELLDQIAKILTIYQSSEDIQEELTNLNSELTQE
EIEQISNLKGYTGTHNLSLKAINLILDELWHTNDNQIAIFNRLKLVPKKVDLSQ
QKEIPTTLVDDFILSPVVKRSFIQSIKVINAITIKKYGLPNDIIIELAREKNSKD
AQKMINEMOKRNRQTNERIEEITRTTGKENAKYLIEKIKLHDMQEGKCLYSLEA
IPLEDLLNNPENYEVDHIIPRSVSFDNSENNKVLVKQEEASKKGNRTPFQYLSS
SDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVQKDEINRNLVD
TRYATRGLMNLLRSYFRVNNLDVKVKSINGGFTSFLRRKWKFKKERNKGYKHHA
EDALIIANADFIFKEWKKLDKAKKVMENQMFEEKQAESMPEIETEQEYKEIFIT
PHOIKHIKDFKDYKYSHRVDKKPNRKLINDTLYSTRKDDKGNTLIVNNLNGLYD
KDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDEKNPLYKYYEETGNY
LTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYL
DNGVYKEVIVKNLDVIKKENYYEVNSKCYEEAKKLKKISNQAEFIASFYKNDLI
KINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPHIIKTIASKTQS
IKKYSTDILGNLYEVKSKKHPQIIKKG

33

mRNAQO0O1

SRPGERPFQCRICMRNEFSKKFNLLQHTRTHTGEKPFQCRICMRNEFSRQDNLNSH
LRTHTGSQKPFQCRICMRNFSRSHNLKLHTRTHTGEKPFQCRICMRNESQSTTL
KRHLRTHTGSQKPFQCRICMRNESRNTNLTRHTRTHTGEKPFQCRICMRNFESIK
HNLARHLRTHLRGS

34

mRNAQ002

SRPGERPFQCRICMRNEFSKKFNLLQHTRTHTGEKPFQCRICMRNEFSRKDYLISH
LRTHTGSQKPFQCRICMRNFSRSHNLKLHTRTHTGEKPFQCRICMRNESQSTTL
KRHLRTHTGSQKPFQCRICMRNEFSRODNLGRHLRTHTGEKPFQCRICMRNESVV
NNLNRHLKTHLRGS

35

mRNAOQ003

SRPGERPFQCRICMRNEFSKKFNLLQHTRTHTGEKPFQCRICMRNEFSRKDYLISH
LRTHTGSQKPFQCRICMRNFSRSHNLRLHTRTHTGEKPFQCRICMRNESQSTTL
KRHLRTHTGSQKPFQCRICMRNESRODNLGRHLRTHTGEKPFQCRICMRNESVV
NNLNRHLKTHLRGS

36

mRNAQ004

SRPGERPFQCRICMRNEFSRRHILDRHTRTHTGEKPFQCRICMRNEFSRQDNLGRH
LRTHTGSQKPFQCRICMRNFSQSTTLKRHLRTHTGEKPFQCRICMRNESRRDGL
AGHLKTHTGSQKPFQCRICMRNEFSVHHNLVRHLRTHTGEKPFQCRICMRNESTIS
HNLARHLKTHLRGS

37

mRNAO0005

SRPGERPFQCRICMRNEFSRREVLENHLRTHTGEKPFQCRICMRNEFSRRDNLNRH
LKTHTGSQKPFQCRICMRNFSQSTTLKRHLRTHTGEKPFQCRICMRNESRRDGL
AGHLKTHTGSQKPFQCRICMRNEFSVHHNLVRHLRTHTGEKPFQCRICMRNESTIS
HNLARHLKTHLRGS

38

mRNAQ006

SRPGERPFQCRICMRNEFSRRAVLDRHTRTHTGEKPFQCRICMRNEFSRQDNLGRH
LRTHTGSQKPFQCRICMRNFSQSTTLKRHLRTHTGEKPFQCRICMRNESRRDGL
AGHLKTHTGSQKPFQCRICMRNEFSVHHNLVRHLRTHTGEKPFQCRICMRNESTIS
HNLARHLKTHLRGS

39

mRNAQ064

SRPGERPFQCRICMRNFSRQEHLVRHLRTHTGEKPFQCRICMRNEFSEGGNLMRH
LKTHTGSQKPFQCRICMRNFSSDRRDLDHTRTHTGEKPFQCRICMRNESSFQSY
LEHLRTHTGSQKPFQCRICMRNEFSRPNHLAIHTRTHTGEKPFQCRICMRNESQS
PHLKRHLRTHLRGS

40

mRNAQ0Q7

SRPGERPFQCRICMRNEFSRREHLVRHLRTHTGEKPFQCRICMRNESDPSNLORH
LKTHTGSQKPFQCRICMRNFSSDRRDLDHTRTHTGEKPFQCRICMRNESSEFQSY
LEHLRTHTGSQKPFQCRICMRNEFSRPNHLAIHTRTHTGEKPFQCRICMRNESQS
PHLKRHLRTHLRGS

41

mRNAQ008

SRPGERPFQCRICMRNEFSRREHLVRHLRTHTGEKPFQCRICMRNEFSDMGNLGRH
LKTHTGSQKPFQCRICMRNFSSDRRDLDHTRTHTGEKPFQCRICMRNESSEFQSY
LEHLRTHTGSQKPFQCRICMRNEFSRPNHLAIHTRTHTGEKPFQCRICMRNESQS
PHLKRHLRTHLRGS
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42

mRNAQ009

SRPGERPFQCRICMRNESKKDHLHRHTRTHTGEKPFQCRICMRNFSQKEILTRH
LRTHTGSQKPFQCRICMRNESQSAHLKRHLRTHTGEKPFQCRICMRNESETGSL
RRHLKTHTGGGGSQKPFQCRICMRNEFSQSHSLKSHLRTHTGEKPFQCRICMRNE
SESGHLKRHLKTHLRGS

43

mRNAQ010

SRPGERPFQCRICMRNESKKDHLHRHTRTHTGEKPFQCRICMRNFSQKEILTRH
LRTHTGSQKPFQCRICMRNESQSAHLKRHLRTHTGEKPFQCRICMRNESDRTPL
NRHLKTHTGGGGSQKPFQCRICMRNESQSHSLKSHLRTHTGEKPFQCRICMRNE
SESGHLKRHLKTHLRGS

44

mRNAQ011

SRPGERPFQCRICMRNESKTDHLARHTRTHTGEKPFQCRICMRNFSQKEILTRH
LRTHTGSQKPFQCRICMRNESQSAHLKRHLRTHTGEKPFQCRICMRNESETGSL
RRHLKTHTGGGGSQKPFQCRICMRNEFSQKHHLVTHLRTHTGEKPFQCRICMRNE
SENSKLRRHLKTHLRGS

45

mRNAQ012

SRPGERPFQCRICMRNESQAGNLVRHLRTHTGEKPFQCRICMRNFSQONSHLRRH
LKTHTGGGGSQKPFQCRICMRNESDLSTLRRHTRTHTGEKPFQCRICMRNESQN
EHLKVHLRTHTGSQKPFQCRICMRNFSGGTALRMHTRTHTGEKPFQCRICMRNE
SQRSSLVRHLRTHLRGS

46

mRNAQ013

SRPGERPFQCRICMRNESQRGNLORHLRTHTGEKPFQCRICMRNFSQTTHLSRH
LKTHTGGGGSQKPFQCRICMRNESDGSTLRRHTRTHTGEKPFQCRICMRNESQK
THLAVHLRTHTGSQKPFQCRICMRNESGGTALRMHTRTHTGEKPFQCRICMRNE
SQRSSLVRHLRTHLRGS

47

mRNAQ014

SRPGERPFQCRICMRNESQRGNLORHLRTHTGEKPFQCRICMRNFSQTTHLSRH
LKTHTGGGGSQKPFQCRICMRNEFSDLSTLRRHTRTHTGEKPFQCRICMRNESQN
EHLKVHLRTHTGSQKPFQCRICMRNFSGGSALSMHTRTHTGEKPFQCRICMRNE
SQRSSLVRHLRTHLRGS

48

mRNAQ015

SRPGERPFQCRICMRNESDRGNLTRHLRTHTGEKPFQCRICMRNFSQARSLRAH
LKTHTGGGGSQKPFQCRICMRNEFSEKASLIKHTRTHTGEKPFQCRICMRNESDH
SSLKRHLRTHTGSQKPFQCRICMRNEFSRRFILSRHTRTHTGEKPFQCRICMRNE
SRNDSLKCHLRTHLRGS

49

mRNAQ016

SRPGERPFQCRICMRNESDRGNLTRHLRTHTGEKPFQCRICMRNFSQARSLRAH
LKTHTGGGGSQKPFQCRICMRNEFSDKSSLRKHTRTHTGEKPFQCRICMRNESDH
SSLKRHLRTHTGSQKPEFQCRICMRNEFSRNFILOQRHTRTHTGEKPFQCRICMRNE
SRNDTLIIHLRTHLRGS

50

mRNAQ017

SRPGERPFQCRICMRNESDRGNLTRHLRTHTGEKPFQCRICMRNFSQARSLRAH
LKTHTGGGGSQKPFQCRICMRNEFSCNGSLKKHTRTHTGEKPFQCRICMRNESDH
SSLKRHLRTHTGSQKPEFQCRICMRNESRNFILOQRHTRTHTGEKPFQCRICMRNE
SRNDTLIIHLRTHLRGS

51

mRNAQ018

SRPGERPFQCRICMRNESRTDTLARHLRTHTGEKPFQCRICMRNFSRTDSLPRH
LKTHTGGGGSQKPFQCRICMRNEFSDHSSLKRHLRTHTGEKPFQCRICMRNESQP
HGLAHHLKTHTGSQKPFQCRICMRNESQSAHLKRHLRTHTGEKPFQCRICMRNE
SVGNSLSRHLKTHLRGS

52

mRNAQ019

SRPGERPFQCRICMRNESRTDTLARHLRTHTGEKPFQCRICMRNFSRTDSLPRH
LKTHTGGGGSQKPFQCRICMRNEFSDHSSLKRHLRTHTGEKPFQCRICMRNESQP
HGLRHHLKTHTGSQKPFQCRICMRNESQSAHLKRHLRTHTGEKPFQCRICMRNE
SVGNSLSRHLKTHLRGS

53

mRNAQ020

SRPGERPFQCRICMRNESRTDTLARHLRTHTGEKPFQCRICMRNFSRLDMLARH
LKTHTGGGGSQKPFQCRICMRNEFSDHSSLKRHLRTHTGEKPFQCRICMRNESQP
HGLSTHLKTHTGSQKPFQCRICMRNESQQAHLVRHTRTHTGEKPFQCRICMRNE
SVHESLKRHLRTHLRGS

54

mRNAQ021

SRPGERPFQCRICMRNESRADNLGRHLRTHTGEKPFQCRICMRNFSRNTHLSYH
LKTHTGSQKPFQCRICMRNESRGDGLRRHLRTHTGEKPFQCRICMRNESRRDNL
NRHLKTHTGSQKPFQCRICMRNEFSRARNLTLHTRTHTGEKPFQCRICMRNESDP
SSLKRHLRTHLRGS

55

mRNAQ022

SRPGERPFQCRICMRNESRADNLGRHLRTHTGEKPFQCRICMRNFSRNTHLSYH
LKTHTGSQKPFQCRICMRNESRKLGLLRHTRTHTGEKPFQCRICMRNESRQDNL
GRHLRTHTGSQKPFQCRICMRNEFSRARNLTLHTRTHTGEKPFQCRICMRNESDP
SSLKRHLRTHLRGS

56

mRNAQ023

SRPGERPFQCRICMRNFSRADNLGRHLRTHTGEKPFQCRICMRNFSRNTHLSYH
LKTHTGSQKPFQCRICMRNEFSRKLGLLRHTRTHTGEKPFQCRICMRNESRQDNL
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GRHLRTHTGSQKPFQCRICMRNEFSRRRNLOQLHTRTHTGEKPFQCRICMRNFEFSDH
SSLKRHLRTHLRGS

SRPGERPFQCRICMRNFEFSQQOSSLLRHTRTHTGEKPFQCRICMRNEFSRREHLVRH
LRTHTGSQKPFQCRICMRNFSGLTALRTHTRTHTGEKPFQCRICMRNESERAKL
IRHLRTHTGGGGSQKPFQCRICMRNEFSAKRDLDRHTRTHTGEKPFQCRICMRNE
SVNSSLTRHLRTHLRGS

SRPGERPFQCRICMRNEFSQQSSLLRHTRTHTGEKPFQCRICMRNEFSRREHLVRH
LRTHTGSQKPFQCRICMRNFSGLTALRTHTRTHTGEKPFQCRICMRNEFSERAKL
IRHLRTHTGGGGSQKPFQCRICMRNEFSLRKDLVRHTRTHTGEKPFQCRICMRNE
SVRHSLTRHLRTHLRGS

SRPGERPFQCRICMRNESQASALSRHTRTHTGEKPFQCRICMRNFSRREHLVRH
LRTHTGSQKPFQCRICMRNFSGLTALRTHTRTHTGEKPFQCRICMRNEFSERAKL
IRHLRTHTGGGGSQKPFQCRICMRNEFSAKRDLDRHTRTHTGEKPFQCRICMRNE
SVNSSLTRHLRTHLRGS

SRPGERPFQCRICMRNEFSRGRNLEMHTRTHTGEKPFQCRICMRNEFSDSSVLRRH
LRTHTGGGGSQKPFQCRICMRNESOQNANLKRHTRTHTGEKPFQCRICMRNESQK
HHLAVHLRTHTGSQKPFQCRICMRNEFSQRSNLARHLRTHTGEKPFQCRICMRNEF
SQKVHLEAHLKTHLRGS

SRPGERPFQCRICMRNEFSRRRNLDVHTRTHTGEKPFQCRICMRNEFSDSSVLRRH
LRTHTGGGGSQKPFQCRICMRNESOQNANLKRHTRTHTGEKPFQCRICMRNESQK
HHLAVHLRTHTGSQKPFQCRICMRNEFSQRSNLARHLRTHTGEKPFQCRICMRNEF
SOKVHLEAHLKTHLRGS

SRPGERPFQCRICMRNEFSRGRNLATIHTRTHTGEKPFQCRICMRNESDSSVLRRH
LRTHTGGGGSQKPFQCRICMRNEFSLKSNLHRHTRTHTGEKPFQCRICMRNESLK
QHLVVHLRTHTGSQKPFQCRICMRNEFSLKTNLARHTRTHTGEKPFQCRICMRNE
SQKCHLKAHLRTHLRGS

SRPGERPFQCRICMRNEFSDGSNLRRHLRTHTGEKPFQCRICMRNEFSRIDNLDGH
LKTHTGSQKPFQCRICMRNFSQRRYLVEHTRTHTGEKPFQCRICMRNESQQOTNL
ARHLRTHTGGGGSQKPFQCRICMRNFSQRSDLTRHLRTHTGEKPFQCRICMRNE
SRGDNLNRHLKTHLRGS

SRPGERPFQCRICMRNEFSDPSNLQRHLRTHTGEKPFQCRICMRNEFSRRDNLPKH
LKTHTGSQKPFQCRICMRNFSTTEFNLRVHTRTHTGEKPFQCRICMRNESQTONL
TRHLRTHTGGGGSQKPFQCRICMRNFSHKETLNRHLRTHTGEKPFQCRICMRNE
SREDNLGRHLKTHLRGS

SRPGERPFQCRICMRNEFSDPSNLQRHLRTHTGEKPFQCRICMRNEFSRRDNLPKH
LKTHTGSQKPFQCRICMRNFSQRRYLVEHTRTHTGEKPFQCRICMRNESQQOTNL
ARHLRTHTGGGGSQKPFQCRICMRNFSQRSDLTRHLRTHTGEKPFQCRICMRNE
SRGDNLNRHLKTHLRGS

SRPGERPFQCRICMRNESQOTNLTRHLRTHTGEKPFQCRICMRNEFSANRTLVHH
LKTHTGSQKPFQCRICMRNFSEEANLRRHTRTHTGEKPFQCRICMRNESRGEHL
TRHLRTHTGSQKPFQCRICMRNFSTNSSLTRHLRTHTGEKPFQCRICMRNESRT
DNLIRHLKTHLRGS

SRPGERPFQCRICMRNFESQOTNLTRHLRTHTGEKPFQCRICMRNEFSANRTLVHH
LKTHTGSQKPFQCRICMRNFSEEANLRRHTRTHTGEKPFQCRICMRNESRREHL
VRHLRTHTGSQKPFQCRICMRNESMTSSLRRHTRTHTGEKPFQCRICMRNESRQ
DNLGRHLRTHLRGS

SRPGERPFQCRICMRNFESQOTNLTRHLRTHTGEKPFQCRICMRNEFSANRTLVHH
LKTHTGSQKPFQCRICMRNFSEEANLRRHTRTHTGEKPFQCRICMRNESRGEHL
TRHLRTHTGSQKPFQCRICMRNEFSMTSSLRRHTRTHTGEKPEFQCRICMRNESRQ
DNLGRHLRTHLRGS

SRPGERPFQCRICMRNEFSRATHLTRHTRTHTGEKPFQCRICMRNEFSRADVLKGH
LRTHTGSQKPFQCRICMRNFSQRSSLVRHLRTHTGEKPFQCRICMRNESRKDAL
HVHLKTHTGSQKPFQCRICMRNFSVHHNLVRHLRTHTGEKPFQCRICMRNESTIS
HNLARHLKTHLRGS

WO 2024/238700
SEQ Description
57 mRNA0024
58 mRNAO0025
59 mRNAOQ0026
60 mRNA0061
61 mRNA0027
62 mRNA0065
63 mRNA0028
64 mRNA0029
65 mRNAO0030
66 mRNA0031
67 mRNAQ0032
68 mRNA0033
69 mRNA0034
70 mRNA0035

SRPGERPFQCRICMRNEFSRATHLTRHTRTHTGEKPFQCRICMRNEFSRADVLKGH
LRTHTGSQKPFQCRICMRNFSQSSSLVRHLRTHTGEKPFQCRICMRNESRKERL
ATHLKTHTGSQKPFQCRICMRNEFSVRHNLTRHLRTHTGEKPFQCRICMRNESTIS
HNLARHLKTHLRGS
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SEQ

Description

Sequence

71

mRNAOQ036

SRPGERPFQCRICMRNESKKDHLHRHTRTHTGEKPFQCRICMRNFSRKESLTVH
LRTHTGSQKPFQCRICMRNESQSSSLVRHLRTHTGEKPFQCRICMRNESRKERL
ATHLKTHTGSQKPFQCRICMRNEFSVHHNLVRHLRTHTGEKPFQCRICMRNESTIS
HNLARHLKTHLRGS

72

mRNAQ037

SRPGERPFQCRICMRNESRVDHLHRHLRTHTGEKPFQCRICMRNFSRREHLSGH
LKTHTGGGGSQKPFQCRICMRNFESQSSSLVRHLRTHTGEKPFQCRICMRNESRK
ERLATHLKTHTGSQKPFQCRICMRNEFSVAHNLTRHLRTHTGEKPFQCRICMRNE
SISHNLARHLKTHLRGS

73

mRNAQ038

SRPGERPFQCRICMRNESRKHHLGRHTRTHTGEKPFQCRICMRNFSRREHLTIH
LRTHTGGGGSQKPFQCRICMRNFEFSQSSSLVRHLRTHTGEKPFQCRICMRNESRK
ERLATHLKTHTGSQKPFQCRICMRNEFSVAHNLTRHLRTHTGEKPFQCRICMRNE
SISHNLARHLKTHLRGS

74

mRNAOQ039

SRPGERPFQCRICMRNESRVDHLHRHLRTHTGEKPFQCRICMRNFSRSDHLSLH
LKTHTGGGGSQKPFQCRICMRNESQSSSLVRHLRTHTGEKPFQCRICMRNESRK
ERLATHLKTHTGSQKPFQCRICMRNEFSVAHNLTRHLRTHTGEKPFQCRICMRNE
SISHNLARHLKTHLRGS

75

mRNAOQ040

SRPGERPFQCRICMRNESKTDHLARHTRTHTGEKPFQCRICMRNFSQKEILTRH
LRTHTGSQKPFQCRICMRNESQSAHLKRHLRTHTGEKPFQCRICMRNESETGSL
RRHLKTHTGSQKPEFQCRICMRNESQSSSLVRHLRTHTGEKPFQCRICMRNESQT
NTLGRHLKTHLRGS

76

mRNAQ041

SRPGERPFQCRICMRNESKKDHLHRHTRTHTGEKPFQCRICMRNFSQKEILTRH
LRTHTGSQKPFQCRICMRNESQSAHLKRHLRTHTGEKPFQCRICMRNESETGSL
RRHLKTHTGSQKPEFQCRICMRNESQSSSLVRHLRTHTGEKPFQCRICMRNESQG
GTLRRHLKTHLRGS

77

mMRNAQ042

SRPGERPFQCRICMRNESKKDHLHRHTRTHTGEKPFQCRICMRNFSQKEILTRH
LRTHTGSQKPFQCRICMRNESQSAHLKRHLRTHTGEKPFQCRICMRNESDPTSL
NRHLKTHTGSQKPFQCRICMRNFSQSSSLVRHLRTHTGEKPFQCRICMRNESQT
NTLGRHLKTHLRGS

78

mMRNAQ043

SRPGERPFQCRICMRNESQOTNLTRHLRTHTGEKPFQCRICMRNFSVGGNLARH
LKTHTGSQKPFQCRICMRNESKRYNLYQHTRTHTGEKPFQCRICMRNESRQODNL
NTHLRTHTGSQKPFQCRICMRNEFSRSHNLKLHTRTHTGEKPFQCRICMRNESQS
TTLKRHLRTHLRGS

79

mRNAQ044

SRPGERPFQCRICMRNESQOTNLTRHLRTHTGEKPFQCRICMRNFSVGGNLSRH
LKTHTGSQKPFQCRICMRNESKRYNLYQHTRTHTGEKPFQCRICMRNESRQODNL
NTHLRTHTGSQKPFQCRICMRNEFSRSHNLRLHTRTHTGEKPFQCRICMRNESQS
TTLKRHLRTHLRGS

80

MRNAQ045

SRPGERPFQCRICMRNESQOTNLTRHLRTHTGEKPFQCRICMRNFSVGGNLSRH
LKTHTGSQKPFQCRICMRNESKKFNLLQHTRTHTGEKPFQCRICMRNESRRDNL
KSHLRTHTGSQKPEFQCRICMRNEFSRSHNLKLHTRTHTGEKPFQCRICMRNESQS
TTLKRHLRTHLRGS

81

mMRNAQ046

SRPGERPFQCRICMRNESDKSSLRKHTRTHTGEKPFQCRICMRNFSDHS SLKRH
LRTHTGSQKPFQCRICMRNESRNFILQRHTRTHTGEKPFQCRICMRNESRNDTL
ITHLRTHTGGGGSQKPFQCRICMRNEFSTSTLLKRHTRTHTGEKPFQCRICMRNE
SLKEHLTRHLRTHLRGS

82

MRNAQ047

SRPGERPFQCRICMRNESCNGSLKKHTRTHTGEKPFQCRICMRNFSDHS SLKRH
LRTHTGSQKPFQCRICMRNESRNFILARHTRTHTGEKPFQCRICMRNESRQODIL
VVHLRTHTGGGGSQKPFQCRICMRNEFSHKSSLTRHLRTHTGEKPFQCRICMRNE
SESGHLKRHLKTHLRGS

83

mRNAOQ048

SRPGERPFQCRICMRNESCNGSLKKHTRTHTGEKPFQCRICMRNFSDHS SLKRH
LRTHTGSQKPFQCRICMRNESRNFILARHTRTHTGEKPFQCRICMRNESRQDIL
VVHLRTHTGGGGSQKPFQCRICMRNEFSTSTLLKRHTRTHTGEKPFQCRICMRNE
SLKEHLTRHLRTHLRGS

84

mRNAOQ049

SRPGERPFQCRICMRNESTNNNLARHTRTHTGEKPFQCRICMRNFSRTDSLTLH
LRTHTGSQKPFQCRICMRNESQREHLTTHLRTHTGEKPFQCRICMRNESRRDNL
NRHLKTHTGSQKPFQCRICMRNFSRRQKLTIHTRTHTGEKPFQCRICMRNESHK
SSLTRHLRTHLRGS

85

mRNAOQ050

SRPGERPFQCRICMRNFSTNNNLARHTRTHTGEKPFQCRICMRNFSRTDSLTLH
LRTHTGSQKPFQCRICMRNEFSQREHLTTHLRTHTGEKPFQCRICMRNESRGDNL
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Description

Sequence

KRHLKTHTGSQKPFQCRICMRNEFSRROKLTIHTRTHTGEKPFQCRICMRNFESHK
SSLTRHLRTHLRGS

86

mRNAQ066

SRPGERPFQCRICMRNEFSTNNNLARHTRTHTGEKPFQCRICMRNEFSRTDSLTLH
LRTHTGSQKPFQCRICMRNFSQREHLNGHLRTHTGEKPFQCRICMRNESRGDNL
ARHLKTHTGSQKPFQCRICMRNFSRROKLTIHTRTHTGEKPFQCRICMRNESHK
SSLTRHLRTHLRGS

87

mRNAQ0051

SRPGERPFQCRICMRNFESQOTNLTRHLRTHTGEKPFQCRICMRNEFSANRTLVHH
LKTHTGSQKPFQCRICMRNFSDPANLRRHTRTHTGEKPFQCRICMRNESRQEHL
VRHLRTHTGGGGSQKPFQCRICMRNFSMKHHLGRHLRTHTGEKPFQCRICMRNE
SONSHLRRHLKTHLRGS

88

mRNA0052

SRPGERPFQCRICMRNESQQTNLTRHLRTHTGEKPFQCRICMRNFSANRTLVHH
LKTHTGSQKPFQCRICMRNFSEEANLRRHTRTHTGEKPFQCRICMRNEFSRREHL
VRHLRTHTGGGGSQKPFQCRICMRNFSMKHHLGRHLRTHTGEKPFQCRICMRNE
SONSHLRRHLKTHLRGS

89

mRNAO0067

SRPGERPFQCRICMRNFESQOTNLTRHLRTHTGEKPFQCRICMRNEFSANRTLVHH
LKTHTGSQKPFQCRICMRNFSDPANLRRHTRTHTGEKPFQCRICMRNESRQEHL
VRHLRTHTGGGGSQKPFQCRICMRNFSLKQHLVRHLRTHTGEKPFQCRICMRNE
SQGGHLARHLKTHLRGS

90

mRNAQ068

SRPGERPFQCRICMRNEFSRNTHLARHTRTHTGEKPFQCRICMRNEFSRADVLKGH
LRTHTGSQKPFQCRICMRNFSQRSSLVRHLRTHTGEKPFQCRICMRNESRKDAL
HVHLKTHTGGGGSQKPFQCRICMRNEFSQNEHLKVHLRTHTGEKPFQCRICMRNE
SONSHLRRHLKTHLRGS

91

mRNAQ053

SRPGERPFQCRICMRNEFSRNTHLARHTRTHTGEKPFQCRICMRNEFSRADVLKGH
LRTHTGSQKPFQCRICMRNFSQSSSLVRHLRTHTGEKPFQCRICMRNESRKERL
ATHLKTHTGGGGSQKPFQCRICMRNFSQKTHLAVHLRTHTGEKPFQCRICMRNE
SQGGHLKRHLKTHLRGS

92

mRNA0054

SRPGERPFQCRICMRNEFSRNTHLARHTRTHTGEKPFQCRICMRNEFSRADVLKGH
LRTHTGSQKPFQCRICMRNFSQSSSLVRHLRTHTGEKPFQCRICMRNESRKERL
ATHLKTHTGGGGSQKPFQCRICMRNFSQKTHLAVHLRTHTGEKPFQCRICMRNE
SONSHLRRHLKTHLRGS

93

mRNAQ055

SRPGERPFQCRICMRNEFSHKSSLTRHLRTHTGEKPFQCRICMRNEFSESGHLKRH
LKTHTGSQKPFQCRICMRNFSRRRNLTLHTRTHTGEKPFQCRICMRNESDRSSL
KRHLRTHTGSQKPFQCRICMRNEFSQPHSLAVHLRTHTGEKPFQCRICMRNESQK
PHLSRHLKTHLRGS

94

mRNAQ056

SRPGERPFQCRICMRNEFSHKSSLTRHLRTHTGEKPFQCRICMRNEFSEGGHLKRH
LKTHTGSQKPFQCRICMRNFSRRRNLOQLHTRTHTGEKPFQCRICMRNESDHSSL
KRHLRTHTGSQKPFQCRICMRNESRROQHLOYHTRTHTGEKPFQCRICMRNESQS
AHLKRHLRTHLRGS

95

mRNAQ057

SRPGERPFQCRICMRNEFSHKSSLTRHLRTHTGEKPFQCRICMRNEFSEGGHLKRH
LKTHTGSQKPFQCRICMRNFSRRRNLTLHTRTHTGEKPFQCRICMRNESDRSSL
KRHLRTHTGSQKPFQCRICMRNESRROHLOYHTRTHTGEKPFQCRICMRNESQS
AHLKRHLRTHLRGS

96

mRNAO0058

SRPGERPFQCRICMRNEFSGHTALRNHTRTHTGEKPFQCRICMRNEFSQSGTLHRH
LRTHTGGGGSQKPFQCRICMRNESDHSSLKRHLRTHTGEKPFQCRICMRNESAM
RSLMGHLKTHTGSQKPFQCRICMRNFSRRSRLVRHTRTHTGEKPFQCRICMRNE
SRGEHLTRHLRTHLRGS

97

mRNAQ059

SRPGERPFQCRICMRNEFSGHTALRNHTRTHTGEKPFQCRICMRNESQSTTLKRH
LRTHTGGGGSQKPFQCRICMRNEFSDHSSLKRHLRTHTGEKPFQCRICMRNESQQ
RSLVGHLKTHTGSQKPFQCRICMRNFSEAHHLSRHLRTHTGEKPFQCRICMRNE
SRTEHLARHLKTHLRGS

98

mRNAOQ060

SRPGERPFQCRICMRNEFSGHTALRNHTRTHTGEKPFQCRICMRNESQSTTLKRH
LRTHTGGGGSQKPFQCRICMRNESDHSSLKRHLRTHTGEKPFQCRICMRNESAM
RSLMGHLKTHTGSQKPFQCRICMRNFSROSRLORHTRTHTGEKPFQCRICMRNE
SRREHLVRHLRTHLRGS

99

mRNAQ062

SRPGERPFQCRICMRNFEFSQGETLKRHLRTHTGEKPFQCRICMRNEFSRADNLRRH
LKTHTGSQKPFQCRICMRNFSDKANLTRHLRTHTGEKPFQCRICMRNESDQGNL
IRHLKTHTGGGGSQKPFQCRICMRNEFSHRHVLINHTRTHTGEKPFQCRICMRNE
STNSSLTRHLRTHLRGS
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SEQ Description Sequence
100 mRNA0063 SRPGERPFQCRICMRNFSQGETLKRHLRTHTGEKPFQCRICMRNFSRADNLRRH
LKTHTGSQKPFQCRICMRNFSDSSNLRRHLRTHT GEKPFQCRICMRNESDQGNL
IRHLKTHTGGGGSQKPFQCRICMRNFSHKS SLTRHLRTHT GEKPFQCRICMRNFE
SIRTSLKRHLKTHLRGS
101 mRNAO0069 SRPGERPFQCRICMRNFSQGETLKRHLRTHTGEKPFQCRICMRNFSRADNLRRH
LKTHTGSQKPFQCRICMRNFSEQGNLLRHLRTHT GEKPFQCRICMRNEFSDGGNL
GRHLKTHTGGGGSQKPFQCRICMRNFSHRHVLINHTRTHTGEKPFQCRICMRNE
STNSSLTRHLRTHLRGS
102 HBV target GATGAGGCATAGCAGCAG
sequence
103 HBV target GATGATTAGGCAGAGGTG
sequence
104 HBYV target GGATTCAGCGCCGACGGG
sequence
105 HBV target GGCAGTAGTCGGAACAGGG
sequence
106 HBV target GTAAACTGAGCCAGGAGAA
sequence
107 HBV target ACGGTGGTCTCCATGCGAC
sequence
108 HBYV target GCTGGATGTGTCTGCGGCG
sequence
109 HBV target GTCTGCGAGGCGAGGGAG
sequence
110 HBV target GTTGCCGGGCAACGGGGTA
sequence
111 HBV target CGAGAAAGTGAAAGCCTGC
sequence
112 HBYV target GAGGCTTGAACAGTAGGAC
sequence
113 HBYV target GAGGTTGGGGACTGCGAA
sequence
114 HBV target GATGATGTGGTATTGGGG
sequence
115 HBV target GATGATGTGGTATTGGGGG
sequence
116 HBV target GCAGTAGTCGGAACAGGG
sequence
117 HBV target GCATAGCAGCAGGATGAA
sequence
118 HBYV target GGCGTTCACGGTGGTCTCC
sequence
119 HBYV target GTTGGTGAGTGATTGGAG
sequence
120 HBV target GGAGGTITGGGGACTGCGAA
sequence
121 HBV target GGATGATGTGGTATTGGGG
sequence
122 HBV target GGATGTGTCTGCGGCGTT
sequence
123 HBV target GGGGGTTGCGTCAGCARAAC
sequence
124 HBV target GTTGTTAGACGACGAGGCA
sequence
125 F1 KKFNLLQ
126 F1 RRHILDR
127 F1 RREVLEN
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SEQ Description Sequence
128 F1 RRAVLDR
129 F1 ROEHLVR
130 F1 RREHLVR
131 F1 KKDHLHR
132 F1 KTDHLAR
133 F1 QAGNLVR
134 F1 QRGNLQOR
135 F1 DRGNLTR
136 F1 RTDTLAR
137 F1 RADNLGR
138 F1 QOSSLLR
139 F1 QASALSR
140 F1 RGRNLEM
141 F1 RRRNLDV
142 F1 RGRNLAT
143 F1 DGSNLRR
144 F1 DPSNLOR
145 F1 QOTNLTR
146 F1 RATHLTR
147 F1 RVDHLHR
148 F1 RKHHLGR
149 F1 DKSSLRK
150 F1 CNGSLKK
151 F1 TNNNLAR
152 F1 RNTHLAR
153 F1 HKSSLTR
154 F1 GHTALRN
155 F1 QGETLKR
156 F2 RODNLNS
157 F2 RKDYLIS
158 F2 RODNLGR
159 F2 RRDNLNR
160 F2 EGGNLMR
161 F2 DPSNLQR
162 F2 DMGNLGR
163 F2 QKEILTR
164 F2 ONSHLRR
165 F2 QTTHLSR
166 F2 QARSLRA
167 F2 RTDSLPR
168 F2 RLDMLAR
169 F2 RNTHLSY
170 F2 RREHLVR
171 F2 DSSVLRR
172 F2 RIDNLDG
173 F2 RRDNLPK
174 F2 ANRTLVH
175 F2 RADVLKG
176 F2 RKESLTV
177 F2 RREHLSG
178 F2 RREHLTI
179 F2 RSDHLSL
180 F2 VGGNLAR
181 F2 VGGNLSR
182 F2 DHSSLKR
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SEQ Description Sequence
183 F2 RTDSLTL
184 F2 ESGHLKR
185 F2 EGGHLKR
186 F2 QSGTLHR
187 F2 QSTTLKR
188 F2 RADNLRR
189 F3 RSHNLKL
190 F3 RSHNLRL
191 F3 QSTTLKR
192 F3 SDRRDLD
193 F3 QSAHLKR
194 F3 DLSTLRR
195 F3 DGSTLRR
196 F3 EKASLIK
197 F3 DKSSLRK
198 F3 CNGSLKK
199 F3 DHSSLKR
200 F3 RGDGLRR
201 F3 RKLGLLR
202 F3 GLTALRT
203 F3 QNANLKR
204 F3 LKSNLHR
205 F3 ORRYLVE
206 F3 TTENLRV
207 F3 EEANLRR
208 F3 ORSSLVR
209 F3 QSSSLVR
210 F3 KRYNLYQ
211 F3 KKFNLLQ
212 F3 RNFILOR
213 F3 RNFILAR
214 F3 QREHLTT
215 F3 QREHLNG
216 F3 DPANLRR
217 F3 RRRNLTL
218 F3 RRRNLOL
219 F3 DKANLTR
220 F3 DSSNLRR
221 F3 EQGNLLR
222 F4 QSTTLKR
223 F4 RRDGLAG
224 F4 SFOSYLE
225 F4 ETGSLRR
226 F4 DRTPLNR
227 F4 ONEHLKV
228 F4 OKTHLAV
229 F4 DHSSLKR
230 F4 QPHGLAH
231 F4 QPHGLRH
232 F4 QPHGLST
233 F4 RRDNLNR
234 F4 RODNLGR
235 F4 ERAKLIR
236 F4 QKHHLAV
237 F4 LKQHLVV
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SEQ Description Sequence
238 F4 QQTNLAR
239 F4 QTONLTR
240 F4 RGEHLTR
241 F4 RREHLVR
242 F4 RKDALHV
243 F4 RKERLAT
244 F4 DPTSLNR
245 F4 RODNLNT
246 F4 RRDNLKS
247 F4 RNDTLIT
248 F4 RODILVV
249 F4 RGDNLKR
250 F4 RGDNLAR
251 F4 RQEHLVR
252 F4 DRSSLKR
253 F4 AMRSLMG
254 F4 QORSLVG
255 F4 DQGNLIR
256 F4 DGGNLGR
257 F5 RNTNLTR
258 F5 RODNLGR
259 F5 VHHNLVR
260 F5 RPNHLAT
261 F5 QSHSLKS
262 F5 QKHHLVT
263 F5 GGTALRM
264 F5 GGSALSM
265 F5 RRFILSR
266 F5 RNFILOR
267 F5 QSAHLKR
268 F5 QOAHLVR
269 F5 RARNLTL
270 F5 RRRNLOL
271 F5 AKRDLDR
272 F5 LRKDLVR
273 F5 QRSNLAR
274 F5 LKTNLAR
275 F5 QRSDLTR
276 F5 HKETLNR
277 F5 TNSSLTR
278 F5 MTSSLRR
279 F5 VRHNLTR
280 F5 VAHNLTR
281 F5 QSSSLVR
282 F5 RSHNLKL
283 F5 RSHNLRL
284 F5 TSTLLKR
285 F5 HKSSLTR
286 F5 RRQKLTI
287 F5 MKHHLGR
288 F5 LKQHLVR
289 F5 QNEHLKV
290 F5 QKTHLAV
291 F5 QPHSLAV
292 F5 RROHLOY
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SEQ Description Sequence

293 F5 RRSRLVR

204 F5 EAHHLSR

295 F5 ROSRLOR

206 F5 HRHVLIN

297 F6 IKHNLAR

298 F6 VVNNLNR

299 F6 ISHNLAR

300 F6 QSPHLKR

301 F6 ESGHLKR

302 F6 ENSKLRR

303 F6 QRSSLVR

304 F6 RNDSLKC

305 F6 RNDTLII

306 F6 VGNSLSR

307 F6 VHESLKR

308 F6 DPSSLKR

309 F6 DHSSLKR

310 F6 VNSSLTR

311 F6 VRHSLTR

312 F6 QKVHLEA

313 F6 QKCHLKA

314 F6 RGDNLNR

315 F6 REDNLGR

316 F6 RIDNLIR

317 F6 RODNLGR

318 F6 QTNTLGR

319 F6 QGGTLRR

320 F6 QSTTLKR

321 F6 LKEHLTR

322 F6 HKSSLTR

323 F6 ONSHLRR

324 F6 QGGHLAR

325 F6 QGGHLKR

326 F6 QKPHLSR

327 F6 QSAHLKR

328 F6 RGEHLTR

329 F6 RTEHLAR

330 F6 RREHLVR

331 F6 TNSSLTR

332 F6 IRTSLKR

327 F6 QSAHLKR

328 F6 RGEHLTR

329 F6 RTEHLAR

330 F6 RREHLVR

331 F6 TNSSLTR

332 F6 IRTSLKR
MNNSQGRVTFEDVTVNFTQGEWQRLNPEQRNLYRDVMLENYSNLVSVGQGETTK

495 ZIM3 PDVILRLEQGKEPWLEEEEVLGSGRAEKNGDIGGQIWKPKDVKESL
MAATLLMAGSQAPVTFEDMAMY LTREEWRPLDAAQRDLYRDVMQENYGNVVSLD

496 ZNF436 FEIRSENEVNPKQEISEDVQFGTTSERPAENAEENPESEEGFESGDRSERQW
MLENYRNLVFLGIAVSKPDLITCLEQGKEPCNMKRHEMVAKPPVMCSHIAEDLC

497 ZNF257 PERDIKYFFQKVILRRYDKCEHENLQLRKGCKSVDECKVCK

498 ZNF675 MGLLTFRDVAIEFSLEEWQCLDTAQRNLYKNVILENYRNLVFLGIAVSKQDLIT

CLEQEKEPLTVKRHEMVNEPPVMCSHFAQEFWPEQNIKDSF
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499

ZNF490

MLOMONSEHHGQSIKTQTDSISLEDVAVNETLEEWALLDPGOQRNIYRDVMRATE
KNLACIGEKWKDOQDIEDEHKNQGRNLRSPMVEALCENKEDCPCGKSTSQIPDLN
TNLETPTG

500

ZNF320

MALSQGLLTFRDVAIEFSQEEWKCLDPAQRTLYRDVMLENYRNLVSLDISSKCM
MNTLSSTGQGNTEVIHTGTLOROASYHIGAFCSQEIEKDIHDFVEQ

501

ZNF331

MAQGLVTFADVAIDESQEEWACLNSAQRDLYWDVMLENYSNLVSLDLESAYENK
SLPTKKNIHEIRASKRNSDRRSKSLGRNWICEGTLERPQRSRGR

502

ZNF816

MLREEATKKSKEKEPGMALPQGRLTFRDVAIEFSLEEWKCLNPAQRALYRAVML
ENYRNLEFVDSSLKSMMEFSSTRHSITGEVIHTGTLORHKSHHI GDFCFPEMKK
DIHHFEFQWOQ

503

ZNF680

MPGPPGSLEMGPLTFRDVAIEFSLEEWQCLDTAQRNLYRKVMFENYRNLVFLGI
AVSKPHLITCLEQGKEPWNRKRQEMVAKPPVIYSHFTEDLWPEHSIKDSF

504

ZNF41

MSPPWSPALAAEGRGSSCEASVSFEDVIVDEFSKEEWQHLDPAQRRLYWDVTLEN
YSHLLSVGYQIPKSEAAFKLEQGEGPWMLEGEAPHQSCSGEAIGKMQOQQOGIPGG
IFFHC

505

ZNF189

MASPSPPPESKEEWDYLDPAQRSLYKDVMMENYGNLVSLDVLNRDKDEEPTVKQ
EIEEIEEEVEPQGVIVTRIKSEIDQDPMGRETFELVGRLDKQRGIFLWEIPRES
L

506

ZNF528

MALTQGPLKFMDVAIEFSQEEWKCLDPAQRTLYRDVMLENYRNLVSLGICLPDL
SVTSMLEQKRDPWTLOQSEEKTANDPDGRECIKGVNTERSSKLGSN

507

ZNF543

MAASAQVSVTFEDVAVTIFTQEEWGQLDAAQRTLYQEVMLETCGLLMSLGCPLFEFK
PELIYQLDHRQELWMATKDLSQSSYPGDNTKPKTTEPTFSHLALPE

508

ZNF554

MESQEERMAAGYLPRWSQELVTFEDVSMDFSQEEWELLEPAQKNLYREVMLENY
RNVVSLEALKNQCTDVGIKEGPLSPAQTSQVITSLSSWIGYLLFQPVASSHLEQR
EALWIEEKGTPQASCSDWMTVLRNQDSTYKKVALQE

509

ZNF140

MSQGSVTFRDVAIDEFSQEEWKWLQPAQRDLYRCVMLENYGHLVSLGLSISKPDV
VSLLEQGKEPWLGKREVKRDLESVSESSGEIKDFSPKNVIYDD

510

ZNF610

MEEAQKRKAKESGMALPQGRLTFMDVAIEFSQEEWKSLDPGQRALYRDVMLENY
RNLVFLGRSCVLGSNAENKPIKNQLGLTLESHLSELQLFQAGRKIYRSNQVEKE
TNHR

511

ZNF264

MAAAVLTDRAQVSVTFDDVAVTFTKEEWGQLDLAQRTLYQEVMLENCGLLVSLG
CPVPKAELICHLEHGQEPWTRKEDLSQDTCPGDKGKPKTTEPTTCEPALSE

512

ZNF350

MIQAQESITLEDVAVDFTWEEWQLLGAAQKDLYRDVMLENYSNLVAVGYQASKP
DALFKLEQGEQLWTIEDGIHSGACSDIWKVDHVLERLOSESLVNR

513

ZNF8

MEGVAGVMSVGPPAARLQEPVTFRDVAVDEFTQEEWGQLDPTQRILYRDVMLETFE
GHLLSIGPELPKPEVISQLEQGTELWVAERGTTQGCHPAWEPRSESQASRKEEG
LPEE

514

ZNF582

MSLGSELFRDVAIVESQEEWQWLAPAQRDLYRDVMLETYSNLVSLGLAVSKPDV
ISFLEQGKEPWMVERVVSGGLCPVLESRYDTKELFPKQHVYEV

515

ZNF30

MAHKYVGLQYHGSVTFEDVAIAFSQQEWESLDSSQRGLYRDVMLENYRNLVSMA
GHSRSKPHVIALLEQWKEPEVTVRKDGRRWCTDLQLEDDTIGCKEMPTSEN

516

ZNF324

MAFEDVAVYFSQEEWGLLDTAQRALYRRVMLDNFALVASLGLSTSRPRVVIQLE
RGEEPWVPSGTDTTLSRTTYRRRNPGSWSLTEDRDVSG

517

ZNF98

MLENYRNLVEFVGIAASKPDLITCLEQGKEPWNVKRHEMVTEPPVVYSYFAQDLW
PKQGKKNYFQKVILRTYKKCGRENLQLRKYCKSMDECKVHKECYNGLNQC

518

ZNF669

MHFRRPDPCREPLASPIQDSVAFEDVAVNEFTQEEWALLDSSQKNLYREVMQETC
RNLASVGSQWKDONIEDHFEKPGKDIRNHIVQRLCESKEDGQYGEVVSQIPNLD
LNENISTGLKPCECSICGK

519

ZNF677

MALSQGLFTFKDVAIEFSQEEWECLDPAQRALYRDVMLENYRNLLSLDEDNIPP
EDDISVGFTSKGLSPKENNKEELYHLVILERKESHGINNFDLKEVWENMPKEDS
LW

520

ZNF596

MTFEDIIVDFTQEEWALLDTSQRKLFQDVMLENISHLVSIGKQLCKSVVLSQLE
QVEKLSTQRISLLOGREVGIKHQEIPFIHHIYQKGTSTISTMRS

521

ZNF214

MAVTFEDVTIIFTWEEWKFLDS SQKRLYREVMWENYTNVMSVENWNESYKSQEE
KFRYLEYENFSYWQGWWNAGAQMYENQNYGETVQGTDSKDLTQQODRSQC

522

ZNF37A

MITSQGSVSFRDVIVGFTQEEWQHLDPAQRTLYRDVMLENYSHLVSVGYCIPKP
EVILKLEKGEEPWILEEKFPSQSHLELINTSRNYSIMKFNEFNKG
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523

ZNF34

MFEDVAVYLSREEWGRLGPAQRGLYRDVMLETYGNLVSLGVGPAGPKPGVISQL
ERGDEPWVLDVQGTSGKEHLRVNSPALGTRTEYKELTSQETFGEEDPQGSEPVE
ACDHIS

524

ZNF250

METYGNVVSLGLPGSKPDIISQLERGEDPWVLDRKGAKKSQGLWSDYSDNLKYD
HTTACTQQODSLSCPWECETKGESQONTDLSPKPLISEQTVILGKTPLGRIDQENN
ETKQ

525

ZNF547

MAEMNPAQGHVVFEDVAIYFSQEEWGHLDEAQRLLYRDVMLENLALLSSLGCCH
GAEDEEAPLEPGVSVGVSQVMAPKPCLSTONTQPCETCSSLLKDILRL

526

ZNF273

MLDNYRNLVFLGIAVSKPDLITCLEQGKEPCNMKRHAMVAKPPVVCSHFAQDLW
PKQGLKDS

527

ZNF354A

MAAGQREARPQVSLTFEDVAVLFTRDEWRKLAPSQRNLYRDVMLENYRNLVSLG
LPFTKPKVISLLQQGEDPWEVEKDGSGVSSLGSKSSHKTTKSTQTQDSSFQ

528

ZFP82

MALRSVMFSDVSIDFSPEEWEYLDLEQKDLYRDVMLENYSNLVSLGCFISKPDV
ISSLEQGKEPWKVVRKGRRQYPDLETKYETKKLSLENDIYEIN

529

ZNF224

MTTFKEAMTFKDVAVVFTEEELGLLDLAQRKLYRDVMLENFRNLLSVGHQAFHR
DTFHFLREEKIWMMKTATIQREGNSGDKIQTEMETVSEAGTHQEW

530

ZNF33A

MEQVEQKSQESVSFKDVIVGFTQEEWQHLDPSQRALYRDVMLENYSNLVSVGYC
VHKPEVIFRLQQGEEPWKQEEEFPSQSFPEVWTADHLKERSQENQSKHL

531

ZNF45

MTKSKEAVTFKDVAVVESEEELQLLDLAQRKLYRDVMLENFRNVVSVGHQSTPD
GLPQLEREEKLWMMKMATQRDNSSGAKNLKEMETLOEVGLRYLP

532

ZNF175

MSQKPQVLGPEKQDGSCEASVSFEDVTVDESREEWQQLDPAQRCLYRDVMLELY
SHLFAVGYHIPNPEVIFRMLKEKEPRVEEAEVSHQRCQEREFGLEIPQKETI SKK
ASFQ

533

ZNF595

MELVTFRDVAIEFSPEEWKCLDPAQONLYRDVMLENYRNLVSLGEVISNPDLVT
CLEQIKEPCNLKIHETAAKPPAICSPFSQDLSPVQGIEDSF

534

ZNF184

MSTLLOGGHNLLSSASFQESVTFKDVIVDEFTQEEWKQLDPGOQRDLFRDVTLENY
THLVSIGLQVSKPDVISQLEQGTEPWIMEPSIPVGTCADWETRLENSVSAPEPD
ISEE

535

ZNF419

MDPAQVPVAADLLTDHEEGYVTFEDVAVYFSQEEWRLLDDAQRLLYRNVMLENE
TLLASLGLASSKTHEITQLESWEEPFMPAWEVVTSAIPRGCWHGAEAEEAPEQT
ASVG

536

ZFP28-1

MKKLEAVGTGIEPKAMSQGLVTFGDVAVDEFSQEEWEWLNPIQRNLYRKVMLENY
RNLASLGLCVSKPDVISSLEQGKEPWTVKRKMTRAWCPDLKAVWKIKELPLKKD
FCEG

537

ZFP28-2

MSLLGEHWDYDALFETQPGLVTIKNLAVDFRQOQLHPAQKNFCKNGIWENNSDLG
SAGHCVAKPDLVSLLEQEKEPWMVKRELTGSLESGQRSVHETQELFPKQDSYAE

538

ZNF18

MLALAASQPARLEERLIRDRDLGASLLPAAPQEQWRQLDSTQKEQYWDLILETY
GKMVSGAGISHPKSDLTNSIEFGEELAGIYLHVNEKIPRPTCIGDRQENDKENL
NLENH

539

ZNF213

MEGRPGETTDTCFVSGVHGPVALGDIPFYFSREEWGTLDPAQRDLFWDIKRENS
RNTTLGFGLKGQSEKSLLQEMVPVVPGQTGSDVIVSWS PEEAEAWESENRPRAA
LGPVVGARRGRPPTRRRQFRDLA

540

ZNF394

MVAVVRALQRALDGTSSQGMVTFEDTAVSLTWEEWERLDPARRDEFCRESAQKDS
GSTVPPSLESRVENKELIPMOQILEEAEPQGQLOQEAFQGKRPLESKCGSTHEDR
VEKQSGDP

541

ZFP1

MNKSQGSVSFTDVIVDEFTQEEWEQLDPSQRILYMDVMLENYSNLLSVEVWKADD
OMERDHRNPDEQARQFLILKNQTPIEERGDLFGKALNLNTDEVSLRQVPYKYDL
YEKTL

542

ZFP14

MAHGSVTFRDVAIDFSQEEWEFLDPAQRDLYRDVMWENYSNFISLGPSISKPDV
ITLLDEERKEPGMVVREGTRRYCPDLESRYRTNTLSPEKDIYEIYSFQWDIMER

543

ZNF416

MAAAVLRDSTSVPVTAEAKLMGFTQGCVTFEDVAIYEFSQEEWGLLDEAQRLLYR
DVMLENFALITALVCWHGMEDEETPEQSVSVEGVPQVRTPEASPSTQKIQSCDM
CVPFLTDILHLTDLPGQELYLTGACAVFHQDQK

544

ZNF557

MLPPTAASQREGHTEGGELVNELLKSWLKGLVTFEDVAVEFTQEEWALLDPAQR
TLYRDVMLENCRNLASLGNQVDKPRLISQLEQEDKVMTEERGILSGTCPDVENP
FKAKGLTPKLHVFRKEQSRNMKMER

545

ZNF566

MAQESVMESDVSVDESQEEWECLNDDQRDLYRDVMLENYSNLVSMGHSTI SKPNV
ISYLEQGKEPWLADRELTRGOQWPVLESRCETKKLFLKKEIYEIESTQWEIMEK
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546

ZNF729

MPGAPGSLEMGPLTFRDVTIEFSLEEWQCLDTVQONLYRDVMLENYRNLVELGM
AVFKPDLITCLKQGKEPWNMKRHEMVTKPPVMRSHEFTQDLWPDQSTKDSFQEVT
LRTYAR

547

ZIM2

MAGSQFPDFKHLGTFLVFEELVTFEDVLVDFSPEELSSLSAAQRNLYREVMLEN
YRNLVSLGHQFSKPDIISRLEEEESYAMETDSRHTVICQGE

548

ZNF254

MPGPPRSLEMGLLTFRDVAIEFSLEEWQHLDIAQONLYRNVMLENYRNLAFLGI
AVSKPDLITCLEQGKEPWNMKRHE

549

ZNF764

MAPPLAPLPPRDPNGAGPEWREPGAVSFADVAVYFCREEWGCLRPAQRALYRDV
MRETYGHLSALGIGGNKPALISWVEEEAELWGPAAQDPE

550

ZNF785

MGPPLAPRPAHVPGEAGPRRTRESRPGAVSFADVAVYFSPEEWECLRPAQRALY
RDVMRETFGHLGALGEFSVPKPAFISWVEGEVEAWSPEAQDPDGESS

551

ZNF10 (KOX1)

MDAKSLTAWSRTLVTFKDVEVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG
YQLTKPDVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSVSSRSIFKDKQS
CDIKMEGMARNDLWYLSLEEVWKCRDQLDKYQENPERHLRQVAFTQKKVLTQER
VSESGKYGGNCLLPAQLVLREYFHKRDSHTKSLKHDLVLNGHQDSCASNSNECG
QTFCONIHLIQFARTHTGDKSYKCPDNDNSLTHGSSLGISKGIHREKPYECKEC
GKFFSWRSNLTRHQLIHTGEKPYECKECGKSFSRSSHLIGHQKTHTGEEPYECK
ECGKSEFSWESHLVTHQRTHTGDKLYTCNQCGKSFVHSSRLIRHQRTHTGEKPYE
CPECGKSFRQSTHLILHQRTHVRVRPYECNECGKSYSQRSHLVVHHRIHTGLKP
FECKDCGKCEFSRSSHLYSHQRTHTGEKPYECHDCGKSEFSQSSALIVHQRIHTGE
KPYECCQCGKAFIRKNDLIKHQRIHVGEETYKCNQCGIIFSQONSPFIVHQIAHT
GEQFLTCNQCGTALVNTSNLIGYQTNHIRENAY

552

CBX5
(chromoshadow
domain)

MGKKTKRTADSSSSEDEEEYVVEKVLDRRVVKGQVEYLLKWKGFSEEHNTWEPE
KNLDCPELISEFMKKYKKMKEGENNKPREKSESNKRKSNEFSNSADDIKSKKKRE
QSNDIARGFERGLEPEKIIGATDSCGDLMFLMKWKDTDEADLVLAKEANVKCPQ
IVIAFYEERLTWHAYPEDAENKEKETAKS

553

RYBP
(YAF2_RYBP
component of

PRC1)

MTMGDKKSPTRPKRQAKPAADEGFWDCSVCTFRNSAEAFKCSICDVRKGTSTRK
PRINSQLVAQQVAQOYATPPPPKKEKKEKVEKQDKEKPEKDKEI SPSVTKKNTN
KKTKPKSDILKDPPSEANSIQSANATTKTSETNHTSRPRLKNVDRSTAQQLAVT
VGNVTVIITDFKEKTRSSSTSSSTVISSAGSEQONQSSSGSESTDKGSSRSSTP
KGDMSAVNDESF

554

YAF2
(YAF2_RYBP
component of

PRC1)

MGDKKSPTRPKRQPKPSSDEGYWDCSVCTFRNSAEAFKCMMCDVRKGT STRKPR
PVSQLVAQOVTQQFVPPTQSKKEKKDKVEKEKSEKETTSKKNSHKKTRPRLKNV
DRSSAQHLEVTVGDLTVIITDFKEKTKSPPASSAASADQHSQSGSSSDNTERGM
SRSSSPRGEASSLNGESH

555

MGA (component
of PRC1.6)

MEEKQQIILANQDGGTVAGAAPTFFVILKQPGNGKTDQGILVTNQDACALASSV
SSPVKSKGKICLPADCTVGGITVTLDNNSMWNEFYHRSTEMILTKQGRRMEPYC
RYWITGLDSNLKYILVMDISPVDNHRYKWNGRWWEPSGKAEPHVLGRVFIHPES
PSTGHYWMHQPVSFYKLKLTNNTLDQEGHIILHSMHRYLPRLHLVPAEKAVEVI
QLNGPGVHTFTFPQTEFFAVTAYQNIQITQLKIDYNPFAKGEFRDDGLNNKPQRD
GKQKNSSDQEGNNISSSSGHRVRLTEGQGSEIQPGDLDPLSRGHET SGKGLEKT
SLNIKRDFLGFMDTDSALSEVPQLKQEISECLIASSFEDDSRVASPLDONGSFEN
VVIKEEPLDDYDYELGECPEGVTVKQEETDEETDVYSNSDDDPILEKQLKRHNK
VDNPEADHLSSKWLPSSPSGVAKAKMFKLDTGKMPVVYLEPCAVTRSTVKISEL
PDNMLSTSRKDKSSMLAELEYLPTYIENSNETAFCLGKESENGLRKHSPDLRVV
QRKYPLLKEPQWKYPDISDSISTERILDDSKDSVGDSLSGKEDLGRKRTTMLKIA
TAAKVVNANONASPNVPGKRGRPRKLKLCKAGRPPKNTGKSLISTKNTPVSPGS
TFPDVKPDLEDVDGVLFVSFESKEALDIHAVDGTTEESSSLOASTTNDSGYRAR
ISQLEKELIEDLKTLRHKQVIHPGLQEVGLKLNSVDPTMSIDLKYLGVQLPLAP
ATSFPFWNLTGTNPASPDAGFPFVSRTGKTNDFTKIKGWRGKFHSASASRNEGG
NSESSLKNRSAFCSDKLDEYLENEGKLMETSMGESSNAPTSPVVYQLPTKSTSY
VRTLDSVLKKQSTISPSTSYSLKPHSVPPVSRKAKSONRQATFSGRTKSSYKSI
LPYPVSPKQKYSHVILGDKVTKNSSGIISENQANNEVVPTLDENIFPKQISLRQ
AQOOQOQQQGSRPPGLSKSQVKLMDLEDCALWEGKPRTYITEERADVSLTTLLT
AQASLKTKPIHTIIRKRAPPCNNDFCRLGCVCSSLALEKRQPAHCRRPDCMFEGC
TCLKRKVVLVKGGSKTKHFQRKAAHRDPVFYDTLGEEAREEEEGIREEEEQLKE
KKKRKKLEYTICETEPEQPVRHYPLWVKVEGEVDPEPVYIPTPSVIEPMKPLLL
POPEVLSPTVKGKLLTGIKSPRSYTPKPNPVIREEDKDPVYLYFESMMTCARVR
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VYERKKEDQRQPSSSSSPSPSEFQQQTSCHSSPENHNNAKEPDSEQQPLKQLTCD
LEDDSDKLQEKSWKSSCNEGESSSTSYMHQRSPGGPTKLIEITISDCNWEEDRNK
ILSILSQHINSNMPQSLKVGSFIIELASQRKSRGEKNPPVYSSRVKISMPSCQD
QDDMAEKSGSETPDGPLSPGKMEDISPVQTDALDSVRERLHGGKGLPFYAGLSP
AGKLVAYKRKPSSSTSGLIQVASNAKVAASRKPRTLLPSTSNSKMASSSGTATN
RPGKNLKAFVPAKRPIAARPSPGGVFTQFVMSKVGALQQOKIPGVSTPQTLAGTQ
KEFSIRPSPVMVVTPVVSSEPVQVCSPVTAAVITTTPQVFLENTTAVIPMTAISD
VETKETTYSSGATTTGVVEVSETNTSTSVTSTQSTATVNLTKTTGITTPVASVA
FPKSLVASPSTITLPVASTASTSLVVVTAAASSSMVTTPTSSLGSVPIILSGIN
G3SPPVSQRPENAAQIPVATPQVSPNTVKRAGPRLLLIPVQQGSPTLRPVSNTQL
QGHRMVLQPVRSPSGMNLEFRHPNGQIVQLLPLHQLRGSNTQPNLQPVMERNPGS
VMGIRLPAPSKPSETPPSSTSSSAFSVMNPVIQAVGSSSAVNVITQAPSLLSSG
ASFVSQAGTLTLRISPPEPQSFASKTGSETKITYSSGGQPVGTASLIPLOSGSE
ALLOLPGQKPVPSSILQHVASLOMKRESQNPDQKDETNSIKREQETKKVLOSEG
EAVDPEANVIKQONSGAATSEETLNDSLEDRGDHLDEECLPEEGCATVKPSEHSC
ITGSHTDOQDYKDVNEEYGARNRKSSKEKVAVLEVRTISEKASNKTVONLSKVOH
QKLGDVKVEQOKGFDNPEENSSEFPVTFKEESKFELSGSKVMEQQSNLOQPEAKE
KECGDSLEKDRERWRKHLKGPLTRKCVGASQECKKEADEQLIKETKTCQENSDV
FOQEQGISDLLGKSGITEDARVLKTECDSWSRISNPSAEFSIVPRRAAKSSRGNG
HFQGHLLLPGEQIQPKQEKKGGRSSADFTVLDLEEDDEDDNEKTDDSIDEIVDV
VSDYQSEEVDDVEKNNCVEYIEDDEEHVDIETVEELSEEINVAHLKTTAAHTQS
FKQPSCTHISADEKAAERSRKAPPIPLKLKPDYWSDKLOKEAEAFAYYRRTHTA
NERRRRGEMRDLFEKLKITLGLLHSSKVSKSLILTRAFSEIQGLTDQADKLIGQ
KNLLTRKRNILIRKVSSLSGKTEEVVLKKLEYIYAKQQALEAQKRKKKMGSDEF
DISPRISKQQEGSSASSVDLGOMFINNRRGKPLILSRKKDQATENTSPLNTPHT
SANLVMTPQGQLLTLKGPLFSGPVVAVSPDLLESDLKPQVAGSAVALPENDDLE
MMPRIVNVTSLATEGGLVDMGGSKYPHEVPDSKPSDHLKDTVRNEDNSLEDKGR
ISSRGNRDGRVTLGPTQVFLANKDSGYPQIVDVSNMOKAQEFLPKKI SGDMRGI
QYKWKESESRGERVKSKDSSFHKLKMKDLKDSSIEMELRKVTSATEEAALDSSE
LLTNMEDEDDTDETLTSLLNEIAFLNQQLNDDSVGLAELPSSMDTEFPGDARRA
FISKVPPGSRATFQVEHLGTGLKELPDVQGESDSISPLLLHLEDDDESENEKQL
AEPASEPDVLKIVIDSEIKDSLLSNKKAIDGGKNTSGLPAEPESVSSPPTLHMK
TGLENSNSTDTLWRPMPKLAPLGLKVANPSSDADGQSLKVMPCLAPIAAKVGSV
GHKMNLTGNDQEGRESKVMPTLAPVVAKLGNSGASPSSAGK

556

CBX1
(chromoshadow)

MGKKONKKKVEEVLEEEEEEYVVEKVLDRRVVKGKVEYLLKWKGESDEDNTWEP
EENLDCPDLIAEFLOSQKTAHETDKSEGGKRKADSDSEDKGEESKPKKKKEESE
KPRGFARGLEPERIIGATDSSGELMFLMKWKNSDEADLVPAKEANVKCPQVVIS
FYEERLTWHSYPSEDDDKKDDKN

557

SCMH1
(SAM_1/SPM)

MLVCYSVLACEILWDLPCSIMGSPLGHFTWDKYLKETCSVPAPVHCFKQSYTPP
SNEFKISMKLEAQDPRNTTSTCIATVVGLTGARLRLRLDGSDNKNDEWRLVDSA
EIQPIGNCEKNGGMLQPPLGFRLNASSWPMFLLKTLNGAEMAPIRIFHKEPPSP
SHNFFKMGMKLEAVDRKNPHFICPATIGEVRGSEVLVTEDGWRGAFDYWCREDS
RDIFPVGWCSLTGDNLQPPGTKVVIPKNPYPASDVNTEKPSIHSSTKTVLEHQP
GQRGRKPGKKRGRTPKTLISHPISAPSKTAEPLKFPKKRGPKPGSKRKPRTLLN
PPPASPTTSTPEPDTSTVPQDAATIPSSAMOAPTVCIYLNKNGSTGPHLDKKKV
QQLPDHEFGPARASVVLQQAVQACIDCAYHQKTVFSFLKQGHGGEVISAVFDREQ
HTLNLPAVNSITYVLRFLEKLCHNLRSDNLFGNQPFTQTHLSLTATEYSHSHDR
YLPGETFVLGNSLARSLEPHSDSMDSASNPTNLVSTSQRHRPLLSSCGLPPSTA
SAVRRLCSRGVLKGSNERRDMESFWKLNRSPGSDRYLESRDASRLSGRDPSSWT
VEDVMQEFVREADPQLGPHADLFRKHEIDGKALLLLRSDMMMKYMGLKLGPALKL
SYHIDRLKQGKF

558

MPP8
(Chromodomain)

MEQVAEGARVTAVPVSAADSTEELAEVEEGVGVVGEDNDAAARGAEAFGDSEED
GEDVFEVEKILDMKTEGGKVLYKVRWKGYTSDDDTWEPEIHLEDCKEVLLEFRK
KIAENKAKAVRKDIQRLSLNNDIFEANSDSDQQSETKEDTSPKKKKKKLROQREE
KSPDDLKKKKAKAGKLKDKSKPDLESSLESLVFDLRTKKRISEAKEELKESKKP
KKDEVKETKELKKVKKGEIRDLKTKTREDPKENRKTKKEKFVESQVESESSVLN
DSPFPEDDSEGLHSDSREEKONTKSARERAGQDMGLEHGFEKPLDSAMSAEEDT
DVRGRRKKKTPRKAEDTRENRKLENKNAFLEKKTVPKKQRNQDRSKSAAELEKL
MPVSAQTPKGRRLSGEERGLWSTDSAEEDKETKRNESKEKYQKRHDSDKEEKGR
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KEPKGLKTLKEIRNAFDLFKLTPEEKNDVSENNRKREEIPLDFKTIDDHKTKEN
KQSLKERRNTRDETDTWAYIAAEGDQEVLDSVCQADENSDGRQQILSLGMDLQOL
EWMKLEDFQKHLDGKDENFAATDATPSNVLRDAVKNGDYITVKVALNSNEEYNL
DQEDSSGMTLVMLAAAGGODDLLRLLITKGAKVNGROKNGTTALIHAAEKNELT
TVAILLEAGAFVNVQQSNGETALMKACKRGNSDIVRLVIECGADCNILSKHQNS
ALHFAKQSNNVLVYDLLKNHLETLSRVAEETIKDYFEARLALLEPVFPIACHRL
CEGPDEFSTDENYKPPONIPEGSGILLFIFHANFLGKEVIARLCGPCSVQAVVLN
DKFQLPVFLDSHFVYSFSPVAGPNKLFIRLTEAPSAKVKLLIGAYRVQLQ

559

SUMO3 (Rad60-
SLD)

MSEEKPKEGVKTENDHINLKVAGQDGSVVQFKIKRHTPLSKLMKAYCERQGLSM
ROIRFRFDGQPINETDTPAQLEMEDEDTIDVFQQQTGGVPESSLAGHSFE

560

HERC2 (Cyt-b5)

MPSESFCLAAQARLDSKWLKTDIQLAFTRDGLCGLWNEMVKDGEIVYTGTESTQ
NGELPPRKDDSVEPSGTKKEDLNDKEKKDEEETPAPIYRAKSILDSWVWGKQPD
VNELKECLSVLVKEQQALAVQOSATTTLSALRLKQRLVILERYFIALNRTVFQEN
VKVKWKSSGISLPPVDKKSSRPAGKGVEGLARVGSRAALSFAFAFLRRAWRSGE
DADLCSELLQESLDALRALPEASLFDESTVSSVWLEVVERATRELRSVVTGDVH
GTPATKGPGSIPLODOQHLALAILLELAVORGTLSQMLSAILLLLOLWDSGAQET
DNERSAQGTSAPLLPLLOQRFQSIICRKDAPHSEGDMHLLSGPLSPNESFLRYLT
LPODNELAIDLRQTAVVVMAHLDRLATPCMPPLCSSPTSHKGSLQEVIGWGLIG
WKYYANVIGPIQCEGLANLGVTQIACAEKRFLILSRNGRVYTQAYNSDTLAPQL
VQGLASRNIVKIAAHSDGHHYLALAATGEVYSWGCGDGGRLGHGDTVPLEEPKV
ISAFSGKQAGKHVVHIACGSTYSAAITAEGELYTWGRGNYGRLGHGS SEDEATP
MLVAGLKGLKVIDVACGSGDAQTLAVTENGQVWSWGDGDYGKLGRGGSDGCKTP
KLIEKLODLDVVKVRCGSQFSIALTKDGQVYSWGKGDNQRLGHGTEEHVRYPKL
LEGLQGKKVIDVAAGSTHCLALTEDSEVHSWGSNDQCQHFDTLRVTKPEPAALP
GLDTKHIVGIACGPAQSFAWSSCSEWSIGLRVPFVVDICSMTFEQLDLLLRQVS
EGMDGSADWPPPQEKECVAVATLNLLRLOLHAAT SHQVDPEFLGLGLGSILLNS
LKQTVVTLASSAGVLSTVQSAAQAVLOSGWSVLLPTAEERARALSALLPCAVSG
NEVNISPGRRFMIDLLVGSLMADGGLESALHAAITAEIQDIEAKKEAQKEKEID
EQEANASTFHRSRTPLDKDLINTGICESSGKQCLPLVQLIQQLLRNIASQTVAR
LKDVARRISSCLDFEQHSRERSASLDLLLRFQRLLISKLYPGESIGQTSDISSP
ELMGVGSLLKKYTALLCTHIGDILPVAASIASTSWRHFAEVAYIVEGDFTGVLL
PELVVSIVLLLSKNAGLMQEAGAVPLLGGLLEHLDRFNHLAPGKERDDHEELAW
PGIMESFFTGONCRNNEEVTLIRKADLENHNKDGGFWTVIDGKVYDIKDEFQTQS
LTGNSILAQFAGEDPVVALEAALQFEDTRESMHAFCVGQYLEPDQEIVTIPDLG
SLSSPLIDTERNLGLLLGLHASYLAMSTPLSPVEIECAKWLQSSIFSGGLQTSQ
IHYSYNEEKDEDHCSSPGGTPASKSRLCSHRRALGDHSQAFLOATADNNIQDHN
VKDFLCQIERYCRQCHLTTPIMFPPEHPVEEVGRLLLCCLLKHEDLGHVALSLV
HAGALGIEQVKHRTLPKSVVDVCRVVYQAKCSLIKTHQEQGRSYKEVCAPVIER
LRFLFNELRPAVCNDLSIMSKFKLLSSLPRWRRIAQKIIRERRKKRVPKKPEST
DDEEKIGNEESDLEEACILPHSPINVDKRPIAIKSPKDKWQPLLSTVTGVHKYK
WLKONVQGLYPQSPLLSTIAEFALKEEPVDVEKMRKCLLKQLERAEVRLEGIDT
ILKLASKNFLLPSVQYAMFCGWQRLIPEGIDIGEPLTDCLKDVDLIPPFNRMLL
EVTFGKLYAWAVONIRNVLMDASAKFKELGIQPVPLQTITNENPSGPSLGTIPQ
ARFLLVMLSMLTLQHGANNLDLLLNSGMLALTQTALRLIGPSCDNVEEDMNASA
QGASATVLEETRKETAPVQLPVSGPELAAMMKIGTRVMRGVDWKWGDODGPPPG
LGRVIGELGEDGWIRVQWDTGSTNSYRMGKEGKYDLKLAELPAAAQPSAEDSDT
EDDSEAEQTERNIHPTAMMFTSTINLLOTLCLSAGVHAEIMOSEATKTLCGLLR
MLVESGTTDKTSSPNRLVYREQHRSWCTLGEFVRSIALTPQVCGALSSPOWITLL
MKVVEGHAPFTATSLQRQILAVHLLOAVLPSWDKTERARDMKCLVEKLEFDFLGS
LLTTCSSDVPLLRESTLRRRRVRPOQASLTATHSSTLAEEVVALLRTLHSLTQWN
GLINKYINSQLRSITHSFVGRPSEGAQLEDYFPDSENPEVGGLMAVLAVIGGID
GRLRLGGQVMHDEFGEGTVTRITPKGKITVQEFSDMRTCRVCPLNQLKPLPAVAF
NVNNLPFTEPMLSVWAQLVNLAGSKLEKHKIKKSTKQAFAGQVDLDLLRCQQLK
LYTLKAGRALLSHOQDKLRQILSQPAVQETGTVHTDDGAVVSPDLGDMSPEGPQP
PMILLOQLLASATQPSPVKATIFDKQELEAAALAVCQCLAVESTHPSSPGFEDCS
SSEATTPVAVQHIRPARVKRRKQSPVPALPIVVQLMEMGEFSRRNIEFALKSLTG
ASGNASSLPGVEALVGWLLDHSDIQVTELSDADTVSDEYSDEEVVEDVDDAAYS
MSTGAVVTESQTYKKRADFLSNDDYAVYVRENIQVGMMVRCCRAYEEVCEGDVG
KVIKLDRDGLHDLNVQCDWQOKGGTYWVRYIHVELIGYPPPSSSSHIKIGDKVR
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Sequence

VKASVTTPKYKWGSVTHQSVGVVKAFSANGKDITIVDEPQQSHWTGLLSEMELVP
SIHPGVTCDGCOMFPINGSRFKCRNCDDFDFCETCFKTKKHNTRHTFGRINEPG
QSAVFCGRSGKQLKRCHSSQPGMLLDSWSRMVKSLNVSSSVNQASRLIDGSEPC
WOSSGSQGKHWIRLEIFPDVLVHRLKMIVDPADSSYMPSLVVVSGGNSLNNLIE
LKTININPSDTTVPLLNDCTEYHRYIEIAIKQCRSSGIDCKIHGLILLGRIRAE
EEDLAAVPFLASDNEEEEDEKGNSGSLIRKKAAGLESAATIRTKVEVWGLNDKD
QLGGLKGSKIKVPSFSETLSALNVVQVAGGSKSLFAVIVEGKVYACGEATNGRL
GLGISSGTVPIPRQITALSSYVVKKVAVHSGGRHATALTVDGKVESWGEGDDGK
LGHEFSRMNCDKPRLIEALKTKRIRDIACGSSHSAALTSSGELYTWGLGEYGRLG
HGDNTTQLKPKMVKVLLGHRVIQVACGSRDAQTLALTDEGLVESWGDGDEFGKLG
RGGSEGCNIPONIERLNGQGVCQIECGAQFSLALTKSGVVWIWGKGDYFRLGHG
SDVHVRKPQVVEGLRGKKIVHVAVGALHCLAVTDSGQVYAWGDNDHGQQGNGTT
TVNRKPTLVQGLEGQKITRVACGSSHSVAWTTVDVATPSVHEPVLFQTARDPLG
ASYLGVPSDADSSAASNKISGASNSKPNRPSLAKILLSLDGNLAKQQOALSHILT
ALQIMYARDAVVGALMPAAMIAPVECPSFSSAAPSDASAMAS PMNGEECMLAVD
IEDRLSPNPWQEKREIVSSEDAVTPSAVIPSAPSASARPFIPVIDDLGAASIIA
ETMTKTKEDVESONKAAGPEPQALDEFTSLLIADDTRVVVDLLKLSVCSRAGDR
GRDVLSAVLSGMGTAYPQVADMLLELCVTELEDVATDSQSGRLSSQPVVVESSH
PYTDDTSTSGTVKIPGAEGLRVEFDRQCSTERRHDPLTVMDGVNRIVSVRSGRE
WSDWSSELRIPGDELKWKFISDGSVNGWGWRETVYPIMPAAGPKELLSDRCVLS
CPSMDLVTCLLDFRLNLASNRSIVPRLAASLAACAQLSALAASHRMWALQRLRK
LLTTEFGQSININRLLGENDGETRALSFTGSALAALVKGLPEALQRQFEYEDPI
VRGGKQLLHSPFFKVLVALACDLELDTLPCCAETHKWAWFRRYCMASRVAVALD
KRTPLPRLFLDEVAKKIRELMADSENMDVLHESHDIFKREQDEQLVQWMNRRPD
DWTLSAGGSGTIYGWGHNHRGQLGGIEGAKVKVPTPCEALATLRPVQLIGGEQT
LFAVTADGKLYATGYGAGGRLGIGGTESVSTPTLLESIQHVFIKKVAVNSGGKH
CLALSSEGEVYSWGEAEDGKLGHGNRSPCDRPRVIESLRGIEVVDVAAGGAHSA
CVTAAGDLYTWGKGRYGRLGHSDSEDQLKPKLVEALQGHRVVDIACGSGDAQTL
CLTDDDTVWSWGDGDYGKLGRGGSDGCKVPMKIDSLTGLGVVKVECGSQFSVAL
TKSGAVYTWGKGDYHRLGHGSDDHVRRPRQVQGLOGKKVIAIATGSLHCVCCTE
DGEVYTWGDNDEGQLGDGTTNAIQRPRLVAALQGKKVNRVACGSAHTLAWSTSK
PASAGKLPAQVPMEYNHLQEIPITALRNRLLLLHHLSELFCPCIPMEDLEGSLD
ETGLGPSVGFDTLRGILISQGKEAAFRKVVQATMVRDROQHGPVVELNRIQVKRS
RSKGGLAGPDGTKSVFGOMCAKMS SFGPDSLLLPHRVWKVKEVGESVDDCGGGY
SESIAEICEELONGLTPLLIVTPNGRDESGANRDCYLLSPAARAPVHSSMFRFL
GVLLGIAIRTGSPLSLNLAEPVWKQLAGMSLTIADLSEVDKDFIPGLMYIRDNE
ATSEEFEAMSLPFTVPSASGQDIQLSSKHTHITLDNRAEYVRLAINYRLHEFDE
QVAAVREGMARVVPVPLLSLFTGYELETMVCGSPDIPLHLLKSVATYKGIEPSA
SLIQWFWEVMESFSNTERSLFLREVWGRTRLPRTIADFRGRDEFVIQVLDKYNPP
DHFLPESYTCFFLLKLPRYSCKQVLEEKLKYATHFCKSIDTDDYARIALTGEPA
ADDSSDDSDNEDVDSFASDSTQDYLTGH

MAEMGSKGVTAGKIASNVQKKLTRAQEKVLQKLGKADETKDEQFEQCVQONENKQ
LTEGTRLOKDLRTYLASVKAMHEASKKLNECLQEVYEPDWPGRDEANKIAENND
LLWMDYHQKLVDQALLTMDTYLGQFPDIKSRIAKRGRKLVDYDSARHHYESLQT
AKKKDEAKIAKPVSLLEKAAPQWCQGKLOAHLVAQTNLLRNQAEEELIKAQKVE
EEMNVDLOQEELPSLWNSRVGEYVNTFQSIAGLEENFHKEMSKLNQNLNDVLVGL
EKQHGSNTFTVKAQPSDNAPAKGNKSPSPPDGSPAATPEIRVNHEPEPAGGATP
GATLPKSPSQLRKGPPVPPPPKHTPSKEVKQEQILSLFEDTFVPEISVITTPSQF
EAPGPFSEQASLLDLDFDPLPPVTSPVKAPTPSGQSIPWDLWEPTESPAGSLPS
GEPSAAEGTFAVSWPSQTAEPGPAQPAEASEVAGGTQPAAGAQEPGETAASEAA
SSSLPAVVVETFPATVNGTVEGGSGAGRLDLPPGFMFKVQAQHDYTATDTDELQ
LKAGDVVLVIPFONPEEQDEGWLMGVKESDWNQHKELEKCRGVFPENFTERVP

WO 2024/238700
SEQ Description
561 BIN1 (SH3_9)
PCGF2 (RING
562 finger protein
domain)

MHRTTRIKITELNPHLMCALCGGYFIDATTIVECLHSFCKTCIVRYLETNKYCP
MCDVQVHKTRPLLSIRSDKTLODIVYKLVPGLFKDEMKRRRDFYAAYPLTEVPN
GSNEDRGEVLEQEKGALSDDEIVSLSIEFYEGARDRDEKKGPLENGDGDKEKTG
VRFLRCPAAMTVMHLAKFLRNKMDVPSKYKVEVLYEDEPLKEYYTLMDIAYIYP
WRRNGPLPLKYRVQPACKRLTLATVPTPSEGTNTSGASECESVSDKAPSPATLP
ATSSSLPSPATPSHGSPSSHGPPATHPTSPTPPSTASGATTAANGGSLNCLQTP
SSTSRGRKMTVNGAPVPPLT
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SEQ Description Sequence
MDVRFYPPPAQPAAAPDAPCLGPSPCLDPYYCNKFDGENMYMSMTEPSQDYVPA
SQSYPGPSLESEDFNIPPITPPSLPDHSLVHLNEVESGYHSLCHPMNHNGLLPF
HPONMDLPEITVSNMLGQODGTLLSNSISVMPDIRNPEGTQYSSHPQMAAMRPRG
QPADIRQQPGMMPHGQLTTINQSQLSAQLGLNMGGSNVPHNSPSPPGSKSATPS
PSSSVHEDEGDDTSKINGGEKRPASDMGKKPKTPKKKKKKDPNEPQKPVSAYAL
563 TOX (HMG box) 2

FFRDTQAATKGONPNATFGEVSKIVASMWDGLGEEQKQVYKKKTEAAKKEYLKQ
LAAYRASLVSKSYSEPVDVKTSQPPQLINSKPSVFHGPSQAHSALYLSSHYHQQ
PGMNPHLTAMHPSLPRNIAPKPNNQOMPVTVSIANMAVSPPPPLOQISPPLHQHLN
MQOOHQPLTMQQPLGNQLPMOVQOSALHSPTMQQGFTLOPDYQTIINPTSTAAQVV
TOAMEYVRSGCRNPPPQPVDWNNDYCSSGGMQRDKALYLT

FOXA1 (HNF3A
564 C-termina
domain)

MLGTVKMEGHETSDWNSYYADTQEAYSSVPVSNMNSGLGSMNSMNT YMTMNTMT
TSGNMTPASFNMSYANPGLGAGLSPGAVAGMPGGSAGAMNSMTAAGVTAMGTAL
SPSGMGAMGAQQAASMNGLGPYAAAMNPCMS PMAYAPSNLGRSRAGGGGDAKTF
KRSYPHAKPPYSYISLITMAIQQAPSKMLTLSEIYQWIMDLFPYYRONQQRWON
SIRHSLSEFNDCEVKVARSPDKPGKGSYWTLHPDSGNMFENGCYLRRQKRFKCEK
QPGAGGGGGSGSGGSGAKGGPESRKDPSGASNPSADSPLHRGVHGKTGQLEGAP
APGPAASPQTLDHSGATATGGASELKTPASSTAPPISSGPGALASVPASHPAHG
LAPHESQLHLKGDPHYSFNHPEFSINNLMSSSEQQHKLDFKAYEQALQYSPYGST
LPASLPLGSASVTTRSPIEPSALEPAYYQGVYSRPVLNTS

FOXA2 (HNF3B

MLGAVKMEGHEPSDWSSYYAEPEGYSSVSNMNAGLGMNGMNT YMSMSAAAMGSG
SGNMSAGSMNMS SYVGAGMSPSLAGMS PGAGAMAGMGGSAGAAGVAGMGPHLSP
SLSPLGGOAAGAMGGLAPYANMNSMSPMYGOAGLSRARDPKTYRRSYTHAKPPY
SYISLITMAIQQSPNKMLTLSEIYQWIMDLEPEFYRONQORWONSIRHSLSEFNDC
FLKVPRSPDKPGKGSEWTLHPDSGNMFENGCYLRROQKREFKCEKQLALKEAAGAA
GSGKKAAAGAQASQAQLGEAAGPASETPAGTESPHSSASPCQEHKRGGLGELKG
TPAAALSPPEPAPSPGQQOOOAAAHLLGPPHHPGLPPEAHLKPEHHYAFNHPFEST
NNLMSSEQQHHHSHHHHQPHKMDLKAYEQVMHYPGYGSPMPGSLAMGPVTNKTG
LDASPLAADTSYYQGVYSRPIMNSS

565 C-terminal
domain)
IRF2BP1 (IRF-
566 2BP1_2 N-

terminal domain)

MASVQOASRRQWCYLCDLPKMPWAMVWDEFSEAVCRGCVNFEGADRIELLIDAARQ
LKRSHVLPEGRSPGPPALKHPATKDLAAAAAQGPQLPPPQAQPQOPSGTGGGVSG
QDRYDRATSSGRLPLPSPALEYTLGSRLANGLGREEAVAEGARRALLGSMPGLM
PPGLLAAAVSGLGSRGLTLAPGLSPARPLFGSDFEKEKQQRNADCLAELNEAMR
GRAEEWHGRPKAVREQLLALSACAPFNVRFKKDHGLVGRVFAFDATARPPGYEF
ELKLFTEYPCGSGNVYAGVLAVAROMFHDALREPGKALASSGFKYLEYERRHGS
GEWRQLGELLTDGVRSFREPAPAEALPQOQYPEPAPAALCGPPPRAPSRNLAPTP
RRRKASPEPEGEAAGKMTTEEQQQRHWVAPGGPYSAETPGVPSPIAALKNVAEA
LGHSPKDPGGGGGPVRAGGASPAASSTAQPPTQHRLVARNGEAEVSPTAGAEAV
SGGGSGTGATPGAPLCCTLCRERLEDTHFVQCPSVPGHKFCFPCSREFIKAQGP
AGEVYCPSGDKCPLVGSSVPWAFMQGEIATILAGDIKVKKERDP

IRF2BP2 (IRF-
567 2BP1_2 N-
terminal domain)

MAAAVAVAAASRROQSCYLCDLPRMPWAMIWDEFTEPVCRGCVNYEGADRVEFVIE
TARQLKRAHGCFPEGRSPPGAAASAAAKPPPLSAKDILLQQQQQOLGHGGPEAAP
RAPQALERYPLAAAAERPPRLGSDFGSSRPAASLAQPPTPQPPPVNGILVPNGE
SKLEEPPELNRQSPNPRRGHAVPPTLVPLMNGSATPLPTALGLGGRAAASLAAV
SGTAAASLGSAQPTDLGAHKRPASVSSSAAVEHEQREAAAKEKQPPPPAHRGPA
DSLSTAAGAAELSAEGAGKSRGSGEQDWVNRPKTVRDTLLALHQHGHSGPFESK
FKKEPALTAGRLLGFEANGANGSKAVARTARKRKPSPEPEGEVGPPKINGEAQP
WLSTSTEGLKIPMTPTSSEVSPPPPTASPHSNRTTPPEAAQNGQSPMAALILVA
DNAGGSHASKDANQVHSTTRRNSNSPPSPSSMNQRRLGPREVGGQGAGNTGGLE
PVHPASLPDSSLATSAPLCCTLCHERLEDTHEVQCPSVPSHKFCFPCSRQSIKQ
QGASGEVYCPSGEKCPLVGSNVPWAFMQGETIATILAGDVKVKKERDS

IRF2BPL IRF-
568 2BP1_2 N-
terminal domain

MSAAQVSSSRROSCYLCDLPRMPWAMIWDFSEPVCRGCVNYEGADRIEFVIETA
ROLKRAHGCFQDGRSPGPPPPVGVKTVALSAKEAAAAAAAARAAAAAAQQQQOQQ
0000000000000000000LNHVDGS SKPAVLAAPSGLERYGLSARAAARAARR
AAVEQRSRFEYPPPPVSLGSSSHTARLPNGLGGPNGFPKPTPEEGPPELNRQSP
NSSSAAASVASRRGTHGGLVTGLPNPGGGGGPQLTVPPNLLPQTLLNGPASAAY
LPPPPPHALGSRGPPTPAPPGAPGGPACLGGTPGVSATSSSASSSTSSSVAEVG
VGAGGKRPGSVSSTDOERELKEKORNAEATAELSESLRNRAEEWASKPKMVRDT
LLTLAGCTPYEVRFKKDHSLLGRVFAFDAVSKPGMDYELKLFIEYPTGSGNVYS
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SEQ

Description

Sequence

SASGVAKOMYQDCMKDEFGRGLSSGFKYLEYEKKHGSGDWRLLGDLLPEAVRFFK
EGVPGADMLPQPYLDASCPMLPTALVSLSRAPSAPPGTGALPPAAPSGRGAAAS
LRKRKASPEPPDSAEGALKLGEEQQRQOWMANQSEALKLTMSAGGFAAPGHAAG
GPPPPPPPLGPHSNRTTPPESAPONGPSPMAALMSVADTLGTAHSPKDGSSVHS
TTASARRNSSSPVSPASVPGQRRLASRNGDLNLOQVAPPPPSAHPGMDQVHPONT
PDSPMANSGPLCCTICHERLEDTHFVQCPSVPSHKFCFPCSRESIKAQGATGEV
YCPSGEKCPLVGSNVPWAFMQGETIATI LAGDVKVKKERDP

569

HOXA13
(homeodomain)

MTASVLLHPRWIEPTVMFLYDNGGGLVADELNKNMEGAAAAAAAAAAARAAAGAG
GGGFPHPAAAAAGGNEFSVAAAAAAAAAAAANQCRNLMAHPAPLAPGAASAYSSA
PGEAPPSAAAAAAAAAAAAAAAARAASSSGGPGPAGPAGAEAAKQCSPCSAAAQS
SSGPAALPYGYFGSGYYPCARMGPHPNATKSCAQPASAAAAAAFADKYMDTAGP
AAEEFSSRAKEFAFYHQGYAAGPYHHHQPMPGYLDMPVVPGLGGPGESRHEPLG
LPMESYQPWALPNGWNGQMYCPKEQAQPPHLWKSTLPDVVSHPSDASSYRRGRK
KRVPYTKVQLKELEREYATNKEFITKDKRRRISATTNLSERQVTIWFQNRRVKEK
KVINKLKTTS

570

HOXB13
(homeodomain)

MEPGNYATLDGAKDIEGLLGAGGGRNLVAHSPLTSHPAAPTLMPAVNYAPLDLP
GSAEPPKQCHPCPGVPQGTSPAPVPYGYFGGGYYSCRVSRSSLKPCAQAATLAA
YPAETPTAGEEYPSRPTEFAFYPGYPGTYQPMASYLDVSVVQTLGAPGEPRHDS
LLPVDSYQSWALAGGWNSQMCCQGEQNPPGPFWKAAFADSSGQHPPDACAFRRG
RKKRIPYSKGQLRELEREYAANKFITKDKRRKISAATSLSERQITIWEFQNRRVK
EKKVLAKVKNSATP

571

HOXC13
(homeodomain)

MTTSLLLHPRWPESLMYVYEDSAAESGIGGGGGGGGGGTGGAGGGCSGASPGKA
PSMDGLGSSCPASHCRDLLPHPVLGRPPAPLGAPQGAVYTDIPAPEAARQCAPP
PAPPTSSSATLGYGYPFGGSYYGCRLSHNVNLOOQKPCAYHPGDKYPEPSGALPG
DDLSSRAKEFAFYPSFASSYQAMPGYLDVSVVPGISGHPEPRHDALIPVEGYQH
WALSNGWDSQVYCSKEQSQSAHLWKSPFPDVVPLQPEVSSYRRGRKKRVPYTKV
QLKELEKEYAASKFITKEKRRRISATTNLSERQVTIWFONRRVKEKKVVSKSKA
PHLHST

572

HOXA11
(homeodomain)

MDFDERGPCSSNMYLPSCTYYVSGPDEFSSLPSFLPQTPSSRPMTYSYSSNLPQV
QPVREVTFREYAIEPATKWHPRGNLAHCYSAEELVHRDCLOAPSAAGVPGDVLA
KSSANVYHHPTPAVSSNFYSTVGRNGVLPQAFDQFFETAYGTPENLASSDYPGD
KSAEKGPPAATATSAAAAAAATGAPATSSSDSGGGGGCRETAAAAEEKERRRRP
ESSSSPESSSGHTEDKAGGSSGQRTRKKRCPYTKYQIRELEREFFFSVYINKEK
RLOLSRMLNLTDROQVKIWFONRRMKEKKINRDRLOYYSANPLL

573

HOXC11
(homeodomain)

MENSVNLGNFCSPSRKERGADFGERGSCASNLYLPSCTYYMPEFSTVSSFLPQA
PSRQISYPYSAQVPPVREVSYGLEPSGKWHHRNSYSSCYAAADELMHRECLPPS
TVTEILMKNEGSYGGHHHPSAPHATPAGEFYSSVNKNSVLPQAFDRFFDNAYCGG
GDPPAEPPCSGKGEAKGEPEAPPASGLASRAEAGAEAEAEEENTNPSSSGSAHS
VAKEPAKGAAPNAPRTRKKRCPYSKFQIRELEREFFENVYINKEKRLQLSRMLN
LTDROVKIWFOQNRRMKEKKLSRDRLOYFSGNPLL

574

HOXC10
(homeodomain)

MTCPRNVTPNSYAEPLAAPGGGERYSRSAGMYMQSGSDFNCGVMRGCGLAPSLS
KRDEGSSPSLALNTYPSYLSQLDSWGDPKAAYRLEQPVGRPLSSCSYPPSVKEE
NVCCMYSAEKRAKSGPEAALYSHPLPESCLGEHEVPVPSYYRASPSYSALDKTP
HCSGANDFEAPFEQRASLNPRAEHLESPQLGGKVSFPETPKSDSQTPSPNEIKT
EQSLAGPKGSPSESEKERAKAADSSPDTSDNEAKEEIKAENTTGNWLTAKSGRK
KRCPYTKHQTLELEKEFLENMYLTRERRLEISKTINLTDRQVKIWFQNRRMKLK
KMNRENRIRELTSNENET

575

HOXA10
(homeodomain)

MSARKGYLLPSPNYPTTMSCSESPAANSEFLVDSLISSGRGEAGGGGGGAGGGGG
GGYYAHGGVYLPPAADLPYGLOSCGLFPTLGGKRNEAASPGSGGGGGGLGPGAH
GYGPSPIDLWLDAPRSCRMEPPDGPPPPPQQQPPPPPOPPQPAPQATSCSFAQN
IKEESSYCLYDSADKCPKVSATAAELAPFPRGPPPDGCALGTSSGVPVPGYFRL
SQAYGTAKGYGSGGGGAQQLGAGPFPAQPPGRGFDLPPALASGSADAARKERAL
DSPPPPTLACGSGGGSQGDEEAHASSSAAEELSPAPSESSKASPEKDSLGNSKG
ENAANWLTAKSGRKKRCPYTKHQTLELEKEFLFNMYLTRERRLEISRSVHLTDR
QVKIWFOQNRRMKLKKMNRENRIRELTANENE'S

576

HOXB9
(homeodomain)

MSISGTLSSYYVDSIISHESEDAPPAKFPSGQYASSRQPGHAEHLEFPSCSEQP
KAPVFGASWAPLSPHASGSLPSVYHPYIQPQGVPPAESRYLRTWLEPAPRGEAA
PGQGQAAVKAEPLLGAPGELLKQGTPEYSLETSAGREAVLSNQRPGYGDNKICE
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SEQ Description Sequence
GSEDKERPDQTNPSANWLHARSSRKKRCPYTKYQTLELEKEFLFNMYLTRDRRH
EVARLLNLSERQVKIWFQNRRMKMKKMNKEQGKE
MATTGALGNYYVDSFLLGADAADELSVGRYAPGTLGQPPRQAATLAEHPDFSPC
SFQSKATVFGASWNPVHAAGANAVPAAVYHHHHHHPYVHPQAPVAAAAPDGRYM

577 HOXA9 RSWLEPTPGALSFAGLPSSRPYGIKPEPLSARRGDCPTLDTHTLSLTDYACGSP

(homeodomain) | PVDREKQPSEGAFSENNAENESGGDKPPIDPNNPAANWLHARSTRKKRCPYTKH
QTLELEKEFLFNMYLTRDRRYEVARLLNLTERQVKIWFQNRRMKMKKINKDRAK
DE

578 ZFP28_HUMAN ﬁgﬁgﬁ\ggséigg@}fzgigggigngVDFngEWEWLNPIQRNLYRKVMLENY

579 ZN334_HUMAN I;b}g};ggi E\é(s; EggﬁgEggﬁg;ﬂgg?PAQRLLYRDVMLENYSNLVSVGYHVSK

se0_ | zsen_ MmN | G ey O AERDHT

581 ZN37A_HUMAN \I/i‘iii;\ééggg;ﬁ\ﬁgg;gggﬁgggigiAQRTLYRDVMLENYSHLVSVGYCI PKPE

e Il

I el

584 ZN862_HUMAN giiiﬁggﬁi\g\é\ﬁgEII:EXVRii%AVYFTREEWGMLDKRQKELYRDVMRMNY

585 ZN140_HUMAN 2%Ez\égEEg;ﬁéEg:\%iE/DqEVFMSJ%?@SQRDLYRCVMLENYGHLVSLGLsI SKPDVV

586 ZN208_HUMAN i;;gigg%ﬁ;ig;gﬁgggg;.\]Zg?ggl;LYRNVMLENYRNLVFLGIAAFKPDLIIF

587 ZN248_HUMAN 5};E%%ZEE%?{EEE%E%EEEEAQKI LYRDVILENYSNLVSVGYCITKPE

588 ZN571_HUMAN igﬂ;;\égi‘igﬁ?éEg;gﬁﬁgi;?g;?%RDLYRDVMLENYSNLI SLDLESSCVTKK

589 ZNG99_HUMAN igig?giﬁ;%gg?;ggz\é\égiE\QI?XEFTQEEWALLDLAQRNLYRDVMLENFQNL

590 ZN726_HUMAN i;;gig%ﬁiiigIEJI\E/I\E/VSEgIl;giﬁggLYRNVMLENYRNLAFLGIAVSKPDLIIc

591 ZIK1_HUMAN ﬁgigzgzz;gggggggg:;gﬁgggém YFSQDEWGLLDEAQRLLYLEVMLENF

592 ZNF2_HUMAN ?C\E{zEgg?;gi;\éggig%ﬁ\\;\éiggggwsRLVPIQRDLYKEVMLENYNS IVSLGL

593 Z705E_HUMAN ?iéfE\Q/gigE%ﬁég;‘ggigvggl\l\/}ﬂ\;giéKRKLYRDVMLENI SHLVSLGYQISKSYT

594 ZNF14_HUMAN Eixggig;igggiizgg;iziEEELYEDVMQETFKNLVCLGKKWEDQDIEDD

505 ZN471_HUMAN Ig\lfg\é\gx}fg%iggggggi 5Z‘ESIEEWQWMNPAQKRLYRSMMLENYQSLVSLGL

see | zne2e_HUMAN | o vy Y

I

508 ZNF7_HUMAN i\ﬁ\égggg\;@gigiggiggggiiiggiwmwmws SVAGLAGFLVFKPELIS

599 ZN891_HUMAN igﬁ?g\E/FE{};Iéi\Y/gig\Tf?ggEEgEEII{iXAVEFTQEEWMMLDSAQRSLYRDVMLENY

oo | e | G s 0 RIS

601 7705G_HUMAN ?iéigégigEﬁ{.égggiggﬁﬂggi;KRKLYRDVMLENI SHLVSLGYQISKSYT

602 ZN529_ HUMAN MPEVEFPDQFFTVLTMDHELVTLRDVVINFSQEEWEYLDSAQRNLYWDVMMENY

SNLLSLDLESRNETKHLSVGKDIION
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SEQ Description Sequence
oo3 | ZNT20_HUMAN | e o MR
I e
605 7705A_HUMAN II{iIéEg\égigEﬁéggggig%}hf]ﬂ;{gigmmmwmmI SHLVSLGYQISKSYI
TKSKEAVTFKDVAVVFSEEELQLLDLAQRKLYRDVMLENFRNVVSVGHQSTPDG
606 ZNF45_HUMAN LPQLEREEKLWNMKMATQRDNSSGAK ? °
Il
oo | zase_ruwaN | Lo o MR
oo | zNe2t_HUMAN | ey ARSIV
610 || ZNssS_HUMAN | Byt O
611 ZN33A_HUMAN gggg;{;iizgzgggﬁgggggggg?wPSQRALYRDVMLENYSNLVSVGYCV
612 ZN554_HUMAN ;E\s/\%gigzi?;égir\ﬂ/zglgElé\égiggXSMDFSQEEWELLEPAQKNLYREVMLENY
613 ZN878_HUMAN gé;\]f?gig\éﬁgi‘ggFE{ET/S\YQE.Egg;gigLYREVMQETLRNLTSIGKKWNNQYI EDE
614 ZN772_HUMAN jl\:iﬁig\g?g:gé\ﬁ\?figi\%\ggg%wwsQEEWVLLDEAQRLLYRDVMLENF
615 ZN224_HUMAN ggg?fﬁl\égEI;VE;VNMAgiigigEEEEEEAQRKLYRDVMLENFRNLLSVGHQAFHRD
616 ZN184_HUMAN ?;ibg?gfgiﬂ/g;;;@iggi?‘gggggxl\mFTQEEWKQLDPGQRDLFRDVTLENY
617 ZN544_HUMAN Eig;};gziggi;\égEEE\éggggggﬁWEQLDLAQRTLYREVTLETWEHIVSLGL
518 ZNF57_HUMAN gig\éﬁggg@\égEE;??S?;;E;??E?LYRDVMLETFRNLASVDDGTQFKANGSV
e
T T 3 TFEDIAVYFSQEEWGLLDEAQRCLYHDVMLENF
20| Zwses A | e e O T GRC
621 ZN211_HUMAN X%;gz%ggﬁg@gggg@ig;\éﬁi‘gggAVYFSWEEWDLLDEAQKHLYFDVMLENF
22| zners o |y TSGR
623 ZN253_HUMAN i;égiig\ﬁ%ﬁgE‘{;E}Eﬁ?gl}-{l;;%@gﬁ?LYRDWLENYRNLVFLGIVVSKPDLVTC
el
625 ZN730_HUMAN iggg;g];;gﬁiE;‘;E;\Efgig;gg?SggIJ\ZILYRNVMLDNYRNLVFLGIAVSKPDLITC
626 7585A_HUMAN 2EfEiiﬁi}g\igﬁ%igﬁgiﬁyl DFSREEWRHLDPSQRNLYRDVMLETY
627 ZN732_HUMAN E;éiigg\yf?\l}ii‘;E?\Efzig;.}]i\]?}éggl;LYRDVMLENYRNLI SLGVAISNPDLVIY
628 ZNG81_HUMAN EEEEEE?%’?;EE;TP_{.DE/[\E[Y/;E;T];\Dé‘(Ijgg?LYRNVMLENYRNLVFLGIWSKPDLITC
629 ZN667_HUMAN g;ﬁi(gg\s}i;ﬁ;éggg;ﬁ\l{;gigiiWEWLsPIQKDLYEDVMLENYRNLVSLGL
630 ZNG49_HUMAN TKAQESLTLEDVAVDFTWEEWQFLSPAQKDLYRDVMLENY SNLVSVGYQAGKPD

ALTKLEQGEPLWTLEDETIHSPAHPET
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631 ZN470_HUMAN ;I%E\E/\S{\E/\Qgg;gg@}fgiizggg%m DFSQDEWEWLNLAQRSLYKKVMLENY
632 ZN484_HUMAN 3?;25;5;;§2¥Eg22§iggzgggggAQKsLYREVMLENYFNLI SVGCQVPKPE
633 | ZNA3T_HUMAN |\ cunvskonpVICLEOERERY
PLQGSVSFKDVTVDFTQEEWQQLDPAQKALYRDVMLENYCHFVSVGFHMAKPDM
634 ZN382_HUMAN IRiLEQGEELWTQRIF§SYS$%EEDGQ
o35 | anase_HUMAN | GO R AT
636 ZN124_HUMAN zggggiggg;\g?gig\ﬁﬁgggggr&mmwSQKNLYRDVMQETFRNLASIGNK
R I
638 ZN317_HUMAN ];);E\Tlcsiigigggig2Z§§giggggggKA\IDFTEKEWPLLDS SQRKLYKDVMLENY
o3| znez0_HUMAN | YAV AT T
640 ZN141_HUMAN Egéiigg\;ﬁ}/ii‘;i?\E}V;E;;ﬁggg?LYRDWLENYRNLVSLG\/’AISNPDLVTC
641 ZN584_HUMAN iggggggg 5 ; ;gig\é}égggxs\gz;;s/ REEWGLLNVTQKGLYRDVMLENFALVSS
642 ZN540_HUMAN ?iﬁ;gg;gggﬁi;;g?gzggggiigRKLYRDVMLENYNNLVSLGYSGSKPDVI
I e Xl
644 ZN555_HUMAN gégigg\éﬁ\ggigI;E?Q??;i;@g;iLYRDWLETFQNLASVDDETQE‘KASGSV
645 ZNG58_HUMAN I\\I/I\I/Egi;\ééggg;q/g\lflgE‘Eiisgggggg\/ERTLYRDVMLENYSHLI SVGYCITKPK
646 ZN684_HUMAN é[/iE%E/;\Q/gg%];;q/ﬁ\\;ggiﬁggggg?ggAERTLYWDVMLENYRNLI SVGCPITKTK
647 RBAK_HUMAN \Ngiifggzgggﬁﬁgggggggggigimm TYRDVMLENYSHLVSVGYDTTKPN
H PVMFRDVSIDFSQEEWECLDADQMNLYKEVMLENF
649 ZN582_HUMAN Z;f;géigg%ﬁi\ég\i\%ggg%z;@iggRDLYRDVMLETYSNLVSLGLAVSKPDVI
650 ZN112_HUMAN i?ggil\g\égEEEXM?E?EEEggggi\/QRKLYRDVMLENFRNLLLVAHQPFKPD
I I
652 HKR1_HUMAN Eggzigl\;zg Is< g?ii éiggégigXAVYFTQEEWRLLS PAQRTLHREVMLETY
o5 | znaso_HuMAN | 0 IR SEASED
654 ZN480_HUMAN ?ﬁiigiiﬁig ; iﬁ;gﬁigéi FF{E%AI EFSQAEWKCLDPAQRALYKDVMLENY
o5 | anete_HUMAN | e oL DEAORLR LAY
656 ZNF92_HUMAN i;égigg%’giEE;T];‘.PE/[\E[Y/];T%(;T]-;.\D[DTIQQSQE?LYRDVMLENYRNLVFLGIAVSKPDLITW
o5 | antoo_HumAN | oSG
658 ZN736_HUMAN GVLTFRDVAVEFSPEEWECLDSAQQRLYRDVMLENYGNLVSLGLAT FKPDLMTC

LEQRKEPWKVKRQEAVAKHPAGSFHF
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es0 | 2N HUMAN | B vemay 0 P SEORRIRD I
660 CBX1_HUMAN 5;5;g};gggsﬁ;;ggEgEEﬁEEEEEELMFLMKWKNSDEADLVPAKEANVKCPQ
861 | ZN443 HUMAN | G0yt ncmLERFVESKDGTOCE
TLLTFRDVAIEFSLEEWKCLDLAQQONLYRDVMLENYRNLFSVGLTVCKPGLITC
662 ZN195_HUMAN LEQRKE PWNVKRQEAADGHPEMG%gH
663 ZN530_HUMAN 1;122;5?;g%g\S/i\E/J;F/g\D/\EféizgzggEWELLDEMQRLLYRDVNILENFAVMASLGC
664 ZN782_HUMAN ﬁggﬁ;gz Eg];ﬁ\ﬁggﬁgggﬁﬁg;\/]zr{w:LYRDVMLENYSHLVSVGYCFTKPE
665 ZN791_HUMAN g;\lq/ggig\g;\éi gzgiivgééggzggLYRDVMQETFKNLAsIGEKWEDPNVEDQ
666 ZN331_HUMAN igg;\ég?:E\Ilﬁigiiﬁ2ggﬁgigiégRDLYWDWLENYSNLVSLDLESAYENKS
667 7354C_HUMAN ?X];Eii?gEggggig\é&\;gg;gggg;HLDSAQRALYREVMLENYSSLVSLGI PF
669 ZN727_HUMAN i\égﬁggﬁxgz;E\E/XE;Igizzzgg?LYRDVMLENYGNLFSLGLAI FKPDLITY
670 ZN550_HUMAN ?ggéﬁ%rﬁ\éz SEE;U/?XEEEES%?QLDLAQRTLYREVMLETCGLLVSLGHRV
671 ZN793_HUMAN \I/?EgiE‘\Q/:Ei];x\l/'\égi;gEEDC\TEPC{VL\TEEAQRALYRDWLETYSNLVSVGYEGTKPD
672 ZN235_HUMAN 1\T/III<ggEz:\égEE%]&.\QEESFE{IC;EEISJE]SDAQRKLYRD‘\/MLENFRNL‘\/SVGHQs FKPD
673 ZNF8_HUMAN ggg@;}\é};g\ﬁi ;g@;{ggEEZEE%AVDFTQEEWGQLDPTQRI LYRDVMLETF
674 ZN724_HUMAN i;ggil\é%ﬁiggz\éﬁ%ig1];gﬁﬁg?—]IELYRNVMLENYRNLVFLGIAVSKPDLITC
675 ZN573_HUMAN I;I%\L/Sgi 22;2}§§§};\Tﬂs\€%i\éggigm DFSRQEWEYLDPNQRDLYRDVMLENY
AT FED FTREEWQFLDQSQKVLYKEVMLEN
A I
678 ZN718_HUMAN Eégiigg\;’?iEi‘;E?gigE]]i\TKSjQSQgI;I‘LYRDVMLENYRNLVSLGVSISNPDLVTS
679 ZN300_HUMAN gizgfé\ézgg%ﬁ/gg%gﬁxg%ggsQRTLYRDVMLENYSHLVSMGYPVSKPD
680 ZN383_HUMAN SEEZS\SE:g;g;\l/gg:ggizgSI;giggRDLYRDVMLENYGNLVSMGLYTPKPQ\/I
681 ZN429_HUMAN SEEgEg];Z?}I/IEEZEI\E/RE/VSEg;\D/\T/?@SQ%ELYRNVMLENYRNLVFLGIA\/SKPDLITC
I Il e
683 ZN850_HUMAN I;II\S/’IEf;\ggi%g;i\l}ggi\%iEZVE\:TEEEQQQKDLYRDVWENYSSLVSLGLSIPKPDV
684 ZN454_HUMAN i\éiiﬁEgggg;\ggﬁ;ﬁﬁ;égggggmgm PAQRALYRDVMLENYSNLVSLGL
685 ZN257_HUMAN i;ggégg\égﬁg;IEJE\EXEEIE\[;I\T{?@SQgl;rLYRDVMLENYRNLVFLGIAVSKPDLITC
686 ZN264_HUMAN AAAVLTDRAQVSVTFDDVAVTFTKEEWGQLDLAQRTLYQEVMLENCGLLVSLGC

PVPKAELICHLEHGQEPWTRKEDLSQ
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687 ZFP82_HUMAN ALRSVMFSDVSIDFSPEEWEYLDLEQKDLYRDVMLENYSNLVSLGCFISKPDVI

SSLEQGKEPWKVVRKGRRQYPDLETK

AHGSVTFRDVAIDFSQEEWEFLDPAQRDLYRDVMWENYSNEFISLGPSISKPDVI

688 ZFP14_HUMAN TLLDEERKEPGMVVREGTRRYCPDLE
689 ZN485_HUMAN ?gii?;gf;égigg%?\é@ggi;];'.Vg?iLDAAQRALYRDVMLENYGNLVSVGLLSS
GPLOFRDVAIEFSLEEWHCLDTAQRNLYRNVMLENYRNLVFLGIVVSKPDLITC

690 ZN737_HUMAN LEQgKKPLTMKKHEWANPSVTCSHF
691 ZNF44_HUMAN i;iﬁg%gﬁ\é&ggg;iEggg;;\lfiiiﬁ;fA\/NFTHEEWALLGPSQKNLYRDVMRETI
692 ZN596_HUMAN E:SEZI\S\T}EEE;;\égi‘g%ESZ?E\L/E%‘;QRKLFQDVMLENI SHLVSIGKQLCKSVV
693 ZN565_HUMAN ggiigigi(;? ;EE%%EEZEEE?%AI EFSLEEWKCLEPAQRDLYREVTLENF
694 ZN543_HUMAN gﬁiég\é;\éiggg;ﬂlﬁxgEg%ggzzgigAAQRTLYQEVMLETCGLLMSLGCPLFKP
oos | arpes_ruwan | ST L OE SO O A
o0 | SN FUMAN | o T R
697 ZNF1 2_HUMAN \I\/I'II<§;fggzggg%ﬁxggg%iEggggggEQKITYRDVMLENYSNLVSVGYHI IKPD
698 ZN1 69_HUMAN i;(g;;;i?ggﬁ;géggg;\]f?\é@;ggiiWKLLs SAQRTLYREVMLENYSHLVSLGI
090 | anwas_puma | A O e T o
700 SUMO3_HUMAN Eg?g;g;g\é?ﬁ%gg;ggg?égggggLSKLMKAYCERQGLSMRQI RFRFDGQPI
Rl R i
R e e
703 ZN347_HUMAN ??gs{f%ggigg\;ﬁiggz\Q}gEzg;?g(P;AQRTLYRDVMLENYRNLASLGI SCEFDLS
GPVT IVEFT WKLLTPAQRTLYKDVMLENYSHLVSV! VNKPN
705 ZN519_HUMAN gééigiggﬁggigiggggéigﬁ%giLYRDVMLENYRNLVSLAVYSYYNQGI LP
706 Z585B_HUMAN z;%izsgig\igil;:i\s};i:zgig;{;XAIDFSREEWRHLDLSQRNLYRDVMLETY
707 ZIM3_HUMAN I];T{\Tligii\éggig\ég\]\fgEEgsizggﬁigEQRNLYRDVMLENYSNLVSVGQGETTKP
708 ZN51 7_HUMAN iﬁigfj?:%E?\égggg\éi!}!iggigws CLAPDQOALYRDVMLENYGNLASLGEF
709 ZN846_HUMAN gi;ggi\ég;gE\I/:;x\T/g\F/ggsiggigEgAQRDLYRDVMLENYKNLIILAGSELFKR
T P
711 ZNF66_HUMAN i;égiig\s}?}igg:IEJI\E,I\E/XE;ESPL{??EI;LYRDVMLENYRNLVFLGIWSKPDLITH
R e e
713 ZN713_HUMAN \E/iiEI\Y/HQ\EIEg;gl‘é}\;?igE:EEE%@X@;iFTREEWDQLYPAQKNLYRDVMLENYRNL
714 ZN816_HUMAN EEATKKSKEKEPGMALPQGRLTFRDVAIEFSLEEWKCLNPAQRALYRAVMLENY

RNLEFVDSSLKSMMEFSSTRHSITGE
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715 ZN426_HUMAN iﬁiiﬁsgé\g?%gEgzp%i;ZEESE\T/AVDFTQEEWTLLDSTQRSLYSDVMLENY
716 ZN674_HUMAN é}f;gizﬁggggxgggg;E\EfﬁggigEAQKNLYRDVMLENYSHLVSVGHLVGKPD
717 ZN627_HUMAN ?;}/?riig\zféﬁ gg ;Egg@;ggg Z gEII;ILYRDWRET FRNLASVGKQWEDQNIEDP
MFQDSVAFEDVAVSFTQEEWALLDPSQKNLYRDVMQETFKNLTSVGKTWKVQN T
718 ZNF20_HUMAN ED%YKNPRRNLSLMREELCESKESHHQ ° °
719 75878_HUMAN ?ﬁé\?giéﬁiggiggi‘g?\@/ﬁgiggggEWNLLsEAQRCLYRDVTLENLALMSSLG
720 | 2Nt HUMAN. | e ARG
791 ZN233_HUMAN glfigEl\é\éggigmgg?gEISEEISJEEAQRKLYQDVMLENFRNLLSVGYQPFKLD
799 ZN611_HUMAN iﬁi@g\fii?ggig%gigg?éggﬁ?\éAlEFSLAEWKCLNPSQRALYREVMLENY
723 ZN556_HUMAN gggggg\é\gg Ei gggﬁ;;g;ﬁ%ﬁwmvmm FKHLASVDNEAQLKASGST
s | e | gy o RS
725 | N0 HUMAN. | e e DR
796 ZNF77_HUMAN ggg;gggx@g;g;g?@?;;gggg;gLYRDVMLETCRNLASLDCYIYVRTSGSS
797 ZNG82_HUMAN EgéigigﬁégiIéggg;ﬁ;@ggiLYRKWLENYRMVSLGLTVSKPELI SR
I I e
720 | awras e | RGP
I
731 ZFP30_HUMAN ??EEggﬁgg@ﬁ;gEigﬁ;;lﬁ;;gr{mmwl LENYSNLVSLAGCSISKPDV
TT T T RLLDLAQRKLYREVMLENFRNLLSVGHQSLHRD
Il I
733 ZN551_HUMAN ;;\E;;ziiiﬁﬁgﬁgﬁiggggg%m YFSQEEWELLDESQRFLYCDVMLENF
734 ZNG10_HUMAN iﬁi@%igﬁigiiﬁigﬁfiggggw EFSQEEWKSLDPGQRALYRDVMLENY
735 ZN528_HUMAN é;gﬁfgéEg}égﬁgg:gEE%;;ggAQRTLYRDVMLENYRNLVSLGICLPDLS
736 ZN284_HUMAN grg;?gﬁggi?;¥ﬁ\é¥iggEgéggég\ésQRKLYRD‘\/MLENFRNLLSVGHQLSHRD
737 ZN418_HUMAN gg;\é@gg@gg\s}g??g&:g\égCLYHDVMLENWVLI SSLGCWCGSEDEEA
738 MPP8_HUMAN éi@gfi;Eg?EEE\E/Eggi;ig?giGGKVLYKVRWKGYTSDDDTWEPEIHLED
e | znaso_HuwA |y PR DEORT R IR
740 ZN805_HUMAN éI\E/)I?T;EEi?g\g:\égggﬁgqfﬁ\éiggggggGQLDLAQRTLYQEVMLENCGLLVSLGCP
741 77808_HUMAN \TfifzggEPE{];;;?\I[\IDIZ‘;QEQEgg;g;%iggRTLYRDVMLENYSHLI SLGSSISKPDVI
742 ZN763_HUMAN DPVACEDVAVNFTQEEWALLDI SQRKLYREVMLET FRNLTSIGKKWKDONIEYE

YONPRRNFRSLIEGNVNEIKEDSHCG
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743 ZN285_HUMAN iﬁigii\éﬁgsigggigg;g;%;gg?gﬁNLYQDVMLENFRNLMLVRDGI KNNI
744 ZNF85_HUMAN fgéggix:ﬁg;Iéﬁ@iiIgg\'rfﬁgggLYRNVMLENYRNLVFLGITVSKPDLITC
245 ZN223_HUMAN g};ifgii\égifg;vwmé}/ﬁgigIC;EISJGJEEAQRKLYRDVMLENFRNLLSVGHQPFHRD
GPLEFRDVAIEFSLEEWHCLDTAQQNLYRDVMLENYRHLVFLGIVVTKPDLITC
746 ZNF90_HUMAN LEQGKKPFTVKRHEMIAKSPVMC%‘gF
747 ZN557_HUMAN gﬁiigfg;gﬂ/gEEEE?;SEEEEE?%AVEFTQEEWALLDPAQRTLYRDVMLENC
748 ZN425_HUMAN gii?;ﬁggggﬁi\ﬁ?g;g:g%gzgéagKWQKQMYKQEMKTNYETLDSLGYAFSKP
e | znae o | DTG TTT
750 ZNG06_HUMAN gIS{II:E];Siﬁgi‘:;g?@?ggiE\Qfggg];%AVDFTQEEWGQLDLVQRTLYRDVMLETY
751 ZN155_HUMAN ggg?i?\égE?;VWAZ\TfigSEEEETS_.EEEAQRKLYRDVMLENFRNLLSVGHQPFHQD
R T e
I el
I el .
755 ZN135_HUMAN gviEXE\I\;\S}?SiigggigE%ggigggWGQLKPAQRTLYRDVMLDTFRLLVSVGH
756 ZN778_HUMAN Eﬁii@ég%ﬁ?ﬁgiﬁgﬁg VF\T]ED‘EXAVDFTQEEWTLLDPSQRDLYRDVMLENY
757 RYBP_HUMAN E ; i?l;]: ; Szgﬁgg z gggg; S ];{g];{LKNVDRSTAQQLAVTVGNVTVI ITDFKE
I
759 ZN586_HUMAN m;i@;ﬁ%zigggg?gﬁgg;éngsLLNEAQRCLYRDVMLETLTLI SSLG
G NDVTVDFTQEEWQHLDHAQKTLYMDVMLENYCHLI SVGCHMTKPDVI
I e
761 ZN440_HUMAN ggx@gig\éﬁﬁgggﬁﬁ;gg 2%?5LYREVMLETFRNLTSLGKRWKDQNI EYE
762 ZN583_HUMAN ziiéggigg;@\\gizggEZEZEg;ggRNLYRKVMLENYRSLVSLGVSVSKPDVI
763 ZN441_HUMAN gi\éﬁi‘gg\l\ﬁ.;ggﬁsggﬁg?;g;ggiLYRDWQETIRNLDCI GMIWQNHDIEED
764 ZNF43_HUMAN i;é;EP;];%?;}E/{E‘{FC{II;Efggﬁ;gg\lﬂ\A{gggLYRNVMLENYRNLVFLGIAVSKPDLITC
re5_ | omxs_HUMAN | e AATCES
To | N HUMAN | et aneg R
A I
I I
769 ZN561_HUMAN Sgii\slsgl\vg\é];ggéﬁiizgESZZEEEXAVDFTPEEWALLDTTEKYLYRDVMLENY
770 ZN136_HUMAN DSVAFEDVDVNFTQEEWALLDPSQKNLYRDVMWETMRNLAS I GKKWKDON I KDH

YKHRGRNLRSHMLERLYQTKDGSQRG
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I
779 ZN527_HUMAN é\llcszigﬁﬁbl/l:%igggiggxﬁégiiﬁggmmmSQKDLYRDVMLENYRNLVWLGL
773 ZN333_HUMAN ggl/iggil\;éig;gf}igzgi;gﬁg@ngWFTPEEWVFLDSTQRSLYRDVMLENY
TFEDVAVYFSQEEWGLLDTAQRALYRHVMLENFTLVTSLGLSTSRPRVVIQLER
774 2324B_HUMAN GEEPW\/PSGK]%MTLARNTYGlQQLNSGS ¢
775 ZN786_HUMAN QEE;F;IfE;gggE\Ffﬁi;igggET/SUEEIE?AWQKELYKHVMRSNYETLvsLDDGLPKP
776 ZN709_HUMAN Ezg\égii\g\éﬂgg%?EEEIEJSS%EELYRDVMQETFVNLASIGENWEEKNI EDH
777 ZN792_HUMAN ﬁgg?g@gigﬁgigg;\]/\T};;’g‘\s{%ﬁgWVLLDEAQRLLYCDVMLENFALIASLGL
778 ZN599_HUMAN ﬁfﬁﬁ;z ggE;q/\é\\;ggiggzggigmgmLYQEVMLETCRLLVSLGHPVPKP
779 ZNG13_HUMAN ii;g;égéE;\Tfé'\éﬁEirg2ST/IVSI;IEJiEAQKDLYRDVMLENYSNLVSVGYQASKPD
re0 | zrssm A | ey o O AR
e
782 ZN569_HUMAN \T/?;EEE\Q/Eggg;ﬂ/@igEE\%EEV;II_{WP;EEEAQRKLYRNVMLENYNNLITVGYPFTKPD
783 ZN564_HUMAN \—]Z:ixgzg];\éi\légﬁggEEVS\Y?;.;E\P;ESEELYRDVMRETFRNLACVGKKWEDQSIEDW
784 ZN546_HUMAN gsisgigiigiiggﬁg\é:ggig%sIDLSQEEWECLDAVQRDLYKDVMLENY
785 ZFP92_HUMAN 2};;E;E?gg\gg\ézgg%\s}xggingvWKLLDLRQKVLYKRVMLENYSHLvsLGF
786 YAF2_HUMAN E?E\;Egﬁg:ggi’;;ggggggggﬁ;?LKNVDRS SAQHLEVTVGDLTVIITDFKE
787 ZN723_HUMAN i;égigg%ﬁiig;;}E/E/Zig;.\D/_\T/?ggl;LYRDVMLENYRNLVFLGVGVSKPDLITC
N PP TFEDVAVYLSREEWGRLGPAQRGLYRDVMLE
I I
789 ZN439_HUMAN ;Z1£(s;;;gg;?ggggxﬁig\;ﬁgwQEEWALLDI SQKNLYREVMLETFWNL
790 ZFP57_HUMAN iﬁigigigiigEi\E/éEEEZQ\SEE?IEEWDCLDASQRVLYQDVMSETFKNLTSV
791 ZNF19_HUMAN ﬁi;ﬁ%g%igggﬁi%@gigggmGLS PAQRALYRSVMLENFGNLTALGY
792 ZN404_HUMAN ﬁgggggigxﬁigggg?;ﬁiggEE%RDLYRDVMLENYTNLVSLDFNFTTESNK
793 ZN274_HUMAN Sig;gg@ggzgEE‘\Efiggg%gé:ggiggWGLLDLKQKSLYREVMLENYRNLVSVEH
794 CBX3_HUMAN iiggg?ﬁigﬁgzﬁﬁgggg EESTDSSGELMFLMKWKDSDEADLVLAKEAN
res | ZNRso HUMAN | R RV
ren | znaso_HuwaN | B PRI
297 ZN570_HUMAN JE\FKS;;I;g}figiégggg;ﬂ/ﬁzggggiwmws SQRHLYSNVMLENYRILVSLGL
798 ZN675_HUMAN GLLTFRDVAIEFSLEEWQCLDTAQRNLYKNVILENYRNLVFLGIAVSKQDLITC

LEQEKEPLTVKRHEMVNEPPVMCSHF
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SEQ Description Sequence
799 ZNG95_HUMAN Si;ﬁgig\éﬁ?giEiirx}ggE;E%%EELYRDVMLENYRNLI SLGEDSFNMQFLFH
800 ZN548_HUMAN I;éiggg\é\éggg\é@éE\F};igEzgigggAQRLLYRDWLENLALLSSLGSWHGAED
801 | ZNB2HUMAN | 0 ind) ConcymemantpkonVsve
SGYPGAERNLLEYSYFEKGPLTFRDVVIEFSQEEWQCLDTAQQODLYRKVMLENF
802 ZN738_HUMAN RNLVFLGIDVSKPDLITCLEQGKDPW e o
803 ZN420_HUMAN ig};é\éﬁgsg\éﬁggvsqgﬁgrgigIéﬁizggRDLYRDVMLENYSNLvsLDLPSRCASKD
804 ZNG26_HUMAN i;éggig\ﬁ}iigsEE?ZEEggﬁﬁgggLYRNVMLENYSNLVFLGITVSKPDLITC
805 ZN559_HUMAN \Efégvlv;g%:ig S\g} gig\éﬁ\égg‘\If‘\Q/EI\E/[WTLLDQTQRNLYRDVMLENYKNLVAVDW
806 ZN460_HUMAN ﬁ;ﬂl\;@;@g};z\ﬁ gig\Ef;\g igggﬁﬁGQLDVTQRALYVEVMLETCGLLVALGDS
807 ZN268_HUMAN gﬁizﬂ/gi;igg%ig;i?;Tgi;gzgg{i\éﬂmFTWEEWQLLDPAQKCLYRSVMLENY
808 ZN304_HUMAN ﬁxéggi\gg ; SZ\TJ g\E/EZ\F/\sZ\F/f{ ?iEWELLEEAQRFLYRDVMLENFALVATLGF
I Il
I R
I
s12_| smos HUMAN | e RO
813 ZN101_HUMAN gz\hﬁz?EZ?\S/IE\F/E?{Egwggigzggggwm\/’fm’rFRNLASVGIQWKDQDI ENL
I
815 ZN417_HUMAN mgiig;iggiggggg‘gﬁgg:EEEWCLLSEAQRCLYRDVMLENLALI SSLG
GEDSGSFYSW TFEDVAVDFTQEEWQYLNPPQRTLYRDVMLE
817 ZN823_HUMAN 22;/212?{5\522252?Eggggggggiénmvmm1RNLDCI EMKWEDQN I GDQ
818 ZN177_HUMAN gigv;;gvlvzglf ]i\Q/E S%E\ng\éiziESEWALLDPAQKNLYKDVMLENFRNLASVGY
819 ZN197_HUMAN EE\P;?I;I%;ﬁ;ﬁ;ggggiggigggg\éSVCFTSEEWACLGPIQRALYWDVMLENY
Il
T e
829 ZN256_HUMAN ﬁig;géﬁ?ggéggg‘Eg\é@\sfé\F/g/I\H;EWGLLDEAQKCLYHDVMLENLTLTTSLGG
I
I I [
85 PCGF2_HUMAN gﬁggfﬁéﬁgﬂg?gﬁfgﬁﬁi?wmcm FCKTCIVRYLETNKYCPM
826 CDY2_HUMAN ASQEFEVEATVDKRQDKNGNTQYLVRWKGYDKQDDTWEPEQHLMNCEKCVHDEN

RROTEKQKKLTWTTTSRIFSNNARRR
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SEQ Description Sequence
827 CDYL2_HUMAN ﬁzfg;gigiii\éggiggg?:?ﬁi;g;RWKGYGSTEDTWEPEHHLLHCEEFI DEF
828 HERC2_HUMAN g&igﬁgEgﬁgg;gigggggggém KDFQTQSLTGNSILAQFAGEDPVVAL
829 ZN562_HUMAN Sﬁiiésgl\;\;ggg?zg;\éggiggiﬁg”\szVEFTPEEWALLDTTQKYLYRDVMLENY
AHELVMFRDVAIDVSQEEWECLNPAQRNLYKEVMLENYSNLVSLGLSVSKPAVI
830 ZN461_HUMAN sSLEQGKEPWMWREETGRWCPGTWE
I I T
832 ZN766_HUMAN 1;%15gxiéggggxﬁégzgﬁiszxigPVQKALYRDVMLENYRNLVSLGI CLPDL
833 ID2_HUMAN ggliligiéiiigg;gg?iﬁgi;;;ﬁgggCYsKLKELVPSIPQNKKVSKMEILQHVI
834 TOX_HUMAN iif’{g?Egi;:ﬁzﬁ;iﬁggﬁ\l}giQNPNATFGEVSKIVASMWDGLGEEQKQV
835 ZN274_HUMAN ggisgsgﬁigiggiig;zgigg;mvwsREEWGLLGPTQRTEYRDVMLETF
836 SCMH1_HUMAN ﬁiiﬁéiEigiiigggggi\ggﬁgpQLGPHADLFRKHEI DGKALLLLRSDMM
837 ZN214_HUMAN ?\nggg\ég;é;?JVQ\IgéggigigiggﬁgYRE‘\/MWENYTN'\/MSVENWNESYKSQEEK
838 CBX7_HUMAN i&;@; ggﬁggﬁggié Eig?\é?EgiXEYLVKWKGWPPKYSTWEPEEHI LDPRLVM
839 ID1 HUMAN GGAGARLPALLDEQQVNVLLYDMNGCYSRLKELVPTLPQNRKVSKVEI LQHVID
- YIRDLQLELNSESEVGTPGGRGLPVR
840 CREM_HUMAN %féii?g:igﬁ?g?g;{E?gI;RLMKNREAAKECRRRKKEYVKCLEsRVA
841 SCX_HUMAN igi;(;(sssiSgig;\%iig@gisgigggNSVNTAFTALRTLI PTEPADRKLSKIET
842 ASCL1_HUMAN iigﬁé;iigi%géi\ﬁ?ggl;i&gg;{gKLVNLGFATLREHVPNGAANKKMSKVET
843 | ZNTBA_HUMAN | Ciricrricr oonkpnLt SUVBRRREL
G W IQFMKHTDPQISGPLADLFRQHEIDGKALFLLKSDVMM
s44_| SOMLa_HUMAN | o D
845 TWST1_HUMAN iifﬁ;ggig?iigggg\éﬁggiﬁi?TQsLNEAFAALRKIIPTLPSDKLSKIQT
846 CREB1_HUMAN i@iggﬁ?i i iggigiiiE@@ﬁﬁggVRLMKNREAARECRRKKKEYVKCLENRV
847 TERF1_HUMAN IiiéEXP%IEIS(%i%ﬁgiiiiﬁiiggﬁgggEEDKNLRsGVRKYGEGNWSKI LLHYKFN
848 ID3_HUMAN giﬁgig\i\iﬁ;ﬁgggg;éggg}ggcysRLRELVPGVPRGTQLSQVEI LORVI
849 CBX8_HUMAN %isgg;;iggﬁgzgﬁgggiiiggral PVARILGDPEEESWSPSLTNLEKVVV
850 CBX4_HUMAN i?gﬁggiggﬁgiﬁ Eigii P;EC;E\\;EYLVKWRGWS PKYNTWEPEENTILDPRLLT
851 GSX1_HUMAN zﬁi;;g§;g\iigg;gﬁzg;ggéégéEREFAsNMYLSRLRRI EIATYLNLSEKQ
852 NKX22_HUMAN E‘HP(?;;ggﬁi?i;i;{i\&gigﬁggigiERRFRQQRYLSAPEREHLASLI RLTPTQ
853 ATF1_HUMAN g.\T/X\E/}I\/IIgfI ;\T/Eg ;%EgEEEEggEE?\E}IRLMKNREAARECRRKKKEYVKCLENRV
854 TWST2_HUMAN KGSPSAQSFEELQSQRILANVRERQRTQSLNEAFAATLRKIIPTLPSDKLSKIQT

LKLAARYIDFLYQVLQSDEMDNKMTS
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855 ZNF17_HUMAN I;Iéig];;g\égg\]i\é@;ggi%iigiigggV@gRHLHsDVMLENFALLS SVGCWHGAKD
856 TOX3_HUMAN iiiﬁgggi\giiﬁgiggﬁigiwPNATFGEVSKIVASMWDSLGEEQKQV
857 TOX4_HUMAN 5?;1;?Eiﬁ;\é:@iﬁiiﬁigi%ﬁgéggQN?NATFGEVSKIVASMWDSLGEEQKQV
LDGSTWDFCSEDCKSKYLLWYCKAARCHACKRQGKLLETIHWRGQIRHFCNQQC
858 ZMYM3_HUMAN LLREFYSQONQPNLDTQSGPESLLNSQ : ° o
859 12BP1_HUMAN ?i\égéiEggzggéggiiigiimiFsEAVCRGCVNFEGADRI ELLIDAARQL
860 RHXF1_HUMAN gi%%;ﬁﬁg;?gigéiEE;E%EEEESVFRHTQYPDVPTRRELAENLGVTEDK
861 SSX2_HUMAN ;;;g;iigéigi\l\;?igg}/gE?;ggggDGKELCPPGKPTTSEKIHERSGPKRGEH
862 12BPL_HUMAN Zﬁgiziiggz;gggggg@g\l}WDFSEPVCRGCWYEGADRI EFVIETAR
863 ZN680_HUMAN \E;(;IE;ggiIfgl\éiiE15gEEg;ﬂ/ﬁéiESEﬁszvigcLDTAQRNLYRKVMFENYRNLVFLGIA
864 CBX1_HUMAN I;ISEE\IIEE\F/TESESEEEE\];;%E\S/EEEEXVKGKVEYLLKWKGFSDEDNTWEPEENLD
865 TRI68_HUMAN ;J;NV\\;\;}E/IE\D/\%%g;};EPEEIEJEEEEEEEHGEKLKMFCKEDVLIMCEACSQS PEHEA
866 HXA13_HUMAN \E/’\Fiz\l-;ii;?g;;i\i;gi?i\{f};iE\TI%EKELEREYATNKFITKDKRRRI SATTNLS
T
868 TCF24_HUMAN ﬁiiiggiigigizmiﬁgigi\émLRHAFLELQRTLPSVPPDTKLSKLDV
869 CBX3_HUMAN g];giiEi\;ig?gEEEE\E/\IQEE\TIEEE];{\L/VI\IGKVEYFLKWKGFTDADNTWEPEENLD
870 HXB13_HUMAN 81;5i;ﬁgﬁgi\yjiEEE&ﬁ;;@ﬁﬁg;ﬁgLEREYAANKFITKDKRRKI SAATSLSER
871 HEY1_HUMAN ;Pfigﬁg\s/;gi;ﬁig?ﬁggiég?ﬁigﬁRlNNSLSELRRLVPSAFEKQGSAKLEKA
LVGMGHH TKWNVEDVYEFIRSLPGCQEIAEEFRAQEI DGQALLLLKED
I T
73| RSN | ey oL OGS
874 FIGLA_HUMAN i;z}igEg?g\L}'\LﬁgEiig\éﬁiﬁgi?giéKNLNRGFARLKALVPFLPQSRKPSKVDI
875 SAM11_HUMAN E}E/éiiiggxgggggxgii\éi\%igcwwRVFREQGI DGETLPLLTEEHLLT
876 KMT2B_HUMAN Eiggﬁggiﬁgg:géiﬁggibﬁiiggHCRGCLR\/QDcesCVNCLDKPKFGGPNT
877 HEY2_HUMAN 151;igﬁgg;gi}}gﬁigﬁaggéésgﬁﬁimNNsLSELRRLVPTAFEKQGSAKLEKA
878 JDP2_HUMAN %g\llgzEiggiggE?ESEEiEﬁE}{??@RCRNKKKERTEFLQRESERLELMNAELK
879 HXC13_HUMAN \ggi;ﬁé;;i&igii&\g;ggg;iigEKEYAASKFITKEKRRRI SATTNLSERQ
880 ASCL4_HUMAN ﬁiT];gi?gig?iiEigﬁ;giggﬁiCWEGYARLRDHLPRELADKRLSKVETL
881 HHEX_HUMAN \s}igﬁggégﬁ;iig\égg;ggggggmmmg}{msPPERKRLAKMLQLSERQ
882 HERC2_HUMAN IATATGSLHCVCCTEDGEVYTWGDNDEGQLGDGTTNAIQRPRLVAALQGKKVNR

VACGSAHTLAWSTSKPASAGKLPAQV
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883 GSX2_HUMAN SEi;ﬁ;ﬁ\ég\hﬁgﬁgggﬁgZiggﬁéEREFs SNMYLSRLRRIEIATYLNLSEKQ
I I
885 ETV7_HUMAN g;(;g;;ir;ggég\l?/igiiggﬁgggEWAEQEYsLPCTAEHGFEMNGRALCI LTK
PNYRGCEYSYGPAFTRKRNERERQRVKCVNEGYAQLRHHLPEEYLEKRLSKVET
886 ASCL3_HUMAN | | pant KYINYLQSLLYPDKAETKI?INP °
888 OTP_HUMAN \%SS‘Y/%%SSS&S&EE;Eii;igggégggéERs FAKTHYPDIFMREELALRIGLTESR
889 12BP2_HUMAN iég\g?\éiﬁézF;F;(éCs;;?l;ggﬁgg:mWDFTEPVCRGCVNYEGADRVEFVI ET
890 VGLL2_ HUMAN g;zggzﬁzé?ggiﬁ;iggg?;f{g?g;INSRCVLFTYFQGDISSVVDEHFSRALS
891 HXA11_HUMAN \D/?;(;(FSZ;Egﬁigi??gEgiiggigﬁ;EREFFFSWINKEKRLQLSRMLNLTDRQ
892 PDLI4_HUMAN Sglziiggggiiigi;iggig%iX?RDKLYHPECFMCSDCGLNLKQRGYFFL
893 ASCL2_HUMAN iigi\T}?giiiié.:i\gigggisiEiiXKLVNLGFQALRQHVPHGGASKKLSKVET
894 CDX4_HUMAN \T/\é?wlgggggigi;ﬁgi;?gg?gﬁgEKEFHCNRﬁ(ITIQRKSELAVNLGLSERQ
895 ZN860_HUMAN iﬁﬁggﬁ};ggigﬁiigggiggﬁg\gﬁ EFSLEEWKCLDPTQRALYRAMMLENY
ss | LuBLeHuMAN | e DGOV
897 PDIP3_HUMAN IIJ; g?iig;i}dg\éﬁgégiﬁ\égﬁigi}ég;FCVCGALKRARLVHPGVAEVVFVKKDDA
898 NKX25_HUMAN Sg?;;{gﬁiisigiig\éggzgig\ﬁ\igiERRFKQQRYLSAPERDQLASVLKLTSTQ
899 CEBPB_HUMAN ;g}/gi%ggigigizgi;giiigiggIA\/RKSRDKAKMRNLETQHKVLELTAEN
YIRLYGI IGFSKNDF RSKVYHIECFRCVACSRQLIPGDEF.
e B T T
901 CDX2_HUMAN iigig\égiiigEﬁ;}/\é;gggggggmmmsRYITIRRKAELAATLGLSERQ
902 PROP1_HUMAN %S%?Sﬁ;gigiiggigiiggiigiESAFGRNQYPDIWARESLARDTGLSEAR
903 SIN3B_HUMAN ?ééggig%\éiésiiggiiﬁggiﬁggMKEFKSQsIDTPGVI RRVSQLFHEHPDL
904 SMBT1_HUMAN iiii2;ﬁ;ixgixﬁggigiigg;fLARI FLDQEIDGQALLLLTLPTVQECM
905 HXC11_HUMAN CiiﬁggggﬁigiiigEg;ig%;ggﬁEREFFFNVYINKEKRLQLSRMLNLTDRQ
906 HXC10_HUMAN gigggégixiiiiﬁgi;gEIES{EE%EKEFLFNMYLTRERRLEI SKTINLTDRQ
907 PRS6A_HUMAN ;E\éigégibgzggggi?Egﬂi}émQRKGKCAVI KTSTRQTYFLPVIGLVD
908 VSX1_HUMAN II{S\SWE’VgTéI(\?i;&ii;iiig\éi@iggggsﬁiEMFsEAHYPDVYAREMLAVKTELPEDR
909 NKX23_HUMAN \E/Ei;?g;giii?igg\égg;gig\ﬁgﬁ‘iERRFKQQRYLSAPEREHLASSLKLTSTQ
910 MTG16_HUMAN VVPGSRQEEVIDHKLTEREWAEEWKHLNNLLNCIMDMVEKTRRSLTVLRRCQEA

DREELNHWARRYSDAEDTKKGPAPAA
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911 HMX3_HUMAN \E]IS<i;?g;i;ﬁi;iigig;i;%%gEsTFDMKRYLSSSERAGLAASLHLTETQ
912 HMX1_HUMAN 5§§¥§Z§§§§§§$SEX§;iggg%;ﬁsTFDLKRYLS SAERAGLAASLQLTETQ
913 KIF22_HUMAN \E/Eéﬁgigﬁéggigﬁiiﬁﬁgéﬁ%m GPKKAQLIVGWRELHGPFSQVEDLER
ESPYGETISPEDAPESISKAVASLPPEQMFELMKQMKLCVQONSPQEARNMLLQON
914 CSTF2_HUMAN PQLAYALLQAQVVMRIVDPEIALKIL ? ° e ¢
915 CEBPE_HUMAN ?Ei;gi\iggﬁggi;;i;ﬁi?ig?ggIA\mKsRDKAKRRI LETQQKVLEYMAEN
917 ZMYM3_HUMAN g\éggg;;i;g%gggg;iggg;ii;;CHYCHsLFSGKPEVLDWQDQVFQFCCRD
918 PPARG_HUMAN gggg%ﬁggiggiiiz:gggi\lﬁ\g\EngsHSFDIKPFTTVDFSSISTPHYEDI PF
919 PRIC1_HUMAN ggig?ggéggg(sii?;gsééi‘?gg;iEAEGRHWHMKHFCCLECETVLGGQRYIMK
920 UNC4_HUMAN BS%EZEigii;iiigggiigggigiEKAFNESHYPDVFMREALALRLDLVESR
921 BARX2_HUMAN \T/i%;ggg?{iﬁ;;i;ﬁ;iEggg%&l\;giEKI{FQKQKYLSTPDRLDLAQSLGLTQLQ
922 ALX3_HUMAN \S/I\S\Eﬂ;?ggi;ﬁi;iﬁig;gz;igggiEEKVFQKTHYPDVYAREQLALRTDLTEAR
923 TCF15_HUMAN Sifigggim\%igigiigﬁgggQS\/NTAFTALRTLI PTEPVDRKLSKIET
o2 | TERAHUMAN | sy VRS
925 VSX2_HUMAN ig%%g;iii?;iiigEgng;g];sﬁiEKAFNEAHYPDVYAREMLAMKTELPEDR
926 HXD12_HUMAN g\(iiig(;éﬁig;?i?iﬁgi;ggigiﬁgLENEFLVNEFINRQKRKELSNRLNLSDQ
927 CDX1_HUMAN Siiviigggiiigi;\%ﬁ\éﬁigggggg?EKEFHYsRYITIRRKSELAANLGLTERQ
TRAGGLALG PENAARERSRVRTLRQAFLALQAALPAVPPDTKLSKLDVL
I e
929 ALX1_HUMAN \IECQZST/SVI;\QSE;ii;i?igiggz?ggiEgEKVFQKTHYPDVYVREQLALRTELTEAR
930 HXA10_HUMAN sﬁgggﬁxiiﬁﬁgFP{;EIE?%iimmFLFNMYLTRERRLEI SRSVHLTDRQ
931 RX HUMAN LSEEEQPKKKHRRNRTTFTTYQLHELERAFEKSHYPDVYSREELAGKVNLPEVR
— VOVIWFONRRAKWRRQEKLEVS SMKLQ
932 CXXC5_HUMAN ?ﬁé?;ﬁg;?ﬁiii?iiﬁ : ; Sﬁﬁ};?gRCGMCAPCRRRINCEQCSSCRNRKTGHQ
933 SCML1_HUMAN i(I;\TIEEg;i@;\gg?\yf}/;EEESZE(P;%?CPLVDLFRSHEI DGKALLLLTSDVLLKH
934 NFIL3_HUMAN igigiiiéi?i??gﬁl\fzzggﬁigg?EMKRsREKRRLNDLVLENKLIALGEEN
935 | DLX6_HUMAN | (i ms kPRKLLKOGSNEHESD
936 MTGS_HUMAN SEEEEE%?;{;?SE;E:gEETQZSE?SUI;I;LDHLLNCIMDMVEKTRRSLTVLRRCQEA
937 CBX8_HUMAN i?;ﬁggigﬁgﬁgﬁﬁﬁi?i ?E??DL/[EYLVKWKGWSQKYSTWEPEENI LDARLLA
938 CEBPD_HUMAN AREKSAGKRGPDRGSPEYRQRRERNNIAVRKSRDKAKRRNQEMQQKLVELSAEN

EKLHQRVEQLTRDLAGLRQFFKQLPS
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939 SEC13_HUMAN zg\i;?g;éggzggﬁggggziiggxgmsDWVRDVAWAPSIGLPTSTIASCSQD
940 FIP1_HUMAN gig\ég?gﬁgi:\l}?iggg;?g???;igDKPWRKPGADLSDYFNYGFNEDTWKAYC
941 ALX4_HUMAN \Ijé\]a;gégiiﬁi;iﬁigiggz;{[gg\E/E;EKVFQKTHYPDVYAREQLAMRTDLTEAR
TAKQREAEATAKRPRTTITAKQLETLKSAYNTSPKPARHVREQLSSETGLDMRV
942 LHX3_HUMAN VQVV?VFQNRRAKEKRLKKDAGRSRWGQ ¢
943 PRIC2_HUMAN giig?gEII;Egigiﬁ;ggi%gﬁig;gEAEGRHWHMKHFCCFECETVLGGQRYIMK
944 MAGI3_HUMAN éigigﬁgggﬁi%\ﬁgﬁ\é\?giEgé@gggKIAPGDVIVDINGNCVLGHTHADVVQMF
946 PRRX1_HUMAN \L/g\s/;]qiggEﬁ%?iﬁﬁggﬂiiﬁigigER\/FERTHYPDAFVREDLARRVNLTEAR
o4 | e AN | Sy VAR LARCGES
948 RAX2_HUMAN SISSVEV?SEigi;iiggiiggéggi%iERAFEASHYPDVYSREELAAKVHLPEVR
I I
I I
951 NKX26_HUMAN Sii;gg&ﬁgiigg\éggigig;J/iéEERRFKQQRYLSAPEREHLASALQLTSTQ
952 NAB1_HUMAN ;zigiggﬁiiggiim#;;gigﬁglQQGGDDVQQLCEAGEEEFLEIMALVGM
953 SAMD7_HUMAN I\I\/IIIéiEEEgi%??éggg\ég;\F}ég;?g;;SDYAQVFKDHAI DGETLPLLTEEHLRGT
954 PITX3_HUMAN \S/gﬂ/;(;i;Egi;iiigigg;igigigEATFQRNRYPDMSTREEIAVWTNLTEAR
955 WDR5_HUMAN 3g?;g$?;g§gi;?igggz;ESE;SELKGHSNYVFCCNFNPQSNLIVSGS FDES
GNY TAFTKEQIRELEAEFAHHNYLTRLRRYE LDLTE
957 NAB2_HUMAN igigiggéiiégigﬁ;;;ézggglQQGGDDVQQLCEAGEEEFLEIMALVGM
958 DHX8_HUMAN \E}gigg;\ii\l}ii\;ig}/gzib}g%gig;\ég\I;EGLRKRWEGLVHI SELRREGRVANVADV
e el
960 CBX6_HUMAN Eﬁ?ﬁ?;ﬁiﬁé@izﬁézi gggéigvlgRPEMs PCSNVVVTDVTSNLLTVTIKEFC
961 EMX2_HUMAN ;F/;\I;é—lﬂgg;gi?;?i;giig;EZgBESEEHAFEKNHYWGAERKQLAHSLSLTETQ
R e e
963 HXC12_HUMAN é\c;‘z:ggg;ﬁiﬁiEgﬁﬁ;:gﬁgﬁgﬂ%FLVNEFITRQRRRELSDRLNLSDQ
964 KDM4B_HUMAN ;ggéi;gi;g;?g?ﬁgggiiii\?ﬁg\éELRWTDGNLYKAKFISSVTSHIYQ\/’EFE
965 LMBL3_HUMAN c;iE]Tj(s;giS/IJ;gg?z}iggﬁ:EE:;EEHGK\/FKDEQ1 DGEAFLLMTQTDIVKIM
966 PHX2A_HUMAN EPSGLHEKRKQRRIRTTFTSAQLKELERVFAETHYPDIYTREELALKIDLTEAR

VOVWFONRRAKFRKQERAASAKGAAG
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967 EMX1_HUMAN \L];\I;é—lﬂgg;&:i?i?i;gi?g;EzgggggERAFEKNHYWGAERKQLAGSLSLSETQ
968 NC2B_HUMAN i;iggﬁ?;?ggEﬁéigi{[égig?gg\;RVANDARELVVNCCTEFIHLISSEANEI
I I
NVQDRVKRPMNAFIVWSRDQRRKMALENPRMRNSEI SKQLGYQWKMLTEAEKWP
970 SRY_HUMAN FFSEAQKLQAMHREKYPNYEYRPRRK e
971 ZN777_HUMAN g}igﬂs\%ﬁgﬁggi\éiEg;iﬁ.g%gEiTLEGRTGTNEKKIADCEKTAVEFANHLE
972 NELL1_HUMAN giiﬁiggg;géiggﬁgizgg\giggwx_'HCECRsGFHDDGTYSLSGESCIDIDE
973 ZN398_HUMAN 22}1( ;;@Egﬁggéé EEg\éﬁﬁg;ﬁg;LHLEGRﬁfGTAEKKLASCEKTVTELGNQL
974 GATA3_HUMAN E?Eigi ; ;;Egi? Z?ﬁﬁiﬁ;g2;.:ﬁ;QTTTTTLWRRNANGDPVCNACGLYYKLH
975 BSH_HUMAN Sﬁ?;?ggi;ﬁig?ﬁgi\éizSEEI};;;EEKRFEIQRYLSTPERVELATALSLSETQ
670 | SEaBe AN | s s R GG
977 TEAD1_HUMAN ;égl}ggﬁig\s}zgéﬁg\iiii?;?é;i?cemm ILSDEGKMYGRNELIARYIKL
978 TEAD3_HUMAN g;gigggg\gégg;ﬁgiiii?iééé?cemm ILSDEGKMYGRNELIARYIKL
979 RGAP1_HUMAN 212\13/%E%iﬁ%i?ggggggéﬁiisCVPCGKRI KFGKLSLKCRDCRVVSHPE
980 PHF1_HUMAN \s}zg\iiil\géiigzg\s}zgi\ig}gggiﬁi?sPLCRSLS PGTGGGVRGGVGYLSRGDP
ss1 | FoXA AN | e a0 OGRS
982 GATA2_HUMAN E\injigi ; ;IE;EE;EI; Zﬁﬁiﬁ;ﬁ I(\?];.gﬂ;QTTTTTLWRRNANGDPVCNACGLYYKLH
983 FOXO3_HUMAN g;;;gzii:;é;@l\x}/éimggEggiigLDLDMFNGSLECDMESIIRSELMDADGL
T T I M RLQSLEGRTGTAEKKLADCEKMAVEFGNQL
985 IRX4_HUMAN ;jlﬁ;iiiiii?;iﬁg;ig;E?Vg;%giiKNPYPTKGEKIMLAI ITKMTLTQVSTWF
986 ZBEDG_HUMAN iéﬁgf;égzgg;ﬁi;ggig\égggwmm CNLCEKSVSRGKPGSHLGTST
987 LHX4_HUMAN ég%?g;iﬁiﬁgiﬁigi@igﬁg?l\m{mS PKPARHVREQLSSETGLDMRV
988 SIN3A_HUMAN ?ﬁé;;;g%ggégi?:gg%gg%bg%MKEFKSQSIDTPGVI SRVSQLFKGHPDL
989 RBBP7_HUMAN iﬁ?g‘ﬂ\ég?{gﬁ;g?;iI;EIis%xg@ig\l};‘TGHSAVVEDVAWHLLHESLFGSVADDQK
990 NKX61_HUMAN S}s(\ln?q;gggiggiiigggﬁgiiifmFEQTKYLAGPERARLAYSLGMTESQ
991 TRI68_HUMAN ?ggig\éﬁ?\l}ggi\gﬁ;g;;giiﬁs&g;{sIDCGHS FCHSCLSGLWEIPGESQNWGY
I i
993 MB3L1_HUMAN ggzigiggg\%%i;izgi&igiiCP;LRMSSYTFKRPVTRITPHPGNEVRYHQW
994 DLX5_HUMAN VRMVNGKPKKVRKPRTIYSSFQLAALQRRFQKTQYLALPERAELAASLGLTQTQ

VKIWFONKRSKIKKIMKNGEMPPEHS
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995 NOTC1_HUMAN ;gggﬁgggzggiggz%EggiggggmsLQCWKYFSDGHCDSQCNSAGCLFDG
996 TERF2_HUMAN ig@\;ggﬁFE{;;\Q/XQIQ?S;EE?;iigéﬁEKQKWT\/EESEWVKAGVQKYGEGNWAAIS
997 ZN282_HUMAN 1;];1{ ;izvligﬁég\éiEg\éﬁﬁgﬁi%mwemGTAEKKLADCEKTAVEFGNHM
LEKRTLFRLDLVPINRSVGLKAKPTKPVTEVLRPVVARYGLDLSGLLVRLSGEK
998 RGS12_HUMAN EPLDLGAPISSLDGQRVVLEEKDPSR
999 ZN840_HUMAN ?;EizizgﬁigggsﬁggigggngWFs PEEWDHLTPEQRNLYKDVMLDNC
1000 | SPIzB HUMAN | emnag e T
1001 PAX7_HUMAN \S/S\PHEIE‘g;i;{ii;i;gigggiiigﬁgEKAFERTHYPDIYTREELAQRTKLTEAR
1002 NKX62_HUMAN \A/E%IESEgi?i;iii;ﬁg:iﬁgiﬁ?iEKTFEQTKYLAGPERARLAYSLGMTESQ
1003 ASXL2_HUMAN ggigigggggéiéigggszii%gl PVQAFSEENSIEGTPSKCYCRLKAMIM
1004 FOXO1_HUMAN ?E;;;Xi;;gg?iﬁlﬁg;;g%ig;ﬂg:gLDGMFIERLDCDMESIIRNDLMDGDTLD
1005 GATA3_HUMAN gg;ggfi‘igE;iiﬁiiig?ggggGATSTPLWRRDGTGHYLCNACGLYHKMN
1006 GATA1_HUMAN S%igi;ﬁ;?gg?é\g;giﬁigg;gEEQTTTTTLWRRNASGDPVCNACGLYYKLH
L
1008 ZN783_HUMAN Eg}l{gﬂ;@igﬁég?éiEg\éiiEE\T{;{ELTLEGRTGTAEKKLADCEKTAVEFGNQL
1010 LRP1_HUMAN Vg;;gégggggg?égiiﬁ:gﬁziggg;LTQFTCNNGRCININWRCDNDNDCGDNS
1011 MIXL1_HUMAN igmﬁ;ﬁiﬁgiiggzizﬁggiigEELVFRRTRYPDIHLRERLAALTLLPESR
YDWYQT ITLMI KNDVNVEFSEKELSALVKLPSGEDYNLKLEL
1013 LMCD1_HUMAN ?;;ggxg%ggi;gggﬁiiiig\é\éEEDRAGYNKQWHPTCFVCAKCSEPLVDLIY
1014 CEBPA_HUMAN Sz§§§§52§¥§g§;g}iggiigiggmvmsRDKAKQRNVETQQKVLELTSDN
1015 GATA2_HUMAN ggﬁi E E? i?gif{ E?i: ;igiggggemmPLWRRDGTGHYLCNACGLYHI@/{N
1016 SOX14_HUMAN 5?32;;§§$2§§M;igisigﬁimwmmm SKRLGAEWKLLSEAEKRP
1017 WTIP_HUMAN E;;g%\%ﬁggg\s}\ggiIéizgé;?immYHPGCFRCSVCNECLDGVPFTVDV
o1 | PRPTe HUMAN | g 0 Ve LA SeE
1019 CBX6_HUMAN i;;g\égig\égﬁgiéiig?ii?g?iiYLVKWKGWAI KYSTWEPEENILDSRLIA
1020 NKX11_HUMAN 5§c13;1;z§;EEEE?SE?EXS?%!?EENKFKMRYLSVCERLNLALSLSLTETQ
1021 RBBP4_HUMAN mgﬁgﬁgsgiggggggggs‘gggéHGGHTAKl SDFSWNPNEPWVICSVSEDN
1022 DMRT2_HUMAN ERCTPAGGGAEPRKLSRTPKCARCRNHGVVSCLKGHKRFCRWRDCQCANCLLVV

ERQRVMAAQVALRRQQATEDKKGLSG
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1023 SMCA2_HUMAN SQPGALIPGDPQAMSQPNRGPSPFSPVQLHQLRAQI LAYKMLARGQPLPETLQL

AVOGKRTLPGLOQOOO0QQQ000000

1024

ZNF10

MDAKSLTAWSRTLVTFKDVEVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG
YOLTKPDVILRLEKGEEPWLVERETHQETHPDSETAFEIKSSVSSRSIFKDKQS
CDIKMEGMARNDLWYLSLEEVWKCRDQLDKYQENPERHLROQVAFTQKKVLTQER
VSESGKYGGNCLLPAQLVLREYFHKRDSHTKSLKHDLVLNGHQDSCASNSNECG
QTFCONIHLIQFARTHTGDKSYKCPDNDNSLTHGSSLGISKGIHREKPYECKEC
GKFFSWRSNLTRHQLIHTGEKPYECKECGKSFSRSSHLIGHQKTHTGEEPYECK
ECGKSEFSWESHLVTHQRTHTGDKLYTCNQCGKSFVHSSRLIRHQRTHTGEKPYE
CPECGKSFRQSTHLILHQRTHVRVRPYECNECGKSYSQRSHLVVHHRIHTGLKP
FECKDCGKCESRSSHLYSHQRTHTGEKPYECHDCGKSFSQSSALIVHQRIHTGE
KPYECCQCGKAFIRKNDLIKHQRIHVGEETYKCNQCGIIFSQONSPFIVHQIAHT
GEQFLTCNQCGTALVNTSNLIGYQTNHIRENAY

1025

EED_HUMAN

MSEREVSTAPAGTDMPAAKKQKLSSDENSNPDLSGDENDDAVSIESGTNTERPD
TPTNTPNAPGRKSWGKGKWKSKKCKYSFKCVNSLKEDHNQPLFGVQFNWHSKEG
DPLVFATVGSNRVTLYECHSQGEIRLLOSYVDADADENFYTCAWTYDSNTSHPL
LAVAGSRGITIRIINPITMQCIKHYVGHGNAINELKFHPRDPNLLLSVSKDHALR
LWNIQTDTLVAIFGGVEGHRDEVLSADYDLLGEKIMSCGMDHSLKLWRINSKRM
MNAIKESYDYNPNKTNRPFISQKIHFPDESTRDIHRNYVDCVRWLGDLILSKSC
ENATIVCWKPGKMEDDIDKIKPSESNVTILGREDYSQCDIWYMRESMDEWQKMLA
LGNQVGKLYVWDLEVEDPHKAKCTTLTHHKCGAATIRQTSFSRDSSILIAVCDDA
SIWRWDRLR

1026

RCOR1_HUMAN

MPAMVEKGPEVSGKRRGRNNAAASASAAAASAAASAACASPAATAASGAAASSA
SAAAASAAAAPNNGONKSLAAAAPNGNSSSNSWEEGSSGSSSDEEHGGGGMRVG
POYQAVVPDFDPAKLARRSQERDNLGMLVWSPNONLSEAKLDEYTIAIAKEKHGY
NMEQALGMLEFWHKHNIEKSLADLPNFTPFPDEWTVEDKVLFEQAFSFHGKTFHR
IQOMLPDKSIASLVKEYYSWKKTRTKT SVMDRHARKQKREREESEDELEEANGN
NPIDIEVDONKESKKEVPPTETVPQVKKEKHSTQAKNRAKRKPPKGMELSQEDV
EAVSANATAATTVLRQLDMELVSVKRQIONIKQTNSALKEKLDGGIEPYRLPEV
IQKCNARWTTEEQLLAVQATRKYGRDFQAISDVIGNKSVVQVKNFEVNYRRREN
IDEVLOQEWEAEHGKEETNGPSNQKPVKSPDNSIKMPEEEDEAPVLDVRYASAS

1027

human DNMT1

MPARTAPARVPTLAVPATSLPDDVRRRLKDLERDSLTEKECVKEKLNLLHEFLQ
TEIKNQLCDLETKLRKEELSEEGYLAKVKSLLNKDLSLENGAHAYNREVNGRLE
NGNQARSEARRVGMADANSPPKPLSKPRTPRRSKSDGEAKPEPSPSPRITRKST
ROQTTITSHFAKGPAKRKPQEESERAKSDESIKEEDKDQDEKRRRVTSRERVARP
LPAEEPERAKSGTRTEKEEERDEKEEKRLRSQTKEPTPKQKLKEEPDREARAGV
QADEDEDGDEKDEKKHRSQPKDLAAKRRPEEKEPEKVNPQISDEKDEDEKEEKR
RKTTPKEPTEKKMARAKTVMNSKTHPPKCIQCGQYLDDPLKYGQHPPDAVDEPQ
MLTNEKLSIFDANESGFESYEALPQHKLTCEFSVYCKHGHLCPIDTGLIEKNIEL
FESGSAKPIYDDDPSLEGGVNGKNLGPINEWWITGFDGGEKALIGEFSTSFAEYTL
LMDPSPEYAPIFGLMQEKIYISKIVVEFLQSNSDSTYEDLINKIETTVPPSGLN
LNRFTEDSLLRHAQFVVEQVESYDEAGDSDEQPIFLTPCMRDLIKLAGVTLGQR
RAQARRQTIRHSTREKDRGPTKATTTKLVYQIFDTFFAEQIEKDDREDKENAFK
RRRCGVCEVCQQPECGKCKACKDMVKFGGSGRSKQACQERRCPNMAMKEADDDE
EVDDNIPEMPSPKKMHQGKKKKQNKNRISWVGEAVKTDGKKSYYKKVCIDAETL
EVGDCVSVIPDDSSKPLYLARVTALWEDS SNGOMFHAHWEFCAGTDTVLGATSDP
LELFLVDECEDMQLSYIHSKVKVIYKAPSENWAMEGGMDPESLLEGDDGKTYFEY
QLWYDQDYARFESPPKTQPTEDNKFKFCVSCARLAEMRQKEI PRVLEQLEDLDS
RVLYYSATKNGILYRVGDGVYLPPEAFTENIKLSSPVKRPRKEPVDEDLYPEHY
RKYSDYIKGSNLDAPEPYRIGRIKEIFCPKKSNGRPNETDIKIRVNKEYRPENT
HKSTPASYHADINLLYWSDEEAVVDFKAVQGRCTVEYGEDLPECVQVYSMGGPN
REYFLEAYNAKSKSFEDPPNHARSPGNKGKGKGKGKGKPKSQACEPSEPEIEIK
LPKLRTLDVFSGCGGLSEGFHQAGISDTLWAIEMWDPAAQAFRLNNPGSTVETE
DCNILLKLVMAGETTNSRGQRLPQKGDVEMLCGGPPCQGEFSGMNREFNSRTYSKE
KNSLVVSFLSYCDYYRPRFFLLENVRNEFVSFKRSMVLKLTLRCLVRMGYQCTEG
VLOAGQYGVAQTRRRAITLAAAPGEKLPLFPEPLHVFAPRACQLSVVVDDKKEV
SNITRLSSGPFRTITVRDTMSDLPEVRNGASALEISYNGEPQSWEQRQLRGAQY
QPILRDHICKDMSALVAARMRHIPLAPGSDWRDLPNIEVRLSDGTMARKLRYTH
HDRKNGRSSSGALRGVCSCVEAGKACDPAARQFNTLIPWCLPHTGNRHNHWAGL
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YGRLEWDGFFSTTVINPEPMGKQGRVLHPEQHRVVSVRECARSQGFPDTYRLEG
NILDKHRQVGNAVPPPLAKATGLEIKLCMLAKARESASAKIKEEEAAKD

1028

human DNMT3A

MPAMPSSGPGDTSSSAAEREEDRKDGEEQEEPRGKEERQEPSTTARKVGRPGRK
RKHPPVESGDTPKDPAVISKSPSMAQDSGASELLPNGDLEKRSEPQPEEGSPAG
GQKGGAPAEGEGAAETLPEASRAVENGCCTPKEGRGAPAEAGKEQKETNIESMK
MEGSRGRLRGGLGWESSLRQRPMPRLTFQAGDPYYISKRKRDEWLARWKREAEK
KAKVIAGMNAVEENQGPGESQKVEEASPPAVQQPTDPASPTVATTPEPVGSDAG
DKNATKAGDDEPEYEDGRGFGIGELVWGKLRGEFSWWPGRIVSWWMTGRSRAAEG
TRWVMWEGDGKESVVCVEKLMPLSSFCSAFHQATYNKQPMYRKAIYEVLQVASS
RAGKLFPVCHDSDESDTAKAVEVONKPMIEWALGGFQPSGPKGLEPPEEEKNPY
KEVYTDMWVEPEAAAYAPPPPAKKPRKSTAEKPKVKEIIDERTRERLVYEVRQK
CRNIEDICISCGSLNVTLEHPLEVGGMCONCKNCFLECAYQYDDDGYQSYCTIC
CGGREVLMCGNNNCCRCFCVECVDLLVGPGAAQAATKEDPWNCYMCGHKGTYGL
LRRREDWPSRLOMEFFANNHDQEFDPPKVYPPVPAEKRKPIRVLSLEFDGIATGLL
VLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPED
LVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLEE
NVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWGNLPGMNRPLASTVN
DKLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDOQHFPVFMNEKEDILWCTEM
ERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACV

1029

human DNMT3A
catalytic domain

NHDQEFDPPKVYPPVPAEKRKPIRVLSLEFDGIATGLLVLKDLGIQVDRYIASEV
CEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPEDLVIGGSPCNDLSIVNPA
RKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISREL
ESNPVMIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKF
SKVRTITTRSNSIKQGKDQHFPVEMNEKEDILWCTEMERVEFGEFPVHYTDVSNMS
RLARQRLLGRSWSVPVIRHLFAPLKEYFACV

1030

human DNMT3B

MKGDTRHLNGEEDAGGREDSILVNGACSDQSSDSPPILEATRTPEIRGRRSSSR
LSKREVSSLLSYTQDLTGDGDGEDGDGSDTPVMPKLFRETRTRSESPAVRTRNN
NSVSSRERHRPSPRSTRGRQGRNHVDESPVEFPATRSLRRRATASAGTPWPSPP
SSYLTIDLTDDTEDTHGTPQSSSTPYARLAQDSQQGGMESPQVEADSGDGDSSE
YODGKEFGIGDLVWGKIKGESWWPAMVVSWKATSKRQAMS GMRWVQOWEFGDGKE'S
EVSADKLVALGLFSQHFNLATFNKLVSYRKAMYHALEKARVRAGKTEPSSPGDS
LEDQLKPMLEWAHGGFKPTGIEGLKPNNTQPVVNKSKVRRAGSRKLESRKYENK
TRRRTADDSATSDYCPAPKRLKTNCYNNGKDRGDEDQSREQMASDVANNKSSLE
DGCLSCGRKNPVSFHPLFEGGLCQTCRDRFLELFYMYDDDGYQSYCTVCCEGRE
LLLCSNTSCCRCFCVECLEVLVGTGTAAEAKLQEPWSCYMCLPQRCHGVLRRRK
DWNVRLOAFFTSDTGLEYEAPKLYPATPAARRRPIRVLSLFDGIATGYLVLKEL
GIKVGKYVASEVCEESIAVGTVKHEGNIKYVNDVRNITKKNIEEWGPFDLVIGG
SPCNDLSNVNPARKGLYEGTGRLEFFEFYHLLNYSRPKEGDDRPFFWMFENVVAM
KVGDKRDISRFLECNPVMIDAIKVSAAHRARYFWGNLPGMNRPVIASKNDKLEL
QDCLEYNRIAKLKKVQTITTKSNSIKQGKNQLFPVVMNGKEDVLWCTELERIFG
FPVHYTDVSNMGRGARQKLLGRSWSVPVIRHLFAPLKDYFACE

1031

mouse DNMT3C

MRGGSRHLSNEEDVSGCEDCIIISGTCSDQSSDPKTVPLTQVLEAVCTVENRGC
RTSSQPSKRKASSLISYVQDLTGDGDEDRDGEVGGSSGSGTPVMPQLFCETRIP
SKTPAPLSWQANTSASTPWLSPASPYPIIDLTDEDVIPQSISTPSVDWSQDSHQ
EGMDTTQVDAESRDGGNIEYQVSADKLLLSQSCILAAFYKLVPYRESIYRTLEK
ARVRAGKACPSSPGESLEDQLKPMLEWAHGGFKPTGIEGLKPNKKQPENKSRRR
TTNDPAASESSPPKRLKTNSYGGKDRGEDEESREQMASDVTNNKGNLEDHCLSC
GRKDPVSFHPLFEGGLCQSCRDRFLELFYMYDEDGYQSYCTVCCEGRELLLCSN
TSCCRCFCVECLEVLVGAGTAEDVKLOQEPWSCYMCLPQRCHGVLRRRKDWNMRL
QODFFTTDPDLEEFEPPKLYPATIPAAKRRPIRVLSLEFDGIATGYLVLKELGIKVE
KYIASEVCAESIAVGTVKHEGQIKYVDDIRNITKEHIDEWGPFDLVIGGSPCND
LSCVNPVRKGLFEGTGRLFFEFYRLLNYSCPEEEDDRPFFWMFENVVAMEVGDK
RDISRFLECNPVMIDAIKVSAAHRARYFWGNLPGMNRPVMASKNDKLELQDCLE
FSRTAKLKKVQTITTKSNSIRQGKNQLFPVVMNGKDDVLWCTELERIFGFPEHY
TDVSNMGRGARQKLLGRSWSVPVIRHLFAPLKDHFACE

1032

human DNMT3L

MAATPALDPEAEPSMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDICI
CCGSLOQVHTQHPLFEGGICAPCKDKFLDALFLYDDDGYQSYCSICCSGETLLIC
GNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGLLQRRRKWRS
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QLKAFYDRESENPLEMFETVPVWRROPVRVLSLFEDIKKELTSLGFLESGSDPG
QLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLQYA
RPKPGSPRPFFWMEVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGS LONAVRVW
SNIPATIRSSRHWALVSEEELSLLAQNKQSSKLAAKWPTKLVKNCFLPLREYFKY
FSTELTSSL

1033

human DNMT3L
catalytic domain

NPLEMFETVPVWRRQPVRVLSLFEDIKKELTSLGFLESGSDPGQLKHVVDVTDT
VRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLOYARPKPGSPRPFEFF
WMEVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIPATRSRHW
ALVSEEELSLLAQONKQSSKLAAKWPTKLVKNCFLPLREYFKYFSTELTSSL

1034

mouse DNMT3L

MGSRETPSSCSKTLETLDLETSDSSSPDADSPLEEQWLKSSPALKEDSVDVVLE
DCKEPLSPSSPPTGREMIRYEVKVNRRSIEDICLCCGTLQVYTRHPLFEGGLCA
PCKDKFLESLFLYDDDGHQSYCTICCSGGTLEFICESPDCTRCYCFECVDILVGP
GTSERINAMACWVCFLCLPFSRSGLLOQRRKRWRHQLKAFHDQEGAGPMEIYKTV
SAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGGGTLKYVEDVTNVVRRDVEK
WGPFDLVYGSTQPLGSSCDRCPGWYMFQFHRILOQYALPRQESQRPFFWI FMDNL
LLTEDDQETTTRFLOTEAVTLODVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEE
EYLOAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPL

1035

mouse DNMT3L
catalytic domain

GPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGGGTLKYVEDVT
NVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYMFQFHRILQYALPRQESQRP
FEFWIFMDNLLLTEDDQETTTRFLOTEAVTLODVRGRDYQNAMRVWSNIPGLKSK
HAPLTPKEEEYLOAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPL

1036

human TRDMT1
(DNMT2)

MEPLRVLELYSGVGGMHHALRESCIPAQVVAAIDVNTVANEVYKYNFPHTQLLA
KTIEGITLEEFDRLSFDMILMSPPCQPFTRIGRQGDMTDSRTNSFLHILDILPR
LOKLPKYILLENVKGFEVSSTRDLLIQTIENCGFQYQEFLLSPTSLGIPNSRLR
YFLIAKLQSEPLPFQAPGQVLMEFPKIESVHPQKYAMDVENKIQEKNVEPNISFE
DGSIQCSGKDAILFKLETAEEIHRKNQODSDLSVKMLKDFLEDDTDVNQYLLPP
KSLLRYALLLDIVQPTCRRSVCFTKGYGSYIEGTGSVLQTAEDVQVENIYKSLT
NLSQEEQITKLLILKLRYFTPKEIANLLGFPPEFGFPEKITVKQRYRLLGNSLN
VHVVAKLIKILYE

1037

M. penetrans M
Mpel

MNSNKDKIKVIKVEFEAFAGIGSQFKALKNIARSKNWEIQHSGMVEWEVDAIVSY
VATHSKNENPKIEQLDKDILSISNDSKMPISEYGIKKINNTIKASYLNYAKKHE
NNLFDIKKVNKDNEFPKNIDIFTYSFPCQDLSVQGLOKGIDKELNTRSGLLWEIE
RILEEIKNSFSKEEMPKYLLMENVKNLLSHKNKKNYNTWLKQLEKFGYKSKTYL
LNSKNEFDNCONRERVFCLSIRDDYLEKTGFKFKELEKVKNPPKKIKDILVDSSN
YKYLNLNKYETTTFRETKSNIISRSLKNYTTFNSENYVYNINGIGPTLTASGAN
SRIKIETQQGVRYLTPLECFKYMQFDVNDFKKVQSTNLISENKMIYIAGNSIPV
KILEAIFNTLEFVNNEE

1038

S. monobiae M
Sssl

MSKVENKTKKLRVFEAFAGIGAQRKALEKVRKDEYEIVGLAEWYVPATIVMYQAT
HNNFHTKLEYKSVSREEMIDYLENKTLSWNSKNPVSNGYWKRKKDDELKIIYNA
IKLSEKEGNIFDIRDLYKRTLKNIDLLTYSEFPCQDLSQQOGIQKGMKRGSGTRSG
LLWEIERALDSTEKNDLPKYLLMENVGALLHKKNEEELNQWKQKLESLGYQNST
EVLNAADFGSSQARRRVFMISTLNEFVELPKGDKKPKSIKKVLNKIVSEKDILN
NLLKYNLTEFKKTKSNINKASLIGYSKENSEGYVYDPEFTGPTLTASGANSRIK
IKDGSNIRKMNSDETFLYIGFDSQDGKRVNEIEFLTENQKIFVCGNSISVEVLE
ATIDKIGG

1039

H. parainfluenzae
M Hpall

MKDVLDDNLLEEPAAQYSLFEPESNPNLREKFTFIDLFAGIGGFRIAMONLGGK
CIFSSEWDEQAQKTYEANFGDLPYGDITLEETKAFIPEKFDILCAGEFPCQAFSI
AGKRGGFEDTRGTLFFDVAEITIRRHQPKAFFLENVKGLKNHDKGRTLKTILNVL
REDLGYEFVPEPAIVNAKNFGVPONRERIYIVGFHKSTGVNSEFSYPEPLDKIVTE
ADIREEKTVPTKYYLSTQYIDTLRKHKERHESKGNGFGYEIIPDDGIANATIVVG
GMGRERNLVIDHRITDFTPTTNIKGEVNREGIRKMT PREWARLOGEFPDSYVIPV
SDASAYKQFGNSVAVPAIQATGKKILEKLGNLYD

1040

A. luteus M Alul

MSKANAKYSFVDLFAGIGGFHAALAATGGVCEYAVEIDREAAAVYERNWNKPAL
GDITDDANDEGVTLRGYDGPIDVLTGGFPCQPFSKSGAQHGMAETRGTLFWNIA
RITEEREPTVLILENVRNLVGPRHRHEWLTIIETLRFFGYEVSGAPATIFSPHLL
PAWMGGTPQVRERVFITATLVPERMRDERIPRTETGEIDAEATGPKPVATMNDR
FPIKKGGTELFHPGDRKSGWNLLTSGITREGDPEPSNVDLRLTETETLWIDAWD
DLESTIRRATGRPLEGFPYWADSWIDFRELSRLVVIRGFQAPEREVVGDRKRYV
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ARTDMPEGFVPASVTRPAIDETLPAWKQSHLRRNYDFFERHFAEVVAWAYRWGV
YTDLFPASRRKLEWQAQDAPRLWDTVMHFRPSGIRAKRPTYLPALVAITQTSIV
GPLERRLSPRETARLQGLPEWEFDFGEQRAAATYKOMGNGVNVGVVRHILREHVR
RDRALLKLTPAGORIINAVLADEPDATVGALGAAE

1041

H. aegyptius M
Haelll

MNLISLESGAGGLDLGFQKAGFRIICANEYDKSIWKTYESNHSAKLIKGDISKI
SSDEFPKCDGIIGGPPCQSWSEGGSLRGIDDPRGKLEFYEYIRTILKQKKPIFFLA
ENVKGMMAQRHNKAVQEFIQEFDNAGYDVHIILLNANDYGVAQDRKRVEYIGER
KELNINYLPPIPHLIKPTFKDVIWDLKDNPIPALDKNKTNGNKCIYPNHEYFIG
SYSTIFMSRNRVROWNEPAFTVOQASGRQCQLHPQAPVMLKVSKNLNKEVEGKEH
LYRRLTVRECARVQGFPDDFIFHYESLNDGYKMIGNAVPVNLAYETAKTIKSAL
ETICKGN

1042

H. haemolyticus M
Hhal

MIEIKDKQLTGLREFIDLFAGLGGFRLALESCGAECVYSNEWDKYAQEVYEMNEG
EKPEGDITQVNEKTIPDHDILCAGFPCQOAFSISGKQKGFEDSRGTLFFDIARIV
REKKPKVVFMENVKNFASHDNGNTLEVVKNTMNELDYSFHAKVLNALDYGIPQK
RERIYMICFRNDLNIQNFQFPKPFELNTEVKDLLLPDSEVEHLVIDRKDLVMTN
QEIEQTTPKTVRLGIVGKGGQGERIYSTRGIAITLSAYGGGIFAKTGGYLVNGK
TRKLHPRECARVMGYPDSYKVHPSTSQAYKQFGNSVVINVLQYIAYNIGSSLNFE
KPY

1043

Moraxella M Mspl

MKPEILKLIRSKLDLTQKQASEITIEVSDKTWQOWESGKTEMHPAYYSFLOEKLK
DKINFEELSAQKTLOKKIFDKYNQNQITKNAEELAEITHIEERKDAYSSDFKEI
DLESGIGGIRQSFEVNGGKCVESSEIDPFAKFTYYTNEFGVVPFGDITKVEATTI
POHDILCAGFPCQPFSHIGKREGFEHPTQGTMFHEIVRIIETKKTPVLFLENVP
GLINHDDGNTLKVIIETLEDMGYKVHHTVLDASHFGIPQKRKREYLVAFLNONI
HFEFPKPPMISKDIGEVLESDVTGYSISEHLOQKSYLFKKDDGKPSLIDKNTTGA
VKTLVSTYHKIQRLTGTFVKDGETGIRLLTTNECKAIMGFPKDEVIPVSRTOMY
ROMGNSVVVPVVTKIAEQISLALKTVNQOSPQENFELELV

1044

Ascobolus Masc1

MSERRYEAGMTVALHEGSFLKIQRVYIRQYHADNRREHMLVGPLEFRRTKYLKAL
SKKVNEVAIVHESIHVPVQDVIGVRELIITNRPFPECRKGDEHTGRLVCRWVYN
LDERAKGREYKKQRYIRRITEAEADPEYRVEDRVLRRRWFQEGYIGDEISYKEH
GNGDIVDIRSESPLOVLDGWGGDLVDLENGEETSIPGPCRSASSYGRLMKPPLA
QAADSNTSRKYTFGDTFCGGGGVSLGARQAGLEVKWAFDMN PNAGANYRRNEFPN
TDFFLAEAEQFIQLSVGISQHVDILHLSPPCOQTEFSRAHTIAGKNDENNEASFFA
VVNLIKAVRPRLFTVEETDGIMDRQSRQFIDTALMGITELGYSFRICVLNAIEY
GVCONRKRLITIIGAAPGEELPPFPLPTHODFFSKDPRRDLLPAVTLDDALSTIT
PESTDHHLNHVWQPAEWKTPYDAHRPFKNAIRAGGGEYDIYPDGRRKEFTVRELA
CIQGFPDEYEFVGTLTDKRRIIGNAVPPPLSAATIMSTLROQWMTEKDFERME

1045

Arabidopsis MET1

MVENGAKAAKRKKRPLPEIQEVEDVPRTRRPRRAAACTSFKEKSIRVCEKSATI
EVKKQQIVEEEFLALRLTALETDVEDRPTRRLNDFVLEFDSDGVPQPLEMLEIHD
IFVSGAILPSDVCTDKEKEKGVRCTSFGRVEHWSISGYEDGSPVIWISTELADY
DCRKPAASYRKVYDYFYEKARASVAVYKKLSKSSGGDPDIGLEELLAAVVRSMS
SGSKYFSSGAAIIDFVISQGDFIYNQLAGLDETAKKHESSYVEI PVLVALREKS
SKIDKPLQRERNPSNGVRIKEVSQVAESEALTSDQLVDGTDDDRRYAILLODEE
NRKSMQQPRKNSSSGSASNMFYIKINEDEIANDYPLPSYYKTSEEETDELILYD
ASYEVQSEHLPHRMLHNWALYNSDLREFISLELLPMKQCDDIDVNIFGSGVVTDD
NGSWISLNDPDSGSQSHDPDGMCIFLSQIKEWMIEFGSDDIISISIRTDVAWYR
LGKPSKLYAPWWKPVLKTARVGISILTFLRVESRVARLSFADVTKRLSGLOAND
KAYISSDPLAVERYLVVHGQIILQLFAVYPDDNVKRCPFVVGLASKLEDRHHTK
WITKKKKISLKELNLNPRAGMAPVASKRKAMOQATTTRLVNRIWGEFYSNYSPED
PLOATAAENGEDEVEEEGGNGEEEVEEEGENGLTEDTVPEPVEVOQKPHTPKKIR
GSSGKREIKWDGESLGKTSAGEPLYQQALVGGEMVAVGGAVTLEVDDPDEMPAT
YFVEYMFESTDHCKMLHGRFLQRGSMTVLGNAANERELFLTNECMTTQLKDIKG
VASFEIRSRPWGHQYRKKNITADKLDWARALERKVKDLPTEYYCKSLYSPERGG
FESLPLSDIGRSSGFCTSCKIREDEEKRSTIKLNVSKTGFFINGIEYSVEDFVY
VNPDSIGGLKEGSKTSFKSGRNIGLRAYVVCQLLEIVPKESRKADLGSFDVKVR
REYRPEDVSAEKAYASDIQELYFSQDTVVLPPGALEGKCEVRKKSDMPLSREYP
ISDHIFFCDLFFDTSKGSLKQLPANMKPKFSTIKDDTLLRKKKGKGVESEIESE
IVKPVEPPKEIRLATLDIFAGCGGLSHGLKKAGVSDAKWAIEYEEPAGQAFKON
HPESTVEVDNCNVILRATIMEKGGDQDDCVSTTEANELAAKLTEEQKSTLPLPGQ
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VDFINGGPPCQGFSGMNRFNQSSWSKVQCEMILAFLSFADYFRPRYFLLENVRT
FVSEFNKGOQTFQLTLASLLEMGYQVRFGILEAGAYGVSQSRKRAFIWAAAPEEVL
PEWPEPMHVEFGVPKLKISLSQGLHYAAVRSTALGAPFRPITVRDTIGDLPSVEN
GDSRTNKEYKEVAVSWEFQKEIRGNTIALTDHICKAMNELNLIRCKLIPTRPGAD
WHDLPKRKVTLSDGRVEEMIPFCLPNTAERHNGWKGLYGRLDWQGNFEFPTSVTDP
QPMGKVGMCFHPEQHRILTVRECARSQGFPDSYEFAGNINHKHRQIGNAVPPPL
AFALGRKLKEALHLKKSPQHQP

1046

Ascobolus Masc2

MELTPELSGVSTDLGGGGSIFAHWRMKEESPAPTEILDDLNVLEWEKTTRDYSK
EDLRIADQLFSIEDEHQSLPFETADAEDGTPTEEEEEKELPMRTLDNEVLYDAS
DLELAALDLIGTELNIHAVGTVGPIYTEGEEDEQEDEDEDVSPPVRTGTQATSA
SVIQMTVELYIRNIVQYEFCFNDDGTVETWIQTTNAHYKLLQPAKCYTSLYRPV
NDCLNVITAIITLAPESTTMSLKDLLKVMDDKAQAVSYEEVERMSEFIVQHLDQ
WMETAPKKKSKLIEKSKVYIDLNNLAGIDMVSGVRPPPVRRVTGRSSAPKKRIV
RNMNDAVLLHONETTVTNWIHQLSAGMFGRALNVLGAETADVENLTCDPASAKFE
VVPQRRLHKRLKWETRGHIPVSEEEYKHIYQGKKYAKFFEAVRAVDESKLTIKL
GDLVYVLDQDPKVTQTQFATAGREGRKKGAEKEKIQVRFGRVLSIRQPDSNSKD
AQNVEFIHVOWLVLGCDTILQEMASRRELFLTDSCDTVFADVIYGVAKLTPLGAK
DIPTVEFHESMATMMGENEFFVRFKYNYQDGSFTDLKDVDAEQIGTLQPRVNTH
RNPGYCSNCRIKYDNERTGDKWIYENDTEGEPRLFRSSKGWCIYAQEFVYLQPV
EKQPGTTFRVGYISEINKSSVIVELLARVDDDDKSGHISYSDPRHLYFTGTDIK
VITFDKIIRKCFVFHDSGDQKAKAPLMYGTLORDLYYYRYEKRKGKAELVPVRETI
RSTHEQTLNDWESRTQIERHGAVSGKKLKGLDIFAGCGGLTLGLDLSGAVDTKW
DIEFAPSAANTLALNFPDAQVENQCANVLLSRAIQSEDEGSLDIEYDLQGRVLP
DLPKKGEVDFIYGGPPCQGFSGVNRYKKGNDIKNSLVATFLSYVDHYKPREVLL
ENVKGLITTKLGNSKNAEGKWEGGISNGVVKFIYRTLISMNYQCRIGLVQSGEY
GVPQSRPRVIFLAARMGERLPDLPEPMHAFEVLDSQYALPHIKRYHTTQNGVAP
LPRITIGEAVSDLPKFQYANPGVWPRHDPYSSAKAQPSDKTIEKEFSVSKATSEV
GYLLOPYHSRPQSEFQRRLRTKLVPSDEPAEKTSLLTTKLVTAHVTRLENKETT
QRIVCVPMWPGADHRSLPKEMRPWCLVDPNSQAEKHRFWPGLFGRLGMEDFEST
ALTDVQPCGKQGKVLHPTQRRVYTVRELARAQGEFPDWFAFTDGDADSGLGGVKK
WHRNIGNAVPVPLGEQIGRCIGYSVWWKDDMIAQLREDGADEDEEMI DGNDQWV
EELNTOMAADMPGLPLLVTHLLNLCVYRRLYGPNAKEFLPARVYDKKLEGGRRR
LVWAML

1047

Neurospora Dim2

MDSPDRSHGGMFIDVPAETMGEFQEDYLDMFASVLSQGLAKEGDYAHHQPLPAGK
EECLEPIAVATTITPSPDDPQLOLOLELEQQFQTESGLNGVDPAPAPESEDEAD
LPDGEFSDESPDDDFVVQRSKHITVDLPVSTLINPRSTFQRIDENDNLVPPPQST
PERVAVEDLLKAAKAAGKNKEDYIEFELHDENFYVNYAYHPQEMRPIQLVATKV
LHDKYYFDGVLKYGNTKHYVTGMQVLELPVGNYGASLHSVKGQIWVRSKHNAKK
EIYYLLKKPAFEYQRYYQPFLWIADLGKHVVDYCTRMVERKREVTLGCFKSDFEI
QWASKAHGKSKAFOQNWRAQHPSDDFRTSVAANIGY IWKEINGVAGAKRAAGDQL
FRELMIVKPGQYFRQEVPPGPVVTEGDRTVAATIVTPYIKECFGHMILGKVLRL
AGEDAEKEKEVKLAKRLKIENKNATKADTKDDMKNDTATESLPTPLRSLPVQVL
EATPIESDIVSIVSSDLPPSENNPPPLTNGSVKPKAKANPKPKPSTQPLHAAHV
KYLSQELVNKIKVGDVISTPRDDSSNTDTKWKPTDTDDHRWFGLVQRVHTAKTK
SSGRGLNSKSFDVIWEYRPEDTPCCAMKYKWRNELFLSNHCTCQEGHHARVKGN
EVLAVHPVDWFGTPESNKGEFFVROQLYESEQRRWITLOKDHLTCYHNQPPKPPT
APYKPGDTVLATLSPSDKESDPYEVVEYFTQGEKETAFVRLRKLLRRRKVDRQD
APANELVYTEDLVDVRAERIVGKCIMRCFRPDERVPSPYDRGGTGNMFEITHRQ
DHGRCVPLDTLPPTLRQGENPLGNLGKPKLRGMDLYCGGGNFGRGLEEGGVVEM
RWANDIWDKATHTYMANTPDPNKTNPFLGSVDDLLRLALEGKFSDNVPRPGEVD
FIAAGSPCPGEFSLLTQDKKVLNQVKNQSLVASFASFVDEYRPKYGVLENVSGIV
QTFVNRKQDVLSQLFCALVGMGYQAQLILGDAWAHGAPQSRERVEFLYFAAPGLP
LPDPPLPSHSHYRVKNRNIGFLCNGESYVQRSFIPTAFKFVSAGEGTADLPKIG
DGKPDACVRFPDHRLASGITPYIRAQYACIPTHPYGMNFIKAWNNGNGVMSKSD
RDLFPSEGKTRTSDASVGWKRLNPKTLFPTVITTSNPSDARMGPGLHWDEDRPY
TVQEMRRAQGYLDEEVLVGRTTDQWKLVGNSVSRHMALAIGLKFREAWLGTLYD
ESAVVATATATATTAAAVGVTVPVMEEPGIGTTESSRPSRSPVHTAVDLDDSKS
ERSRSTTPATVLSTSSAAGDGSANAAGLEDDDNDDMEMMEVTRKRS SPAVDEEG
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MRPSKVQKVEVTVASPASRRSSRQASRNPTASPSSKASKATTHEAPAPEELESD
AESYSETYDKEGEFDGDYHSGHEDQYSEEDEEEEYAEPETMTVNGMTIVKL

1048

Drosophila
dDnmt2

MVEFRVLELFSGIGGMHYAFNYAQLDGQIVAALDVNTVANAVYAHNYGSNLVKTR
NIQSLSVKEVTKLOANMLLMSPPCQPHTRQGLORDTEDKRSDALTHLCGLIPEC
QELEYILMENVKGFESSQARNQFIESLERSGFHWREFILTPTQFNVPNTRYRYY
CIARKGADFPFAGGKIWEEMPGAIAQNQGLSQIAEIVEENVSPDFLVPDDVLTK
RVLVMDITIHPAQSRSMCFTKGYTHYTEGTGSAYTPLSEDESHRIFELVKEIDTS
NODASKSEKILQOQRLDLLHQVRLRYFTPREVARLMSFPENFEFPPETTNRQKYR
LLGNSINVKVVGELIKLLTIK

1049

S. pombe Pmt1

MLSTKRLRVLELYSGIGGMHYALNLANIPADIVCAIDINPQANEIYNLNHGKLA
KHMDISTLTAKDFDAFDCKLWTMSPSCQPFTRIGNRKDILDPRSQAFLNILNVL
PHVNNLPEYILIENVQGFEESKAAEECRKVLRNCGYNLIEGILSPNQFNIPNSR
SRWYGLARLNFKGEWSIDDVFQFSEVAQKEGEVKRIRDYLEIERDWS SYMVLES
VLNKWGHQFDIVKPDSSSCCCEFTRGYTHLVQGAGSILOMSDHENTHEQFERNRM
ALQLRYFTAREVARLMGFPESLEWSKSNVTEKCMYRLLGNSINVKVVSYLISLL
LEPLNF

1050

Arabidopsis DRM1

MVMSHIFLISQIQEVEHGDSDDVNWNTDDDELATIDNEFQFSPSPVHISATSPNSI
QONRISDETVASFVEMGFSTQMIARAIEETAGANMEPMMILETLENYSASTEASS
SKSKVINHFIAMGFPEEHVIKAMOEHGDEDVGEITNALLTYAEVDKLRESEDMN
ININDDDDDNLYSLSSDDEEDELNNSSNEDRILQALIKMGYLREDAAIATERCG
EDASMEEVVDFICAAQMARQFDEIYAEPDKKELMNNNKKRRTYTETPRKPNTDQ
LISLPKEMIGFGVPNHPGLMMHRPVPIPDIARGPPFEYYENVAMTPKGVWAKIS
SHLYDIVPEEFVDSKHFCAAARKRGYIHNLPIQONRFQIQPPQHNTIQEAFPLTKR
WWPSWDGRTKLNCLLTCIASSRLTEKIREALERYDGETPLDVQKWVMYECKKWN
LVWVGKNKLAPLDADEMEKLLGFPRDHTRGGGISTTDRYKSLGNSFQVDTVAYH
LSVLKPLEFPNGINVLSLFTGIGGGEVALHRLQIKMNVVVSVEISDANRNILRSFE
WEQTNQKGILREFKDVQKLDDNTIERLMDEYGGFDLVIGGSPCNNLAGGNRHHR
VGLGGEHSSLFFDYCRILEAVRRKARHMRR

1051

Arabadopsis
DRM2

MVIWNNDDDDFLEIDNFQSSPRSSPIHAMQCRVENLAGVAVTTSSLSSPTETTD
LVOMGESDEVFATLFDMGFPVEMISRAIKETGPNVETSVIIDTISKYSSDCEAG
SSKSKAIDHFLAMGFDEEKVVKAIQEHGEDNMEATANALLSCPEAKKLPAAVEE
EDGIDWSSSDDDTNYTDMLNSDDEKDPNSNENGSKIRSLVKMGESELEASLAVE
RCGENVDIAELTDFLCAAQMAREFSEFYTEHEEQKPRHNIKKRRFESKGEPRSS
VDDEPIRLPNPMIGEGVPNEPGLITHRSLPELARGPPFFYYENVALTPKGVWET
ISRHLFEIPPEFVDSKYFCVAARKRGYIHNLPINNRFOQIQPPPKYTIHDAFPLS
KRWWPEWDKRTKLNCILTCTGSAQLTNRIRVALEPYNEEPEPPKHVQRYVIDQC
KKWNLVWVGKNKAAPLEPDEMESILGFPKNHTRGGGMSRTERFKSLGNSFQVDT
VAYHLSVLKPIFPHGINVLSLEFTGIGGGEVALHRLQIKMKLVVSVEI SKVNRNI
LKDEFWEQTNQTGELIEFSDIQHLTNDTIEGLMEKYGGFDLVIGGSPCNNLAGGN
RVSRVGLEGDQSSLFFEYCRILEVVRARMRGS

1052

Arabadopsis
CMT1

MAARNKQKKRAEPESDLCFAGKPMSVVESTIRWPHRYQSKKTKLOAPTKKPANK
GGKKEDEEITKQAKCHFDKALVDGVLINLNDDVYVTGLPGKLKFIAKVIELFEA
DDGVPYCRFRWYYRPEDTLIERFSHLVQPKRVFLSNDENDNPLTCIWSKVNIAK
VPLPKITSRIEQRVIPPCDYYYDMKYEVPYLNFTSADDGSDASSSLSSDSALNC
FENLHKDEKFLLDLYSGCGAMSTGFCMGASISGVKLITKWSVDINKFACDSLKL
NHPETEVRNEAAEDFLALLKEWKRLCEKFSLVSSTEPVESISELEDEEVEENDD
IDEASTGAELEPGEFEVEKFLGIMEGDPQGTGEKTLOQLMVRWKGYNSSYDTWEP
YSGLGNCKEKLKEYVIDGFKSHLLPLPGTVYTVCGGPPCQGISGYNRYRNNEAP
LEDQKNQQLLVFLDIIDFLKPNYVLMENVVDLLRFSKGFLARHAVASFVAMNYQ
TRLGMMAAGSYGLPQLRNRVFLWAAQPSEKLPPYPLPTHEVAKKFNTPKEFKDL
QVGRIQMEFLKLDNALTLADAISDLPPVINYVANDVMDYNDAAPKTEFENFISL
KRSETLLPAFGGDPTRRLEDHQPLVLGDDDLERVSYIPKQOKGANYRDMPGVLVH
NNKAEINPRFRAKLKSGKNVVPAYAI SFIKGKSKKPFGRLWGDEIVNTVVTRAE
PHNQCVIHPMONRVLSVRENARLOGFPDCYKLCGTIKEKYIQVGNAVAVPVGVA
LGYAFGMASQGLTDDEPVIKLPFKYPECMQAKDQI

1053

Arabadopsis
CMT2

MLSPAKCESEEAQAPLDLHSSSRSEPECLSLVLWCPNPEEAAPSSTRELIKLPD
NGEMSLRRSTTLNCNSPEENGGEGRVSQRKSSRGKSQPLLMLTNGCQLRRSPRE
RALHANFDNVCSVPVTKGGVSQRKFSRGKSQPLLTLTNGCQLRRSPRFRAVDGN
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FDSVCSVPVTGKFGSRKRKSNSALDKKESSDSEGLTFKDIAVIAKSLEMEIISE
CQYKNNVAEGRSRLODPAKRKVDSDTLLYSSINSSKQSLGSNKRMRRSQREFMKG
TENEGEENLGKSKGKGMSLASCSFRRSTRLSGTVETGNTETLNRRKDCGPALCG
AEQVRGTERLVQISKKDHCCEAMKKCEGDGLVSSKQELLVEPSGCIKKTVNGCR
DRTLGKPRSSGLNTDDIHTSSLKISKNDTSNGLTMTTALVEQDAMESLLQGKTS
ACGAADKGKTREMHVNSTVIYLSDSDEPSSIEYLNGDNLTQVESGSALSSGGNE
GIVSLDLNNPTKSTKRKGKRVTRTAVQEQONKRSICEFFIGEPLSCEEAQERWRWR
YELKERKSKSRGQQSEDDEDKIVANVECHYSQAKVDGHTFSLGDFAYIKGEEEE
THVGQIVEFFKTTDGESYFRVQWEYRATDTIMERQATNHDKRRLEYSTVMNDNP
VDCLISKVIVLQVSPRVGLKPNSIKSDYYFDMEYCVEYSTFQTLRNPKTSENKL
ECCADVVPTESTESILKKKSFSGELPVLDLYSGCGGMSTGLSLGAKISGVDVVT
KWAVDONTAACKSLKLNHPNTQVRNDAAGDFLQLLKEWDKLCKRYVENNDQRTD
TLRSVNSTKETSGSSSSSDDDSDSEEYEVEKLVDICFGDHDKTGKNGLKEKVHW
KGYRSDEDTWELAEELSNCQDAIREFVTSGFKSKILPLPGRVGVICGGPPCQGI
SGYNRHRNVDSPLNDERNQQITIVEMDIVEYLKPSYVLMENVVDILRMDKGSLGR
YALSRLVNMRYQARLGIMTAGCYGLSQFRSRVFMWGAVPNKNLPPFPLPTHDVI
VRYGLPLEFERNVVAYAEGQPRKLEKALVLKDAISDLPHVSNDEDREKLPYESL
PKTDFQRYIRSTKRDLTGSAIDNCNKRTMLLHDHRPFHINEDDYARVCQIPKRK
GANFRDLPGLIVRNNTVCRDPSMEPVILPSGKPLVPGYVFTFQOGKSKRPFARL
WWDETVPTVLTVPTCHSQALLHPEQDRVLTIRESARLOGFPDYFQFCGTIKERY
CQIGNAVAVSVSRALGYSLGMAFRGLARDEHLIKLPONFSHSTYPQLQETIPH

MAPKRKRPATKDDTTKSIPKPKKRAPKRAKTVKEEPVTVVEEGEKHVARFLDEP
IPESEAKSTWPDRYKPIEVQPPKASSRKKTKDDEKVEITRARCHYRRAIVDERQ
IYELNDDAYVQSGEGKDPFICKIIEMFEGANGKLYFTARWEYRPSDTVMKEFEL
LIKKKRVFFSEIQDTNELGLLEKKLNILMIPLNENTKETIPATENCDFFCDMNY
FLPYDTFEAIQQETMMAISESSTISSDTDIREGAAAISEIGECSQETEGHKKAT
LLDLYSGCGAMSTGLCMGAQLSGLNLVTKWAVDMNAHACKS LOHNHPETNVRNM
TAEDFLFLLKEWEKLCIHFSLRNSPNSEEYANLHGLNNVEDNEDVSEESENEDD
GEVEFTVDKIVGISFGVPKKLLKRGLYLKVRWLNYDDSHDTWEPTIEGLSNCRGKI
EEFVKLGYKSGILPLPGGVDVVCGGPPCQGISGHNRFRNLLDPLEDQKNKQLLV
YMNIVEYLKPKEVLMENVVDMLKMAKGYLARFAVGRLLOMNYQVRNGMMAAGAY
GLAQFRLRFFLWGALPSEIIPQFPLPTHDLVHRGNIVKEFQGNIVAYDEGHTVK
LADKLLLKDVISDLPAVANSEKRDEITYDKDPTTPFQKFIRLRKDEASGSQSKS
KSKKHVLYDHHPLNLNINDYERVCQVPKRKGANFRDEFPGVIVGPGNVVKLEEGK
ERVKLESGKTLVPDYALTYVDGKSCKPFGRLWWDEIVPTVVTRAEPHNQVIIHP
EQONRVLSIRENARLQGFPDDYKLFGPPKQKYIQVGNAVAVPVAKALGYALGTAF
QGLAVGKDPLLTLPEGFAFMKPTLPSELA

MAEQNPEVIDDEDDVIQIHDEEEVEEEVAEVIDITEDDIEPSELDRAFGSRPKE
ETLPSLLLRDQGFIVRPGMTVELKAPIGRFAISFVRVNSIVKVRQAHVNNVTIR
GHGFTRAKEMNGMLPKQLNECCLVASIDTRDPRP

MNNNDLVAKLWKLCDNLRDGGVSYQNYVNELASLLEFLKMCKETGQEAEYLPEGY
RWDDLKSRIGQEQLOQFYRKMLVHLGEDDKKLVQAVEFHNVSTTITEPKQITALVS
NMDSLDWYNGAHGKSRDDFGDMYEGLLOQKNANETKSGAGQYFTPRPLIKTITIHL
LKPQPREVVQDPAAGTAGFLIEADRYVKSQTNDLDDLDGDTQDFQIHRAFIGLE
LVPGTRRLALMNCLLHDIEGNLDHGGAIRLGNTLGSDGENLPKAHIVATNPPFEG
SAAGTNITRTFVHPTSNKQLCFMOHITIETLHPGGRAAVVVPDNVLFEGGKGTDI
RRDLMDKCHLHTILRLPTGIFYAQGVKTNVLFFTKGTVANPNQDKNCTDDVWVY
DLRTNMPSFGKRTPFTDEHLOQPFERVYGEDPHGLSPRTEGEWSENAEETEVADS
EENKNTDQHLATSRWRKFSREWIRTAKSDSLDISWLKDKDSIDADSLPEPDVLA
AEAMGELVOQALSELDALMRELGASDEADLOQROQLLEEAFGGVKE

WO 2024/238700
SEQ Description
Arabadopsis
1054 CMT3
1055 Neurospora Rid
E. coli strain 12
1056 hsdM
E. coli strain 12
1057 hsdS

MSAGKLPEGWVIAPVSTVITLIRGVTYKKEQAINYLKDDYLPLIRANNIQNGKE
DTTDLVEVPKNLVKESQKISPEDIVIAMSSGSKSVVGKSAHQHLPFECSFGAFC
GVLRPEKLIFSGFIAHFTKSSLYRNKISSLSAGANINNIKPASEFDLINIPIPPL
AEQKITIAEKLDTLLAQVDSTKARFEQIPQILKRFRQAVLGGAVNGKLTEKWRNE
EPQHSVFKKLNFESILTELRNGLSSKPNESGVGHPILRISSVRAGHVDONDIREFE
LECSESELNRHKLODGDLLFTRYNGSLEFVGVCGLLKKLQHONLLYPDKLIRAR
LTKDALPEYIEIFFSSPSARNAMMNCVKTTSGQKGISGKDIKSQVVLLPPVKEQ
AEIVRRVEQLFAYADTIEKQVNNALARVNNLTQSILAKAFRGELTAQWRAENPD
LISGENSAAALLEKIKAERAASGGKKASRKKS
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1058

T. aquaticus M
Tagql

MGLPPLLSLPSNSAPRSLGRVETPPEVVDEMVSLAEAPRGGRVLEPACAHGPFEL
RAFREAHGTAYRFVGVEIDPKALDLPPWAEGILADFLLWEPGEAFDLILGNPPY
GIVGEASKYPIHVFKAVKDLYKKAFSTWKGKYNLYGAFLEKAVRLLKPGGVLVE
VVPATWLVLEDFALLREFLAREGKTSVYYLGEVFPQKKVSAVVIRFQKSGKGLS
LWDTQESESGFTPILWAEYPHWEGEITRFETEETRKLEI SGMPLGDLFHIRFAA
RSPEFKKHPAVRKEPGPGLVPVLTGRNLKPGWVDYEKNHSGLWMPKERAKELRD
FYATPHLVVAHTKGTRVVAAWDERAYPWREEFHLLPKEGVRLDPSSLVQWLNSE
AMOKHVRTLYRDEVPHLTLRMLERLPVRREYGFHTSPESARNE

1059

E. coliM EcoDam

MKKNRAFLKWAGGKYPLLDDIKRHLPKGECLVEPFVGAGSVEFLNTDESRYILAD
INSDLISLYNIVKMRTDEYVQAARELFVPETNCAEVYYQFREEFNKSQDPEFRRA
VLFLYLNRYGYNGLCRYNLRGEFNVPFGRYKKPYFPEAELYHFAEKAQNAFEYC
ESYADSMARADDASVVYCDPPYAPLSATANFTAYHTNSFTLEQOQAHLAEIAEGL
VERHIPVLISNHDTMLTREWYQRAKLHVVKVRRSISSNGGTRKKVDELLALYKP
GVVSPAKK

1060

C. crescentus M
CcrMi

MKFGPETITIHGDCIEQMNALPEKSVDLIFADPPYNLOQLGGDLLRPDNSKVDAVD
DHWDQFESFAAYDKFTREWLKAARRVLKDDGAIWVIGSYHNIFRVGVAVQDLGE
WILNDIVWRKSNPMPNFKGTRFANAHETLIWASKSQNAKRYTFNYDALKMANDE
VOMRSDWTIPLCTGEERIKGADGQKAHPTQKPEALLYRVILSTTKPGDVILDPFE
FGVGTTGAAAKRLGRKFIGIEREAEYLEHAKARIAKVVPIAPEDLDVMGSKRAE
PRVPFGTIVEAGLLSPGDTLYCSKGTHVAKVRPDGSITVGDLSGSIHKIGALVQ
SAPACNGWTYWHFKTDAGLAPIDVLRAQVRAGMN

1061

C. difficile CamA

MDDISODNFLLSKEYENSLDVDTKKASGIYYTPKIIVDYIVKKTLKNHDITIKNP
YPRILDISCGCGNFLLEVYDILYDLFEENIYELKKKYDENYWTVDNIHRHILNY
CIYGADIDEKAISILKDSLTNKKVVNDLDESDIKINLEFCCDSLKKKWRYKEDYI
VGNPPYIGHKKLEKKYKKFLLEKYSEVYKDKADLYFCFYKKIIDILKQGGIGSV
ITPRYFLESLSGKDLREYIKSNVNVQEIVDFLGANIFKNIGVSSCILTEFDKKKT
KETYIDVFKIKNEDICINKFETLEELLKSSKFEHFNINQRLLSDEWILVNKDDE
TEYNKIQEKCKYSLEDIAISFQGIITGCDKAFILSKDDVKLNLVDDKEFLKCWIK
SKNINKYIVDKSEYRLIYSNDIDNENTNKRILDEITGLYKTKLENRRECKSGIR
KWYELOQWGREKLFFERKKIMYPYKSNENRFAIDYDNNFEFSSADVYSFFIKEEYLD
KESYEYLVGILNSSVYDKYFKITAKKMSKNIYDYYPNKVMKIRIFRDNNYEEIE
NLSKQITISILLNKSIDKGKVEKLOIKMDNLIMDSLGI

1062

KAP1

MAASAAAASAAAASAASGSPGPGEGSAGGEKRSTAPSAAASASASAAASSPAGG
GAEALELLEHCGVCRERLRPEREPRLLPCLHSACSACLGPAAPAAANSSGDGGA
AGDGTVVDCPVCKQQCFSKDIVENYFMRDSGSKAATDAQDANQCCTSCEDNAPA
TSYCVECSEPLCETCVEAHQRVKYTKDHTVRSTGPAKSRDGERTVYCNVHKHEP
LVLFCESCDTLTCRDCQLNAHKDHQYQFLEDAVRNQRKLLASLVKRLGDKHATL
QKSTKEVRSSIRQVSDVQKRVQVDVKMAILQIMKELNKRGRVLVNDAQKVTEGQ
QERLERQHWTMTKIQKHQEHILRFASWALESDNNTALLLSKKLIYFQLHRALKM
IVDPVEPHGEMKFQWDLNAWTKSAEAFGKIVAERPGTNSTGPAPMAPPRAPGPL
SKQGSGSSQPMEVQEGYGFGSGDDPYSSAEPHVSGVKRSRSGEGEVSGLMRKVP
RVSLERLDLDLTADSQPPVFKVFPGSTTEDYNLIVIERGAAAAATGQPGTAPAG
TPGAPPLAGMAIVKEEETEAAIGAPPTATEGPETKPVLMALAEGPGAEGPRLAS
PSGSTSSGLEVVAPEGTSAPGGGPGTLDDSATICRVCQKPGDLVMCNQCEFCFH
LDCHLPALQDVPGEEWSCSLCHVLPDLKEEDGSLSLDGADSTGVVAKLSPANQR
KCERVLLALFCHEPCRPLHQLATDSTFSLDQPGGTLDLTLIRARLQEKLSPPYS
SPQEFAQDVGRMFKQFNKLTEDKADVQSIIGLORFFETRMNEAFGDTKESAVLV
EPPPMSLPGAGLSSQELSGGPGDGP

1063

MECP2

MVAGMLGLREEKSEDQDLQGLKDKPLKFKKVKKDKKEEKEGKHEPVQPSAHHSA
EPAEAGKAETSEGSGSAPAVPEASASPKORRSITIRDRGPMYDDPTLPEGWTRKL
KQRKSGRSAGKYDVYLINPQGKAFRSKVELIAYFEKVGDTSLDPNDEDFTVTGR
GSPSRREQKPPKKPKSPKAPGTGRGRGRPKGSGTTRPKAATSEGVQVKRVLEKS
PGKLLVKMPFQTSPGGKAEGGGATTSTQVMVIKRPGRKRKAEADPQATIPKKRGR
KPGSVVAAAAAEAKKKAVKESSIRSVQETVLPIKKRKTRETVSIEVKEVVKPLL
VSTLGEKSGKGLKTCKSPGRKSKESSPKGRSSSASSPPKKEHHHHHHHSESPKA
PVPLLPPLPPPPPEPESSEDPTSPPEPQDLSSSVCKEEKMPRGGSLESDGCPKE
PAKTQPAVATAATAAEKYKHRGEGERKDIVSSSMPRPNREEPVDSRTPVTERVS

1064

linker

SGSETPGTSESATPES
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1065 linker SGGS
1066 linker SGGSSGSETPGTSESATPESSGGS
1067 linker SGGSSGGSSGSETPGTSESATPESSGGSSGGS
. GGSGGSPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTE
1068 linker EGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGGSGGS
1069 XTEN linker SGSETPGTSESATPES
(XTEN16)
1070 XTEN linker SGGSSGGSSGSETPGTSESATPES
1071 XTEN linker SGGSSGGSSGSETPGTSESATPESSGGSSGGSSGGSSGGS
. SGGSSGGSSGSETPGTSESATPESSGGSSGGSSGGSSGGSSGSETPGTSESATP
1072 XTEN linker FSSGESSEES
. PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTE
1073 XTEN linker PSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATS
1074 NLS PKKKRKV
1075 NLS AVKRPAATKKAGQAKKKKLD
1076 NLS MSRRRKANPTKLSENAKKLAKEVEN
1077 NLS PAAKRVKLD
1078 NLS KLKIKRPVK
1079 NLS MDSLLMNRRKFLYQFKNVRWAKGRRETYLC
XTEN linker GGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGS
1002 (XTENS80) PTSTEEGTSTEPSEGSAPGTSTEPSE
CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTAC
AATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTT
GGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTT
GACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCG
CGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTARAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATT
GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTARATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGA
CGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCARAATGTCG
TAACAACTCCGCCCCATTGACGCARATGGGCGGTAGGCGTGTACGGTGGGAGGT
CTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTAT
CGAAATTAATACGACTCACTATAAGGAGACCCAAGCTACCGGTGCCACCATGTA
Plasmid for fusion | CCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCAATCA
1236 protein with CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
MRNAO0O1 GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT

GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGT GGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGA
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CGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTCCAGGAACCGG
AAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGAGGACAT
CTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGA
CGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCT
GATCTGCGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTC
TCTGGTGGGACCAGGCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTG
CTACCTGTGCCTGCCATCCTCTCGCAGCGGACTGCTGCAGCGGAGAAGGAAGTG
GAGATCCCAGCTGAAGGCCTTCTATGATAGGGAGTCTGAGAACCCCCTGGAGAT
GTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTT
CGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGA
CCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCA
GTATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGA
TAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGAT
GGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCG
CGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCACTGGTGAGCGA
GGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGCCGCCAA
GTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAA
GTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCC
ACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCAC
CAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCAC
CAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGA
GCTCGAGTCCCGGCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAA
CTTTTCAAAGAAGTTCAATCTCCTTCAGCATACCCGGACCCACACTGGAGAGAA
ACCCTTTCAGTGCAGGATATGTATGCGGAATTTTTCCCGGCAAGATAATTTGAA
TTCCCATTTGAGAACACATACCGGGAGTCAGAAGCCTTTCCAATGCCGGATTTG
CATGAGGAACTTCTCCCGAAGCCATAATTTGAAACTCCATACTAGAACACATAC
AGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTTTAGCCAATCAAC
CACTCTTAAACGCCATCTGAGAACGCATACAGGTAGTCAGAAGCCTTTTCAGTG
CAGGATCTGCATGAGGAATTTTAGTCGCAACACGAACTTGACTAGACACACAAG
AACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAG
CATTAAACACAACCTGGCAAGGCATCTGAGGACTCATTTGCGCGGGTCTAGCCC
CAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGG
CACATCTGAGAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATTCAAGGACGT
GTTCGTGGACTTCACCCGGGAGGAGTGGAAGCTGCTGGACACAGCCCAGCAGAT
CGTGTACAGGAACGTGATGCTGGAGAACTATAAGAATCTGGTGTCTCTGGGCTA
CCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGAGAAGGGAGAGGAGCCCTG
GCTGGTGTAGTCTAGAAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGAC
TGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAAT
GCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACG
TGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGC
CACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCAC
GGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTT
GGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCT
GCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCC
TTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCG
GCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGC
CGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAAAARAAAAAAARAAAA
AAAAAAAAAAAAAAARAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACC
CGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAA
TAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGG
GGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCAT
GCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGCATT
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AATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCG
CTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAG
GAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATC
GACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCAC
GCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTG
AGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACA
GGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGC
CTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGC
CAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGAT
CTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAA
ACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGA
TCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCT
GTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGA
TACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGC
GCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC
GGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAG
CGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGT
TATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCG
TAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGT
GTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGC
CACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAA
AACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTG
CACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAA
AAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATT
GTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGG
TTCCGCGCACATTTCCCCGAAAAGTGCCACCTGA

1237

Plasmid for fusion
protein with
mRNAO0Q2

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTAC
AATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTT
GGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTT
GACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCG
CGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATT
GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGA
CGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCG
TAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT
CTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTAT
CGAAATTAATACGACTCACTATAAGGAGACCCAAGCTACCGGTGCCACCATGTA
CCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGT GGG
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CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGA
CGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTCCAGGAACCGG
AAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGAGGACAT
CTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGA
CGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCT
GATCTGCGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTC
TCTGGTGGGACCAGGCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTG
CTACCTGTGCCTGCCATCCTCTCGCAGCGGACTGCTGCAGCGGAGAAGGAAGTG
GAGATCCCAGCTGAAGGCCTTCTATGATAGGGAGTCTGAGAACCCCCTGGAGAT
GTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTT
CGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGA
CCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCA
GTATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGA
TAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGAT
GGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCG
CGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCACTGGTGAGCGA
GGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGCCGCCAA
GTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAA
GTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCC
ACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCAC
CAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCAC
CAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGA
GCTCGAGTCCCGGCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAA
CTTTTCAAAGAAGTTCAATCTGCTTCAGCACACCCGGACCCACACTGGAGAGAA
ACCCTTTCAGTGCAGGATATGTATGCGGAATTTTTCCCGAAAAGATTACTTGAT
TAGCCACCTCCGAACACATACCGGGAGTCAGAAGCCTTTCCAATGCCGGATTTG
CATGAGGAACTTCTCCAGGAGCCACAACCTTAAACTGCACACAAGAACACATAC
AGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTTTAGCCAATCCAC
AACATTGAAAAGACATCTTCGGACGCATACAGGTAGTCAGAAGCCTTTTCAGTG
CAGGATCTGCATGAGGAATTTTAGTCGACAAGATAATCTTGGCCGACATCTTCG
AACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAG
CGTAGTAAACAACTTGAACAGACACTTGAAAACTCATTTGCGCGGGTCTAGCCC
CAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGG
CACATCTGAGAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATTCAAGGACGT
GTTCGTGGACTTCACCCGGGAGGAGTGGAAGCTGCTGGACACAGCCCAGCAGAT
CGTGTACAGGAACGTGATGCTGGAGAACTATAAGAATCTGGTGTCTCTGGGCTA
CCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGAGAAGGGAGAGGAGCCCTG
GCTGGTGTAGTCTAGAAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGAC
TGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAAT
GCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACG
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TGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGC
CACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCAC
GGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTT
GGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCT
GCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCC
TTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCG
GCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGC
CGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAPAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACC
CGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAA
TAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGG
GGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCAT
GCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGCATT
AATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCG
CTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAG
GAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATC
GACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCAC
GCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTG
AGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACA
GGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGC
CTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGC
CAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGAT
CTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAA
ACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGA
TCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCT
GTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGA
TACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGC
GCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC
GGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAG
CGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGT
TATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCG
TAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGT
GTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGC
CACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAA
AACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTG
CACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAA
AAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATT
GTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGG
TTCCGCGCACATTTCCCCGAAAAGTGCCACCTGA

1238

Plasmid for fusion
protein with
mRNAOQO003

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTAC
AATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTT
GGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTT
GACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCG
CGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATT

-252-




WO 2024/238700

PCT/US2024/029529

SEQ

Description

Sequence

GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGA
CGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCG
TAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT
CTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTAT
CGAAATTAATACGACTCACTATAAGGAGACCCAAGCTACCGGTGCCACCATGTA
CCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGT GGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGA
CGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTCCAGGAACCGG
AAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGAGGACAT
CTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGA
CGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCT
GATCTGCGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTC
TCTGGTGGGACCAGGCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTG
CTACCTGTGCCTGCCATCCTCTCGCAGCGGACTGCTGCAGCGGAGAAGGAAGTG
GAGATCCCAGCTGAAGGCCTTCTATGATAGGGAGTCTGAGAACCCCCTGGAGAT
GTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTT
CGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGA
CCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCA
GTATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGA
TAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGAT
GGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCG
CGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCACTGGTGAGCGA
GGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGCCGCCAA
GTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAA
GTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCC
ACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCAC
CAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCAC
CAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGA
GCTCGAGTCCCGGCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAA
CTTTTCAAAAAAGTTTAACCTTCTCCAACACACACGAACCCACACTGGAGAGAA
ACCCTTTCAGTGCAGGATATGTATGCGGAATTTTTCCAGAAAAGATTATTTGAT
CAGTCATCTGCGAACACATACCGGGAGTCAGAAGCCTTTCCAATGCCGGATTTG
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CATGAGGAACTTCTCCAGGAGTCATAACCTCCGGTTGCACACACGCACACATAC
AGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTTTAGCCAGAGTAC
GACCCTGAAGAGACATCTGCGGACGCATACAGGTAGTCAGAAGCCTTTTCAGTG
CAGGATCTGCATGAGGAATTTTAGTCGGCAAGATAATTTGGGGAGACACTTGAG
AACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAG
CGTTGTGAATAATTTGAATCGGCATCTCAAAACTCATTTGCGCGGGTCTAGCCC
CAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGG
CACATCTGAGAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATTCAAGGACGT
GTTCGTGGACTTCACCCGGGAGGAGTGGAAGCTGCTGGACACAGCCCAGCAGAT
CGTGTACAGGAACGTGATGCTGGAGAACTATAAGAATCTGGTGTCTCTGGGCTA
CCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGAGAAGGGAGAGGAGCCCTG
GCTGGTGTAGTCTAGAAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGAC
TGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAAT
GCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACG
TGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGC
CACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCAC
GGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTT
GGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCT
GCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCC
TTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCG
GCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGC
CGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAARAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACC
CGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAA
TAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGG
GGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCAT
GCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGCATT
AATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCG
CTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAG
GAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATC
GACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCAC
GCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTG
AGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACA
GGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGC
CTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGC
CAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGAT
CTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAA
ACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGA
TCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCT
GTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGA
TACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGC
GCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC
GGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAG
CGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGT
TATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCG
TAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGT
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GTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGC
CACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAA
AACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTG
CACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAA
AAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATT
GTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGG
TTCCGCGCACATTTCCCCGAAAAGTGCCACCTGA

1239

Plasmid for fusion
protein with
mRNAQ0004

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTAC
AATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTT
GGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTT
GACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCG
CGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATT
GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGA
CGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCG
TAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT
CTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTAT
CGAAATTAATACGACTCACTATAAGGAGACCCAAGCTACCGGTGCCACCATGTA
CCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGT GGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGA
CGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTCCAGGAACCGG
AAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGAGGACAT
CTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGA
CGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCT
GATCTGCGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTC
TCTGGTGGGACCAGGCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTG
CTACCTGTGCCTGCCATCCTCTCGCAGCGGACTGCTGCAGCGGAGAAGGAAGTG
GAGATCCCAGCTGAAGGCCTTCTATGATAGGGAGTCTGAGAACCCCCTGGAGAT
GTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTT
CGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGA
CCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCA
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GTATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGA
TAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGAT
GGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCG
CGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCACTGGTGAGCGA
GGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGCCGCCAA
GTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAA
GTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCC
ACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCAC
CAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCAC
CAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGA
GCTCGAGTCCCGGCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAA
CTTTTCACGACGCCACATTTTGGACAGACATACTCGGACCCACACTGGAGAGAA
ACCCTTTCAGTGCAGGATATGTATGCGGAATTTTTCCCGCCAGGACAACTTGGG
GCGGCATCTGCGCACACATACCGGGAGTCAGAAGCCTTTCCAATGCCGGATTTG
CATGAGGAACTTCTCCCAATCTACCACTCTTAAACGACACTTGCGCACACATAC
AGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTTTAGCCGCCGGGA
CGGCCTGGCAGGGCACCTTAAGACGCATACAGGTAGTCAGAAGCCTTTTCAGTG
CAGGATCTGCATGAGGAATTTTAGTGTTCATCATAACCTCGTTAGGCATCTGAG
AACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAG
CATCAGTCACAATTTGGCGCGGCACCTTAAGACTCATTTGCGCGGGTCTAGCCC
CAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGG
CACATCTGAGAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATTCAAGGACGT
GTTCGTGGACTTCACCCGGGAGGAGTGGAAGCTGCTGGACACAGCCCAGCAGAT
CGTGTACAGGAACGTGATGCTGGAGAACTATAAGAATCTGGTGTCTCTGGGCTA
CCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGAGAAGGGAGAGGAGCCCTG
GCTGGTGTAGTCTAGAAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGAC
TGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAAT
GCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACG
TGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGC
CACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCAC
GGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTT
GGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCT
GCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCC
TTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCG
GCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGC
CGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAAAAAAAAAAANNNAA
AAAAAAAAAAAAAAAAAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACC
CGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAA
TAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGG
GGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCAT
GCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGCATT
AATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCG
CTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAG
GAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATC
GACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCAC
GCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTG
AGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACA
GGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGC
CTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGC
CAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
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CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGAT
CTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAA
ACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGA
TCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCT
GTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGA
TACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGC
GCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC
GGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAG
CGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGT
TATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCG
TAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGT
GTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGC
CACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAA
AACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTG
CACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAA
AAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATT
GTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGG
TTCCGCGCACATTTCCCCGAAAAGTGCCACCTGA

1240

Plasmid for fusion
protein with
mRNAO0005

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTAC
AATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTT
GGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTT
GACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCG
CGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATT
GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGA
CGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCG
TAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT
CTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTAT
CGAAATTAATACGACTCACTATAAGGAGACCCAAGCTACCGGTGCCACCATGTA
CCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGT GGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG

-257-




WO 2024/238700

PCT/US2024/029529

SEQ

Description

Sequence

CTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGA
CGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTCCAGGAACCGG
AAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGAGGACAT
CTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGA
CGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCT
GATCTGCGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTC
TCTGGTGGGACCAGGCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTG
CTACCTGTGCCTGCCATCCTCTCGCAGCGGACTGCTGCAGCGGAGAAGGAAGTG
GAGATCCCAGCTGAAGGCCTTCTATGATAGGGAGTCTGAGAACCCCCTGGAGAT
GTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTT
CGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGA
CCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCA
GTATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGA
TAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGAT
GGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCG
CGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCACTGGTGAGCGA
GGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGCCGCCAA
GTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAA
GTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCC
ACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCAC
CAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCAC
CAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGA
GCTCGAGTCCCGGCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAA
CTTTTCACGCCGGGAGGTATTGGAAAACCATTTGCGAACCCACACTGGAGAGAA
ACCCTTTCAGTGCAGGATATGTATGCGGAATTTTTCCCGGCGGGATAATCTCAA
TCGGCACTTGAAAACACATACCGGGAGTCAGAAGCCTTTCCAATGCCGGATTTG
CATGAGGAACTTCTCCCAATCCACTACCCTCAAGCGACATCTGCGGACACATAC
AGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTTTAGCCGAAGGGA
TGGGCTGGCGGGCCATCTTAAGACGCATACAGGTAGTCAGAAGCCTTTTCAGTG
CAGGATCTGCATGAGGAATTTTAGTGTCCATCACAACCTGGTCAGACACCTTAG
GACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAG
CATATCACATAACCTTGCCCGACACTTGAAGACTCATTTGCGCGGGTCTAGCCC
CAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGG
CACATCTGAGAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATTCAAGGACGT
GTTCGTGGACTTCACCCGGGAGGAGTGGAAGCTGCTGGACACAGCCCAGCAGAT
CGTGTACAGGAACGTGATGCTGGAGAACTATAAGAATCTGGTGTCTCTGGGCTA
CCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGAGAAGGGAGAGGAGCCCTG
GCTGGTGTAGTCTAGAAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGAC
TGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAAT
GCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACG
TGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGC
CACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCAC
GGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTT
GGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCT
GCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCC
TTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCG
GCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGC
CGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAPAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACC
CGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAA
TAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGG
GGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCAT
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GCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGCATT
AATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCG
CTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAG
GAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATC
GACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCAC
GCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTG
AGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACA
GGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGC
CTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGC
CAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGAT
CTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAA
ACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGA
TCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCT
GTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGA
TACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGC
GCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC
GGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAG
CGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGT
TATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCG
TAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGT
GTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGC
CACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAA
AACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTG
CACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAA
AAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATT
GTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGG
TTCCGCGCACATTTCCCCGAAAAGTGCCACCTGA

1241

Plasmid for fusion
fusion protein with
mRNAOQOQ06

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTAC
AATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTT
GGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTT
GACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCG
CGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATT
GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGA
CGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCG
TAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT
CTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTAT
CGAAATTAATACGACTCACTATAAGGAGACCCAAGCTACCGGTGCCACCATGTA
CCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
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GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGT GGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGA
CGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTCCAGGAACCGG
AAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGAGGACAT
CTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGA
CGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCT
GATCTGCGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTC
TCTGGTGGGACCAGGCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTG
CTACCTGTGCCTGCCATCCTCTCGCAGCGGACTGCTGCAGCGGAGAAGGAAGTG
GAGATCCCAGCTGAAGGCCTTCTATGATAGGGAGTCTGAGAACCCCCTGGAGAT
GTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTT
CGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGA
CCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCA
GTATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGA
TAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGAT
GGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCG
CGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCACTGGTGAGCGA
GGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGCCGCCAA
GTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAA
GTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCC
ACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCAC
CAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCAC
CAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGA
GCTCGAGTCCCGGCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAA
CTTTTCACGCAGGGCAGTGTTGGATAGACATACCCGGACCCACACTGGAGAGAA
ACCCTTTCAGTGCAGGATATGTATGCGGAATTTTTCCCGACAAGATAATCT GGG
GAGGCATCTGCGGACACATACCGGGAGTCAGAAGCCTTTCCAATGCCGGATTTG
CATGAGGAACTTCTCCCAATCAACTACCCTGAAGCGACATCTGCGCACACATAC
AGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTTTAGCCGCCGCGA
TGGGCTGGCTGGACACCTGAAGACGCATACAGGTAGTCAGAAGCCTTTTCAGTG
CAGGATCTGCATGAGGAATTTTAGTGTTCATCACAACTTGGTCCGACACCTTCG
GACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAG
CATTTCACACAACCTCGCGCGCCACTTGAAAACTCATTTGCGCGGGTCTAGCCC
CAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGG
CACATCTGAGAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATTCAAGGACGT
GTTCGTGGACTTCACCCGGGAGGAGTGGAAGCTGCTGGACACAGCCCAGCAGAT
CGTGTACAGGAACGTGATGCTGGAGAACTATAAGAATCTGGTGTCTCTGGGCTA
CCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGAGAAGGGAGAGGAGCCCTG
GCTGGTGTAGTCTAGAAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGAC
TGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAAT
GCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTA
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TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACG
TGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGC
CACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCAC
GGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTT
GGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCT
GCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCC
TTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCG
GCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGC
CGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAAAAAAAAAAANNAAA
AAAAAAAAAAAAAAAARACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACC
CGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAA
TAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGG
GGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCAT
GCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGCATT
AATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCG
CTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAG
GAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATC
GACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCAC
GCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTG
AGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACA
GGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGC
CTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGC
CAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGAT
CTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAA
ACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGA
TCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCT
GTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGA
TACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGC
GCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC
GGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAG
CGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGT
TATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCG
TAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGT
GTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGC
CACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAA
AACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTG
CACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAA
AAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATT
GTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGG
TTCCGCGCACATTTCCCCGAAAAGTGCCACCTGA

1242

Plasmid for fusion
protein with
mRNAQ0021

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTAC
AATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTT
GGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTT
GACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCG
CGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
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ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATT
GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGA
CGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCG
TAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT
CTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTAT
CGAAATTAATACGACTCACTATAAGGAGACCCAAGCTACCGGTGCCACCATGTA
CCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGT GGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGA
CGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTCCAGGAACCGG
AAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGAGGACAT
CTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGA
CGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCT
GATCTGCGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTC
TCTGGTGGGACCAGGCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTG
CTACCTGTGCCTGCCATCCTCTCGCAGCGGACTGCTGCAGCGGAGAAGGAAGTG
GAGATCCCAGCTGAAGGCCTTCTATGATAGGGAGTCTGAGAACCCCCTGGAGAT
GTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTT
CGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGA
CCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCA
GTATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGA
TAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGAT
GGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCG
CGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCACTGGTGAGCGA
GGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGCCGCCAA
GTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAA
GTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCC
ACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCAC
CAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCAC
CAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGA
GCTCGAGTCCCGGCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAA
CTTTTCAAGAGCAGATAATCTGGGTCGGCACCTCCGCACCCACACTGGAGAGAA
ACCCTTTCAGTGCAGGATATGTATGCGGAATTTTTCCCGCAACACGCATCTCAG
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TTATCACCTTAAAACACATACCGGGAGTCAGAAGCCTTTCCAATGCCGGATTTG
CATGAGGAACTTCTCCAGGGGCGACGGCTTGAGGCGGCATCTTCGCACACATAC
AGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTTTAGCCGCAGAGA
CAATTTGAACAGACATCTCAAAACGCATACAGGTAGTCAGAAGCCTTTTCAGTG
CAGGATCTGCATGAGGAATTTTAGTCGAGCAAGAAACTTGACGCTGCACACCCG
GACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAG
CGACCCTTCATCTTTGAAGCGCCATCTTCGCACTCATTTGCGCGGGTCTAGCCC
CAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGG
CACATCTGAGAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATTCAAGGACGT
GTTCGTGGACTTCACCCGGGAGGAGTGGAAGCTGCTGGACACAGCCCAGCAGAT
CGTGTACAGGAACGTGATGCTGGAGAACTATAAGAATCTGGTGTCTCTGGGCTA
CCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGAGAAGGGAGAGGAGCCCTG
GCTGGTGTAGTCTAGAAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGAC
TGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAAT
GCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACG
TGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGC
CACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCAC
GGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTT
GGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCT
GCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCC
TTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCG
GCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGC
CGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAPAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACC
CGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAA
TAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGG
GGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCAT
GCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGCATT
AATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCG
CTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAG
GAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATC
GACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCAC
GCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTG
AGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACA
GGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGC
CTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGC
CAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGAT
CTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAA
ACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGA
TCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCT
GTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGA
TACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGC
GCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC
GGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAG
CGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGT
TATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCG
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TAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGT
GTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGC
CACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAA
AACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTG
CACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAA
AAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATT
GTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGG
TTCCGCGCACATTTCCCCGAAAAGTGCCACCTGA

1243

Plasmid for fusion
protein with
mRNAOQ0037

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTAC
AATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTT
GGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTT
GACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCG
CGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATT
GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGA
CGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCG
TAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT
CTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTAT
CGAAATTAATACGACTCACTATAAGGAGACCCAAGCTACCGGTGCCACCATGTA
CCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGT GGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGA
CGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTCCAGGAACCGG
AAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGAGGACAT
CTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGA
CGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCT
GATCTGCGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTC
TCTGGTGGGACCAGGCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTG
CTACCTGTGCCTGCCATCCTCTCGCAGCGGACTGCTGCAGCGGAGAAGGAAGTG
GAGATCCCAGCTGAAGGCCTTCTATGATAGGGAGTCTGAGAACCCCCTGGAGAT
GTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTT
CGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGA
CCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
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CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCA
GTATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGA
TAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGAT
GGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCG
CGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCACTGGTGAGCGA
GGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGCCGCCAA
GTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAA
GTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCC
ACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCAC
CAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCAC
CAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGA
GCTCGAGTCCCGGCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAA
CTTTTCAAGAGTGGATCATCTCCATCGACACCTCCGGACCCACACTGGAGAGAA
ACCCTTTCAGTGCAGGATATGTATGCGGAATTTTTCCCGGAGGGAACATTTGTC
CGGACATCTCAAGACACATACCGGGGGAGGCGGTAGTCAGAAGCCTTTCCAATG
CCGGATTTGCATGAGGAACTTCTCCCAAAGTTCCAGCCTCGTCCGCCATCTTCG
CACACATACAGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTTTAG
CCGCAAGGAGCGATTGGCAACCCACCTCAAGACGCATACAGGTAGTCAGAAGCC
TTTTCAGTGCAGGATCTGCATGAGGAATTTTAGTGTCGCACATAACCTCACAAG
GCATCTGCGCACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCG
GAACTTCAGCATTAGTCATAACCTGGCAAGGCATCTCAAAACTCATTTGCGCGG
GTCTAGCCCCAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGA
GACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATT
CAAGGACGTGTTCGTGGACTTCACCCGGGAGGAGTGGAAGCTGCTGGACACAGC
CCAGCAGATCGTGTACAGGAACGTGATGCTGGAGAACTATAAGAATCTGGTGTC
TCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGAGAAGGGAGA
GGAGCCCTGGCTGGTGTAGTCTAGAAATCAACCTCTGGATTACAAAATTTGTGA
AAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGC
TGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTC
CTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGT
CAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTG
GGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCC
TATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGC
TCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTT
TCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTG
CTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCC
GGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTC
CCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAARAAACTAGTGGCGCCTGATGCGGTATTTTCT
CCTTACGCATCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCC
GTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTT
GTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTC
CTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCT
ATTCTGGGGGGTGGGGTGGGGCAGCGACAGCAAGGGGGAGGATTGGGAAGACAAT
AGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACC
AGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGC
GCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGC
GAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGG
ATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTA
AAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATC
ACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGAT
ACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGC
CGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTC
ATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGG
GCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACT
ATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCA
CTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGA
AGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTC
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TGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAAC
AAACCACCGCTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAA
AAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGT
GGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCT
TCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATAT
ATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCT
CAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGA
TAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGC
GAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAA
GGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTA
ATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACG
TTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTT
CATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGT
GCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGG
CCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCA
TGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATA
ATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTT
CGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAAC
CCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTG
GGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACAC
GGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATC
AGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAAC
AAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGA
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CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTAC
AATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTT
GGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTT
GACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCG
CGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATT
GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGA
CGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCG
TAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT
CTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTAT
CGAAATTAATACGACTCACTATAAGGAGACCCAAGCTACCGGTGCCACCATGTA
CCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGT GGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
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CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGA
CGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTCCAGGAACCGG
AAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGAGGACAT
CTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGA
CGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCT
GATCTGCGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTC
TCTGGTGGGACCAGGCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTG
CTACCTGTGCCTGCCATCCTCTCGCAGCGGACTGCTGCAGCGGAGAAGGAAGTG
GAGATCCCAGCTGAAGGCCTTCTATGATAGGGAGTCTGAGAACCCCCTGGAGAT
GTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTT
CGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGA
CCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCA
GTATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGA
TAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGAT
GGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCG
CGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCACTGGTGAGCGA
GGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGCCGCCAA
GTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAA
GTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCC
ACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCAC
CAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCAC
CAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGA
GCTCGAGTCCCGGCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAA
CTTTTCACGCAAGCACCACCTTGGGAGACATACCAGAACCCACACTGGAGAGAA
ACCCTTTCAGTGCAGGATATGTATGCGGAATTTTTCCCGACGGGAACACCTCAC
GATTCATTTGCGGACACATACCGGGGGAGGCGGTAGTCAGAAGCCTTTCCAATG
CCGGATTTGCATGAGGAACTTCTCCCAGAGCTCATCTCTCGTGCGGCACCTGCG
GACACATACAGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTTTAG
CCGGAAGGAGCGATTGGCGACGCACCTGAAAACGCATACAGGTAGTCAGAAGCC
TTTTCAGTGCAGGATCTGCATGAGGAATTTTAGTGTAGCCCACAACCTGACTAG
GCATTTGAGGACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCG
GAACTTCAGCATTTCTCACAATCTCGCGCGACATTTGAAAACTCATTTGCGCGG
GTCTAGCCCCAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGA
GACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATT
CAAGGACGTGTTCGTGGACTTCACCCGGGAGGAGTGGAAGCTGCTGGACACAGC
CCAGCAGATCGTGTACAGGAACGTGATGCTGGAGAACTATAAGAATCTGGTGTC
TCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGAGAAGGGAGA
GGAGCCCTGGCTGGTGTAGTCTAGAAATCAACCTCTGGATTACAAAATTTGTGA
AAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGC
TGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTC
CTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGT
CAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTG
GGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCC
TATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGC
TCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTT
TCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTG
CTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCC
GGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTC
CCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAANAANNAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAACTAGTGGCGCCTGATGCGGTATTTTCT
CCTTACGCATCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCC
GTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTT
GTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTC
CTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCT
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ATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAAT
AGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACC
AGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGC
GCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGC
GAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGG
ATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTA
AAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATC
ACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGAT
ACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGC
CGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTC
ATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGG
GCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACT
ATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCA
CTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGA
AGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTC
TGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAAC
AAACCACCGCTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAA
AAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGT
GGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCT
TCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATAT
ATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCT
CAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGA
TAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGC
GAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAA
GGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTA
ATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACG
TTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTT
CATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGT
GCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGG
CCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCA
TGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATA
ATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTT
CGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAAC
CCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTG
GGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACAC
GGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATC
AGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAAC
AAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGA

1245

Plasmid for fusion
protein with
mRNAOQ039

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTAC
AATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTT
GGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTT
GACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCG
CGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATT
GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGA
CGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCG
TAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGT
CTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTAT
CGAAATTAATACGACTCACTATAAGGAGACCCAAGCTACCGGTGCCACCATGTA
CCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT

-268-




WO 2024/238700

PCT/US2024/029529

SEQ

Description

Sequence

GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGA
CGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTCCAGGAACCGG
AAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGAGGACAT
CTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGA
CGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCT
GATCTGCGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTC
TCTGGTGGGACCAGGCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTG
CTACCTGTGCCTGCCATCCTCTCGCAGCGGACTGCTGCAGCGGAGAAGGAAGTG
GAGATCCCAGCTGAAGGCCTTCTATGATAGGGAGTCTGAGAACCCCCTGGAGAT
GTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTT
CGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGA
CCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCA
GTATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGA
TAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGAT
GGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCG
CGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCACTGGTGAGCGA
GGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGCCGCCAA
GTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAA
GTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCC
ACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCAC
CAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCAC
CAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGA
GCTCGAGTCCCGGCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAA
CTTTTCACGAGTCGATCACCTCCACCGCCACCTGCGAACCCACACTGGAGAGAA
ACCCTTTCAGTGCAGGATATGTATGCGGAATTTTTCCAGGTCCGACCACCTCAG
CTTGCACTTGAAGACACATACCGGGGGAGGCGGTAGTCAGAAGCCTTTCCAATG
CCGGATTTGCATGAGGAACTTCTCCCAATCTAGTTCATTGGTACGACATCTTAG
GACACATACAGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTTTAG
CCGAAAAGAGCGGCTGGCGACCCACTTGAAAACGCATACAGGTAGTCAGAAGCC
TTTTCAGTGCAGGATCTGCATGAGGAATTTTAGTGTAGCGCATAACTTGACACG
GCACTTGCGCACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCG
GAACTTCAGCATTTCCCATAATCTGGCGCGGCACCTGAAGACTCATTTGCGCGG
GTCTAGCCCCAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGA
GACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATT
CAAGGACGTGTTCGTGGACTTCACCCGGGAGGAGTGGAAGCTGCTGGACACAGC
CCAGCAGATCGTGTACAGGAACGTGATGCTGGAGAACTATAAGAATCTGGTGTC
TCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGAGAAGGGAGA
GGAGCCCTGGCTGGTGTAGTCTAGAAATCAACCTCTGGATTACAAAATTTGTGA
AAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGC
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TGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTC
CTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGT
CAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTG
GGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCC
TATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGC
TCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTT
TCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTG
CTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCC
GGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTC
CCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAAARAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAACTAGTGGCGCCTGATGCGGTATTTTCT
CCTTACGCATCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCC
GTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTT
GTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTC
CTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCT
ATTCTGGGGGGTGGGGTGGGGCAGCGACAGCAAGGGGGAGGATTGGGAAGACAAT
AGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACC
AGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGC
GCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGC
GAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGG
ATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTA
AAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATC
ACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGAT
ACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGC
CGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTC
ATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGG
GCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACT
ATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCA
CTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGA
AGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTC
TGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAAC
AAACCACCGCTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAA
AAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGT
GGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCT
TCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATAT
ATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCT
CAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGA
TAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGC
GAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAA
GGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTA
ATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACG
TTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTT
CATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGT
GCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGG
CCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCA
TGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATA
ATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTT
CGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAAC
CCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTG
GGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACAC
GGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATC
AGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAAC
AAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGA

1246

Plasmid for
expression of
CRISPR-Off
fusion
protein (nt)

GGECGLTCCAGCAGGTTCAGAAGGCAGATCAAAAACCCCCAAGEATCAAACATGE
CARPARRGAAG AAARAAGAAAGGTATAC,
AGGAGTTCGAL CACCAGTGCCTGCAGAG,
CARTCCGG
AGGATCTG

ACDOOD DO
AGAGGAAGC

GTGCTGA
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TCACCGTGGGCATGETGCGCCACCAGGECAAGAT CATGTATGTGGGCGACE
TGC GC'“"CG'"’ZAQ \CAGAAGCACATCCAGGAGTGEGCCCCATTCGATCTGETGA
C GCTAATGACCTCGTCCATCGTCAR ""CT CAA(‘G‘—\}\UQGA(‘
GGCTGTTCTTTGAGTTTTATAGACTGCTGCACCACS
CCAG C’“TAAGG AGGGCCACGATAGACCATTCTTTTGGCTGTTCGAGAAT rTf‘ 5
TGGCTATGGGCETGAGCEAT CTCCAGGTTTCTGGAGTCTAACC
CCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGETA '“'T‘T CT
sGGCAATCTGCCAGGAATCAACAGGCCACTGGCAAGCACCETCAATGACAAGT
GGAGCTGCAGGAGTGCCTGCGAGCACGGAAGGATCGCCAAGTTTTCCAAGGTGC
AGCAATTCCATCAAGCAGGGCAAGGAT CAGCACTTCC
TGAACGA C./\../-&GCASGFACATC\“(:TGGTG ACCGAGATGGAGAGAG
CCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAA
GCTGGGCAGATCTTGCAGCGETGCCCETGATCAGGCACCTETTCG
CCCCTCTGAAGGAGTATTTITGCCTGCETGAGCAGCGGCAACTCCAATGCCAACA
GCCGGEGCCCCTCTTTCAGCTCCGCGATTGETGCCTCTGAGCCTGAGGGGETCCC
ACATGGCAGCAATCCCCGLCCTGGACCCCGAGGCCGAGCCTAGCATGGACGT GA
TCCTGGETGGGCTCTAGCGAGCTETCCTCTAGC G’“-T“T CTCCAGGAACCGGAAGGG
ATCTGATCGCATACCGAGETGAAGGCCAATCAGCGGAACAT CGAGCGACATCTGTA
TCTGCTGET \,AL:\, Tﬂ\‘!xf":'TG( ACACACAGCACC kJ‘xC TCGAG
TCTGCGCACCCTGT TAAGTTCCTGGACGCCCTGTTTCTGTACGACGATG
’XCGGC'""’U,CT\GTC\,TA TGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCT
GCGGCAATCCAGATTGTACAAG ATTGTTTTGAGTGCETGGACTCTCTGE
TGEGACCAGGCACCAGCEEAAAGCGTGCACGCCA u]_‘(‘,{‘ZAﬁ UGG'I'(»“TGV ACC
TGTGCCTGCCATCCTCTCGCAGCGCACTGCTGCAGT
CCCAGCTGAAGGCCTTCTATGATAGCGAGTCTGAGAA C‘C CCTGGAGATGTTTG
AGACCGTGCCAGTGETGGCGLCGEGCAGCCCETGA \\J\.J(JT\"C»’TG/.Z\(.;(:C GTTCGAGG
ATATCAAGAAGGAGCTGACATCCCTESEGC CTGGAG GACCCCG
GACAGCTGAAGCACGTGGTGGATGTGACCGACACAGT GCQ(‘.A]A()GA"’G’ [GGAGG
. GGGGCCCT TT\,GF\CCTGG PETACGGAGCAACCCCTCCACTGGGACACACAT
GCGACAGACCCCCTTICTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATG
CAAGGCCAAAGC C4 GGCAGCCCTAGACCATTCTT T‘CCAT‘("”"’CC\atJZ-\rF?-\ATC
TGETGCTGAACAAGGAGCATCT GCACGTGGCCAGCAGGTTTCTGCGAGATECEAGT
C l‘(” Lr\__ (CCAGACGTGCACGGLGGCTCCCTECAGAATGEC ‘(‘”"’“Lb\,ul(\“'
ATCCCTGCCATCAGAAGCAGGCACT GG CTGGTGAGCGAGGAGS
Al C-‘"Tﬁr—r’ JCT:LTGG CCCAGARTAAGCAGAGCAGCAAGCT GGCCGCCAAGTGGC
CTACAAAGCTGGTGAAGAACTGCTTCCTGCCACT GCGGGAGTACTTCAAGTAT
T'“"“L ACCGAGCTG ACJ—;‘““"'IAGCCT-’Z(SGP\GQAC"\"'I'"’“ STGGCGCCCCACCACT
CTAGCGGCGECTCCCCTECCEECTCTCCAACCAGCACAGAGGAGGGCACCAGCE
AGTCCGCCACACCAGAGTOTGGACCTGGCALC ?»\ux\,ACAG?‘J‘C\,ATC( GAGGGCT
CTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCACCAGCA
CAGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACA ’“r\ vCC’f—\J GCGA
AGGACAAGAAGTACAGCATCGGCCTGGCCATCGGLACT o
G CGACGAGTACAAGCTGCCCAGCAAGAAL
ACACCGACCGGCACAGCATCAAGAAGAACCTGATCG
GCGGCGAAACA ECCGAC GCCACCCGGCTG ./-xG,L\\JAr\CC GCCAGAAGAAGATACA
CCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAL 1—\_1—& GAGATGG
CCAAGGTGGACGACAGCTTICTTCCACAGACTGCGAAGAGTCCTTCCTGGTGGAAG
AGGATAAGAAGCACCAGCGGCACCCCATCTTCGECAACATCGTGGACGAGGTGE
CCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGARACT GGTGGACA
GCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCA
"TCCEEEECCACTTCCTGAT CCAGGGCCACCTGAACCCCGACAACAGCGACS
TGGACAAGCTGTTCATCCAGCTGGTGCAGAL “I‘ACD\‘D&"N(NAG\,r"G’lﬂT"ﬂ(‘;l-'\\:'\:‘Y/’ML‘LA;
ACCCCATCAACGCCAGCGECETGCACGCCAAGGCCATCCTGTCTGCCAGACTGA
GCAAGAGCAGACGGCTGCAAAATCTCATCGCCCAGCTGCCCEGCGAGAAGAAGA

i2n
\GAGGGAC

T
GCACAATC, 1'»\\, CACALCG!

CCGTGTTC
II! A=

GGCAGCGGC

TOEE0 rl

M

SO
SCICTLVLEY

CoTe

GGOLA
(:u—\Cz—x

A

Ao

ATGGCCTGTTCGGCAACT fJF\r‘"GCVVTCnuC TGEGCCTGACCCCCAACTTCA
AGAGCAACTTCGACCTGGCCGAGGAT GCCAAACT GCAGCTGAGCAAGGACACCT

ACGACGACGACCTGGACAACC "”‘(‘T"’“LCC_’\ SATCGGCGACTCAL “rl ACGCCGACC
ARAGAACCTETCCGACGCCATCCTGUTGAGCGACATCCTGA

ACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGAT CAAGAGAT
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ACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCETGCGECAGCAGT
TGCCTGAGAAGTAC HMUAGH‘“TTT TCGACCAGAGCAAGAACGGCTACGCCS
ACATTCGACGGCGGAGCCAGCCAGGAAGAGTTCTACAA CATCAAGCCCA
TCCTGGAAAAGATGCACGGECACCCAGGAACTG SAACAGAGAGH
ACCTGCTGCGEAAGCAGCGGACCTTCGACARC ATCCCCCACCA xLJATf‘C
ACCTGGGAGAGCTGCACGCCATTCTGCGGCEGCAGGAL GAT"""TT:A»CC‘A’"T
TGAAGGACAACCGGGARARAGATCGAGAAGATCCTGACCTTCCGCATCCCCTA
ACGTGGECCCTCTGECCAGGGCGAAACAGCACATTCGCCTGGATCACCA
GCGAGCGAAACCATCACCCCCTGCAACTTCCAGS ‘%]—“GT GGTGGACAA "/-,Q\_,(_‘,’“ CTT
CCGCCCAGAGCTTCATCGAGCGEATGACCAACTTCGATAAGAACCTGCCCAACG
AGAAGCTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTATAACG
AGCTGACCAAAGTGAAATACGT GACCGAGGGAATGAGAAAGCCCGCCTTCOTGA
GCGGCGAGCAGAAARAGGUCATCOTGLACCTGCTETTCAAGACCAACCGGAAAG
T'u»’{(‘.("" GAAGCAGCTGAAAGAGCACTACTTCAAGAAAATCCGAGT GCTTCGACT
CCGTGGARATCTCCGGCETGGAAGATCGGTTCAACGC ﬂCCCTGf"»‘:\,A(,fu?\f‘
ACGATCTGCTGAAAATTAT CAAGGACAAGGACT TCCTGGACAAT GAGGAAAA
AGGACATTCTGGAAGATATCGTGCTGACCCTGACACTCGTTTGAGGACAGAGAGA
TGATCCGAGGARCGGCTGARAACCTATGCCCACCTGTTCCACGACAAAGTGATG
2 :CAGCTGT f“»\”v:’f‘ GGCGGAGATACACCGGCTGE WGCCGEGES -~\,T‘L>f\
CARCGGCATCCGGGACAAGCAGTCCGGCARAGACAAT CCTGGATTTCCTGAAGT
CGACG \:'“Tr‘ CGCCAACAGAARACTTCATGCAGCTGAT CCACGACGACAGCOTGA
CCTTTARAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGECGATAGCCTGE
ACGAGCACATTGCCAATCTGGCCGCLAGCCCCGCCATTAAGAAGGGCATCCTGE

7\

AGACAGTGAAGGTGGTGCACGAGCTCGTGARAGTGATGGGTL ACAAGCCCG
AGAACATCGTGATCGAAAT GGCCAGAGAGAACCAGACCACCCAGARAG -:CACAQ\

AGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCT GGGCA
GCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGT
T"'"”Ak/\, TGTACTACCTGCAGAATGGGCOGGATATGTACCTGGACCAGGAACTGGE
CATCAACCGGCTGTCCGACTACGATGTGCACGCCATCGTGCCTCAGAGCTTTC
TGZ\A SGACGACTCCATCGACAACAAGGTGCTGAC CAGAA(JCGAC AAGAACCGGG
CARAGAGTGACH n‘vaTa CCTCCGAAGAGCTCGTGAAGAAGATGAAGAACTACT
CTGAACGCCAAGCTGATT? ;’J""AGAC%—\AL TTCGACAATCTGA
\GGCGECCTGAGCEAACTGCATAAGGCCEGGCTTCATCAAGA
GACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACT
CCCGGATGAACACTAAGTAL CF\.CGACAATW-&C ARGCTGATCCGGGAAGT GAAAG
TGATCACCCTGAAGTCCAAGCTGGTGTCCCGATTT CCGCAAGGATTTCCAGTTTT
ACARAGTGCGTGAG. ATL%—\LA ACTACCACCACGCCCACGACGCCTACCTGAACG
CCGTCETGGEAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCG
TGTACGGCGACTACAAGGTGTACGACGTGCGGAAGAT GATCGCCAAGAGCGAGT
GAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACAT CATGAACT
T ‘CZ%HIJA’“C GL‘{J "‘ CCCTGGCCAACGGCCGAGATCCGGAAGCEECCTCTGA
TCGAGACAAACGGT ACCGGHEGAGATCETGTGEGATAAGGGCCEEGATTTTG
COGT ufh/—\ﬁ G GAGCATGCCCCAA SAATAT SARRAAGACCS
AGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTAT CCTGCCCAAGAGGAA \\,AG(‘- =
ATAAGCTGATCGCCAGARAAGAAGGACT GGGACCCTAAGAAGTACGECGGCTTCGE
ACAGCCCCACCGETGGCCTATTCTGTGCTGETGGT GGCCAAAGTGCGAAAAGGGCA
AGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGCATCACCATCATGGAAA
GARAGCAGCTTCCAGAAGAATCCCATCGACTTITCTGCAAGCCAAGGECTACAAAG
ARGTGAPAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGE
ARAACGGCCGGAAGAGAATGCT L:(JCC TCTGCCGGCGAACTGCAGAAGGGAAACS
AACTGGCCCTGCCCTCCAAATATCTGAACTTCCTGTACCTGGCCAGCCACTATG
AGAAGCTGAAGGGCTCCCCCGAGGATAAT GAGCAGAAACAGCTGTTTGTGGAAL
AGCACAAGCACTACCTGGACGAGAT \,r’\l‘("\]—\G CAGATCAGCGAGTTCTCCAAGA
GAGTGATCCTGGCCGACGCTAATCTCGACAAAGTGCTGTCCECCTACAACAAGT
ACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTETTTACCC
TGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACC
("\]—\}\GA *GTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGA
GCATCACCGGCCT ACCT AGCT AGGCGAC

GCCCCAAGAAGAAGAGE AGTCGACGGATCCAGCGGCTCCGAGACCT

.

S
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Description

Sequence

CAGGCACATCTGAGAGCGCCACCCCTGAGT CCACCGGTATGAACAATTCACAGG
GGAGH’:TG:—\ ATTCGAAGACGTGACCETGAACTTCACCCAGGEAGAATGGLCAGT
AGAACAAAGGAACCT TCGGGACGTGAT SGARAAA
GAGCGTTGGEGCAGG AGACCA £ CGETC
AACAGGGCAAGGAGCCTTGGCTCGAGGAAGE
GGAGGGCCGAGAARAACGGT ATAGGAGGCCAGAT?
TCAAGGAGAGCCTGAGCGCTCCCAAG -AA&:HF\h’xv’l-’Sx—\ﬁGG'l‘L""AﬁﬂGkRA}AAA
GARAGGTGTCGAGCATCCTCAGCTCTAGAAATCAACCTCTGGATTACAAAATTTGT
GAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATAL
CTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTC ATT'TTC
TCCTCCTTGTATARATCCTGGTTIGCTGTCTCTTTATGAGGAGT T‘CTSGCCCGTT
GTCAGGCAACGTGGLGTEETGTGCACTETCTTTECTGACGCAACCCCCACTGGET
TGEGEGCATTGCCACCACCTETCAGCTCCTTTCCGEGACTTTCGCTTTCCCCCTC
C'V CATTGCCACGGUGCAACTCATCGCCGCCTGCOTTGCCCCLTGCTGCACAGGS
GCTCGGOTECTTGGGCACTGACAATTCCGTGGTCTTGTCGGGEAAATCATEGTCC
TTTCCTTGGCTGCTCGCCTGTETTGCCACCTGGATTCTGCGCGGGACGTCCTTC
TG "IAC GTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGECCTGLCTG
CCGGCTCTGCGOCCTCTTCCGLETCTTCGCCTTCGCCCT CAGACGAGTCGGATC
TCCCTTT CCGCCTCCCCGLCTGTTAATTAAAAAAAAAAAAALAALMARRALA
ARAARAPPARAARAPPAAAARAPPARAARRPPARARRAPIA.
ARAARAPDARAARDPAARARRAPAGC TGZ\P Gﬁ GCCTZX :T‘ wG’Z’GC\“ tJZ\r' CGG
TATTTTCTCC CTGTGCGET !
GGCGGCCCGT TAAZALLLG(‘.T’ZAI‘LAGC("‘“"L}‘«, C”""LT
CATCTGTTGTTTGCCCCTCCCCCGTCCCTTCCTTGACC
CCACTGTCCTTTCCTAATAAARTGAGGAAATTGCA \TCGC xT GTCTGAGTAGGET
GTCATTCTATTCTGEGGEEETGEEETCEGGCAGCGACAGCAAGEEGGAGGATTGGE
ARGACAATAGCAGGCATGCTGGGCGAT GCGETGGECTCTATGGCTTCTGAGGCGE
AAAGAACCAGCTGCATTAATGAATCGGCCAACGCGCGGEE ‘rf-JAbGCGG”“" CG
TATTGGGCGCTCTTCCGCTTCCTCGCTCACTGAC TGCGC ,T(,V\-f[‘(‘
GCTGCGGCGAGCGETATCAGCTCA J.‘CJZ‘\JL\‘Z\.L‘I(JCGG [AATACGGTTATC
T CAGGGGATAACGCAGGARAAGAACATGT GAGCAA] X,LXCS("CT\GC,MAP“W
ACL’W‘AA AAG ’1CCC’~”‘TT"3\"” GGCGTTTTTCCATAGGCTCCGCCCCC
5 ATCACAAAARTCGAC CAAGTCAGAGGTGGCGAAALCC
ATACCAGGCGTTTCCCCCTGEAAGCTCCCT GCGCT
GACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC CCC’TTV\::(JCAAGC\M SG
GCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTICGETGTAGGTCGETTCGCT
CAAGCTGGGCTGTETGCACGAACCCCCCGTTCAGCCCGACCGITGCGCCTTATC
CGCTAACTATCOTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACT GG
AGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGA
CCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTAT
SCGCTCTGCTGAAGCCAGTTACCTTCGCAAAAAGAGTTGGTAGCTCTTGATC
GCARACAAACCACCGCTGGCTAGCGETGETTTTTTTGTTTGCAAGCAGCAGAT
GCGCAGAARARARA A‘l’f‘”"‘r\” GAAGATCCTTTGATCTTTTCTACGGEGETC
TCGACGCTCAGTGGAACCAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
ARRAAGGATCT CF\.CCTAGA 'CCTTT *IJ\ TL‘»Z\ZSPATGJL»L» TTTTAAAT CZAZ\T
C'“Aﬁu—\_’ ATATATGAGTARAACTTGGTCTGACAGTTAGAAAAACTCATCGAGC,
CAAATGAAACTGCAATTTATTCATAT ’L—\b f’\’l"l‘ ATCAATACCATATT l"l""“("MA
“TT’\""‘ STAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGC
ATCGGETCTGCCATTCCGACTCGTCCAACATCAATACAACCTAT
AATT T‘SL,C CTCGTCAAAAATAAGGTTAT CAAGTGAGAAATCACCATGAGTGAC
GACTGAATCCGGTGAGAATGGCARAAGTTTATGCATTTCTTTCCAGACTTETTC
\GCCATTACGCTCGTCATCAAAATCACTCGCATCAACCARACCGETT
GCTGATTGCGCCTGAGCCAAACGAAATACGCGATCG '“’1‘("' TAAAAGE
WAACAGGAAT CGAATGCAACCGECGCAGGAACACTGCCAGCECATC
JL»Z\C‘AF\”’-‘&TT“"“' CCTCAM{TC:\.GGALATT\, CTAATACC ’T\:x:u EG CTETTTT
CCCAGGGATCGCAGTGGTGAGT ‘A_ CCATGCATCATCAGGAGTACGCATARRAATG
?"'CT".GL:‘—\AGA(\ GCATAAATTCCGTCAGH ‘CI’A' 'CTGACCATCTC
AMCATCA TACCTTTGCCAT CAACTCT

ATCGGGECTTCCCATACAAT CGA /-&an TGTCGCACCTG [GCCCGACATT

I

AD
AAA

=

() [

[@]

(%
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SEQ Description

Sequence

CGCGAGCCCATTTATA

~

pGGCCmeﬁ’CAAGﬁLG

CCCA““TAAATCAGCATCCATGHT’GAA“TTARTCw

;”””bbvn‘A”PFALC
nTT.,. ATAG TATAT CKGTJ
GCCTGGCTGACCGCCCAACGACCT

‘CC ATA "“AA””CCAHIAGG SAC

CCGC CTT:XC’

T[¥CFAACAAAAPP

GTGGGAGGTCT ATATA“GCAGAJPT\;CTVJ(TMACTkzpfnuC,CP(TGCTTA
CTGGCTTATCGAAATTAATACGACTCACTATAA

Coding region of
plasmid for
expression of
CRISPR-Off
fusion protein (nt)

1247

ATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAATCAC
GATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAGG
AAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGTG
CTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAG
GATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGGC
GACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCTG
GTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAAG
GGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCAC
GACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAAT
GTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTCT
AACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTAT
TTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGAC
AAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAAG
GTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCAC
TTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAG
AGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTG
GCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTG
TTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGCC
AACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGGC
TCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGAC
GTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTCCAGGAACCGGA
AGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGAGGACATC
TGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGGA
GGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGAC
GATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTG
ATCTGCGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCT
CTGGTGGGACCAGGCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGC
TACCTGTGCCTGCCATCCTCTCGCAGCGGACTGCTGCAGCGGAGAAGGAAGTGG
AGATCCCAGCTGAAGGCCTTCTATGATAGGGAGTCTGAGAACCCCCTGGAGATG
TTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTTC
GAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGAC
CCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGTG
GAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACAC
ACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAG
TATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGAT
AATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGATG
GAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCGC
GTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCACTGGTGAGCGAG
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SEQ

Description

Sequence

GAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGCCGCCAAG
TGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAAG
TATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCCA
CCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCACC
AGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGAG
GGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCACC
AGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGAG
CTCGAGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGC
TGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTG
GGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTC
GACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGA
TACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAG
ATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTG
GAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAG
GTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTG
GACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATG
ATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGC
GACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAG
GAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGA
CTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAG
AAGAATGGCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAAC
TTCAAGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGAC
ACCTACGACGACGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCC
GACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATC
CTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAG
AGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAG
CAGCTGCCTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTAC
GCCGGCTACATTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAG
CCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGA
GAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAG
ATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCA
TTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCC
TACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGA
AAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGC
GCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCC
AACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTAT
AACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTC
CTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTGCTGTTCAAGACCAACCGG
AAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTC
GACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACA
TACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAA
AACGAGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGA
GAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTG
ATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAG
CTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTG
AAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGC
CTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGC
CTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATC
CTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGGCACAAG
CCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGA
CAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTG
GGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAG
AAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAA
CTGGACATCAACCGGCTGTCCGACTACGATGTGGACGCCATCGTGCCTCAGAGC
TTTCTGAAGGACGACTCCATCGACAACAAGGTGCTGACCAGAAGCGACAAGAAC
CGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAAC
TACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAAT
CTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATC
AAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTG
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Sequence

GACTCCCGGATGAACACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTG
AAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAG
TTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTG
AACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAG
TTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGC
GAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATG
AACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCT
CTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAGGGCCGGGAT
TTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAATATCGTGAAARAAG
ACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAAC
AGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGC
TTCGACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAARAAG
GGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATG
GAAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTAC
AAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAG
CTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGA
AACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCAC
TATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTG
GAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCC
AAGAGAGTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAAC
AAGCACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTT
ACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATC
GACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCAC
CAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGGGAGGC
GACAGCCCCAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAG
ACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCACCGGTATGAACAATTCA
CAGGGGAGAGTGACATTCGAAGACGTGACCGTGAACTTCACCCAGGGAGAATGG
CAGCGCTTGAACCCAGAACAAAGGAACCTCTATCGGGACGTGATGCTGGAAAAC
TACTCAAATTTGGTGAGCGTTGGGCAGGGTGAGACCACTAAGCCTGACGTGATC
CTGAGATTGGAACAGGGCAAGGAGCCTTGGCTCGAGGAAGAGGAAGTCCTGGGC
TCAGGGAGGGCCGAGAAAAACGGTGATATAGGAGGCCAGATATGGAAGCCTAAG
GACGTCAAGGAGAGCCTGAGCGCTCCCAAGAAGAAAAGGAAGGTCCCAAAGAAA
AAAAGAAAGGTGTGA

1248

CRISPR-Off
fusion protein (aa)

MPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDGIATGLLV
LKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPEDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLEEN
VVAMGVSDKRDISREFLESNPVMIDAKEVSAAHRARY FWGNLPGMNRPLASTVND
KLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDQHFPVFMNEKEDILWCTEME
RVEFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGNSNA
NSRGPSFSSGLVPLSLRGSHMAAIPALDPEAEPSMDVILVGSSELSSSVSPGTG
RDLIAYEVKANQRNIEDICICCGSLQVHTQHPLFEGGICAPCKDKFLDALFLYD
DDGYQSYCSICCSGETLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVC
YLCLPSSRSGLLOQRRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRVLSLE
EDIKKELTSLGFLESGSDPGQLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGH
TCDRPPSWYLFQFHRLLQYARPKPGSPRPFFWMFVDNLVLNKEDLDVASRFLEM
EPVTIPDVHGGSLONAVRVWSNIPATRSRHWALVSEEELSLLAQNKQSSKLAAK
WPTKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPSGGSPAGSPTSTEEGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
LEDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFE
DSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSEFFHRLEESEFLV
EEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHM
IKFRGHFLIEGDLNPDNSDVDKLEIQLVQTYNQLFEENPINASGVDAKAILSAR
LSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKD
TYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSASMIK
RYDEHHOQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIK
PILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHATILRRQEDFYP
FLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNEFEEVVDKG
ASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAF
LSGEQKKAIVDLLEFKTNRKVTVKQLKEDYFKKIECFDSVEI SGVEDRFNASLGT
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SEQ

Description

Sequence

YHDLLKITIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEFDDKV
MKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDS
LTFKEDIQKAQVSGQGDSLHEHIANLAGS PATKKGILQTVKVVDELVKVMGRHK
PENIVIEMARENQTTOQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONE
KLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKN
RGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGET
KROQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQ
FYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKS
EQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRD
FATVRKVLSMPQVNIVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWDPKKYGG
FDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY
KEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASH
YEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIH
QSITGLYETRIDLSQLGGDSPKKKRKVGVDGSSGSETPGTSESATPESTGMNNS
QGRVTFEDVTVNFTQGEWQRLNPEQRNLYRDVMLENYSNLVSVGQGETTKPDVI
LRLEQGKEPWLEEEEVLGSGRAEKNGDIGGQIWKPKDVKESLSAPKKKRKVPKK
KRKV

1249

gRNA #008 with
updated
modification
pattern
(m indicates a 2’-
OMe modified
nucleotide, *
indicates a
phosphorothioate
bond)

mA*mMG*mG* rArGrUrUrCrCrGrCrArGrUrArUrGrGrArUrGrUrUrUrUsr
"ArArArArUrArAr
nAMAMACAIAMGT
*mU

rCr rUrUra CrAnAmnCmUnU:
GrAnGMUmCnGnGmUmGmCml* mi * mi)

1250

CRISPR-Off
variant 1 plasmid
sequence

AGGGGCGCTCGAGCAGGTTCAGAAGGAGATCAAAAACCCCCAAGGATCAAACAT
GAAGAGACCTGCTGCCACCAAGAAGGCCGGCCAGGCCAAGAAAAAGTACAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGT GGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACAGTCCCCTTGAGATGTATAAAACTGTGCCTGTGTGGAAGAGAGAGCC
AGTGCGGGTGCTGTCCCTTTTTGGTGACATCAAGAAAGAGCTGACGACTTTGGG
CTTTCTGGAAAACGGCTCTGACCCGGGCCGACTGAAACATTTGGACGATGTCAC
CAATACGGTGAGGAGGGACGTGGAAGAATGGGGCCCGTTCGACCTCGTGTACGG
CTCCACGCCGCCCCTCGGCCACGCCTGTGACCATCCTCCCGGGTGGTACCTGTT
CCAGTTCCACCGTGTGCTTCAGTACGCGAGGCCCAGGCCGGGCAGCCCGCAGGL
CTTCTTCTGGATGTTTGTGGACAACCTGGTGCTGACCGAGGATGACCGGGCTGT
AGCCACTCGCTTCCTGGAGACTGACCCGGTGACCATCCAGGACGTCTGTGGCAG
AGCTGTCCGGAACGCCGTGCACGTGTGGAGCAACATCCCGGCCGTGAAAAGCAG
GCACTCGGCCCTGTTTTCCCAGGAGGAATCATTCCTGCGGGCTCAGGACAGGCA
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SEQ

Description

Sequence

GAGAGCAAAGCCCCCCGCCCGGGGGCCAGCCAAGCTGGTGAAGAATTGTTTTCT
CCCCCTGAGAGAATATTTCAAGTATTTTTCAACAGAATTCACTTCCTCTTTGGG
AGGACCCTCCTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCC
AACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGG
CACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCC
TACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGG
CACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTACAGCATCGGCCTGGC
CATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCC
CAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAA
CCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCT
GAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCT
GCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAG
ACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCAT
CTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTA
CCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGAT
CTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGG
CGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCA
GACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGC
CAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGAT
CGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCT
GAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGC
CAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGC
CCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGA
CGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCC
CCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCT
GCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTT
CGACCAGAGCAAGAACGGCTACGCCGGCTACATTGACGGCGGAGCCAGCCAGGA
AGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGA
ACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGA
CAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCG
GCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAA
GATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAG
CAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTT
CGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGAC
CAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCT
GTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGA
GGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGA
CCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTA
CTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCG
GTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAA
GGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGAC
CCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGC
CCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGG
CTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGG
CAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCAT
GCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCA
GGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAG
CCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGT
GAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGA
GAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGAT
CGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGA
AAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCG
GGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGT
GGACGCCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGT
GCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGA
GGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCCAAGCTGAT
TACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGA
ACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCAC
AAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAA
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TGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTC
CGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCA
CCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAA
GTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGT
GCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTA
CTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAA
CGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGAT
CGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCC
CCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGA
GTCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTG
GGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCT
GGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGA
GCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGA
CTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCT
GCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTC
TGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAA
CTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAA
TGAGCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCAT
CGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGA
CAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGCCCATCAGAGAGCAGGC
CGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTT
CAAGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGT
GCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGGAT
CGACCTGTCTCAGCTGGGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGT
CGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGA
GTCCACCGGTATGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGT
GAACTTCACCCAGGGAGAATGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTA
TCGGGACGTGATGCTGGAAAACTACTCAAATTTGGTGAGCGTTGGGCAGGGTGA
GACCACTAAGCCTGACGTGATCCTGAGATTGGAACAGGGCAAGGAGCCTTGGCT
CGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCCGAGAAAAACGGTGATATAGG
AGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAGCGCTAAACGTCC
GGCAGCAACCAAAAANAGCAGGTCAGGCCAAGAAAAAATGAGGATCCTGAGTCTA
GAAAAGATATATATAGGATTGAAGATCTCTCAGTTAAGTCTACAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAARRR
AAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAARNAA
AAGAAGAGCCTCCTGCAGGAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTG
TGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAA
AGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGC
GCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAA
TCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCCGCTTCCTCGCTCAC
TGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCARAA
GGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTG
AGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTT
TTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCA
GAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAG
CTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGC
CTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGT
TCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGT
AAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGC
GAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTA
CACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGG
AAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGG
TTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGA
TCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTA
AGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAA
TTAAAAATGAAGTTTTAAATCAAGCCCAATCTGAATAATGTTACAACCAATTAA
CCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCA
TATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAG
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AAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGA
TTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAA
GGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGGTGAGAATGGCA
AAAGTTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGT
CATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAG
CGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAAT CGAAT
GCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAG
GATATTCTTCTAATACCTGGAATGCTGTTTTTCCGGGGATCGCAGTGGTGAGTA
ACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAA
ATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGC
TACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAAGC
GATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCAT
ATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGACGTTTCCCGTTGAA
TATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTG
TTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACA
CGGGCCAGAGCTGCATCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACA
TGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGAC
AAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACT
ATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATAC
CGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCATTCGCCATTCAGGC
TGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGC
TGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTT
CCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATTGTAATACGACTCACTAT
A

1251

CRISPR-Off
variant 1
alternative plasmid
sequence

AGGGGCGCTCGAGCAGGTTCAGAAGGAGATCAAAAACCCCCAAGGATCAAACAT
GAAGAGACCTGCTGCCACCAAGAAGGCCGGCCAGGCCAAGAAAAAGTACAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGT GGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACAGTCCCCTTGAGATGTATAAAACTGTGCCTGTGTGGAAGAGAGAGCC
AGTGCGGGTGCTGTCCCTTTTTGGTGACATCAAGAAAGAGCTGACGACTTT GGG
CTTTCTGGAAAACGGCTCTGACCCGGGCCGACTGAAACATTTGGACGATGTCAC
CAATACGGTGAGGAGGGACGTGGAAGAATGGGGCCCGTTCGACCTCGTGTACGG
CTCCACGCCGCCCCTCGGCCACGCCTGTGACCATCCTCCCGGGTGGTACCTGTT
CCAGTTCCACCGTGTGCTTCAGTACGCGAGGCCCAGGCCGGGCAGCCCGCAGGL
CTTCTTCTGGATGTTTGTGGACAACCTGGTGCTGACCGAGGATGACCGGGCTGT
AGCCACTCGCTTCCTGGAGACTGACCCGGTGACCATCCAGGACGTCTGTGGCAG
AGCTGTCCGGAACGCCGTGCACGTGTGGAGCAACATCCCGGCCGTGAAAAGCAG
GCACTCGGCCCTGTTTTCCCAGGAGGAATCATTCCTGCGGGCTCAGGACAGGCA
GAGAGCAAAGCCCCCCGCCCGGGGGCCAGCCAAGCTGGTGAAGAATTGTTTTCT
CCCCCTGAGAGAATATTTCAAGTATTTTTCAACAGAATTCACTTCCTCTTTGGG
AGGACCCTCCTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCC
AACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGG
CACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCC
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TACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGG
CACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTACAGCATCGGCCTGGC
CATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCC
CAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAA
CCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCT
GAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCT
GCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAG
ACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCAT
CTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTA
CCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGAT
CTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGG
CGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCA
GACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGC
CAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGAT
CGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCT
GAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGC
CAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGC
CCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGA
CGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCC
CCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCT
GCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTT
CGACCAGAGCAAGAACGGCTACGCCGGCTACATTGACGGCGGAGCCAGCCAGGA
AGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGA
ACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGA
CAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCG
GCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAA
GATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAG
CAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTT
CGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGAC
CAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCT
GTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGA
GGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGA
CCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTA
CTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCG
GTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAA
GGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGAC
CCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGC
CCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGG
CTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGG
CAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCAT
GCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCA
GGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAG
CCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGT
GAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGA
GAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGAT
CGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGA
AAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCG
GGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGT
GGACGCCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGT
GCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGA
GGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCCAAGCTGAT
TACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGA
ACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCAC
AAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAA
TGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTC
CGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCA
CCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAA
GTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGT
GCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTA
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CTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAA
CGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGAT
CGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCC
CCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGA
GTCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTG
GGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCT
GGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGA
GCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGA
CTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCT
GCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTC
TGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAA
CTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAA
TGAGCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCAT
CGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGA
CAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGCCCATCAGAGAGCAGGC
CGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTT
CAAGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGT
GCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGGAT
CGACCTGTCTCAGCTGGGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGT
CGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGA
GTCCACCGGTATGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGT
GAACTTCACCCAGGGAGAATGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTA
TCGGGACGTGATGCTGGAAAACTACTCAAATTTGGTGAGCGTTGGGCAGGGTGA
GACCACTAAGCCTGACGTGATCCTGAGATTGGAACAGGGCAAGGAGCCTTGGCT
CGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCCGAGAAAAACGGTGATATAGG
AGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAGCGCTAAACGTCC
GGCAGCAACCAAAAAAGCAGGTCAGGCCAAGAAAAAATGAGGATCCTGAGTCTA
GAAAAGATATATATAGGATTGAAGATCTCTCAGTTAAGTCTACAAAAAAANAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARARA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAARRR
AAGAAGAGCGAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCC
TGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCG
TAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAA
TGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTC
ACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAG
CCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCT
CCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCA
GAGGTTTTCACCGTCATCACCGAAACGCGCGATGCAGCTCTGGCCCGTGTCTCA
AAATCTCTGATGTTACATTGCACAAGATAAAAATATATCATCATGAACAATAAA
ACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAACG
GGAAACGTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTA
TAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGTA
TGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGC
CAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCC
TCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCAC
CACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTC
AGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGAT
TCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGC
GCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCG
TAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATT
CTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTT
TGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGA
CCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTC
ATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAA
ATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATTGGTTAATTG
GTTGTAACATTATTCAGATTGGGCTTGATTTAAAACTTCATTTTTAATTTAAAA
GGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTG
AGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTT
GAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGC
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TACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGG
TAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGT
AGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGC
TAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGT
TGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGG
GTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACC
TACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACA
GGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAG
GGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTG
AGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCA
GCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGT
TCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGT
GAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCG
AGGAAGCGGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTA
ATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGC
AATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT
TCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAA
CAGCTATGACCATGATTACGCCAAGCTTTAATACGACTCACTATA

1252

CRISPR-Off
variant 1 amino
acid sequence

MKRPAATKKAGQAKKKYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLL
VLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPED
LVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLEFE
NVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWGNLPGMNRPLASTVN
DKLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDQHFPVFMNEKEDI LWCTEM
ERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGNSN
ANSRGPSFSSGLVPLSLRGSHSPLEMYKTVPVWKREPVRVLSLEFGDIKKELTTL
GFLENGSDPGRLKHLDDVTNTVRRDVEEWGPFDLVYGSTPPLGHACDHPPGWYL
FOFHRVLOQYARPRPGSPQAFFWMEVDNLVLTEDDRAVATRFLETDPVTIQDVCG
RAVRNAVHVWSNIPAVKSRHSALEFSQEESFLRAQDROQRAKPPARGPAKLVKNCE
LPLREYFKYFSTEFTSSLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGP
GTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSELEDKKYSIGL
AIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATR
LKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHP
IFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIE
GDLNPDNSDVDKLEFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENL
IAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLL
AQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLT
LLKALVROQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTE
ELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIE
KILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNEFEEVVDKGASAQSFIERM
TNEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIV
DLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDREFNASLGTYHDLLKIIKD
KDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYT
GWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMQLIHDDSLTFKEDIQKA
QVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMAR
ENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONG
RDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQI
TKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNY
HHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAK
YFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM
POVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSV
LVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIK
LPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPED
NEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQ
AENITIHLEFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETR
IDLSQLGGDSPKKKRKVGVDGSSGSETPGTSESATPESTGMNNSQGRVTFEDVT
VNFTQGEWQRLNPEQRNLYRDVMLENYSNLVSVGQGETTKPDVILRLEQGKEPW
LEEEEVLGSGRAEKNGDIGGQIWKPKDVKESLSAKRPAATKKAGQAKKK

-283-




WO 2024/238700

PCT/US2024/029529

SEQ

Description

Sequence

1253

CRISPR-Off
variant 2 plasmid
sequence

AGAAACTAGCGTAAATTCAAATATAGGTCAGGCTTCAACGTCAACAAATATGAT
GAAGAGACCTGCTGCCACCAAGAAGGCCGGCCAGGCCAAGAAAAAGTACAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACAGCCCTATGGAGATATACAAGACAGTGTCTGCATGGAAGAGACAGCC
AGTGAGGGTGCTGAGCCTTTTTGGGAATATTGATAAAGAACTAAAGAGTTTGGG
CTTTTTGGAAATCGGTTCTGATTCTGAGGGAGGAACACTGAAGTACGTGGAAGA
TGTCACGAATGTCGTGAGGAGAGACGTGGAGAAATGGGGCCCCTTTGACCTGGT
GTATGGCTCGACGAATCCCCTAGGCAACTCTTGTGACCGCTGTCCTGGCTGGTA
CATGTTCCAATTCCACCGGATCCTGCAGTATGCGCGGCCTCGCCAAGACAGTCA
GAAGCCCTTCTTCTGGATATTTATGGACAATCTGCTGCTGACTGAGGATGATCA
AGTGACAACTGTCCGCTTCCTTCAGACAGAGGCTGTGACCCTCCAGGATGTCCG
TGGCAGAGTCCTCCAGAATGCTGTGAGGGTATGGAGCAACATTCCAGGACTGAA
GAGTAAGCACTCAGTCCTGACGCCAAAGGAAGAACAGTCTCTGCAAGCCCAAGT
CAGAACCAGAAGCAAGCTGCCCACCCAGGTTAACCCCCTGGTGAAGACCTGCCT
TCTCCCCCTGAGAGAGTACTTCAAGTGTTTTTCTCAGAATTCACTTCCTCTTGG
AGGACCCTCCTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCC
AACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGG
CACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCC
TACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGG
CACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTACAGCATCGGCCTGGC
CATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCC
CAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAA
CCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCT
GAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCT
GCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAG
ACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCAT
CTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTA
CCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGAT
CTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGG
CGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCA
GACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGC
CAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGAT
CGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCT
GAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGC
CAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGC
CCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGA
CGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCC
CCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCT
GCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTT
CGACCAGAGCAAGAACGGCTACGCCGGCTACATTGACGGCGGAGCCAGCCAGGA
AGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGA
ACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGA
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CAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCG
GCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAA
GATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAG
CAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTT
CGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGAC
CAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCT
GTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGA
GGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGA
CCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTA
CTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCG
GTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAA
GGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGAC
CCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGC
CCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGG
CTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGG
CAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCAT
GCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCA
GGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAG
CCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGT
GAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGA
GAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGAT
CGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGA
AAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCG
GGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGT
GGACGCCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGT
GCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGA
GGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCCAAGCTGAT
TACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGA
ACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCAC
AAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAA
TGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTC
CGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCA
CCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAA
GTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGT
GCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTA
CTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAA
CGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGAT
CGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCC
CCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGA
GTCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTG
GGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCT
GGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGT GTGAAAGA
GCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGA
CTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCT
GCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTC
TGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAA
CTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAA
TGAGCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCAT
CGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGA
CAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGCCCATCAGAGAGCAGGC
CGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTT
CAAGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGT
GCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGGAT
CGACCTGTCTCAGCTGGGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGT
CGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGA
GTCCACCGGTATGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGT
GAACTTCACCCAGGGAGAATGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTA
TCGGGACGTGATGCTGGAAAACTACTCAAATTTGGTGAGCGTTGGGCAGGGTGA
GACCACTAAGCCTGACGTGATCCTGAGATTGGAACAGGGCAAGGAGCCTTGGCT

-285-




PCT/US2024/029529

Sequence

CGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCCGAGAAAAACGGTGATATAGG
AGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAGCGCTGCTAAACG
TCCGGCAGCAACCAAAAAAGCAGGTCAGGCCAAGAAAAAATGAGGATCCTGAGT
CTAGAAAGAGCCTTCTGAGCCCAGCGACTTCTGAAGGGCCCCTTGCAAAGTAAT
AGGGCTTCTGCCTAAGCCTCTCCCTCCAGCCAATAGGCAGCTTTCTTAACTATC
CTAACAAGCCTTGGACCAAATGGAAATAAAGCTTTTTGATGCAGTGTTAATTAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAARARA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAAARRA
AAAAAAAAAAAGAAGAGCGAATTCACTGGCCGTCGTTTTACAACGTCGTGACTG
GGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGC
CAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCG
CAGCCTGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTG
CGGTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGC
ATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGC
TTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTG
CATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGATGCAGCTCTGGCC
CGTGTCTCAAAATCTCTGATGTTACATTGCACAAGATAAAAATATATCATCATG
AACAATAAAACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGAGCCA
TATTCAACGGGAAACGTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTT
ATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTA
TCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGG
TAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGA
ATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATG
GTTACTCACCACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAGAATA
TCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTT
GCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCT
CGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGA
TGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACT
TTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAA
CCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGG
AATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTT
TTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGA
TATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATT
GGTTAATTGGTTGTAACATTATTCAGATTGGGCTTGATTTAAAACTTCATTTTT
AATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCC
CTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAG
GATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAA
AACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTT
TTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAG
TGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACC
TCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTC
TTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCT
GAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAAC
TGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAA
AGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGG
AGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACC
TCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGA
AAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTG
CTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCG
CCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGT
CAGTGAGCGAGGAAGCGGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCC
GATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGA
GCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACA
CTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCA
CACAGGAAACAGCTATGACCATGATTACGCCAAGCTTTAATACGACTCACTATA

WO 2024/238700
SEQ Description
CRISPR-Off
1254 variant 2 amino
acid sequence

MKRPAATKKAGQAKKKYNHDQEFDPPKVYPPVPAEKRKPIRVLSLEFDGIATGLL
VLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPED
LVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLEE
NVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWGNLPGMNRPLASTVN
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DKLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDOQHFPVFMNEKEDILWCTEM
ERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGNSN
ANSRGPSFSSGLVPLSLRGSHSPMEIYKTVSAWKRQPVRVLSLFGNIDKELKSL
GFLEIGSDSEGGTLKYVEDVTNVVRRDVEKWGPFDLVYGSTNPLGNSCDRCPGW
YMFQFHRILQYARPRODSQKPFFWIFMDNLLLTEDDQVTTVRFLOQTEAVTLQDV
RGRVLONAVRVWSNIPGLKSKHSVLTPKEEQSLQAQVRTRSKLPTQVNPLVKTC
LLPLREYFKCFSONSLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGP
GTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSELEDKKYSIGL
ATIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEFDSGETAEATR
LKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHP
IFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIE
GDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENL
IAQLPGEKKNGLFGNLIALSLGLTPNFKSNEFDLAEDAKLQLSKDTYDDDLDNLL
AQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLT
LLKALVROQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTE
ELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHATILRRQEDFYPFLKDNREKIE
KILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERM
TNEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATV
DLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKD
KDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYT
GWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKA
QVSGQGDSLHEHIANLAGSPAIKKGILOTVKVVDELVKVMGRHKPENIVIEMAR
ENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONG
RDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQI
TKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNY
HHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAK
YFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM
POVNIVKKTEVQTGGESKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSV
LVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIK
LPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPED
NEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQ
AENITIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETR
IDLSQLGGDSPKKKRKVGVDGSSGSETPGTSESATPESTGMNNSQGRVTFEDVT
VNEFTQGEWQRLNPEQRNLYRDVMLENYSNLVSVGQGETTKPDVILRLEQGKEPW
LEEEEVLGSGRAEKNGDIGGQIWKPKDVKESLSAAKRPAATKKAGQAKKK

1255

CRISPR-Off
variant 3 plasmid
sequence

AGAAACTAGCGTAAATTCAAATATAGGTCAGGCTTCAACGTCAACAAATATGAT
GAAGAGACCTGCTGCCACCAAGAAGGCCGGCCAGGCCAAGAAAAAGTACAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAG
GAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGA
GGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGG
CGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCT
GGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAA
GGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCTGCA
CGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAA
TGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTC
TAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTA
TTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGTGAATGA
CAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCA
CTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGA
GAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCT
GGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCT
GTTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGC
CAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGG
CTCCCACAGTCCCCTTGAGATGTATAAAACTGTGCCTGTGTGGAAGAGAGAGCC
AGTGCGGGTGCTGTCCCTTTTTGGTGACATCAAGAAAGAGCTGACGACTTTGGG
CTTTCTGGAAAACGGCTCTGACCCGGGCCGACTGAAACATTTGGACGATGTCAC
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CAATACGGTGAGGAGGGACGTGGAAGAATGGGGCCCGTTCGACCTCGTGTACGG
CTCCACGCCGCCCCTCGGCCACGCCTGTGACCATCCTCCCGGGTGGTACCTGTT
CCAGTTCCACCGTGTGCTTCAGTACGCGAGGCCCAGGCCGGGCAGCCCGCAGGC
CTTCTTCTGGATGTTTGTGGACAACCTGGTGCTGACCGAGGATGACCGGGCTGT
AGCCACTCGCTTCCTGGAGACTGACCCGGTGACCATCCAGGACGTCTGTGGCAG
AGCTGTCCGGAACGCCGTGCACGTGTGGAGCAACATCCCGGCCGTGAAAAGCAG
GCACTCGGCCCTGTTTTCCCAGGAGGAATCATTCCTGCGGGCTCAGGACAGGCA
GAGAGCAAAGCCCCCCGCCCGGGGGCCAGCCAAGCTGGTGAAGAATTGTTTTCT
CCCCCTGAGAGAATATTTCAAGTATTTTTCAACAGAATTCACTTCCTCTTTGGG
AGGACCCTCCTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCC
AACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGG
CACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCC
TACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGG
CACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTACAGCATCGGCCTGGC
CATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCC
CAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAA
CCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCT
GAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCT
GCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAG
ACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCAT
CTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTA
CCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGAT
CTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGG
CGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCA
GACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGC
CAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGAT
CGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCT
GAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGC
CAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGC
CCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGA
CGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCC
CCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCT
GCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTT
CGACCAGAGCAAGAACGGCTACGCCGGCTACATTGACGGCGGAGCCAGCCAGGA
AGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGA
ACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGA
CAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCG
GCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAA
GATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAG
CAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTT
CGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGAC
CAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCT
GTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGA
GGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGA
CCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTA
CTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCG
GTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAA
GGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGAC
CCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGC
CCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGG
CTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGG
CAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCAT
GCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCA
GGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAG
CCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGT
GAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGA
GAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGAT
CGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGA
AAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCG
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GGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGT
GGACGCCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGT
GCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGA
GGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCCAAGCTGAT
TACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGA
ACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCAC
AAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAA
TGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTC
CGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCA
CCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAA
GTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGT
GCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTA
CTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAA
CGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGAT
CGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCC
CCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGA
GTCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTG
GGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCT
GGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACT GAAGAGT GTGAAAGA
GCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGA
CTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCT
GCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTC
TGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAA
CTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAA
TGAGCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCAT
CGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGA
CAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGCCCATCAGAGAGCAGGC
CGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTT
CAAGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGT
GCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGGAT
CGACCTGTCTCAGCTGGGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGT
CGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGA
GTCCACCGGTATGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGT
GAACTTCACCCAGGGAGAATGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTA
TCGGGACGTGATGCTGGAAAACTACTCAAATTTGGTGAGCGTTGGGCAGGGTGA
GACCACTAAGCCTGACGTGATCCTGAGATTGGAACAGGGCAAGGAGCCTTGGCT
CGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCCGAGAAAAACGGTGATATAGG
AGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAGCGCTAAACGTCC
GGCAGCAACCAAAAAAGCAGGTCAGGCCAAGAAAAAATGAGGATCCTGAGTCTA
GAAAAGATATATATAGGATTGAAGATCTCTCAGTTAAGTCTACAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAARNDA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARARA
AAGAAGAGCGAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCC
TGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCG
TAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAA
TGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTC
ACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAG
CCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCT
CCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCA
GAGGTTTTCACCGTCATCACCGAAACGCGCGATGCAGCTCTGGCCCGTGTCTCA
AAATCTCTGATGTTACATTGCACAAGATAAAAATATATCATCATGAACAATAAA
ACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAACG
GGAAACGTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTA
TAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGTA
TGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGC
CAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCC
TCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCAC
CACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTC
AGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGAT
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TCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGC
GCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCG
TAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATT
CTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTT
TGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGA
CCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTC
ATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAA
ATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATTGGTTAATTG
GTTGTAACATTATTCAGATTGGGCTTGATTTAAAACTTCATTTTTAATTTAAAA
GGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTG
AGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTT
GAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAARAACCACCGC
TACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGG
TAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGT
AGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGC
TAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGT
TGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGG
GTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACC
TACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACA
GGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAG
GGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTG
AGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCA
GCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGT
TCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGT
GAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCG
AGGAAGCGGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTA
ATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGC
AATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT
TCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAA
CAGCTATGACCATGATTACGCCAAGCTTTAATACGACTCACTATA

1256

CRISPR-Off
variant 3 amino
acid sequence

MKRPAATKKAGQAKKKYNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDGIATGLL
VLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPED
LVIGGSPCNDLSIVNPARKGLYEGTGRLEFFEFYRLLHDARPKEGDDRPFFWLEE
NVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWGNLPGMNRPLASTVN
DKLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDOQHFPVFMNEKEDI LWCTEM
ERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGNSN
ANSRGPSFSSGLVPLSLRGSHSPLEMYKTVPVWKREPVRVLSLEFGDIKKELTTL
GFLENGSDPGRLKHLDDVTNTVRRDVEEWGPFDLVYGSTPPLGHACDHPPGWYL
FOFHRVLQYARPRPGSPOAFFWMFVDNLVLTEDDRAVATRFLETDPVTIQDVCG
RAVRNAVHVWSNIPAVKSRHSALEFSQEESFLRAQDRQRAKPPARGPAKLVKNCE
LPLREYFKYFSTEFTSSLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGP
GTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSELEDKKYSIGL
AIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATR
LKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHP
IFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIE
GDLNPDNSDVDKLEFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENL
IAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLL
AQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLT
LLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTE
ELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIE
KILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERM
TNEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIV
DLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDREFNASLGTYHDLLKIIKD
KDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYT
GWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEMQLIHDDSLTFKEDIQKA
QVSGQGDSLHEHIANLAGSPATIKKGILQTVKVVDELVKVMGRHKPENIVIEMAR
ENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONG
RDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQTL
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TKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNY
HHAHDAYLNAVVGTALIKKYPKLESEEFVYGDYKVYDVRKMIAKSEQEIGKATAK
YFEFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM
POVNIVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSV
LVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIK
LPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPED
NEQKQLFVEQHKHYLDEITIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQ
AENITIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETR
IDLSQLGGDSPKKKRKVGVDGSSGSETPGTSESATPESTGMNNSQGRVTEFEDVT
VNFTQGEWQRLNPEQRNLYRDVMLENYSNLVSVGQGETTKPDVILRLEQGKEPW
LEEEEVLGSGRAEKNGDIGGQIWKPKDVKESLSAKRPAATKKAGQAKKK
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TABLE 19. Annotation of PLA003 amino acid sequence

Name Type Minimum | Maximum | Length
SV40 NLS CDS 2 8 7
SV40 NLS CDS 9 15 7
DNMT3A CDS 17 317 301
Linker CDS [318 344 27
DNMT3L full- [CDS [ 345 730 386
length
XTENSO CDS 731 810 80
dCas9 CDS 811 2180 1370
NLS CDS 2181 2187 7
XTENI16 CDS 2188 2208 21
ZIM3 CDS 2211 2310 100
SV40 NLS CDS 2313 2319 7
SV40 NLS CDS 2320 2326 7
TABLE 20. Annotation of PLA003 polynucleotide sequence
Name Type Minimum | Maximum | Length
SV40 NLS CDS 4 24 21
SV40 NLS CDS 25 45 21
DNMT3A CDS 49 951 903
Linker CDS 952 1032 81
DNMT3L full- | CDS 1033 2190 1158
length
XTENSO CDS 2191 2430 240
dCas9 CDS 2431 6540 4110
NLS CDS 6541 6561 21
XTEN16 CDS 6562 6624 63
ZIM3 CDS 6631 6930 300
SV40 NLS CDS 6937 6957 21
SV40 NLS CDS 6958 6978 21
stop terminator | 6979 6981 3
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CLAIMS

1. A method of modifying an epigenetic state of a hepatitis B virus (HBV) gene or genome,
comprising contacting the HBV gene or genome with an epigenetic editing system,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,

wherein the first DNA binding domain binds a first target region of the HBV gene or genome,
and

wherein the contacting results in a reduction of:

number of HBV viral episomes,

replication of the HBV gene or genome, or

expression of a protein product encoded by the HBV gene or genome,

wherein said reduction is at least about 20% compared to contacting the HBV gene or genome

with a suitable control.

2. A method of treating an HBV infection in a subject comprising administering an epigenetic
editing system to the subject,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,

wherein the first DNA binding domain binds a first target region of a HBV gene or genome, and

wherein the contacting results in a reduction of’

number of HBV viral episomes,

replication of the HBV gene or genome, or

expression of a protein product encoded by the HBV gene or genome,

wherein said reduction is at least about 20% compared to administering a suitable control.

3. A method of modulating expression of an HBV gene or genome comprising contacting the
HBYV gene or genome with an epigenetic editing system,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,
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wherein the first DNA binding domain binds a first target region of the HBV gene or genome,
and

wherein the contacting results in a reduction of expression of a gene product encoded by the
HBYV gene or genome, optionally, wherein the gene product is a nucleic acid or a protein,

wherein said reduction is at least about 20% compared to contacting the HBV genome with a

suitable control.

4. A method of inhibiting viral replication in a cell infected with an HBV comprising
administering an epigenetic editing system,

wherein the epigenetic editing system comprises

a first DNA binding domain, a first DNMT domain, and a transcriptional repressor domain or

one or more nucleic acid molecules encoding thereof,

wherein the first DNA binding domain binds a first target region of a HBV gene or genome, and
wherein the epigenetic editing system targets a target region of the HBV gene or genome, and

wherein the contacting results in a reduction of number of HBV viral episomes or replication of
the HBV gene or genome,

wherein said reduction is at least about 20% compared to administering a suitable control.

5. The method of claims 1-4, wherein the HBV genome is a covalently closed circular DNA
(cccDNA) or an HBYV integrated DNA.

6. The method of claims 1-5, wherein the HBV genome comprises HBV genotype A, HBV
genotype B, HBV genotype C, HBV genotype D, HBV genotype E, HBV genotype F, HBV
genotype G or HBV genotype H.

7. The method of claims 1-6, wherein the HBV genome comprises a sequence with at least 80%
identity to an HBV genome sequence provided herein.

8. The method of claim 7, wherein the first target region is located in a region of the HBV
genome within nucleotide 0-303, 1000-2448 or 2802-3182 of an HBV genome provided
herein.

9. The method of claims 1-6, wherein the first target region of the HBV genome is located in a
CpG island.

10. The method of claims 1-6, wherein the first target region of the HBV genome is located in a

promotor.
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The method of claims 1-6, wherein the first target region of the HBV genome is located in a
section of the HBV genome that encodes a transcript selected from the group consisting of a
pgRNA, a preCoremRNA, a preS mRNA, a S mRNA, and a X mRNA.

The method of claims 1-11, wherein the first DNA binding domain comprises a CRISPR-Cas
protein.

The method of claim 12, wherein the epigenetic editing system further comprises a first guide
RNA (gRNA) that comprises a region complementary to a strand of the first target region.
The method of claim 13, wherein the gRNA comprises a sequence selected from a gRNA
provided herein, e.g., in Table 12 or 13.

The method of claims 1-11, wherein the first DNA binding domain comprises a zinc-finger
protein.

The method of claim 15, wherein the zinc-finger protein comprises a zinc-finger motif with a
sequence selected from any zinc finger or zinc finger motif provided herein, e.g., in Table 1
or Table 18.

The method of claim 15 or 16, wherein the zinc-finger protein comprises a sequence of any
of the zinc finger epigenetic repressors provided herein.

The method of claims 1-17, wherein the transcriptional repressor domain comprises ZIM3.
The method of claims 1-18, wherein the first DNMT domain is a DNMT3A domain or a
DNMT3L domain.

The method of claim 19, wherein the first DNMT domain comprises a sequence of a DNMT
domain provided herein.

The method of claims 1-20, wherein the epigenetic editing system further comprises a second
DNMT domain or a nucleic acid encoding thereof.

The method of claims 21, wherein the second DNMT domain is a DNMT3A domain or a
DNMT3L domain.

The method of claim 22, wherein the second DNMT domain comprises a sequence of a
DNMT domain provided herein.

The method of claims 21-23, wherein the epigenetic editing system comprises a fusion
protein or a nucleic acid encoding thereof, and wherein the fusion protein comprises the first
DNA binding domain, the first DNMT domain, the repressor domain and the second DNMT
domain.

The method of claim 24, wherein the fusion protein further comprises a nuclear localization
sequence (NLS).
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26. The method of claim 25, wherein the fusion protein comprises a sequence of a fusion protein
provided herein.

27. The method of claims 1-21, wherein the epigenetic editing system further comprises a second
DNA binding domain or a nucleic acid encoding thereof, wherein the second DNA binding
domain binds a second target region of the HBV genome.

28. The method of claim 27, wherein the second target region is located in a region of the HBV
genome within nucleotide 0-303, 1000-2448 or 2802-3182.

29. The method of claim 27, wherein the second target region of the HBV genome is located in a
CpG island.

30. The method of claim 27, wherein the second target region of the HBV genome is located in a
promotor.

31. The method of claim 27, wherein the second target region of the HBV genome is located in a
section of the HBV genome that encodes a transcript selected from the group consisting of a
pgRNA, a preCore mRNA, a preS mRNA, a S mRNA, and a X mRNA.

32. The method of claims 27-31, wherein the second DNA binding domain comprises a CRISPR-
Cas protein.

33. The method of claim 32, wherein the epigenetic editing system further comprises a second
gRNA that comprises a region complementary to a strand of the second target region.

34. The method of claim 33, wherein the gRNA comprises a sequence selected from a gRNA
sequence provided herein, e.g., a sequence provided in Table 12 or 13.

35. The method of claims 27-31, wherein the second DNA binding domain comprises a zinc-
finger protein.

36. The method of claim 35, wherein the zinc-finger protein comprises a zinc-finger motif with a
sequence selected from a zinc finger motif sequence provided herein, e.g., a zinc finger motif
provided in Table 1.

37. The method of claim 35 or 36, wherein the zinc-finger protein comprises a sequence of a zinc
finger motif provided in Table 1.

38. The method of claims 27-37, wherein the epigenetic editing system comprises a first fusion
protein or a first nucleic acid encoding thereof and a second fusion protein or a second
nucleic acid encoding thereof,

wherein the first fusion protein comprises the first DNA binding domain and the first DNMT

domain, and
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wherein the second fusion protein comprises the second DNA binding domain and the
transcriptional repressor domain.

39. The method of claim 38, wherein the first fusion protein comprises a sequence of a fusion
protein provided herein.

40. The method of claim 38, wherein the second fusion protein comprises a sequence of a fusion
protein provided herein.

41. The method of claims 38-40, wherein the epigenetic editing system further comprises a third
DNA binding domain or a nucleic acid encoding thereof, wherein the third DNA binding
domain binds to a third target region of the HBV genome.

42. The method of claim 41, wherein the third target region is located in a region of the HBV
genome within nucleotide 0-303, 1000-2448 or 2802-3182.

43. The method of claim 41, wherein the third target region of the HBV genome is located in a
CpG island.

44. The method of claim 41, wherein the third target region of the HBV genome is located in a
promotor.

45. The method of claim 41, wherein the third target region of the HBV genome is located in a
section of the HBV genome that encodes a transcript selected from the group consisting of a
pgRNA, a preCore mRNA, a preS mRNA, a S mRNA, and a X mRNA.

46. The method of claims 41-45, wherein the third DNA binding domain comprises a CRISPR-
Cas protein.

47. The method of claim 46, wherein the epigenetic editing system further comprises a third
gRNA that comprises a region complementary to a strand of the third target region.

48. The method of claim 47, wherein the third gRNA comprises a sequence selected from a
gRNA sequence provided herein, e.g., of a gRNA sequence provided in Table 12 or 13.

49. The method of claims 41-45, wherein the third DNA binding domain comprises a zinc-finger
protein.

50. The method of claim 49, wherein the zinc-finger protein comprises a zinc-finger motif with a
sequence selected from a zinc finger motif provided herein.

51. The method of claim 49 or 50, wherein the zinc-finger protein comprises a sequence of a zinc
finger motif provided in Table 1.

52. The method of claims 41-51, wherein the epigenetic editing system further comprises a

second DNMT domain or a nucleic acid encoding thereof.
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53. The method of claims 52, wherein the second DNMT domain is a DNMT3A domain or a
DNMT3L domain.

54. The method of claim 53, wherein the epigenetic editing system comprises a third fusion
protein or a nucleic acid encoding thereof, wherein the third fusion protein comprises the
third DNA binding domain and the second DNMT domain.

55. The method of claim 54, wherein the third fusion protein comprises a sequence of a fusion
protein provided herein.

56. An epigenetic editing system comprising:

a fusion protein or a nucleic acid encoding the fusion protein,

wherein the fusion protein comprises:

(a) a DNA-binding domain that binds a target region of a HBV gene or genome,

(b) a first DNA methyltransferase (DNMT) domain, and

(¢) a transcriptional repressor domain.

57. The epigenetic system of claim 56, wherein the epigenetic editing system is capable of

reducing a number of the HBV viral episome, replication of the HBV, or expression of a gene

product encoded by the HBV gene or genome, wherein said reduction is at least about 20%
compared to contacting the HBV gene or genome with a suitable control.

58. The epigenetic system of claim 56 or 57, wherein the HBV genome is a covalently closed
circular DNA (cccDNA) or an HBV integrated DNA.

59. The epigenetic system of claims 56-58, wherein the HBV genome comprises HBV genotype
A, HBV genotype B, HBV genotype C, HBV genotype D, HBV genotype E, HBV genotype
F, HBV genotype G or HBV genotype H.

60. The epigenetic system of claims 56-59, wherein the HBV genome comprises a sequence with
at least 80% identity to an HBV genome sequence provided herein.

61. The epigenetic system of claims 56-60, wherein the target region is located in a region of the
HBYV genome within nucleotide 0-303, 1000-2448 or 2802-3182 of an HBV genome
sequence provided herein.

62. The epigenetic system of claims 56-60, wherein the target region of the HBV genome is
located in a CpG island.

63. The epigenetic system of claims 56-60, wherein the target region of the HBV genome is

located in a promotor.
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64. The epigenetic system of claims 56-60, wherein the target region of the HBV genome is
located in a section of the HBV genome that encodes a transcript selected from the group
consisting of a pgRNA, a preCore mRNA, a preS mRNA, a S mRNA, and a X mRNA.

65. The epigenetic system of claims 56-64, wherein the DNA binding domain comprises a
CRISPR-Cas protein.

66. The epigenetic system of claim 65, wherein the epigenetic editing system further comprises a
gRNA that comprises a region complementary to a strand of the target region.

67. The epigenetic system of claim 66, wherein the gRNA comprises a sequence selected from a
gRNA sequence provided herein, e.g., in Table 12 or 13.

68. The epigenetic system of claims 56-64, wherein the DNA binding domain comprises a zinc-
finger protein.

69. The epigenetic system of claim 68, wherein the zinc-finger protein comprises a zinc-finger
motif with a sequence selected from a zinc finger motif provided herein.

70. The epigenetic system of claim 68 or 69, wherein the zinc-finger protein comprises a
sequence of a zinc finger motif provided in Table 1.

71. The epigenetic system of claims 56-70, wherein the transcriptional repressor domain
comprises a sequence of a transcriptional repressor provided herein.

72. The epigenetic system of claims 56-71, wherein the first DNMT domain is a DNMT3A
domain or a DNMT3L domain.

73. The epigenetic system of claim 72, wherein the DNMT domain comprises a sequence of a
DNMT domain provided herein.

74. The epigenetic system of claims 56-73, wherein the fusion protein further comprises a second
DNMT domain.

75. The epigenetic system of claim 74, wherein the second DNMT domain is a DNMT3A
domain or a DNMT3L domain.

76. The epigenetic system of claims 56-75, wherein the fusion protein further comprises a
nuclear localization sequence (NLS).

77. The epigenetic system of claim 76, wherein the fusion protein comprises a sequence of a
fusion protein provided herein.

78. An epigenetic editing system comprising:

a first fusion protein or a nucleic acid encoding the first fusion protein, wherein the first fusion
protein comprises a first DNA binding domain and a first DNMT domain, wherein the first

DNA binding domain binds a first target region of a HBV genome, and
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a second fusion protein or a nucleic acid encoding the second fusion protein, wherein the second
fusion protein comprises a second DNA binding domain and a transcriptional repressor
domain, wherein the second DNA binding domain binds a second target region of the HBV
genome.

79. The epigenetic system of claim 78, wherein the epigenetic editing system is capable of
reducing a number of the HBV viral episome, replication of the HBV, or expression of a gene
product encoded by the HBV genome, wherein said reduction is at least about 20% compared
to contacting the HBV genome with a suitable control.

80. The epigenetic system of claim 78 or 79, wherein the HBV genome is a covalently closed
circular DNA (cccDNA) or an HBV integrated DNA.

81. The epigenetic system of claims 78-80, wherein the HBV genome comprises HBV genotype
A, HBV genotype B, HBV genotype C, HBV genotype D, HBV genotype E, HBV genotype
F, HBV genotype G or HBV genotype H.

82. The epigenetic system of claims 78-81, wherein the HBV genome comprises a sequence with
at least 80% identity to an HBV genome provided herein.

83. The epigenetic system of claims 78-81, further comprising a third fusion protein or a nucleic
acid encoding the third fusion protein, wherein the third fusion protein comprises a third
DNA binding domain and a second DNMT domain, wherein the third DNA binding domain
binds a third target region of the HBV genome.

84. The epigenetic system of claim 83, wherein the first target region, the second target region or
the third target region is located in a region of the HBV genome within nucleotide 0-303,
1000-2448 or 2802-3182 of an HBV genome provided herein.

85. The epigenetic system of claim 83, wherein the first target region, the second target region or
the third target region of the HBV genome is located in a CpG island.

86. The epigenetic system of claim 83, wherein the first target region, the second target region or
the third target region of the HBV genome is located in a promotor.

87. The epigenetic system of claim 83, wherein the first target region, the second target region or
the third target region of the HBV genome is located in a section of the HBV genome that
encodes a transcript selected from the group consisting of a pgRNA, a preCore mRNA, a
preS mRNA, a S mRNA, and a X mRNA.

88. The epigenetic system of claim 83, wherein the first DNA binding domain, the second DNA
binding domain or the third DNA binding domain comprises a CRISPR-Cas protein.
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89. The epigenetic system of claim 88, wherein the epigenetic editing system further comprises a
first gRNA that comprises a region complementary to a strand of the first target region, a
second gRNA that comprises a region complementary to a strand of the second target region
or a third RNA that comprises a region complementary to a strand of the third target region.

90. The epigenetic system of claim 89, wherein the first gRNA comprises a sequence selected
from a gRNA sequence provided herein, e.g., provided in Table 12 or 13, the second gRNA
comprises a sequence selected from a gRNA sequence provided herein, e.g., provided in
Table 12 or 13, and/or the third gRNA comprises a sequence selected from a gRNA sequence
provided herein, e.g., provided in Table 12 or 13.

91. The epigenetic system of claim 83, wherein the first DNA binding domain, the second DNA
binding domain or the third DNA binding domain comprises a zinc-finger protein.

92. The epigenetic system of claim 91, wherein the zinc-finger protein comprises a zinc-finger
motif with a sequence selected from a zinc finger motif provided herein.

93. The epigenetic system of claim 91 or 92, wherein the zinc-finger protein comprises a
sequence of a zinc finger motif provided in Table 1.

94. The epigenetic system of claims 78-93, wherein the transcriptional repressor domain
comprises ZIM3.

95. The epigenetic system of claims 78-94, wherein the first DNMT domain is a DNMT3A
domain or a DNMT3L domain.

96. The epigenetic system of claim 95, wherein the first DNMT domain comprises a sequence of
a DNMT provided herein.

97. The epigenetic system of claim 83, wherein the second DNMT domain is a DNMT3A
domain or a DNMT3L domain.

98. The epigenetic system of claim 97, wherein the second DNMT domain comprises a sequence
of a DNMT domain provided herein.

99. The epigenetic system of claim 78-98, wherein the first fusion protein comprises a sequence
of a fusion protein provided herein.

100. The epigenetic system of claims 78-99, wherein the second fusion protein comprises
a sequence of a fusion protein provided herein.

101. The epigenetic system of claims 83-99, wherein the third fusion protein comprises a
sequence of a fusion protein provided herein.

102. The method of claim 1, wherein the epigenetic editing system comprises a nucleic

acid sequence provided in Table 18.

-301-



