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COMPOSITIONSAND METHODS FOR EPIGENETIC REGULATION
OF HBV GENE EXPRESSION

CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Provisional Application No. 63/409,607,
filed September 23,2022, U.S. Provisional Application No. 63/502,328, filed May 15, 2023,
U.S. Provisional Application No. 63/516,063, filed July 27,2023, and U.S. Provisional
Application No. 63/581,229, 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 curerate (defined as durable HBsAgloss and undetectable serum
HBYV after completing a course of treatment) of less than 20%. Accordingly, thereis 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, 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, 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 the number, replication, and/or expression in the subject before administering.

Some aspects of this disclosure provide methods of treatingan HBV infection in a subject
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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, and/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 the number, replication, and/or expression in the
subject before administering. Some aspects of this disclosure provide methods of modulating
expression of an HBV gene or genome comprising contactingthe 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
productis a nucleic acid or a protein, wherein said reduction is at least about 20% compared to
contactingthe HBV genome with a suitable control, and/or wherein said reduction of gene
product encoded by the HBV gene or genome is at least about 20% compared to the expression
in the subject before administering. Some aspects of this disclosure provide methods 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, and/or wherein said reduction of
the number of HBV viral episomes or replication of the HBV gene or genome is at least about
20% compared to the the number and/or replication in the subject before administering. 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
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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 the number,
replication, and/or expression in the subject before administering. In some embodiments, the
HBYV 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
HBYV genome is located in a CpG island. In some embodiments, the first target region of the
HBYV 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 precure mRNA, a preS mRNA, a SmRNA, 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 and/or disclosed herein, e.g., in
Table 14 and/or 15. 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 DNMT3 A domain
ora 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 DNMT3 A domain ora DNMT3L domain. In some

embodiments, the second DNMT domain comprises a sequence of a DNMT domain provided
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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
HBYV genome that encodes a transcript selected from the group consisting of a pgRNA, a
precure mRNA, a preSmRNA, 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 and/or disclosed in
Table 14 and/or 15. 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 some embodiments, the third target region of the HBV genome is located in a CpG
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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 precure mRNA, a preS mRNA, a SmRNA, 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 and/or disclosed in Table 14 and/or 15. 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 DNMT3 A domain ora 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 comprisesa
nucleic acid sequence provided in Table 20. 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 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 contactingthe HBV
genome with the epigentic 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
HBYV gene or genome is at least about 25%, at least about 50%, at least about 75%, at least about
80%, atleast about 90%, at least about 95%, atleast about 99%, at least about 99.5%, at least
about 99.8%, at least about 99.9%, at least about 99.95%, atleast 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 contactingthe HBV genome with the epigentic editing system, or before

administering the epigenetic editing system to the subject.
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[0005] 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) oran HBV integrated DNA. In some embodiments, the HBV
genome comprises HBV genotype A, HBV genotype B, HBV genotype C, HBV genotype D,
HBYV 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 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 precure mRNA, a preS mRNA, a SmRNA, and a XmRNA. 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 14 and/or 15. 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 DNMT3 A domain or a DNMT3L domain. In some embodiments, the
DNMT domain comprisesa 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 DNMT3 A domain ora 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
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herein. 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 domainbindsa 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 genomeis a covalently closed circular DNA
(cccDNA) or an HBV integrated DNA. In some embodiments, the HBV genome comprises
HBYV genotype A, HBV genotype B, HBV genotype C, HBV genotype D, HBV genotype E,
HBYV 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 provided herein. In
some embodiments, the epigenetic editing system further comprisesa third fusion protein or a
nucleic acid encoding the third fusion protein, wherein the third fusion protein comprisesa 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
HBYV genome is located in a CpGisland 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 HBV genome that encodes a transcript selected
from the group consisting of a pgRNA, a precure mRNA, a preS mRNA, a SmRNA, 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 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 and/or
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disclosed in Table 14 and/or 15, the second gRNA comprisesa sequence selected from a gRNA
sequence provided herein, e.g., provided and/or disclosed in Table 14 and/or 15, and/or the third
gRNA comprises a sequence selected from a gRNA sequence provided and/or disclosed herein,
e.g., provided and/or disclosed in Table 14 and/or 15. 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 comprisesa 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 DNMT3 A 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 DNMT3 A 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 of any of the previous
methods, the epigenetic editing system comprises a nucleic acid sequence provided in Table 20.
In some embodiments, the reduction of the number of HBV viral episomes, of replication of the
HBYV 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 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 epigentic 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%, atleast about 99.5%, atleast about 99.8%, atleast about
99.9%, at least about 99.95%, atleast 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 epigentic editing system, or before administering the epigenetic

editing system to the subject.
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[0006] 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 14 and/or 15. 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 20. 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 DNMT3 A domain or a DNMT3L domain. In some embodiments, the
first DNMT domain comprisesa 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 DNMT3 A
domain or a DNMT3L domain. In some embodiments, the second DNMT domain comprisesa
sequence of a DNMT 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
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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 a 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 20. 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 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 epigentic 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
HBYV gene or genome is at least about 25%, at least about 50%, at least about 75%, at least about
80%, atleast about 90%, at least about 95%, atleast about 99%, at least about 99.5%, at least
about 99.8%, at least about 99.9%, at least about 99.95%, atleast 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 epigentic editing system, or before
administering the epigenetic editing system to the subject.

[0007] 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
[0008] 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.
[0009] Figure 2 is a heat map showing conservation of guide RNA target domains across

different HBV genotypes.
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[0010] Figure 3 is a bar graph illustrating the geographical distribution of different HBV
genotypes.

[0011] 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 showingthe 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.

[0012] Figure SA 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 Hep2 G-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).

[0013] Figure 6 is a diagram describing the experimental timeline for a guide RNA screen
testing different CRISPR-based epigenetic repressor systemsin a HepG2-NTCP infection model
with ELISA readout for HBe and HBs antigens at day 6.

[0014] Figure 7 is a diagram showing QC results from different LNP batches used in the
guide screen.

[0015] 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.

[0016] 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.

[0017] 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%
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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 HBs expression for exemplary guide RNA #3 .2 is indicated by red
lines.

[0018] Figure 11 is a diagram showinga 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.

[0019] 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.

[0020] 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/S cell model with ELISA readout for HBs antigen at day 4; and Figure
13Bis a graph summarizing the percentage reduction in HBs antigen at day 4 relative to non-
targeting control.

[0021] 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 14Bis 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=
PLAO002 and gRNA#007, EE2=PLLA002 and gRNA#008, EE3=PLA002 and gRNA#009,
EE4=PLA002 and gRNA#015, and EES=PLA002 and gRNA#011.

[0022] Figure 15A 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 15B is a graph summarizing the percentage reductionin 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
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experiment, for instance, "1" represents "mRNAO0001" construct, and "20" represents
"mRNAO0020" construct.

[0023] Figure 16A is a graph summarizing the results of top ten ZF-off constructs from
Figure 15B. Figure 16B 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 HBsAgor
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.
The position of the respective guide RNA within the HBV genome (bottom) is mapped on the
X-axis.

[0024] Figure 17 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.

[0025] Figure 18 is an experimental timeline for testing durable silencing of HBsAg (top)
and a graph showingthe durability of HBsAgsilencingby ZF fusion proteins (bottom). The
mRNA corresponding to the ZF motif for each fusion protein is indicated.

[0026] Figure 19 is an experimental timeline for testing HBsAg silencing in a PLC/PRF/S in
vitro model (top) and a graph showing % HBsAgrelative 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.
[0027] Figure 20A is a volcano plot showing differentially expressed (DE) genes for an
exemplary ZF specificity assay. DE genes are shown with dots. Figure 20B 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=PL.A002 and gRNA#008, EE3=PLA002 and gRNA#009, EE4=PL.A002
and gRNA#015, and EES=PLA002 and gRNA#011. Also shown are results for low specificity
and host target gene controls. Figures 20C-20D 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
(PCSK9, next-to-final panel) as well as a low specificity control (final panel) are also shown.

Figure 20C shows the results versus effector only. Figure 20D shows the results versus no
treatment. EE1=PLAO002 and gRNA#007, EE2=PLLA002 and gRNA#008, EE3=PLLA002 and
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gRNA#009, EE4=PLA002 and gRNA#015, EES=PLA002 and gRNA#011, EE6=PLA002 and
gRNA#003, and EE7=PLA002 and gRNA#016.
[0028] Figure 21 is an illustration of an experimental schematic for an in vivo study of

multiplexing ZF fusion protein effectors.

DETAILED DESCRIPTION OF THE INVENTION
[0029] The present disclosure provides epigenetic editors, and strategies and methods of
using such epigenetic editors, for regulating expression of HBV. By altering expression of
HBYV, and in particular, by repressing expressionof 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.
[0030] 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 referencein its entirety).
[0031] Exemplary HBV sequences canbe 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 referencein their entirety, and the sequences of which are provided
elsewhere herein.
[0032] 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
advantages compared to other genome engineering methods, includingincreased efficiency,
decreased risk of translocation, and durable silencing of HBV.
[0033] Hepatitis I virus (HDV) is the smallest pathogen known to infect humans. HDV
infection is only found in patients infected with HBV, as HDV relies on HBV tunctions for most
of its functions, including viral packaging, infectivity, transmission, and inhibition of host
immuntty. About 5% of patients with HBV infection also have an HDV infection. HDYW uses
HBYV S-antigen (HBsAg) as a capsid protein, and HDV infection is theretore dependent on HBV
S-antigen production. Decreasing HBV S-antigen expression also reduces HDV wnfectivity. The
structure and biclogy of HDV has been reported (see, for example, Asselah and Rizzetio,

Hepatitis I Virus Infection, The New England Journal of Medicine (389;1; July 6, 2023},

-14-



WO 2024/064910 PCT/US2023/074931

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.

[0034] 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.

[0035] 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 comprisinga DNMT3 A 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, atleast 3 weeks, atleast 4 weeks, atleast 5 weeks, atleast 6 weeks, atleast 7 weeks, at
least 2 months, atleast 3 months, atleast 4 months, atleast 5 months, at least 6 months, atleast
1 year, atleast 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.

[0036] 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

[0037] 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-bindingdomain as described herein may be, e.g., a polynucleotide
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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.

[0038] In some embodiments, a DNA-binding domain described herein is encoded by its
native coding sequence. In other embodiments, the DNA-binding domainis encoded by a

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

A. Polynucleotide Guided DNA-Binding Domains
[0039] 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 Il CRISPR-associated nuclease. In some embodiments,
the protein domain may be derived from a Cas nuclease such as a Type II, Type IIA, Type IIB,
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, Cas1B, Cas2, Cas3, Cas4, Cas5,
Cas6, Cas7, Cas8, Cas9, Cas10, Casl4a, Casl4b, Casldc, CasX, CasY, CasPhi, C2c4, C2cS8,
C2¢9, C2c10, Csy1,Csy2, Csy3, Csel, Cse2, Cscl, Csc2, Csas, Csn2, Csm2, Csm3, Csm4,
Csm5, Csm6, Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, Csb1, Csb2,Csb3, Csx17,Csx 14, Csx 10,
Csx16, CsaX, Csx3, Csx1, Csx18S, Csf'1, Cst2, CsO, Csf4, and homologues and modified
versions thereof. “Derived from” is used to mean that the protein domain comprises the full
polypeptide sequence 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).
[0040] 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 polypeptideis 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 polypeptideis Cas9 from Staphylococcus aureus (SEQ ID NO: 3).
In some embodiments, the CRISPR-associated protein domainis 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 Cpf'1 polypeptide described
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herein (e.g., Cpf1 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.

[0041] 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 sp., Nitrosococcus halophilus, Nitrosococcus watsoni, Pseudoalteromonas
haloplanktis, Ktedonobacter racemifer, Methanohalobium evestigatum, Anabaenavariabilis,
Nodularia spumigena, Nostoc sp., Arthrospira maxima, Arthrospira platensis, Arthrospira sp.,
Lyngbya sp., Microcoleus chthonoplastes, Oscillator ia sp., Petrotoga mobilis, Thermosipho
afiicanus, 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.

[0042] In some embodiments, the Cas9 domain is from Streptococcus pyogenes. In some
embodiments, the Cas9 domain is from Staphylococcus aureus.

[0043] Other Cas domains are also contemplated for usein 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), Caso (CasPhi) (e.g., SEQ ID NO: 7), Cas12f1 (Casl4a) (e.g., SEQID
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NO: 8), Cas12f2 (Casl4b) (e.g., SEQID NO: 9), Cas12f3 (Casl4c) (e.g., SEQ ID NO: 10), and
C2c8(e.g, SEQIDNO: 11).

[0044] For epigenetic editing, the nuclease-derived protein domain (e.g., a Cas9 or Cpf1
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),
dCpf1, ddCpfl, dCasPhi, ddCas12a, dLbCpfl, 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 RuvC1l) 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 embodiments, the dCas9 only comprises a RuvC1 subdomain, or only comprises an
HNH subdomain. Itisto be understood that any mutation that inactivates the RuvC1 and/or the
HNH domain may be includedin a dCas9 herein, e.g., insertion, deletion, or single or multiple
amino acid substitution in the RuvC1 domain and/or the HNH domain.

[0045] 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).

[0046] In some embodiments, a dCas9 protein as described herein comprisesa mutation at
position(s) corresponding to position D10 (e.g., D10A), N580(e.g., NS80A), 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).
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[0047] 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).

[0048] A dCpf1 protein domain may comprise one, two, or more mutations as compared to
wildtype Cpf1 that reduce or abrogate its nuclease activity. The Cpf1 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 Cpf1 amino acid sequences described herein. In some embodiments, the dCpf1
comprises a D917A mutation. In particular embodiments, the dCpfl comprises the amino acid
sequence of dFnCpf1 (SEQ ID NO: 14).

[0049] 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:
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).

[0050] 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.

[0051] A CRISPR-associated protein domain described herein may recognize a protospacer
adjacent motif (PAM) sequencein a target gene. A “PAM” sequence is typically a2 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 butis not

part of the target sequence. The CRISPR-associated protein domain may either recognize a
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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., SEQID NO: 32). Another example is the Cas9 of Francisella
novicida engineered to recognize 5’-YG-3’ (where “Y” is a pyrimidine).

[0052] 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.

[0053] Guide RNAs that can be used in conjunction with the CRISPR-associated protein

domains herein are further described in Section Il below.

B. Zinc Finger Protein Domains
[0054] 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 zincion. 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.
[0055] 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)4-Cys-(X)12-His-(X)3.s-His- (SEQ ID NO:1091), where X is any
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independently chosen amino acid. In some embodiments, a ZFP domain herein may comprise a
ZF array comprising sequential C2ZH2-ZFs each contacting three or more sequential nucleotides.
Additional architectures, e.g. as described in Paschon etal., Nat. Commun. 10,1133 (2019), are
also possible.

[0056] A ZFP domain of an epigenetic editor described herein may include?2, 3,4,5,6,7, 8,
9,10, 11, 12, ormore 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
18to 21 nucleotides.

[0057] In some embodiments, ZFs in a ZFP domain described herein are connected via
peptide linkers. The peptidelinkers maybe, 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
more amino acids. In some embodiments, a linker comprises 7-17 amino acids. The linker may
be flexible or rigid.

[0058] In some embodiments a zinc finger array may have the sequence:

SRPGERPFQCRICMRNFSXXXXXXXHXXTHTGEKPFQCRICMRNFSXXXXXXXHXXTH [
1linker] FOQCRICMRNESXXXXXXXHXXTHTGEKPFQCRICMRNESXXXXXXXHXXTH [
1linker] PFQCRICMRNFESXXXXXXXHXXTHTGEKPFQCRICMRNESXXXXXXXHXXTH

LRGS (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.

[0059] 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
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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.

[0060]

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

domains herein, and their HBV target sequences, are shown belowin 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 20 sequence listing.

ZFP SEQ Target Start End Strd Fl F2 F3 F4 F5 F6
1D Sequence

ZFP894 33 | GATGAGGC 415 432 - KKEN | RODN | RSHN | 0STT | RNTN | IKHON
ATAGCAGC LLO LNS LKL LKR LTR LAR
AG

ZFP895 34 | GATGAGGC 415 432 - KKEN | RKDY | RSHN | 0STT | ROQDN | VVNN
ATAGCAGC LLO LIS LKL LKR LGR LNR
AG

ZFP896 35 | GATGAGGC 415 432 - KKEN | RKDY | RSHN | 0STT | ROQDN | VVNN
ATAGCAGC LLO LIS LRL LKR LGR LNR
AG

ZFP899 36 | GATGATTA 1828 1845 - RRHI | ROQDN | 0STT | RRDG | VHHN | ISHN
GGCAGAGG LDR LGR LKR LAG LVR LAR
TG

ZFPS0O0 37 | GATGATTA 1828 1845 - RREV | RRDN | 03STT | RRDG | VHHN | ISHN
GGCAGAGG LEN LNR LKR LAG LVR LAR
TG

ZFPS01 38 | GATGATTA 1828 1845 - RRAV | ROQDN | OSTT | RRDG | VHHN | ISHN
GGCAGAGG LDR LGR LKR LAG LVR LAR
TG

ZFPS02 39 | GGATTCAG 1433 1450 - ROEH | EGGN | SDRR | SFQS | RPNHO | OSPH
CGCCGACG LVR LMR DLD YLE LAT LKR
GG

ZFPS03 40 | GGATTCAG 1433 1450 - RREH | DPSN | SDRR | SFQS | RPNHO | OSPH
CGCCGACG LVR LOR DLD YLE LAT LKR
GG

ZFP904 41 | GGATTCAG 1433 1450 - RREH | DMGN | SDRR | SFQS | RENH | OSPH
CGCCGACG LVR LGR DLD YLE LAT LKR
GG

ZFPS0O7 42 | GGCAGTAG 90 108 - KKDH | QKEI | OSAH | ETGS | QSHS | ESGH
TCGGAACA LOR LTR LKR LRR LKS LKR
GGG

ZFPS08 43 | GGCAGTAG 90 108 - KKDH | QKEI | OSAH | DRTP | QSHS | ESGH
TCGGAACA LOR LTR LKR LNR LKS LKR
GGG

ZFPS09 44 | GGCAGTAG 90 108 - KTDH | QKEI | OSAH | ETGS | QKHH | ENSK
TCGGAACA LAR LTR LKR LRR LvT LRR
GGG

ZFPS12 45 | GTAAACTG 664 682 - QAGN | ONSH | DLST | ONEH | GGTA | QRSS
AGCCAGGA LVR LRR LRR LKV LRM LVR
GAA

ZFPS913 46 | GTAAACTG 664 682 - QRGN | QTTH | DGST | OQKTH | GGTA | QR3S
AGCCAGGA LOR LSR LRR LAV LRM LVR
GAA

ZFPS14 47 | GTAAACTG 664 682 - QRGN | OTTH | DLST | ONEH | GGSA | QRSS
AGCCAGGA LOR LSR LRR LKV LsSM LVR
GAA
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ZFPS30 48 | ACGGTGGT 1605 1623 - DRGN | QARS | EKAS | DHSS | RREFI | RNDS
CTCCATGC LTR LRA LIK LKR LSR LKC
GAC

ZFPS31 49 | ACGGTGGT 1605 1623 - DRGN | QARS | DKSS | DHSS | RNFI | RNDT
CTCCATGC LTR LRA LRK LKR LOR LII
GAC

ZFPS32 50 | ACGGTGGT 1605 1623 - DRGN | QARS | CNGS | DHSS | RNFI | RNDT
CTCCATGC LTR LRA LKK LKR LOR LII
GAC

ZFPS33 51 | GCTGGATG 372 393 + RTDT | RTDS | DHSS | QPHG | QSAH | VGNS
TGTCTGCG LAR LPR LKR LAH LKR LSR
GCG

ZFPS34 52 | GCTGGATG 372 393 + RTDT | RTDS | DHSS | QPHG | QSAH | VGNS
TGTCTGCG LAR LPR LKR LRH LKR LSR
GCG

ZFPS35 53 | GCTGGATG 372 393 + RTDT | RLDM | DHSS | QPHG | QQAH | VHES
TGTCTGCG LAR LAR LKR LST LVR LKR
GCG

ZFPS38 54 | GTCTGCGA 2381 2398 - RADN | RNTH | RGDG | RRDN | RARN | DPSS
GGCGAGGG LGR LSY LRR LNR LTL LKR
AG

ZFPS39 55 | GTCTGCGA 2381 2398 - RADN | RNTH | RKLG | RQDN | RARN | DPSS
GGCGAGGG LGR LSY LLR LGR LTL LKR
AG

ZFPS40 56 | GTCTGCGA 2381 2398 - RADN | RNTH | RKLG | RQDN | RRRN | DHSS
GGCGAGGG LGR LSY LLR LGR LOL LKR
AG

ZFPS43 57 | GTTGCCGG 1146 1164 - Q0SS | RREH | GLTA | ERAK | AKRD | VNSS
GCAACGGG LLR LVR LRT LIR LDR LTR
GTA

ZFPS44 58 | GTTGCCGG 1146 1164 - Q0SS | RREH | GLTA | ERAK | LRKD | VRHS
GCAACGGG LLR LVR LRT LIR LVR LTR
GTA

ZFPS45 59 | GTTGCCGG 1146 1164 - QASA | RREH | GLTA | ERAK | AKRD | VNSS
GCAACGGG LSR LVR LRT LIR LDR LTR
GTA

ZFPS51 60 | CGAGAAAG 1085 1103 - RGRN | DSSV | QNAN | QKHH | QRSN | QKVH
TGAAAGCC LEM LRR LKR LAV LAR LEA
TGC

ZFPS52 61 | CGAGAAAG 1085 1103 - RRRN | DSSV | QNAN | QKHH | QRSN | QKVH
TGAAAGCC LDV LRR LKR LAV LAR LEA
TGC

ZFPS53 62 | CGAGAAAG 1085 1103 - RGRN | DSSV | LKSN | LKQH | LKTN | QKCH
TGAAAGCC LATI LRR LHR LvVvV LAR LKA
TGC

ZFPS56 63 | GAGGCTTG 1856 1874 - DGSN | RIDN | QRRY | QQTN | QRSD | RGDN
AACAGTAG LRR LDG LVE LAR LTR LNR
GAC

ZFPS57 64 | GAGGCTTG 1856 1874 - DPSN | RRDN | TTFN | QTON | HKET | REDN
AACAGTAG LOR LPK LRV LTR LNR LGR
GAC

ZFPS58 65 | GAGGCTTG 1856 1874 - DPSN | RRDN | QRRY | QQTN | QRSD | RGDN
AACAGTAG LOR LPK LVE LAR LTR LNR
GAC

ZFPSe6l 66 | GAGGTTGG 312 329 - QQTN | ANRT | EEAN | RGEH | TNSS | RIDN
GGACTGCG LTR LVH LRR LTR LTR LIR
AA

ZFPS62 67 | GAGGTTGG 312 329 - QQTN | ANRT | EEAN | RREH | MTSS | RQDN
GGACTGCG LTR LVH LRR LVR LRR LGR
AA

ZFPS63 68 | GAGGTTGG 312 329 - QQTN | ANRT | EEAN | RGEH | MTSS | RQDN
GGACTGCG LTR LVH LRR LTR LRR LGR
AA

ZFPS64 69 | GATGATGT 742 762 + RATH | RADV | QRSS | RKDA | VHHN | ISHN
GGTATTGG LTR LKG LVR LHV LVR LAR
GG
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ZFPS65 70 | GATGATGT 742 762 + RATH | RADV | QSSS | RKER | VRHN | ISHN
GGTATTGG LTR LKG LVR LAT LTR LAR
GG

ZFPS66 71 | GATGATGT 742 762 + KKDH | RKES | @SSS | RKER | VHHN | ISHN
GGTATTGG LHR LTV LVR LAT LVR LAR
GG

ZFPS69 72 | GATGATGT 742 763 + RVDH | RREH | @SSS | RKER | VAHN | ISHN
GGTATTGG LHR LSG LVR LAT LTR LAR
GGG

ZFPS70 73 | GATGATGT 742 763 + RKHH | RREH | @SSS | RKER | VAHN | ISHN
GGTATTGG LGR LTI LVR LAT LTR LAR
GGG

ZFPS71 74 | GATGATGT 742 763 + RVDH | RSDH | QSSS | RKER | VAHN | ISHN
GGTATTGG LHR LSL LVR LAT LTR LAR
GGG

ZFPS84 75 | GCAGTAGT 90 107 - KTDH | QKEI | QSAH | ETGS | QSSS | QTNT
CGGAACAG LAR LTR LKR LRR LVR LGR
GG

ZFPS85 76 | GCAGTAGT 90 107 - KKDH | QKEI | QSAH | ETGS | QSSS | QGGT
CGGAACAG LHR LTR LKR LRR LVR LRR
GG

ZFPS86 77 | GCAGTAGT 90 107 - KKDH | QKEI | QSAH | DPTS | @QSSS | QTNT
CGGAACAG LHR LTR LKR LNR LVR LGR
GG

ZFPS89 78 | GCATAGCA 409 426 - QQTN | VGGN | KRYN | RODN | RSHN | QSTT
GCAGGATG LTR LAR LYQ LNT LKL LKR
AA

ZFPSS0 79 | GCATAGCA 409 426 - QQTN | VGGN | KRYN | RODN | RSHN | QSTT
GCAGGATG LTR LSR LYQ LNT LRL LKR
AA

ZFPS9l 80 | GCATAGCA 409 426 - QQTN | VGGN | KKFN | RRDN | RSHN | QSTT
GCAGGATG LTR LSR LLO LKS LKL LKR
AA

ZFPSS94 81 | GGCGTTCA 1612 1630 - DKSS | DHSS | RNFI | RNDT | TSTL | LKEH
CGGTGGTC LRK LKR LOR LII LKR LTR
TCC

ZFPS85 82 | GGCGTTCA 1612 1630 - CNGS | DHSS | RNFI | RQDI | HKSS | ESGH
CGGTGGTC LKK LKR LAR LvVvV LTR LKR
TCC

ZFPS96 83 | GGCGTTCA 1612 1630 - CNGS | DHSS | RNFI | RQDI | TSTL | LKEH
CGGTGGTC LKK LKR LAR LvVvV LKR LTR
TCC

ZFPSS99 84 | GTTGGTGA 327 344 - TNNN | RTDS | QREH | RRDN | RRQK | HKSS
GTGATTGG LAR LTL LTT LNR LTI LTR
AG

ZFP100 85 | GTTGGTGA 327 344 - TNNN | RTDS | QREH | RGDN | RRQK | HKSS

0 GTGATTIGG LAR LTL LTT LKR LTI LTR
AG

ZFP100 86 | GTTGGTGA 327 344 - TNNN | RTDS | QREH | RGDN | RRQK | HKSS

1 GTGATTGG LAR LTL LNG LAR LTI LTR
AG

ZFP100 87 | GGAGGTTG 312 330 - QQTN | ANRT | DPAN | RQEH | MKHH | ONSH

5 GGGACTGC LTR LVH LRR LVR LGR LRR
GAA

ZFP100 88 | GGAGGTTG 312 330 - QQTN | ANRT | EEAN | RREH | MKHH | OQNSH

6 GGGACTGC LTR LVH LRR LVR LGR LRR
GAA

ZFP100 89 | GGAGGTTG 312 330 - QQTN | ANRT | DPAN | RQEH | LKQH | QGGH

7 GGGACTGC LTR LVH LRR LVR LVR LAR
GAA

ZFP100 90 | GGATGATG 741 762 + RNTH | RADV | QRSS | RKDA | QNEH | ONSH

8 TGGTATTG LAR LKG LVR LHV LKV LRR
GGG

ZFP100 91 | GGATGATG 741 762 + RNTH | RADV | QSSS | RKER | QKTH | QGGH

9 TGGTATTG LAR LKG LVR LAT LAV LKR
GGG
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ZFP101 92 | GGATGATG 741 762 + RNTH | RADV | QSSS | RKER | QKTH | ONSH

0 TGGTATTG LAR LKG LVR LAT LAV LRR
GGG

ZFP101 93 | GGATGTGT 375 395 + HKSS | ESGH | RRRN | DRSS | QPHS | QKPH

3 CTGCGGCG LTR LKR LTL LKR LAV LSR
TT

ZFP101 94 | GGATGTGT 375 395 + HKSS | EGGH | RRRN | DHSS | RRQH | QSAH

4 CTGCGGCG LTR LKR LOL LKR LQY LKR
TT

ZFP101 95 | GGATGTGT 375 395 + HKSS | EGGH | RRRN | DRSS | RRQH | QSAH

5 CTGCGGCG LTR LKR LTL LKR LQY LKR
TT

ZFP101 96 | GGGGGTTG 1184 1202 - GHTA | QSGT | DHSS | AMRS | RRSR | RGEH

8 CGTCAGCA LRN LHR LKR LMG LVR LTR
AAC

ZFP101 97 | GGGGGTTG 1184 1202 - GHTA | QSTT | DHSS | QQRS | EAHH | RTEH

9 CGTCAGCA LRN LKR LKR LVG LSR LAR
AAC

ZFP102 98 | GGGGGTITG 1184 1202 - GHTA | QSTT | DHSS | AMRS | ROSR | RREH

0 CGTCAGCA LRN LKR LKR LMG LOR LVR
AAC

ZFP102 99 | GTTGTTAG 2342 2363 + QGET | RADN | DKAN | DQGN | HRHV | TNSS

3 ACGACGAG LKR LRR LTR LIR LIN LTR
GCA

ZFP102 100 | GTTGTTIAG 2342 2363 + QGET | RADN | DSSN | DQGN | HKSS | IRTS

4 ACGACGAG LKR LRR LRR LIR LTR LKR
GCA

ZFP102 101 | GTTGTTIAG 2342 2363 + QGET | RADN | EQGN | DGGN | HRHV | TNSS

5 ACGACGAG LKR LRR LLR LGR LIN LTR
GCA

[0061] In some embodiments, the ZFP domain of the present epigenetic editor bindsto 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 shownin Table 1 and
Table 20. 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
[0062] 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
[0063] Other DNA-binding domains are contemplated for the epigenetic editors described

herein. In some embodiments, the DNA-binding domain comprises an argonaute protein
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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 contrastto Cas9, the NgAgo-gDNA system does not require
a protospacer-adjacent motif (PAM). Thus, usinga 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 etal., 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.

[0064] 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

[0065] 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, ora
mixture of both. For example, where the polynucleotide guided DNA-binding domainis 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.

[0066] 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 comprisedin 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 thatis 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 sequencein 1) may be referred to as, e.g., a crispr
RNA, or crRNA. The nucleotide sequencein 2) may be referred to as a scaffold sequence of a

guide nucleic acid, e.g., atractrRNA, or an activating region of a guide nucleic acid, and may

26-



WO 2024/064910 PCT/US2023/074931

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 alinker. 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.

[0067] 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
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.

10068} 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 bindsto 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 notinclude 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 Sternberget al., Nature (2014) 507(7490):62-7, each incorporated

herein by reference.
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{0069 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. Asthe
targeting domain is part of gRNA, which is an RNA molecule, it will typically comprise
ribonucleotides, while the DNA targeting domain will comprise deoxyribonucleotides.

{6076 An exemplary illustration of a Cas9 target site, comprisinga 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) 10 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 A R
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) ][ binding domain ]
{6071} 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 11 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)
N
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) ]
{60721 While not wishing to be bound by theory, atleast 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 hereinis 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 domainis 19-21 nucleotides in length. In some embodiments, the

targeting domain is 15 nucleotides in length. In some embodiments, the targeting domain is 16
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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 nucleotidesin length. In some
embodiments, the targeting domain is 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.

[0073] 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
foruse with Cas9. Exemplary gRNA design tools include the onesdescribed in Bae etal.,
Bioinformatics (2014)30:1473-5.

[0074] Guide polynucleotides (e.g., gRNAs) described herein may be of variouslengths. 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 nucleotidesin length. In some embodiments, the spacer
comprises 10-24,11-20, 11-16, 18-24, 19-21, or 20 nucleotidesin 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 atleast 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,

eg,by 1,2 3,4,5,10, 15,20, 25, 30, 40, 50 or more nucleotides.

-20.



WO 2024/064910 PCT/US2023/074931

[0075] In certain embodiments, the 3° end of the HB} target sequence is immediately
adjacentto 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 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.

[0076] A guide polynucleotide (e.g., gRNA) may be modified with, for example, chemical
alterations and synthetic modifications. A modified gRNA, forinstance, caninclude 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.

[0077] In some embodiments, one or moreribose 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°-O-(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.

[0078] In some embodiments, one or more phosphate groups of the gRNA may be
chemically modified. Examples of chemical modificationsto 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 nearthe 5’ end and/or the 3’ end; the PS linkages may be contiguous or
noncontiguous.

[0079] In some embodiments, the gRNA herein comprises a mixture of ribonucleotides and

deoxyribonucleotides and/or one or more PS linkages.
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[0080] In some embodiments, one or more nucleobases of the gRNA may be chemically
modified. Examples of chemically modified nucleobasesinclude, but are not limited to, 2-
thiouridine, 4-thiouridine, N6-methyladenosine, pseudouridine, 2,6-diaminopurine, inosine,
thymidine, S-methylcytosine, S-substituted pyrimidine, isoguanine, isocytosine, and nucleobases
with halogenated aromatic groups. Chemical modifications canbe madein the spacer region,
the tracr RNA region, the stem loop, or any combination thereof.

[0081] 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

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

igg 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 CGCAGAGTCTAGACTCGT GG 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 -
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360 TACTAGTGCCATTTGTTCAG 680 699 +
361 CCATTTGTTCAGTGGTTCGT 688 707 +
362 CATTTGTTCAGTGGTTCGTA 689 708 +
363 CCTACGAACCACTGAACARAA 691 710 -
364 TTTCAGTTATATGGATGATG 731 750 +
365 CAAAAGAAAATTGGTAACAG 799 818 -
366 TACCAATTTTCTTTTGTCTT 803 822
367 ACCAATTTTCTTTTGTCTTT 804 823
368 ACCCAAAGACAAAAGARAAAT 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 1164 -
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 -
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402 AAACAAAGGACGTCCCGCGC 1408 1428 -
403 GTCCTTTGTTTACGTCCCGT 1417 1437 +
404 CGCCGACGGGACGTAAACAA 1422 1442 -
405 TGCCGTTCCGACCGACCACG 1504 1523 +
406 AGGTGCGCCCCGTGGTCGGET 1513 1533 -
407 AGAGAGGTGCGCCCCGTGGET 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 -
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444 GCTGTGCCTTGGGTGGCTTT 1877 | 1897 +
445 CTGTGCCTTGGGTGCCTTTG 1878 | 1898 +
446 TAGCTCCAAATTCTTTATAA 1916 | 1936 -
447 GTAGCTCCAAATTCTTTATA 1917 | 1937 -
448 TAAAGAATTTGGAGCTACTG 1919 | 1939 +
449 ATGACTCTAGCTACCTGGGT 2097 | 2117 +
450 CACATTTCTTGTCTCACTTT 2211 | 2231 +
451 TAGTTTCCGGAAGT GT TGAT 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 -
462 GATTGAGATCTTCTGCGACG 2415 | 2435 -
463 GTCGCAGAAGATCTCAATCT 2416 | 2436 +
464 TCGCAGAAGATCTCAATCTC 2417 | 2437 +
465 ATATGGTGACCCACAAAATG 2807 | 2827 -
466 TTTGTGGGTCACCATATTCT 2810 | 2830
467 TTGTGGGTCACCATATTCTT 2811 | 2831
468 GCTGGATCCAACTGGTGGTC 2894 | 2914 -
469 CACCCCAAAAGGCCTCCGTG 3026 | 3046 -
470 CCTTTTGGGGTGGAGCCCTC 3034 | 3054 +
471 CCTGAGGGCTCCACCCCAAA 3037 | 3057 -
472 GGGGTGGAGCCCTCAGGCTC 3040 | 3060 +
473 GGGTGGAGCCCTCAGGCTCA 3041 | 3061 +
474 CGATTGGTGGAGGCAGGAGS 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 GCTGGATGTGTCTGCGGCG 372 393 +
109 GTCTGCGAGGCGAGGGAG 2381 | 2398 -
110 GTTGCCGGGCAACGGGGTA 1146 | 1164 -
111 CGAGAAAGTGAAAGCCTGC 1085 | 1103 -
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112 GAGGCTTGAACAGTAGGAC 1856 | 1874 -
113 GAGGTTGGGGACTGCGAA 312 329 -
114 GATGATGTGGTATTGGGG 742 762

115 GATGATGTGGTATTGGGGG 742 763

lle 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 +

[0082] Target domains identified above that are adjacent to a PAM sequence, e.g., an S.
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.

[0083] 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.

[0084] 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°)
GUUUAAGAGCUAUGCUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGUUAUCAACU

1087 UGAAAAAGUGGCACCGAGUCGGUGCUUUUUUU
GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUG

1088 GCACCGAGUCGGUGCUUUU

1089 GUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGUUAUCAACU
UGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
GUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGUUAUCAACU

1090 UGAAAAAGUGGCACCGAGUCGGUGCUUUUUUU
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[0085] 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 expressesthe gRNA from the expression
vector. Methods of introducing gRNAs and expression vectors into cells are well known in the

art.

II1. Effector Domains

[0086] 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 alsoreferred 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.

[0087] 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.
[0088] 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.

[0089] 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.

[0090] 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 canbe 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 genome browser. Protein annotation databases such as UniProt or Pfam can be used to
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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.

[0091] 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.

[0092] 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 SUMOy]lation.

[0093] In certain embodiments, an effector domain described herein (e.g., DNMT3 A 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 hereinis
encoded by a nucleotide sequence that has been codon-optimized for optimal expression in
human cells.

[0094] Effector domains described herein may include, for example, transcriptional

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

A. Transcriptional Repressors
[0095] 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
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
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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, ora NuRD
protein domain.

[0096] 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 etal., Development (2017) 144(15):2719-29 and Lambert et
al., Cell (2018) 172:650-65.

[0097] 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, ZNF3 50,
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 KOXI,
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.

[0098] Exemplary effector domains that may reduce or silence target gene expression are
provided in Table 4 below (SEQ: SEQ ID NO, see Table 20 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 Tyckoetal., 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
ZNF677 519
ZNF596 520
ZNF214 521
ZNF37A 522
ZNF34 523
ZNF250 524
ZNF547 525
ZNF273 526
ZNF354A 527
ZFP82 528
ZNF224 529
ZNF33A 530
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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
CBX3 HUMAN 794
ZNF30 HUMAN 795
ZN250 HUMAN 796
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Protein SEQ

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 (KOXT1) 551

CBXS5 (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

HERC2 (Cyt-b5) 560

BIN1 (SH3 9) 561

PCGF2 (RING finger protein
domain) 562
TOX (HMG box) 563
FOXAT1 (HNF3 A C-terminal
domain) 564
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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 219
ZN717 HUMAN 320
ZN669 HUMAN 821
ZN256 HUMAN 822
ZN251 HUMAN 823

CBX4 HUMAN 824
PCGF2 HUMAN 825

CDY2 HUMAN 826
CDYL2 HUMAN 827
HERC2 HUMAN 378
ZN562 HUMAN 829
ZN461 HUMAN 830
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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
HOXA11 (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
ZIK1 HUMAN 591
ZNF2 HUMAN 592
Z705F HUMAN 593
ZNF14 HUMAN 594
ZN471 HUMAN 595
ZN624 HUMAN 596
ZNF84 HUMAN 597
ZNF7 HUMAN 598
ZN891 HUMAN 599
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Protein SEQ
7324A HUMAN 231
ZN766 HUMAN 832
ID2 HUMAN 833
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 8472
ZN764 HUMAN 843
SCML2 HUMAN R44
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
I2BP1 HUMAN 859
RHXF1 HUMAN 860
SSX2 HUMAN 861
[2BPL_ HUMAN 862
ZN680 HUMAN 863
CBX1 HUMAN 864
TRI68 HUMAN 865




WO 2024/064910

Protein SEQ
ZN337 HUMAN 600
Z2705G_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
ZN667 HUMAN 629
ZN649 HUMAN 630
ZN470 HUMAN 631
ZN484 HUMAN 632
ZN431 HUMAN 633
ZN382 HUMAN 634
ZN254 HUMAN 635
ZN124 HUMAN 636

42-

PCT/US2023/074931

Protein SEQ
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
SAMI11 _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
HXA11l HUMAN 891
PDLI4 HUMAN 892
ASCL2 HUMAN 803
CDX4 HUMAN 894
ZN860 HUMAN 895
LMBL4 HUMAN 896
PDIP3 HUMAN 897
NKX25 HUMAN 898
CEBPB_HUMAN 899
ISL1 HUMAN 900
CDX2 HUMAN 901
PROP1 HUMAN 902
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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
ZN480 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
ZN782 HUMAN 664
ZN791 HUMAN 665
ZN331 HUMAN 666
7354C_HUMAN 667
ZN157 HUMAN 668
ZN727 HUMAN 669
ZN550 HUMAN 670
ZN793 HUMAN 671
ZN235 HUMAN 672

ZNF8 HUMAN 673
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Protein SEQ
SIN3B HUMAN 903
SMBT1 HUMAN 904
HXC11 HUMAN 905
HXC10 HUMAN 9206
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
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
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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
ZFP82 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
ZN433 HUMAN 699
SUMO3 HUMAN 700
ZNF98 HUMAN 701
ZN175 HUMAN 702
ZN347 HUMAN 703
ZNF25 HUMAN 704
ZN519 HUMAN 705
Z585B HUMAN 706
ZIM3 HUMAN 707
ZN517 HUMAN 708
ZN846 HUMAN 709
ZN230 HUMAN 710
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Protein SEQ
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 948
DLX3 HUMAN 949
DLX1 HUMAN 950
NKX26 HUMAN 951
NAB1 HUMAN 952
SAMD7 HUMAN 953
PITX3 HUMAN 954
WDR5 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
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
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ZNF66 HUMAN 711
ZFP1 HUMAN 712
ZN713 HUMAN 713
ZN816 HUMAN 714
ZN426 HUMAN 715
ZN674 HUMAN 716
ZN627 HUMAN 717
ZNF20 HUMAN 718
Z587B_ 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
ZN610 HUMAN 734
ZN528 HUMAN 735
ZN284 HUMAN 736
ZN418 HUMAN 737
MPP8 HUMAN 738
ZN490 HUMAN 739
ZN805 HUMAN 740
7Z780B_ HUMAN 741
ZN763 HUMAN 742
ZN285 HUMAN 743
ZNF85 HUMAN 744
ZN223 HUMAN 745
ZNFS0 HUMAN 746
ZN557 HUMAN 747
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Protein SEQ
TEADI HUMAN 977
TEAD3 HUMAN 978
RGAP1 HUMAN 979

PHF1 HUMAN 980
FOXA1 HUMAN 981
GATA2 HUMAN 982
FOX03 HUMAN 983
ZN212 HUMAN 984

IRX4 HUMAN 985
ZBED6__ HUMAN 986
LHX4 HUMAN 987
SIN3A HUMAN 088
RBBP7 HUMAN 989
NKX61 HUMAN 990
TRI68 HUMAN 991
R5TA1 HUMAN 992
MB3L1 HUMAN 993
DLX5 HUMAN 994
NOTC1 _HUMAN 995
TERF2 HUMAN 996
ZN282 HUMAN 997
RGS12 HUMAN 998
ZN840 HUMAN 999

SPI2B HUMAN 1000
PAX7 HUMAN 1001
NKX62 HUMAN 1002
ASXL2 HUMAN 1003
FOXO1 HUMAN 1004
GATA3 HUMAN 1005
GATA1 HUMAN 1006
ZMYM5 HUMAN 1007
ZN783 HUMAN 1008

SPI2B HUMAN 1009

LRP1 HUMAN 1010
MIXL1 HUMAN 1011

SGT1 _HUMAN 1012
LMCD1 _HUMAN 1013
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Protein SEQ Protein SEQ
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

[0099] 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 analoghas a sequenceidentity that is at least 75,
80, 85,90, 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.

[0100] 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 proteinis 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., ahuman KOX1. In certain embodiments, the epigenetic editor may comprise a
KRAB domain derived from ZIM3 (ZNF657 or ZNF264), e.g., ahuman 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
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described herein may comprise a CDYL2, e.g., ahuman CDYL2, and/ora TOX domain (e.g., a
human TOX domain) in combination with a KOX1 KRAB domain (e.g., a human KOX1 KRAB
domain).
[0101] 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
[0102] 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).
[0103] An effector domain described herein may be, e.g., a DNA methyltransferase
(DNMT) or a catalytic domain thereof, or may be capable of recruitinga 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 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 someembodiments, the methylationis ata CG (or CpG)
dinucleotide sequence. In some embodiments, the methylation is ata CHG or CHH sequence,
where H s any one of A, T, or C.In some embodiments, DNMTs in the epigenetic editors may
include, e.g., DNMT1, DNMT3 A, DNMT3B, and/or DNMT3C. In some embodiments, the
DNMT is amammalian (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 DNMT3 A 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
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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 DNMT3 A 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 accordingto SEQ ID NO: 1028).

[0104] In some embodiments, an effector domain described herein may be a DNMT-like
domain. Asused hereina “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, ora 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%, 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, ora 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).

[0105] 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 DNMT3 A domain (e.g., human DNMT3A), or only a DNMT-like domain
(e.g., DNMT3L, which may be human or mouse DNMT3L).

[0106] Table 5 below provides exemplary methyltransferases from which an effector
domain of an epigenetic editor described herein may be derived. See Table 20 for sequences of

these exemplary methyltransferases.
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Table S. Exemplary DNA Methyltransferase Sequences

Protein Name Species Target Protein Sequence
DNMT1 Human 5mC SEQ ID NO: 1027
DNMT3A Human 5mC SEQ ID NO: 1028
DNMT3A

(catalytic domain) | Human SmC SEQ ID NO: 1029
DNMT3B Human S5mC SEQ ID NO: 1030
DNMT3C Mouse SmC SEQ ID NO: 1031
DNMT3L Human S5mC SEQ ID NO: 1032
DNMT3L

(catalytic domain) | Human SmC SEQ ID NO: 1033
DNMT3L Mouse Smi SEQ ID NO: 1034
DNMT3L

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

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

Haemophilus
M.Hpall parainfluenzae SmC (CCGG) | SEQ ID NO: 1039
M. Alul Arthrobacter luteus SmC (AGCT) | SEQ ID NO: 1040
M.Haelll Haemophilus aegyptius SmC (GGCC) [ SEQ ID NO: 1041
M .Hhal Haemophilus haemolyticus | SmC (GCGC) | SEQ ID NO: 1042
M. Mspl Moraxella SmC (CCGG) | SEQ ID NO: 1043
Mascl Ascobolus SmC SEQ ID NO: 1044
MET1 Arabidopsis SmC SEQ ID NO: 1045
Masc?2 Ascobolus SmC SEQ ID NO: 1046
Dim-2 Neurospora SmC SEQ ID NO: 1047
dDnmt2 Drosophila SmC SEQ ID NO: 1048
Pmtl S. pombe SmC SEQ ID NO: 1049
DRMI Arabidopsis SmC SEQ ID NO: 1050
DRM2 Arabidopsis 5mC SEQ ID NO: 1051
CMT1 Arabidopsis 5mC SEQ ID NO: 1052
CMT2 Arabidopsis SmC SEQ ID NO: 1053
CMT3 Arabidopsis SmC SEQ ID NO: 1054
Rid Neurospora SmC SEQ ID NO: 1055
hsdM gene bacteria (£. coli, strain 12) | m6A SEQ ID NO: 1056
hsd§ gene bacteria (£. coli, strain 12) | m6A SEQ ID NO: 1057
Bacteria (7Thermus
M. Tagld aquaticus) moOA SEQ ID NO: 1058
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Protein Name Species Target Protein Sequence
M.EcoDam E. coli moA SEQ ID NO: 1059
M.Cerbil Caulobacter crescentus moA SEQ ID NO: 1060
CamA Clostridioides difficile moOA SEQ ID NO: 1061

[0107] 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 thatis 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.

[0108] Asused herein, a DNMT domain (e.g., a DNMT3 A domain ora 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 analogthereof (e.g., having a functional fragment, such
as a catalytic fragment or recruiting fragment, of the parental protein; and/or having mutations
that improve the activity of the DNMT protein).

[0109] 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 CpGislands,
or may be located in a region thatis not a CpGisland. 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
CpGrratio of atleast 60%. Asused herein, an observed-to-expected CpG ratio is determined by
Number of CpG * (sequencelength)/(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, atleast 200, 250,300, 350,400, 450, 500,
550, 600, 650,700,750, or 800 nucleotides. In some embodiments, only 1, orless than 2, 3, 4,

-50-



WO 2024/064910 PCT/US2023/074931

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.

[0110] 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 orin cancer (e.g,, early stages of neoplasia) relative to a
younger cell or non-cancer cell, respectively.

[0111] In some embodiments, an epigenetic editor described herein induces methylation at a
hypermethylated nucleic acid sequence.

[0112] In some embodiments, methylation may be introduced by the epigenetic editor ata
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 DNMT3 A domain and effects methylation at CpG, CpA, CpT, CpC sequences, or
any combinationthereof. In some embodiments, an epigenetic editor comprises a DNMT3 A
domain thatlacks a regulatory subdomain and only maintains a catalytic domain. In some
embodiments, the epigenetic editor comprisinga DNMT3 A 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
accordingto SEQ ID NO: 1028), has higher methylation activity at CpA, CpC, and/or CpT

sequences as compared to an epigenetic editor comprising a wildtype DNMT3 A domain.

C. Histone Modifiers
[0113] 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
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acetyltransferases (HATs) that regulate the acetylation state of histones; and histone
deacetylases (HDACsS), act as important regulators.

[0114] 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 (HATs) 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 histonesand 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.

[0115] 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 DOT1L 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 embodiments, the effector domain comprises a histone-lysine-N-methyltransferase
SETDB1 domain.

[0116] In some embodiments, the effector domain comprises a histone deacetylase protein
domain. In certain embodiments, the effector domain comprisesa 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
[0117] 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 KAPI 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,
KAPI1 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
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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 SETDBI1 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
KAPI1 amino acid sequenceis shown in SEQ ID NO: 1062.

[0118] 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 notbe at a CpG island of the target
gene). An MECP2 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 sequence, thereby repressing or silencing expression of the target gene. An exemplary
MECP2 amino acid sequence is shown in SEQ ID NO: 1063.

[0119] 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),aMyb 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), anervy homology 2 domain (NHR2), a hinge domain of cleavage

-53-



WO 2024/064910 PCT/US2023/074931

stimulation factor subunit2 (CSTF2 hinge), a PPAR gamma N-terminal region domain
(PPARgamma_N), a CDC48 N-terminal domain (CDC48 2),a WD40 repeat domain (WD40), a
Fipl motif domain (Fip1), a PDZ domain (PDZ_6), a Von Willebrand factortype 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), aRADSI1 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 CSdomain, a DM DNA-binding domain, and a QLQ domain.

[0120] In some embodiments, the effector domainis a protein domain comprising a

YAF2 RYBP domain or homeodomain or any combination thereof. In certain embodiments,
the homeodomain ofthe 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).

[0121] 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 (SCMH1).

[0122] 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.

[0123] In some embodiments, the effector domain may comprise an interferon regulatory
factor 2-binding protein zinc finger domain (IRF-2BP1_2), a Cyt-b5 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, ora ZNF783 domain.
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1V. Epigenetic Editors

[0124] Provided herein are epigenetic editors, also referred to herein as epigenetic editing
systems, that direct epigenetic modification(s) to a target sequencein a gene of interest, e.g.,
using one or more DNA-binding domainsas 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.

[0125] 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-
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. Asused herein,
a “fusion protein” refersto 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.

[0126] 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 DNMT3 A domain, and a DNMT3L domain. An
epigenetic editor can comprise a DNMT3 A 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, CBX8, CDYL2, TOX,
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TOX3, TOX4, EED, RBBP4, RCORI, or SCML2 domain). In some embodiments, the
additional effector domain isa 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
[0127] 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.
[0128] 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 canbe 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, 1to 10, 1t020,1t030,1
t0 40, 1to 50, 1 t0 60, 1t0 80, 1t0 100, 1to 150, 10200, 5t0 10, 5 t0 20, 5 to 30, 5 to 40, 5 to
60, 51080, 5 to 100, 5 to 150, 5 t0 200, 10 to 20, 10 to 30, 10 to 40, 10 to 50, 10to 60, 10 to 80,
10t0 100, 10 to 150, 10 to 200, 20 to 30,20 to 40, 20 to 50, 20 t0 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, 40to 50,
40t0 60,4010 80,4010 100, 40 to 150, 40 to 200, 50 to 60 50 to 80, 50to 100, 50to 150, 50 to
200, 60 to 80, 60 to 100, 60 to 150, 60 to 200, 80 to 100, 80to 150, 80 to 200, 100to 150, 100 to
200, or 150 to 200 amino acids in length. Longer or shorter linkers are also contemplated. In
some embodiments, the peptide linkeris 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 comprisesthe amino acid sequence of any one of SEQ ID NOs: 1064-1068 or a
sequence atleast 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical thereto.
[0129] In certain embodiments, the peptidelinkeris 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
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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 XTENS8O0.

[0130] 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.

[0131] 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 peptideto 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.
[0132] 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:
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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, nis1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, or 15. In some embodiments, the
linker comprises a (GGS)n motif, whereinnis 1, 3, or 7 (SEQ ID NO: 490). In some
embodiments, the linker comprises a (GGGGS)n motif, whereinn is 4 (SEQ ID NO: 491).
[0133] 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
[0134] 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 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
[0135] 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.
[0136] 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, FLAG-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 Softag3), strep-tags, biotin ligase
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tags, FIAsH tags, V5 tags, and SBP-tags. Additional suitable sequenceswill 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
sequences apparent to those of skill in the art.

D. Fusion Protein Configurations
[0137] 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 domainis at the C-terminus of the epigenetic
editor. In some embodiments, the DNA-binding domain is at the N-terminus of the epigenetic
editor. In some embodiments, the DNA-binding domainis 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’J-[ED1]-[DBD]-[ED2]-[C’

- N’J-[ED1]-[DBD]-[ED2]-[ED3]-[C’

- N’]-[ED1]-[ED2]-[DBD]-[ED3]-[C’

or

- N’J-[ED1]-[ED2]-DBD]-[ED3]-[ED4]-[C’.
[0138] 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 DNMT3 A domain, and a DNMT3L
domain. An epigenetic editor can comprise a DBD, a DNMT3 A 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’J-[DNA methyltransferase domain]-[DBD]-[repressor domain]-[C’

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

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

or

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

-59.



WO 2024/064910 PCT/US2023/074931

[0139] 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, orboth. 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 domainis a KRAB domain.

[0140] In some embodiments, the epigenetic editor comprises a configuration selected from
N’]-[DNMT3A-DNMT3L]-[DBD]-[KRAB]-[C’
N’]-[KRAB]-[DBD]-[DNMT3A-DNMT3L]-[C’

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

wherein [DNMT3 A-DNMT3L] indicates that the DNMT3 A 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 DNMT3 A domain is a human DNMT3 A

domain; and the DNMT3L domain is a human or mouse DNMT3L domain; any combination of

these components is also contemplated by the present disclosure.

[0141] In some embodiments, the epigenetic editor comprises a configuration selected from
N’]-[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’
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wherein [DNMT3 A-DNMT3L] indicates that the DNMT3 A 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 DNMT3 A

domain is a human DNMT3 A domain; and the DNMT3L domain is a human or mouse

DNMT3L domain; any combination of these components is also contemplated by the present

disclosure.

[0142] Particular constructs contemplated herein include:
DNMT3A-DNMT3L-XTEN8O-NLS-dCas9-NLS-XTEN16-KOX1 KRAB
(Configuration 1), and
DNMT3A-DNMT3L-XTEN8SO-NLS-ZFP domain-NLS-XTEN16-KOX1 KRAB
(Configuration 2).

In particular embodiments, the DNMT3L and DNMT3 A 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 DNMT3 A

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.

[0143] 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 DNMT3 A

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:

MNHDQEFDPPRKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYTASEVCEDS
ITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPEDLVIGGSPCNDLSIVNPARKGLYEGTG
RLFFEFYRLLHDARPREGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDARKEVSA
AHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNS IKQGKDQ
HFPVFMNERKEDILWCTEMERVEGEFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPL
KEYFACVSSGNSNANSRGPSEFSSGLVPLSLRGSHMGPMEITIYKTVSAWKROQPVRVLSLER
NIDKVLKSLGFLESGSGSGGGTLKYVEDVINVVRRDVEKWGPFDLVYGSTQPLGSSCDR
CPGWYMFQFHRILOYALPROESQRPFFWIFMDNLLLTEDDQETTTRFLOQTEAVTLODVR
GRDYQONAMRVWSNIPGLEKSKHAPLTPRKEEEYLOAQVRSRSKLDAPKVDLLVKNCLLPLR
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EYFRKYFSQNSLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGS
APGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVG
WAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRK
NRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTT
YHLRKKLVDSTDKADLRLIYLALAHAMIKFRGHF LIEGDLNPDNSDVDKLFIQLVQTYNQ
LFEENPINASGVDAKAILSARLSKSRRLENLITAQILPGEKKNGLFGNLIALSLGLTPNFK
SNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTET
TKAPLSASMIKRYDEHHQDLTLLKALVRQQOLPEKYKEIFFDQSKNGYAGYIDGGASQFEE
FYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHATILRRQEDFY
PFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQ
SFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAT
VDLLFKTNRKVITVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKITIKDKDFEL
DNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKL
INGIRDKQSGKTILDFLKSDGFANRNFMQLITHDDSLTFKEDIQKAQVSGQGDSLHEHTA
NLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOKNSRERMKRT
EEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVP
QSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLILINAKLITQRKFDNLTK
AFERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSK
LVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRD
FATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLTARKKDWDPKKYGGFDSPT
VAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFERKNPIDFLEAKGYKEVKKDLITK
LPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQ
LFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITHLFTL
INLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDPKKKRK
VSGSETPGTSESATPESTGRTLVTFKDVEVDETREEWKLLD TAQQIVYRNVMLENYKNL
VSLGYQLTKPDVILRLEKGEEP (SEQ ID NO: 1080)

[0144] 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 DNA-recognition helix of the zinc finger and

XX in italics may be either TR, LR or LK.

MNHDQEFDPPRKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYTASEVCEDS
ITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPEDLVIGGSPCNDLSIVNPARKGLYEGTG
RLFFEFYRLLHDARPREGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDARKEVSA
AHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNS IKQGKDQ
HFPVFMNERKEDILWCTEMERVEGEFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPL
KEYFACVSSGNSNANSRGPSEFSSGLVPLSLRGSHMGPMEITIYKTVSAWKROQPVRVLSLER
NIDKVLKSLGFLESGSGSGGGTLKYVEDVINVVRRDVEKWGPFDLVYGSTQPLGSSCDR
CPGWYMFQFHRILOYALPROESQORPFFWIFMDNLLLTEDDQETTTRELOQTEAVTLODVR
GRDYQONAMRVWSNIPGLEKSKHAPLTPRKEEEYLOAQVRSRSKLDAPRKVDLLVKNCLLPLR
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EYFRKYFSQNSLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGS
APGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKVY SRPGERPFQCRICMRNE
SXXXXXXXHXXTHTGEKPFQCRICMRNFSXXXXXXXHXXTH[linker ] PFQCRICMRN
FSXXXXXXXHXXTHTGEKPFQCRICMRNFSXXXXXXXHXXTH [linker ] PFQCRICMR
NEFSXXXXXXXHXXTHTGEKPFQCRICMRNFSXXXXXXXHXXTHLRGSPKKKRKVSGSET
PGTSESATPESTGRTLVTFKDVEVDEFTREEWKLLD TAQOIVYRNVMLENYKNLVSLGYQ
LTKPDVILRLEKGEEP (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 shownin Table 1. [linker] represents a linker sequence. In
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.
[0145] 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

[0146] An epigenetic editor herein may be directed to an HBV target sequence to effect
epigenetic modification of HBV or an HBV gene. Asused 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.

[0147] The target sequence may bein 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 ofthe gene. In some embodiments, the target sequenceis part
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of or near a transcriptional regulatory sequence of the gene, such as a promoter or an enhancer.
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 sequenceis 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) flankingan HBV TSS. In certain embodiments, the target sequence is within 500 bp
flankingthe BV TSS. In certain embodiments, the target sequence is within 1000 bp flanking
the HBV TSS.

[0148] 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,
oridentity 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.

[0149] 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.

[0150] 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.

[0151] 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

[0152] In some embodiments, the target sequence is comprised in the following sequence:
>NC 003977.2 Hepatitis B virus (strain ayw) genome

AATTCCACAACCTTCCACCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTGTATTTCCCTGCTGGTGGCTCCAGTTC
AGGAACAGTAAACCCTGTITCTGACTACTGCCTCTCCCTTATCGT CAATCTTCTCGAGGAT TGGGGACCCTGCGCTGA
ACATGGAGAACATCACATCAGGATTCCTAGGACCCCTTCTCGTGTTACAGGCGGGGTTTTTCTTGT TGACAAGAATC
CTCACAATACCGCAGAGT CTAGACTCGTGGTGGACTTCTCTCAATT TTCTAGGGGGAACTACCGTGTGTCTTGGCCA
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AAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCTTGTCCTCCAACTTGTCCTGGTTATCGCTGGATGTGTC
TGCGGCGTTTTATCATCTTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTGTTGGT TCTTCTGGACTATCAAGGT
ATGTTGCCCGTTTGTCCTCTAATT CCAGGATCCTCAACAACCAGCACGGGACCATGCCGGACCTGCATGACTACTGC
TCAAGGAACCTCTATGTATCCCTCCTGTTGCTGTACCAAACCTTCGGACGGAAATT GCACCTGTATTCCCATCCCAT
CATCCTGGGCTTTCGGAAAATTCCTATGGGAGTGGGCCTCAGCCCGTTTCTCCTGGCT CAGTTTACTAGTGCCATTT
GTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCT TTCAGT TATATGGATGAT GT GGTATTGGGGGCCAAGTCT
GTACAGCATCTTGAGTCCCTTTTTACCGCTGT TACCAATTTTCTTTTGTCTT TGGGTATACATTTAAACCCTAACAA
AACAAAGAGATGGGGTTACTCTCTAAATTTTATGGGTTATGTCATTGGAT GTTATGGGTCCTTGCCACAAGAACACA
TCATACAAAAAATCAAAGAATGTTTTAGAAAACTTCCTATTAACAGGCCTAT TGAT TGGAAAGTATGTCAACGAATT
GTGGGTCTTTTGGGTTTTGCTGCCCCTTTTACACAATGTGGT TATCCTGCGT TGAT GCCTTTGTATGCATGTATTCA
ATCTAAGCAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTGTGTAAACAATACCTGAACCTTTACCCCGTTG
CCCGGCAACGGCCAGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCT TGGT CATGGGCCATCAG
CGCATGCGTGGAACCTTTTCGGCTCCTCTGCCGATCCATACT GCGGAACT CCTAGCCGCTTGTTTTGCTCGCAGCAG
GTCTGGAGCAAACATTAT CGGGACTGATAACT CTGTTGTCCTAT CCCGCAAATATACATCGTTTCCATGGCTGCTAG
GCTGTGCTGCCAACTGGATCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGCT GAAT CCTGCGGACGACCCT
TCTCGGGGTCGCTTGGGACT CTCTCGTCCCCTTCTCCGTCTGCCGT TCCGACCGACCACGGGGCGCACCTCTCTTTA
CGCGGACTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGTGT GCACTTCGCT TCACCT CTGCACGTCGCATGGAGAC
CACCGTGAACGCCCACCAAATATTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCTCAGCAATGTCAACGACCG
ACCTTGAGGCATACTTCAAAGACTGTTTGTTTAAAGACTGGGAGGAGT TGGGGGAGGAGATTAGGT TAAAGGTCTTT
GTACTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACT TTTTCACCTCTGCCTAATCATCTCT
TGTTCATGTCCTACTGTT CAAGCCTCCAAGCTGTGCCTTGGGTGGCTT TGGGGCAT GGACATCGACCCTTATAAAGA
ATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACT TCTTTCCTTCAGTACGAGATCTTCTAGATACCG
CCTCAGCTCTGTATCGGGAAGCCTTAGAGT CTCCTGAGCATT GTTCACCT CACCATACTGCACTCAGGCAAGCAATT
CTTTGCTGGGGGGAACTAATGACT CTAGCTACCTGGGT GGGT GTTAAT TT GGAAGATCCAGCGTCTAGAGACCTAGT
AGTCAGTTATGTCAACACTAATATGGGCCTAAAGTTCAGGCAACTCTTGTGGTTTCACATTTCTTGTCTCACTTTTG
GAAGAGAAACAGTTATAGAGTATTTGGTGT CTTTCGGAGT GT GGATTCGCACTCCT CCAGCTTATAGACCACCAAAT
GCCCCTATCCTATCAACACTTCCGGAGACTACTGTTGT TAGACGACGAGGCAGGTCCCCTAGAAGAAGAACTCCCTC
GCCTCGCAGACGAAGGTCTCAATCGCCGCGTCGCAGAAGATCTCAATCTCGGGAAT CTCAATGTTAGTATTCCTTGG
ACTCATAAGGTGGGGAACTTTACTGGGCTTTATTCTTCTACTGTACCTGT CTTTAATCCTCATTGGAAAACACCATC
TTTTCCTAATATACATTTACACCAAGACATTATCAAAAAATGTGAACAGTTTGTAGGCCCACTCACAGTTAATGAGA
AAAGAAGATTGCAATTGATTATGCCTGCCAGGTTTTAT CCAAAGGT TACCAAATATTTACCATTGGATAAGGGTATT
AAACCTTATTATCCAGAACATCTAGTTAATCATTACTTCCAAACTAGACACTATTTACACACTCTATGGAAGGCGGG
TATATTATATAAGAGAGAAACAACACATAGCGCCTCATTTTGTGGGTCACCATATT CTTGGGAACAAGATCTACAGC
ATGGGGCAGAATCTTTCCACCAGCAATCCTCTGGGATT CTTTCCCGACCACCAGTTGGATCCAGCCTTCAGAGCAAA
CACCGCAAATCCAGATTGGGACTTCAATCCCAACAAGGACACCTGGCCAGACGCCAACAAGGTAGGAGCTGGAGCAT
TCGGGCTGGGTTTCACCCCACCGCACGGAGGCCTTTTGGGGT GGAGCCCT CAGGCT CAGGGCATACTACAAACTTTG
CCAGCAAATCCGCCTCCTGCCTCCACCAAT CGCCAGTCAGGAAGGCAGCCTACCCCGCTGTCTCCACCTTTGAGAAA

CACTCATCCTCAGGCCATGCAGTGG (SEQ ID No. 1082)

[0153] In some embodiments, the target sequence is comprised in the following sequence:
>U95551.,1 Hepatitis B virus subtype ayw, complete genome

AATTCCACAACCTTTCACCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTGTATTTCCCTGCTGGTGGCTCCAGTTC
AGGAGCAGTAAACCCTGTTCCGACTACTGCCTCTCCCTTATCGT CAATCTTCTCGAGGAT TGGGGACCCTGCGCTGA
ACATGGAGAACATCACATCAGGATTCCTAGGACCCCTTCTCGTGTTACAGGCGGGGTTTTTCTTGT TGACAAGAATC
CTCACAATACCGCAGAGT CTAGACTCGTGGTGGACTTCTCTCAATT TTCTAGGGGGAACTACCGTGTGTCTTGGCCA
AAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAACTTGTCCTGGTTATCGCTGGATGTGTC
TGCGGCGTTTTATCATCTTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTGTTGGT TCTTCT GGACTATCAAGGT
ATGTTGCCCGTTTGTCCTCTAATT CCAGGATCCTCAACCACCAGCACGGGACCATGCCGAACCTGCATGACTACTGC
TCAAGGAACCTCTATGTATCCCTCCTGTTGCTGTACCAAACCTTCGGACGGAAATT GCACCTGTATTCCCATCCCAT
CATCCTGGGCTTTCGGAAAATTCCTATGGGAGTGGGCCTCAGCCCGTTTCTCCTGGCT CAGTTTACTAGT GCCATTT
GTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCT TTCAGT TATATGGATGAT GT GGTATTGGGGGCCAAGTCT
GTACAGCATCTTGAGTCCCTTTTTACCGCTGT TACCAATTTTCTTTTGTCTT TGGGTATACATTTAAACCCTAACAA
AACAAAGAGATGGGGTTACTCTCTGAATTTTATGGGTTATGTCATT GGAAGT TATGGGTCCTTGCCACAAGAACACA
TCATACAAAAAATCAAAGAATGTTTTAGAAAACTTCCTATTAACAGGCCTAT TGAT TGGAAAGTATGTCAACGAATT
GTGGGTCTTTTGGGTTTTGCTGCCCCATTTACACAATGTGGT TATCCTGCGT TAAT GCCCTTGTATGCATGTATTCA
ATCTAAGCAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTGTGTAAACAATACCTGAACCTTTACCCCGTTG
CCCGGCAACGGCCAGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCT TGGT CATGGGCCATCAG
CGCGTGCGTGGAACCTTTTCGGCTCCTCTGCCGATCCATACT GCGGAACT CCTAGCCGCTTGTTTTGCTCGCAGCAG
GTCTGGAGCAAACATTAT CGGGACTGATAACT CTGTTGTCCTCTCCCGCAAATATACATCGTATCCATGGCTGCTAG
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GCTGTGCTGCCAACTGGATCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGCT GAATCCTGCGGACGACCCT
TCTCGGGGTCGCTTGGGACT CTCTCGTCCCCTTCTCCGTCTGCCGT TCCGACCGACCACGGGGCGCACCTCTCTTTA
CGCGGACTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGTGT GCACTTCGCT TCACCT CTGCACGTCGCATGGAGAC
CACCGTGAACGCCCACCGAATGTTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCTCTGCAATGTCAACGACCG
ACCTTGAGGCATACTTCAAAGACTGTTTGTTTAAAGACTGGGAGGAGT TGGGGGAGGAGATTAGAT TAAAGGTCTTT
GTACTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACT TTTTCACCTCTGCCTAATCATCTCT
TGTTCATGTCCTACTGTT CAAGCCTCCAAGCTGTGCCTTGGGTGGCTT TGGGGCAT GGACATCGACCCTTATAAAGA
ATTTGGAGCTACTGTGGAGT TACTCTCGTTTTTGCCTTCTGACT TCTTTCCTTCAGTACGAGATCTTCTAGATACCG
CCTCAGCTCTGTATCGGGAAGCCTTAGAGT CTCCTGAGCATT GTTCACCT CACCATACTGCACTCAGGCAAGCAATT
CTTTGCTGGGGGGAACTAATGACT CTAGCTACCTGGGT GGGT GTTAAT TT GGAAGATCCAGCATCTAGAGACCTAGT
AGTCAGTTATGTCAACACTAATATGGGCCTAAAGTT CAGGCAACTCTTGTGGTTTCACATTTCTTGTCTCACTTTTG
GAAGAGAAACCGTTATAGAGTATTTGGTGT CTTTCGGAGT GT GGATTCGCACTCCT CCAGCTTATAGACCACCAAAT
GCCCCTATCCTATCAACACTTCCGGAAACTACTGTTGT TAGACGACGAGGCAGGTCCCCTAGAAGAAGAACTCCCTC
GCCTCGCAGACGAAGGTCTCAATCGCCGCGTCGCAGAAGATCTCAATCTCGGGAACCT CAATGTTAGTATTCCTTGG
ACTCATAAGGTGGGGAACTTTACTGGTCTTTATTCTTCTACTGTACCTGT CTTTAATCCTCATTGGAAAACACCATC
TTTTCCTAATATACATTTACACCAAGACATTATCAAAAAATGTGAACAGTTTGTAGGCCCACTTACAGTTAATGAGA
AAAGAAGATTGCAATTGATTATGCCTGCTAGGTTTTAT CCAAAGGT TACCAAATATTTACCATTGGATAAGGGTATT
AAACCTTATTATCCAGAACATCTAGTTAATCATTACTTCCAAACTAGACACTATTTACACACTCTATGGAAGGCGGG
TATATTATATAAGAGAGAAACAACACATAGCGCCTCATTTTGTGGGTCACCATATT CTTGGGAACAAGATCTACAGC
ATGGGGCAGAATCTTTCCACCAGCAATCCTCTGGGATT CTTTCCCGACCACCAGTTGGATCCAGCCTTCAGAGCAAA
CACAGCAAATCCAGATTGGGACTTCAATCCCAACAAGGACACCTGGCCAGACGCCAACAAGGTAGGAGCT GGAGCAT
TCGGGCTGGGTTTCACCCCACCGCACGGAGGCCTTTTGGGGT GGAGCCCT CAGGCT CAGGGCATACTACAAACTTTG
CCAGCAAATCCGCCTCCTGCCTCCACCAAT CGCCAGACAGGAAGGCAGCCTACCCCGCTGTCTCCACCTTTGAGAAA

CACTCATCCTCAGGCCATGCAGTGG (SEQ ID No. 1083)

V1. Epigenetic Modifications

[0154] 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, the modificationis at a specific allele of the target gene. Accordingly, the
epigenetic modification may resultin 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.

[0155] In some embodiments, the epigenetic modification reduces or abolishes transcription
of the target gene harboringthe 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.
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[0156] The effector domain of an epigenetic editor described herein may alter (e.g., deposit
orremove) 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 at2, 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.

[0157] 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, atleast1,2,3,4,5,6,7,8,9,10,11, 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, atleast 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 genein 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.

[0158] 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 resultin 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.

[0159] 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
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the chromosome in a comparable cell not contacted with the epigenetic editor. In some
embodiments, atleast1,2,3,4,5,6,7,8,9,10, 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
chromosomein a comparable cell not contacted with the epigenetic editor. In some
embodiments, atleast 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 histonesare altered as compared to the original state of the chromosome or the
chromosomein 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.

[0160] 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
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. Asused 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.

[0161] In some embodiments, an effector domain mediates or induces a chemical
modification change of a nucleotide or a histonetail 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,
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1800, 1900,2000, 2500, 3000, or more nucleotides from the target sequencein the target gene,
either upstream or downstream of the target sequence. In certain embodiments, the chemical
modification may be initiated atless than 2, 3, 5, 10, 20, 30, 40, 50, or 100 nucleotidesin the
target gene and spread to atleast 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.

[0162] In some embodiments, an epigenetic editor described herein reduces expression of a
target gene by atleast about 20%, at least about 30%, atleast about 40%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%, at least about 90%, atleast 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%, atleast about 60%, atleast 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
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. 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, atleast 8-fold, at least 9-fold, at least 10-fold, atleast 11-fold, at least 12-fold, at
least 13-fold, atleast 14-fold, at least 15-fold, atleast 20-fold, at least 25-fold, at least 30-fold, at
least 35-fold, atleast 40-fold, at least 45-fold, atleast 50-fold, at least 60-fold, at least 70-fold, at
least 80-fold, at least 90-fold, or atleast 100 fold in a cell, a tissue, or a subject as compared to a
control cell, control tissue, or a control subject.

[0163] 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
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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.

[0164] 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.

[0165] 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 a cell. Suitable reporter genes include genes encoding fluorescent proteins, for
example green, yellow, cherry, cyan or orange fluorescent proteins. The population of cells
carryingthe reporter system may be transfected with DNA, mRNA, or vectors encoding the

epigenetic editor targeting the reporter gene.

VII. Pharmaceutical Compositions
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[0166] Another aspect of the present disclosureis 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 induced by an epigenetic editor provided herein.

[0167] 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.

[0168] 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. Asused 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.

[0169] 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
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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 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.

[0170] Examples of vectorsinclude, 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 vectoris a plasmid or a viral vector. Viral particles may also beused 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.

[0171] 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,AAV7, AAVS, AAVO,
AAVrh8, 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).

[0172] In some embodiments, delivery involves an adeno-associated virus (AAV) vector.
AAV 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
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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 AAV vector.

[0173] Any AAV serotype, e.g., human AAV serotype, canbe used foran 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 (AAVO6), AAV serotype 7 (AAV7), AAV serotype 8 (AAV8), AAV serotype9
(AAV9), AAV serotype 10 (AAV10),and AAV serotype 11 (AAV11), as well as variants
thereof. In some embodiments, an AAV variant has atleast 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 atleast 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.

[0174] Non-viral systems are also contemplated for delivery as described herein. Non-viral
systems include, but are not limited to, nucleic acid transfection methodsincluding
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 vectorsis nanoparticles, which can be organic (e.g., lipid) or
inorganic (e.g., gold). Forinstance, organic (e.g. lipid and/or polymer) nanoparticles can be
suitable for use as delivery vehicles in certain embodiments of this disclosure.

[0175] 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 includea
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
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compositions encompass lipid nanoparticles (LNPs), liposomes (e.g., lipid vesicles), and
lipoplexes.

[0176] 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 hydrophobiclipids, hydrophilic lipids, or both
hydrophobic and hydrophilic lipids. Any lipid or combination of lipids that are known in the art
can be used to producean LNP. The lipids may be combined in any molar ratios to produce the
LNP. In some embodiments, the LNPis a liver-targeting (e.g., preferentially or specifically
targeting the liver) LNP.

[0177] 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 foundin Shah, R., Eldridge, D., Palombo, E., and
Harding, I., Lipid Nanoparticles: Production, Characterization and Stability, Springer, 2015,
ISBN-13 978-3319107103; Ziegler, S., Lipid Nanoparticles: Advancesin Research and
Applications, Nova Science Pub., Inc, ISBN-13 978-1536186536; Mitchell, M.J., Billingsley,
MM, 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-FEditing 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;, Tombéacz, L, et.al,
Highly efficient CD4+ T cell targeting and genetic recombination using engineered CD4+ cell-
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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, 7rialkyl lonizable Lipids are Versatile Lipid-Nanoparticle
Components for Therapeutic and Vaccine Applications, Adv. Mater. 2023,35; Han, X., Zhang,
H., Butowska, K. etal. An ionizable lipid toolbox for RNA delivery, Nat Commun 12, 7233
(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 Publication No. WO2016081029A1; 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.

[0178] 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.

[0179] 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.

[0180] In some embodiments, an epigenetic editor described herein, or component(s)
thereof, are delivered to a host cell for transient expression, e.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 foratleast1,2,3,4,5,6,7,8,9,10. 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.
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VIII. Therapeutic Uses of Epigenetic Editors

[0181] 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
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.

[0182] 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).

[0183] “Treat,” “treating” and “treatment” refer to a method of alleviating or abrogating a
biological disorder and/or at least one of its attendant symptoms. Asused 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.

[0184] 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.

[0185] In some embodiments, the human patient has a condition characterized by an HBV
infection. In some embodiments, the patient has Hepatitis B.

[0186] In some embodiments, a patient to be treated with an epigenetic editor of the present
disclosure has received prior treatment for the conditionto be treated (e.g., HBV and/or HDV, 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., aprior HBV treatment).
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[0187] An epigenetic editor of the present disclosure may be administered in a
therapeutically effective amount to a patient with a condition described herein. “Therapeutically
effectiveamount,” 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 HBV 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 responsein 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.

[0188] An epigenetic editor of the present disclosure may be administered without additional
therapeutic treatments, i.€., 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 artto 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.

[0189] 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).
[0190] 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, or4, 5, 6,7, 8,9, 10, or more times. In some embodiments, the
one, two, three, or4,5,6,7, 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
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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 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 subjectis 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 subjectis
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 reductionin 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

[0191] 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 backboneresidues 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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[0192] Asused 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.

[0193] 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 morethan1,2,3,4,5,6,7,8,9,10, 15, or20
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).

[0194] Asused 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 includea sequence, e.g. an amino acid
sequence which may be atleast 50%, 55%, 65%, 75%, 85%, 90%, 91%, 92%<93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to the subject sequence. The term “percentidentical” 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 areference sequence aligned for comparison purposes is atleast 30%, (e.g., atleast 40, 50,
60, 70, 80, or 90%, or 100%) of the reference sequence. Sequenceidentity 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
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determining the degree of identity, a BLAST program may be used, with a probability score
between e-3 and e-100 indicating a closely related sequence.

[0195] The percentidentity 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 purposesis atleast 30%, (e.g., at least 40, 50, 60, 70,
80, or 90%) of the reference sequence

[0196] It will be understood that the numbering of the specific positions or residuesin
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.

[0197] The term “modulate” or “alter” refers to a change in the quantity, degree, or extent of
afunction. 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 a gene, or may inhibit translation of an mRNA transcript. The terms “inhibit,”
“repress,” “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%, or 99% less than that of a control, or
may be, e.g., atleast 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, or 10-fold less than that of a control.
[0198] 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
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otherwise stated, the term “about” should be assumed to mean an acceptable error range for the
particular value.

[0199] Ranges provided herein are understood to be shorthand for all of the values within
therange. Forexample, a range of 1 to 50 is understood to include any number, combination of
numbers, or sub-range from the group consistingof 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, forexample, 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 1 to 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.

[0200] 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
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,”

2%

“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 hereinincludes 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 are incorporated by reference in their
entirety. To the extent that references incorporated by reference contradict the disclosure
contained in the specification, the specificationis 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.

[0201] 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
[0202] Target sequences were manually and computationally designed usingthe
representative HBV genome sequences (SEQ ID Nos. 1082, 1083) as a reference:
[0203] While target site design focused on CpG islands identified within the HBV genome,
target sites outside of HBV CpG islands were also considered.

[0204] Table 2 presents some representative target sites that were identified as suitable for
targeting with an epigenetic repressor.

[0205] Target domains identified above that are adjacent to a PAM sequence, e.g., an S.
pyogenes Cas9 PAM sequence, can be targeted by a CRISPR-based epigenetic repressor, e.g., an
epigenetic repressor comprisinga 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.

[0206] 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 HBV cells

[0207] The HepAD38 cell line expressesthe 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

HBYV replication. Antimicrob. Agents Chemother. 41:1715-1720(1997), incorporated herein by

reference).

[0208] Results are shown in Figure 4A and B.

Example 3: Guide RNA Assays in HepG2-NTCP cells

[0209] HepG2 cells were engineered by lentiviral transduction to express the human NTCP
receptor which is used by hepatitis B virus (HBV) to infect the cells.

[0210] HBYV viral particles were produced using the HepAD38 cell line. HepAD38is 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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[0211] A triple combination of Engineered Transcriptional Repressors (ETRs) consisting of
three plasmids expressing dCas9-KRAB, dCas9-DNMT3 A and dCas9-DNMT3L was used in
combination with one or more of the designed sgRNAs.

[0212] 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-DNMT3 A, 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).

[0213] 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-DNMT3 A, dCas9-
DNMT3L) were delivered. Three days after, LNP was removed, medium was replaced, and cells
were maintained in complete medium for three days.

[0214] 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
PCSK9 and control 3.2 gRNA was used as positive control. Cells viability assay were performed
and normalized to non-targeting control.

[0215] 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

VLGNTDRHSIKKNLIGALLEFDSGETAEATRLKRTARRRYTRRKNRICYLQEIF
SNEMAKVDDSFEFHRLEESFLVEEDKKHERHPI FGNIVDEVAYHEKYPTIYHLR
KKLVDSTDKADLRLIYLALAHMIKFRGHEFLIEGDINPDNSDVDKLE IQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLTIAQLPGEKKNGLEGNLIALS
LGLTPNEFKSNFDLAEDAKIQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSD
ATILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIF
FDOSKNGYAGYIDGGASQEEEFYKEF IKPILEKMDGTEELLVKLNREDLLRKQRT
FDNGSIPHQIHLGELHATLRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLAR
GNSRFAWMTRKSEETITPWNFEEVVDKGASAQSE TERMTNEDKNLPNEKVLPK
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HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATVDLLFKTNRKVIVKQ
LKEDYFKKIECEDSVEISGVEDRENASLGTYHDLLKIIKDKDFLDNEENEDI L
EDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLKRRRY TGWGRLSRKLING
IRDKQSGKTILDFLKSDGFANRNEMOLIHDDSLTFKEDIQKAQVSGQGDSLHE
HIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPEN IVIEMARENQTTQKGQK
NSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYY LONGRDMYVDQEL
DINRLSDYDVDAIVPQSEFLKDDSIDNKVLTRS DKNRGKSDNVPSEEVVKKMKN
YWROQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQT
LDSRMNTKYDENDKLIREVKVITLKSKLVSDEFRKDFQEFYKVREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQETI GKATAKYFEY S
NIMNFEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVN
IVKKTEVQTGGE SKES ILPKRN SDKLIARKKDWDPKKY GGFDSPTVAY SVILVV
AKVEKGKSKKLKSVKELLGITIMERSSFEKNP IDFLEAKGYKEVKKDLIIKLP
KYSLFELENGRKRMLASAGELQKGNELALP SKYVNELY LASHYEKLKGSPEDN
EQKQOLFVEQHKHYLDEITEQISEFSKRVILADANILDKVLSAYNKHRDKPIREQ
AENITHLFTLTNLGAPAAFKYFDTTIDRKRYT STKEVLDATLTIHQSITGLYET
RIDLSQLGGDSPKKKRKVGVDGSGGGALSPOHSAVTQGSI IKNKEGMDAKSLT
AWSRTLVTEFKDVEVDF TREEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKP
DVILRLEKGEEPWLVERE IHQETHPDSETAFEIKSSV*

YPYDVPDYA - HA-Tag
GSGGG - Linker

477

dCas9:G: DNMT3A

MYPYDVPDYASPKKKRKVEASDKKYS IGLAIGTNSVGWAV ITDEYKVP SKKE'K
VLGNTDRHSIKKNLIGALLEFDSGETAEATRLKRTARRRYTRRKNRICYLQEIF
SNEMAKVDDSFEFHRLEESFLVEEDKKHERHPI FGNIVDEVAYHEKYPTIYHLR
KKLVDSTDKADLRLIYLALAHMIKFRGHEFLIEGDINPDNSDVDKLE IQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLTIAQLPGEKKNGLEGNLIALS
LGLTPNEFKSNFDLAEDAKIQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSD
ATILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIF
FDOSKNGYAGYIDGGASQEEEFYKEF IKPILEKMDGTEELLVKLNREDLLRKQRT
FDNGSIPHQIHLGELHATLRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLAR
GNSRFAWMTRKSEETITPWNFEEVVDKGASAQSE TERMTNEDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATVDLLFKTNRKVIVKQ
LKEDYFKKIECEDSVEISGVEDRENASLGTYHDLLKIIKDKDFLDNEENEDI L
EDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLKRRRY TGWGRLSRKLING
IRDKQSGKTILDFLKSDGFANRNEMOLIHDDSLTFKEDIQKAQVSGQGDSLHE
HIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPEN IVIEMARENQTTQKGQK
NSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYY LONGRDMYVDQEL
DINRLSDYDVDAIVPQSEFLKDDSIDNKVLTRS DKNRGKSDNVPSEEVVKKMKN
YWROQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQT
LDSRMNTKYDENDKLIREVKVITLKSKLVSDEFRKDFQEFYKVREINNYHHAHDA
YLNAVVGTALIKKY PKLESEFVYGDYKVYDVRKMIAKSEQETI GKATAKYFFEYS
NIMNFEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVN
IVKKTEVQTGGE SKES ILPKRN SDKLIARKKDWDPKKY GGFDSPTVAY SVILVV
AKVEKGKSKKLKSVKELLGITIMERSSFEKNP IDFLEAKGYKEVKKDLIIKLP
KYSLFELENGRKRMLASAGELQKGNELALP SKYVNELY LASHYEKLKGSPEDN
EQKQOLFVEQHKHYLDEITEQISEFSKRVILADANILDKVLSAYNKHRDKPIREQ
AENITHLFTLTNLGAPAAFKYFDTTIDRKRYT STKEVLDATLTIHQSITGLYET
RIDLSQLGGDSPKKKRKVGVDGSGGGTYGLLRRREDWP SRLOME' FANNHDQEF'
DPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCEDS I
TVGMVRHOQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLS IVNPARKGL
YEGTGRLEFEFYRLLHDARPKEGDDRPFFWLEENVVAMGV SDKRDI SREFLESN
PVMIDAKEVSAAHRARYEWGNLPGMNRPLASTVNDKLELQECLEHGRIAKESK
VRTITTRSNSIKQGKDQHFPVEMNEKED ILWCTEMERVEFGEPVHYTDVSNMSR
LARQRLLGRSWSVPVIRHLFAPLKEYFACV*

YPYDVPDYA - HA-Tag
GSGGG - Linker

478

dCas9:G: hDNMT3L

MYPYDVPDYASPKKKRKVEASDKKYSIGLAIGTNSVGWAV ITDEYKVP SKKE'K
VLGNTDRHSIKKNLIGALLEFDSGETAEATRLKRTARRRYTRRKNRICYLQEIF
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SNEMAKVDDSFEFHRLEESFLVEEDKKHERHPI FGNIVDEVAYHEKYPTIYHLR
KKLVDSTDKADLRLIYLALAHMIKFRGHEFLIEGDINPDNSDVDKLE IQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLTIAQLPGEKKNGLEGNLIALS
LGLTPNEFKSNFDLAEDAKIQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSD
ATILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIF
FDOSKNGYAGYIDGGASQEEEFYKEF IKPILEKMDGTEELLVKLNREDLLRKQRT
FDNGSIPHQIHLGELHATLRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLAR
GNSRFAWMTRKSEETITPWNFEEVVDKGASAQSE TERMTNEDKNLPNEKVLPK
HSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATVDLLFKTNRKVIVKQ
LKEDYFKKIECEDSVEISGVEDRENASLGTYHDLLKIIKDKDFLDNEENEDI L
EDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLKRRRY TGWGRLSRKLING
IRDKQSGKTILDFLKSDGFANRNEMOLIHDDSLTFKEDIQKAQVSGQGDSLHE
HIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPEN IVIEMARENQTTQKGQK
NSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYY LONGRDMYVDQEL
DINRLSDYDVDAIVPQSEFLKDDSIDNKVLTRS DKNRGKSDNVPSEEVVKKMKN
YWROQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQT
LDSRMNTKYDENDKLIREVKVITLKSKLVSDEFRKDFQEFYKVREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQETIGKATAKYFEY S
NIMNFEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVN
IVKKTEVQTGGE SKES ILPKRN SDKLIARKKDWDPKKY GGFDSPTVAY SVILVV
AKVEKGKSKKLKSVKELLGITIMERSSFEKNP IDFLEAKGYKEVKKDLIIKLP
KYSLFELENGRKRMLASAGELQKGNELALP SKYVNELY LASHYEKLKGSPEDN
EQKQOLFVEQHKHYLDEITEQISEFSKRVILADANILDKVLSAYNKHRDKPIREQ
AENITHLFTLTNLGAPAAFKYFDTTIDRKRYT STKEVLDATLTIHQSITGLYET
RIDLSQLGGDSPKKKRKVGVDGSGGGMAAT PALDPEAEPSMDVILVGSSELSS
SVSPGTGRDLIAYEVKANQRNIEDICICCGSLOVHTQHPLFEGGICAPCKDKFE
LDALFLYDDDGYQSYCSICCSGETLLICGNPDCTRCYCFECVDSLVGPGT SGK
VHAMSNWVCYLCLPSSRSGLLORRRKWRSQLKAFYDRESENPLEMEETVPVWR
ROPVRVLSLEFEDIKKELT SLGFLESGSDPGQLKHVVDVTDTVRKDVEEWGPED
LVYGATPPLGHTCDRPPSWY LFQFHRLLQYARPKPGSPRPEFFWMEVDNLVINK
EDLDVASRFLEMEPVT IPDVHGGS LONAVRVWSNIPATRSRHWALVSEEELS L
LAQNKQSSKLAAKWPTKLVKNCFLPLREYFKYFSTELTSSL*

YPYDVPDYA - HA-Tag
GSGGG - Linker

479 HA-Tag YPYDVPDYA

480 linker GSGGG

[0216] 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 PLAOOLl amino MPKKKRKVPKKKRKVYNHDQEFDPPKVY PPVPAEKRKPIRVLSLEFDGIATG

acid sequence LLVLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQE
WGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEEYRLLHDARPKEGDD
RPFFWLFENVVAMGVSDKRDISREFLESNPVMIDAKEVSAAHRARYFWGNLP
GMNRPLASTVNDKLELQECLEHGRIAKFEFSKVRTITTRSNSIKQGKDQHEPV
FMNEKEDILWCTEMERVEGEFPVHY TDVSNMSRLARQRLLGRSWSVPVIRHL
FAPLKEYFACVSSGNSNANSRGPSESSGLVPLSLRGSHMAATIPALDPEAEP
SMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDICICCGSLOQVHTQ
HPLFEGGICAPCKDKEFLDALFLYDDDGYQSYCSICCSGETLLICGNPDCTR
CYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGLLORRRKWRSQLKA
FYDRESENPLEMFETVPVWRROQPVRVLSLEEDIKKELT SLGELESGSDPGQ
LKHVVDVTDITVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWY LEQFHRLLQ
YARPKPGS PRPFEFWMEVDNLVLNKEDLDVASRFLEMEPVT IPDVHGGS LON
AVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSSKLAAKWPTKLVKNCELP
LREYEFKYFSTELTSSLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESG
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PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSELEDKKY
SIGLATGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDSG
ETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSEFFHRLEESELV
EEDKKHERHP IFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLAL
AHMIKFRGHELIEGDLNPDNSDVDKLEIQLVQTYNQLEEENP INASGVDAK
ATLSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNEFKSNFDLAE
DAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE
ITKAPLSASMIKRYDEHHODLTLLKALVROQQLPEKYKETIFFDOSKNGYAGY
IDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRT FDNGSIPHQ
IHLGELHATILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSEFIERMTNFDKNLPNEKVLPKHSLLY
EYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIVDLLEKTNRKVTIVKQLKE
DYFKKIECFDSVEISGVEDRFNASLGTYHDLLKITIKDKDEFLDNEENEDILE
DIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLIN
GIRDKQSGKT ILDEFLKSDGFANRNFMQLIHDDSLTEKEDIQKAQVSGQGDS
LHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTT
QKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLY LY YLONGRD
MYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP S
EEVVKKMKNYWRQLILNAKLITQRKEFDNLTKAERGGLSELDKAGE IKRQLVE
TROITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQEYK
VREINNYHHAHDAYINAVVGTALTIKKYPKLESEFVYGDYKVYDVRKMIAKS
EQETIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVWDK
GRDFATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIARKKDWD
PKKYGGEDSPTVAY SVLVVAKVEKGKSKKLKSVKELLGIT IMERSSFEKN P
IDFLEAKGYKEVKKDLIIKLPKYSLEFELENGRKRMLASAGELQKGNELALP
SKYVNFLYLASHYEKLKGSPEDNEQKQLEFVEQHKHYLDET ITEQI SEFSKRV
ILADANLDKVLSAYNKHRDKPIREQAENITHLEFTLTNLGAPAAFKYFDTT I
DRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDS PKKKRKVGVDGS S
GSETPGTSESATPESTGDSVAFEDVAVNEFTLEEWALLDPSQKNLYRDVMRE
TERNLASVGKOWEDON IEDPFKIPRRNISHIPERLCESKEGGQGEESADYK
DDDDKAPKKKRKVPKKKRKV

482

PLAOO1
polynucleotid
e sequence

ATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAAT
CACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAG
AAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGC
CTGCTGGTGCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCC
GAGGTGTGCGAGGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAG
ATCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACAT CCAGGAG
TGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCC
ATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTC
TTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGAT
AGACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTAT GGGCGT GAGCGAT
AAGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTGATGAT CGATGCA
AAGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCCA
GGAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAG
GAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATC
ACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCCCGTG
TTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGT G
TTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACAT GAGCAGGCTGGCA
AGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTG
TTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACT CCAAT
GCCAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCT G
AGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCT
AGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCT
CCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGG
AACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAG
CACCCACTGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCT G
GACGCCCTGTTTCTGTACGACGATGACGGCTACCAGTCCTATTGCTCTATC
TGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAATCCAGAT TGTACAAGG
TGCTATTGTTTTGAGTGCGTGGACTCTCTGGT GGGACCAGGCACCAGCGGA
AAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCT
CGCAGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCT GAAGGCC
TTCTATGATAGGGAGT CTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCA
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GTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTTCGAGGATATCAAG
AAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGACCCCGGACAG
CTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGAT GTGGAGGAG
TGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACA
TGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAG
TATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGT G
GATAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTG
GAGATGGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAAT
GCCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCA
CTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGC
AAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCA
CTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACAT CTAGCCTGGGA
GGACCCTCCTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCT
CCAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACCAGAGTCTGGA
CCTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCA
GGCAGCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGC
AGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTAC
AGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACC
GACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGAC
CGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGC
GAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTT CAGCAACGAGATG
GCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGT G
GAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGAC
GAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAA
CTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCT G
GCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAAC
CCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTAC
AACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAG
GCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATC
GCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCC
CTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAG
GATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAAC
CTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAG
AACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAG
ATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCAC
CACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAG
AAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTAC
ATTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATC
CTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAG
GACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAG
ATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTAC
CCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGAT CCTGACCTTCCGC
ATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGG
ATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTG
GTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTC
GATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTAC
GAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAG
GGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGT G
GACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAG
GACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGT G
GAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATT
ATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAA
GATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGAT CGAGGAA
CGGCTGAAAACCTATGCCCACCTGTT CGACGACAAAGTGATGAAGCAGCTG
AAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAAC
GGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCC
GACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTG
ACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGC
CTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGC
ATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGAT GGGCCGG
CACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACC
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CAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGC
ATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACC
CAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGAT
ATGTACGT GGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTG
GACGCCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAG
GTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCC
GAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCC
AAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGC
GGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAA
ACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAAC
ACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACC
CTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTT CCAGTTTTACAAA
GTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCC
GTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTC
GTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGC
GAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATC
ATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGAT CCGGAAG
CGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAG
GGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAAT
ATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGT CTATC
CTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGAC
CCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCT G
GTGGTGGCCAAAGTGGAAAAGGGCAAGT CCAAGAAACTGAAGAGTGTGAAA
GAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCC
ATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATC
ATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGA
ATGCTGGCCT CTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCC
TCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAG
GGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAG
CACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGT G
ATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCAC
CGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACC
CTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATC
GACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATC
CACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTG
GGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGT CGACGGAT CCAGC
GGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCACCGGT
GACTCCGTTGCTTTCGAGGACGTGGCCGTGAACTTCACACTTGAGGAATGG
GCCTTGCTCGACCCAAGTCAGAAGAATCTGTACAGAGACGTGATGCGGGAG
ACATTCAGGAATCTCGCCAGTGTCGGAAAGCAGTGGGAAGACCAGAACATC
GAAGATCCTTTCAAGATACCACGGCGCAATATCTCCCACATT CCTGAGAGG
CTGTGTGAAT CTAAGGAAGGCGGACAAGGTGAGGAAAGCGCTGATTACAAA
GATGATGACGATAAAGCCCCCAAGAAGAAAAGGAAGGTCCCAAAGAAAAAA
AGAAAGGTGTGA

483

PLAOO2
Amino acid
sequence

MPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDGIATG
LLVLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQE
WGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEEYRLLHDARPKEGDD
RPFFWLFENVVAMGVSDKRDISREFLESNPVMIDAKEVSAAHRARYFWGNLP
GMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNS IKQGKDOHEPV
FMNEKEDILWCTEMERVEGEFPVHY TDVSNMSRLARQRLLGRSWSVPVIRHL
FAPLKEYFACVSSGNSNANSRGPSESSGLVPLSLRGSHMAATIPALDPEAEP
SMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDICICCGSLOQVHTQ
HPLFEGGICAPCKDKEFLDALFLYDDDGYQSYCSICCSGETLLICGNPDCTR
CYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGLLORRRKWRSQLKA
FYDRESENPLEMFETVPVWRROQPVRVLSLEEDIKKELT SLGELESGSDPGQ
LKHVVDVTDITVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWY LEQFHRLLQ
YARPKPGS PRPFEFWMEVDNLVLNKEDLDVASRFLEMEPVT IPDVHGGS LON
AVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSSKLAAKWPTKLVKNCELP
LREYEFKYFSTELTSSLGGPSSGAPPPSGGSPAGSPTSTEEGT SESATPESG
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSELEDKKY
SIGLATGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDSG
ETAEATRLKRTARRRYTRRKNRICYLQEIEFSNEMAKVDDSEFFHRLEESELV
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EEDKKHERHP IFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLAL
AHMIKFRGHELIEGDLNPDNSDVDKLEIQLVQTYNQLEEENP INASGVDAK
ATLSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNEFKSNFDLAE
DAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE
ITKAPLSASMIKRYDEHHODLTLLKALVROQQLPEKYKETIFFDOSKNGYAGY
IDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRT FDNGSIPHQ
IHLGELHATILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGN SRFAW
MTRKSEETITPWNFEEVVDKGASAQSEFIERMTNFDKNLPNEKVLPKHSLLY
EYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIVDLLEKTNRKVTIVKQLKE
DYFKKIECFDSVEISGVEDRFNASLGTYHDLLKITIKDKDEFLDNEENEDILE
DIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLIN
GIRDKQSGKT ILDEFLKSDGFANRNFMQLIHDDSLTEKEDIQKAQVSGQGDS
LHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTT
QKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLY LY YLONGRD
MYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP S
EEVVKKMKNYWRQLILNAKLITQRKEFDNLTKAERGGLSELDKAGE IKRQLVE
TROITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQFEYK
VREINNYHHAHDAYINAVVGTALTIKKYPKLESEFVYGDYKVYDVRKMIAKS
EQETIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVWDK
GRDFATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIARKKDWD
PKKYGGEDSPTVAY SVLVVAKVEKGKSKKLKSVKELLGITIMERSSEFEKNP
IDFLEAKGYKEVKKDLIIKLPKYSLEFELENGRKRMLASAGELQKGNELALP
SKYVNFLYLASHYEKLKGSPEDNEQKQLEFVEQHKHYLDET ITEQI SEFSKRV
ILADANLDKVLSAYNKHRDKPIREQAENITHLEFTLTNLGAPAAFKYFDTT I
DRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDS PKKKRKVGVDGS S
GSETPGTSESATPESTGMNNSQGRVTFEDVTVNETQGEWQRLNPEQRNLYR
DVMLENYSNLVSVGQGETTKPDVILRLEQGKEPWLEEEEVLGSGRAEKNGD
IGGQIWKPKDVKESLSADYKDDDDKAPKKKRKVPKKKRKV

484

PLAOOZ2
polynucleotid
e sequence

ATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAAT
CACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAG
AAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGC
CTGCTGGTGCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCC
GAGGTGTGCGAGGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAG
ATCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACAT CCAGGAG
TGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCC
ATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTC
TTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGAT
AGACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTAT GGGCGT GAGCGAT
AAGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCA
AAGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCCA
GGAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAG
GAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATC
ACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCCCGTG
TTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGT G
TTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACAT GAGCAGGCTGGCA
AGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTG
TTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACT CCAAT
GCCAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCT G
AGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCT
AGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCT
CCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGG
AACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAG
CACCCACTGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCT G
GACGCCCTGTTTCTGTACGACGATGACGGCTACCAGTCCTATTGCTCTATC
TGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAATCCAGAT TGTACAAGG
TGCTATTGTTTTGAGTGCGTGGACTCTCTGGT GGGACCAGGCACCAGCGGA
AAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCT
CGCAGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCT GAAGGCC
TTCTATGATAGGGAGTCTGAGAACCCCCTGGAGATGTT TGAGACCGTGCCA
GTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTTCGAGGATATCAAG
AAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGACCCCGGACAG
CTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGAT GT GGAGGAG
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TGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACA
TGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAG
TATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGT G
GATAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTG
GAGATGGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAAT
GCCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCA
CTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGC
AAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCA
CTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGA
GGACCCTCCTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCT
CCAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACCAGAGTCTGGA
CCTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCA
GGCAGCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGC
AGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTAC
AGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACC
GACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGAC
CGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGC
GAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATG
GCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGT G
GAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGAC
GAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAA
CTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCT G
GCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAAC
CCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTAC
AACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAG
GCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATC
GCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCC
CTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAG
GATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAAC
CTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAG
AACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAG
ATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCAC
CACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAG
AAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTAC
ATTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATC
CTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAG
GACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAG
ATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTAC
CCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGC
ATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGG
ATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTG
GTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTC
GATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTAC
GAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAG
GGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGT G
GACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAG
GACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGT G
GAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATT
ATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAA
GATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGAT CGAGGAA
CGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCT G
AAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAAC
GGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCC
GACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTG
ACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGC
CTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGC
ATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGAT GGGCCGG
CACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACC
CAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGC
ATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACC
CAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAAT GGGCGGGAT
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ATGTACGT GGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTG
GACGCCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAG
GTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCC
GAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCC
AAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGC
GGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAA
ACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAAC
ACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACC
CTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTT CCAGTTTTACAAA
GTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCC
GTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTC
GTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGC
GAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATC
ATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGAT CCGGAAG
CGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAG
GGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAAT
ATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATC
CTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGAC
CCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCT G
GTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACT GAAGAGTGTGAAA
GAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCC
ATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATC
ATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGA
ATGCTGGCCT CTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCC
TCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAG
GGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAG
CACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGT G
ATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCAC
CGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACC
CTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATC
GACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATC
CACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTG
GGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGT CGACGGAT CCAGC
GGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCACCGGT
ATGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGTGAACTTC
ACCCAGGGAGAATGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTATCGG
GACGTGATGCTGGAAAACTACTCAAATTTGGTGAGCGT TGGGCAGGGT GAG
ACCACTAAGCCTGACGTGATCCTGAGATTGGAACAGGGCAAGGAGCCTTGG
CTCGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCCGAGAAAAACGGTGAT
ATAGGAGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAGCGCT
GATTACAAAGATGATGACGATAAAGCCCCCAAGAAGAAAAGGAAGGTCCCA
AAGAAAAAAAGAAAGGTGTGA

492

PLAOO3 amino
acid sequence

MPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKP IRVLSLEDGIATG
LLVLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQE
WGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEEYRLLHDARPKEGDD
RPFFWLFENVVAMGVSDKRDISREFLESNPVMIDAKEVSAAHRARYFWGNLP
GMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNS IKQGKDOHEPV
FMNEKEDILWCTEMERVEGEFPVHY TDVSNMSRLARQRLLGRSWSVPVIRHL
FAPLKEYFACVSSGNSNANSRGPSESSGLVPLSLRGSHMAATIPALDPEAEP
SMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDICICCGSLOQVHTQ
HPLFEGGICAPCKDKEFLDALFLYDDDGYQSYCSICCSGETLLICGNPDCTR
CYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGLLOQRRRKWRSQLKA
FYDRESENPLEMFETVPVWRROQPVRVLSLEEDIKKELT SLGELESGSDPGQ
LKHVVDVTDITVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWY LEQFHRLLQ
YARPKPGS PRPFEFWMEVDNLVLNKEDLDVASRFLEMEPVT IPDVHGGS LON
AVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSSKLAAKWPTKLVKNCELP
LREYEFKYFSTELTSSLGGPSSGAPPPSGGSPAGSPTSTEEGT SESATPESG
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSELEDKKY
SIGLATGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDSG
ETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSEFFHRLEESELV
EEDKKHERHP IFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLAL
AHMIKFRGHELIEGDLNPDNSDVDKLEIQLVQTYNQLEEENP INASGVDAK
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ATLSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNEFKSNFDLAE
DAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE
ITKAPLSASMIKRYDEHHODLTLLKALVROQQLPEKYKETIFFDOSKNGYAGY
IDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRT FDNGSIPHQ
IHLGELHATILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGN SRFAW
MTRKSEETITPWNFEEVVDKGASAQSEFIERMTNFDKNLPNEKVLPKHSLLY
EYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIVDLLEKTNRKVTIVKQLKE
DYFKKIECFDSVEISGVEDRFNASLGTYHDLLKITIKDKDEFLDNEENEDILE
DIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLIN
GIRDKQSGKT ILDEFLKSDGFANRNFMQLIHDDSLTEKEDIQKAQVSGQGDS
LHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTT
QKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLY LY YLONGRD
MYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP S
EEVVKKMKNYWRQLILNAKLITQRKEFDNLTKAERGGLSELDKAGE IKRQLVE
TROITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQFEYK
VREINNYHHAHDAYINAVVGTALTIKKYPKLESEFVYGDYKVYDVRKMIAKS
EQETIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVWDK
GRDFATVRKVLSMPQVNIVKKTEVQTGGESKESILPKRNSDKLIARKKDWD
PKKYGGEDSPTVAY SVLVVAKVEKGKSKKLKSVKELLGIT IMERSSFEKN P
IDFLEAKGYKEVKKDLIIKLPKYSLEFELENGRKRMLASAGELOQKGNELALP
SKYVNFLYLASHYEKLKGSPEDNEQKQLEFVEQHKHYLDET ITEQI SEFSKRV
ILADANLDKVLSAYNKHRDKPIREQAENITHLEFTLTNLGAPAAFKYFDTT I
DRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDS PKKKRKVGVDGS S
GSETPGTSESATPESTGMNNSQGRVTFEDVTVNETQGEWQRLNPEQRNLYR
DVMLENYSNLVSVGQGETTKPDVILRLEQGKEPWLEEEEVLGSGRAEKNGD
IGGQIWKPKDVKESLSAPKKKRKVPKKKRKV

493

PLAOO3 full
plasmid
sequence

GGGCGCTCGAGCAGGTTCAGAAGGAGATCAAAAACCCCCAAGGATCAAACA
TGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAATC
ACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGA
AGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCC
TGCTGGTGCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCG
AGGTGTGCGAGGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAGA
TCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACATCCAGGAGT
GGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCA
TCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTCT
TTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGATA
GACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGATA
AGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCAA
AGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAAT CTGCCAG
GAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAGG
AGTGCCTGGAGCACGGAAGGAT CGCCAAGTTTTCCAAGGTGCGCACAATCA
CCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCCCGTGT
TCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGAT GGAGAGAGTGT
TCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAA
GGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGAT CAGGCACCTGT
TCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATG
CCAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGA
GGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCTA
GCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCTC
CAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAAT CAGCGGA
ACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGC
ACCCACTGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGG
ACGCCCTGTTTCTGTACGACGATGACGGCTACCAGTCCTATTGCTCTATCT
GCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAATCCAGATT GTACAAGGT
GCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCACCAGCGGAA
AGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTC
GCAGCGGACT GCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCTGAAGGCCT
TCTATGATAGGGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAG
TGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGT TCGAGGATAT CAAGA
AGGAGCTGACATCCCTGGGCTTTCTGGAGT CCGGCTCTGACCCCGGACAGC
TGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGTGGAGGAGT
GGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACAT
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GCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGT
ATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGG
ATAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGG
AGATGGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAATG
CCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCAC
TGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCA
AGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCAC
TGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGAG
GACCCTCCTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGLTCTC
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
TGGAAAAGAT GGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGG
ACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAGA
TCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACC
CATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCA
TCCCCTACTACGTGGGCCCT CTGGCCAGGGGAAACAGCAGATTCGCCTGGA
TGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGG
TGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCG
ATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACG
AGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGG
GAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGG
ACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGG
ACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGG
AAGATCGGTTCAACGCCTCCCTGGGCACATACCACGAT CTGCTGAAAATTA
TCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATT CTGGAAG
ATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAAC
GGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGAT GAAGCAGCTGA
AGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGAT CAACG
GCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCG
ACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGA
CCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCC
TGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCA
TCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGARAAGTGATGGGCCGGC
ACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCC
AGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGAT CGAAGAGGGCA
TCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCC
AGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATA
TGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTGG
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ACGCCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGG
TGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCG
AAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCCA
AGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCG
GCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGT GGAAA
CCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACA
CTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCC
TGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAG
TGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCG
TCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCG
TGTACGGCGACTACAAGGTGTACGACGT GCGGAAGATGATCGCCAAGAGCG
AGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCA
TGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGC
GGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAGG
GCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGT GAATA
TCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCC
TGCCCAAGAGGAACAGCGATAAGCTGAT CGCCAGAAAGAAGGACTGGGACC
CTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGG
TGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGT GTGAAAG
AGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCA
TCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCA
TCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAA
TGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCT
CCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCT GAAGG
GCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAGC
ACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGA
TCCTGGCCGACGCTAATCTGGACAAAGT GCTGTCCGCCTACAACAAGCACC
GGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCC
TGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCG
ACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCC
ACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGG
GAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCG
GCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCACCGGTA
TGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGTGAACTTCA
CCCAGGGAGAATGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTATCGGG
ACGTGATGCTGGAAAACTACTCAAATTTGGTGAGCGTT GGGCAGGGTGAGA
CCACTAAGCCTGACGTGATCCTGAGATT GGAACAGGGCAAGGAGCCTTGGC
TCGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCCGAGAAARACGGTGATA
TAGGAGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAGCGCTC
CCAAGAAGAAAAGGAAGGTCCCAAAGAAAAAAAGAAAGGTGTGAGGATCCT
GAGTCTAGAAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGT
ATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATG
CCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTITG
TATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGG
CAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGG
GGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTC
CCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACA
GGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTT GTCGGGGAAATCA
TCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATT CTGCGCGGG
ACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCC
CGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCT
CAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAA
AAAAAAAAAANAAAAAANARAAAAAAAARAANARAAAAANAANAARAARAARNA
AAAAAAAAAANAAAAAANARAAAAAAANAARAANARAAAAARAAAARAGCTTGA
AGAGCCTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGT
ATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACCCGCTGAT
CAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCC
CCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAAT
AAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGT CATTCTATTCTGG
GGGGTGGGGT GGGGCAGGACAGCAAGGGGGAGGATT GGGAAGACAATAGCA
GGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCA
GCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGG

-94.-




PCT/US2023/074931

GCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGT CGTTCGGCT
GCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGA
ATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGC
CAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCC
CCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCC
GACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCG
CTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCC
TTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTC
GGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCA
GCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGT
AAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAG
AGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGT GGTGGCCTAACTA
CGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCT GAAGCCAGT
TACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGC
TGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGARAAARAA
AGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGT CTGACGCTCAGTG
GAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGAT TATCAAAAAGGAT
CTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAG
TATATATGAGTAAACTTGGTCTGACAGTTAGAAAAACT CATCGAGCATCAA
ATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAA
AAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGAT
GGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACA
ACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACC
ATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGTTTATGCATTTCTTT
CCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGC
ATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAAACGAAATAC
GCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCG
CAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTC
TTCTAATACCTGGAATGCTGTTTTCCCAGGGATCGCAGTGGTGAGTAACCA
TGCATCATCAGGAGTACGGATAAAATGCTTGATGGT CGGAAGAGGCATAAA
TTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAAC
GCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCAT CGGGCTTCCCATA
CAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTT
ATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTAGAGCA
AGACGTTTCCCGTTGAATATGGCTCATACTCTTCCTTTTTCAATATTATTG
AAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATT TGAATGTAT
TTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAARAAGTGCC
ACCTGACGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCAC
TCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCC
TGCTTGTGTGTTGGAGGT CGCTGAGTAGTGCGCGAGCAAAATTTAAGCTAC
AACAAGGCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAG
GCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTG
ATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGG
CTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCC
CATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGT GGAGTATTT
ACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTAC
GCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCA
GTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGT
CATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGG
ATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAA
TGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAA
CAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGT GGGAGGT
CTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCT
TATCGAAATTAATACGACTCACTATAAG

WO 2024/064910
494 PLAOO3
plasmid
coding
sequence

ATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAAT
CACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAG
AAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGC
CTGCTGGTGCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCC
GAGGTGTGCGAGGATTCTATCACCGTGGGCATGGTGCGCCACCAGGGCAAG
ATCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACAT CCAGGAG
TGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAAT GACCTGTCC
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ATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTC
TTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGAT
AGACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTAT GGGCGT GAGCGAT
AAGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCA
AAGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCCA
GGAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAG
GAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATC
ACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCCCGTG
TTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGT G
TTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACAT GAGCAGGCTGGCA
AGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTG
TTCGCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACT CCAAT
GCCAACAGCCGGGGCCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCT G
AGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGAGGCCGAGCCT
AGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTCT
CCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGG
AACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAG
CACCCACTGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCT G
GACGCCCTGTTTCTGTACGACGATGACGGCTACCAGTCCTATTGCTCTATC
TGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAATCCAGAT TGTACAAGG
TGCTATTGTTTTGAGTGCGTGGACTCTCTGGT GGGACCAGGCACCAGCGGA
AAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCT
CGCAGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCT GAAGGCC
TTCTATGATAGGGAGT CTGAGAACCCCCTGGAGATGTT TGAGACCGTGCCA
GTGTGGCGCCGGCAGCCCGTGAGGGTGCTGAGCCTGTTCGAGGATATCAAG
AAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGCTCTGACCCCGGACAG
CTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGAT GTGGAGGAG
TGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACA
TGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAG
TATGCAAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGT G
GATAATCTGGTGCTGAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTG
GAGATGGAGCCAGTGACCATCCCAGACGTGCACGGCGGCTCCCTGCAGAAT
GCCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCA
CTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGC
AAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCA
CTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACAT CTAGCCTGGGA
GGACCCTCCTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCT
CCAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACCAGAGTCTGGA
CCTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCA
GGCAGCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGC
AGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTAC
AGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACC
GACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCT GGGCAACACCGAC
CGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGC
GAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACC
AGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTT CAGCAACGAGATG
GCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGT G
GAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGAC
GAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAA
CTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCT G
GCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAAC
CCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTAC
AACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAG
GCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATC
GCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCC
CTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAG
GATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAAC
CTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAG
AACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAG
ATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCAC
CACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAG
AAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTAC
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ATTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATC
CTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAG
GACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAG
ATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTAC
CCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGC
ATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGG
ATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTG
GTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTC
GATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTAC
GAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAG
GGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGT G
GACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAG
GACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGT G
GAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATT
ATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAA
GATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGAT CGAGGAA
CGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCT G
AAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAAC
GGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCC
GACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTG
ACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGC
CTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGC
ATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGAT GGGCCGG
CACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACC
CAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGC
ATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACC
CAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAAT GGGCGGGAT
ATGTACGT GGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTG
GACGCCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAG
GTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCC
GAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCC
AAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAGAGAGGC
GGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAA
ACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAAC
ACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACC
CTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTT CCAGTTTTACAAA
GTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCC
GTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTC
GTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGC
GAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATC
ATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGAT CCGGAAG
CGGCCTCTGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAG
GGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCAT GCCCCAAGTGAAT
ATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGT CTATC
CTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGAC
CCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCT G
GTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACT GAAGAGTGTGAAA
GAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCC
ATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATC
ATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGA
ATGCTGGCCT CTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCC
TCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAG
GGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAG
CACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGT G
ATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCAC
CGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACC
CTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATC
GACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATC
CACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTG
GGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGT CGACGGAT CCAGC
GGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCACCGGT
ATGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGTGAACTTC
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ACCCAGGGAGAATGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTATCGG
GACGTGATGCTGGAAAACTACTCAAATTTGGTGAGCGT TGGGCAGGGT GAG
ACCACTAAGCCTGACGTGATCCTGAGATTGGAACAGGGCAAGGAGCCTTGG
CTCGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCCGAGAAAAACGGTGAT
ATAGGAGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAGCGCT
CCCAAGAAGAAAAGGAAGGTCCCAAAGAAAAAARGAAAGGTGTGA

[0217] Table 8 below lists components of the fusion polypeptide PLAOO1 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
dCas9 CDS 811 2180 1370
NLS CDS 2181 2187 7
XTENI16 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
[0218] 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
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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
XTENI16 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
[0219] 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

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
FLAG CDS 2313 2320 8
SV40 NLS CDS 2322 2328 7
SV40 NLS CDS 2329 2335 7
[0220] Table 11 below lists components of the polynucleotide encoding the fusion

polypeptide PLA0O02 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
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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

XTENS8O 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

TABLE 12. Annotation of PLAOO3 amino acid sequence

Name Type Minimum | Maximum | Length
SV40 NLS CDS 2 8 7
SV40 NLS CDS 9 15 7
DNMT3IA DS 17 317 301
Linker CDS 318 344 27
DNMT3L full- | CDS 345 730 386
length

XTENED CDS 731 310 80
dCas® DS 811 2180 1370
NLS CDS 2181 2187 7
XTENIS CDS 2188 2208 21
£IM3 DS 2211 2310 100
SV40 NLS CDS 2313 2319 7
SV40 NLS CDS 2320 2326 7

TABLE 13. Annotation of PLA0O03 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

XTENS8O CDS 2191 2430 240
dCas9 CDS 2431 6540 4110
NLS CDS 6541 6561 21
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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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[0221] Table 14 below provides gRNA sequencetested.

TABLE 14: Exemplary gRNA sequences
Target

SEQ domain SEQ

IDs seguence IDs gRNA seguence
CCTGCTGGTG CCUGCUGGUGGCUCCAGUUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

333 GCTCCAGTTC 1093 | AURAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

334 CTGAACTGGA CUGAACUGGAGCCACCAGCAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GCCACCAGCA 1094 | AURAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

335 CCTGAACTGG CCUGAACUGGAGCCACCAGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGCCACCAGC 1095 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

336 CCTCGAGAAG CCUCGAGAAGAUUGACGAUAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ATTGACGATA 1096 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

337 TCGTCAATCT UCGUCAAUCUUCUCGAGGAUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TCTCGAGGAT 1097 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

338 CGTCAATCTT CGUCAAUCUUCUCGAGGAUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CTCGAGGATT 1098 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

339 GTCAATCTTC GUCAAUCUUCUCGAGGAUUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TCGAGGATTG 1099 | AURAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

340 AACATGGAGA AACAUGGAGAACAUCACAUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ACATCACATC 1100 | AURAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
AACATCACAT AACAUCACAUCAGGAUUCCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

341 CAGGATTCCT 1101 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
CTAGACTCTG CUAGACUCUGCGGUAUUGUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

342 CGGTATTGTG 1102 | AURAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

343 TACCGCAGAG UACCGCAGAGUCUAGACUCGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TCTAGACTCG 1103 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

344 CGCAGAGTCT CGCAGAGUCUAGACUCGUGGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGACTCGTGG 1104 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

345 CACCACGAGT CACCACGAGUCUAGACUCUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CTAGACTCTG 1105 | AURAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

346 TGGACTTCTC UGGACUUCUCUCAAUUUUCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TCAATTTTCT 1106 | AURAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

347 GGACTTCTCT GGACUUCUCUCAAUUUUCUAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CAATTTTCTA 1107 | AURAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

348 GACTTCTCTC GACUUCUCUCAAUUUUCUAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AATTTTCTAG 1108 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

349 ACTTCTCTCA ACUUCUCUCAAUUUUCUAGGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ATTTTCTAGG 1109 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
CGAATTTTGG CGAAUUUUGGCCAAGACACAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

350 CCAAGACACA 1110 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

351 AGGTTGGGGA AGGUUGGGGACUGCGAAUUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CTGCGAATTT 1111 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

352 GGCATAGCAG GGCAUAGCAGCAGGAUGAAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CAGGATGAAG 1112 | AURAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

353 AGAAGATGAG AGAAGAUGAGGCAUAGCAGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GCATAGCAGC 1113 | AURAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

354 GCTATGCCTC GCUAUGCCUCAUCUUCUUGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ATCTTCTTGT 1114 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

355 GAAGAACCAA GAAGAACCAACAAGAAGAUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CAAGAAGATG 1115 | AURAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

356 CATCTTCTTG CAUCUUCUUGUUGGUUCUUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TTGGTTCTTC 1116 | AURAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

357 CCCGTTTGTC CCCGUUUGUCCUCUAAUUCCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CTCTAATTCC 1117 | AURAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

358 CCTGGAATTA CCUGGAAUUAGAGGACAAACGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GAGGACAAAC 1118 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
TCCTGGAATT UCCUGGAAUUAGAGGACAAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

359 AGAGGACAAA 1119 | AURAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

360 TACTAGTGCC UACUAGUGCCAUUUGUUCAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ATTTGTTCAG 1120 | AURAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

361 CCATTTGTTC CCAUUUGUUCAGUGGUUCGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGTGGTTCGT 1121 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
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3¢p | CATTTGTTCA CAUUUGUUCAGUGGUUCGUAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GTGGTTCGTA 1122 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
33 | CCTACGAACC CCUACGAACCACUGAACAAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ACTGAACAAA 1123 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
34 | TTTCAGITAT UUUCAGUUAUAUGGAUGAUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ATGGATGATG 1124 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
3¢5 | CAARAGARAA CAAAAGAAAAUUGGUAACAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TTGGTAACAG 1125 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
3@ | TACCAATTIT UACCAAUUUUCUUUUGUCUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CTTTTGTCTT 1126 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
37 | ACCAATTTTC ACCAAUUUUCUUUUGUCUUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TTTTGTCTTT 1127 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
368 | ACCCARAGAC ACCCAAAGACAAAAGAAAAUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AAAAGAAAAT 1128 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
TGACATACTT UGACAUACUUUCCAAUCAAUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
369 | TccAATCAAT 1129 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
370 | CACTTICTCG CACUUUCUCGCCAACUUACAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CCAACTTACA 1130 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
371 | CACAGAARGG CACAGAAAGGCCUUGUAAGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CCTTGTAAGT 1131 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGECACCGAGUCGGUGCUUUUUY
375 | TGAACCTTTA UGAACCUUUACCCCGUUGCCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CCCCETTGCC 1132 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUY
373 | GGGCAACGGG GGGCAACGGGGUAAAGGUUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GTAAAGGTTC 1133 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
374 | TTTACCCCGT UUUACCCCGUUGCCCGGCAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TGCCCGGCAA 1134 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
375 | GTTECCGGEC GUUGCCGGGCAACGGGGUAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AACGGGGTAA 1135 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
37¢ | ceceTTECCC CCCGUUGCCCGGCAACGGCCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GGCAACGGCC 1136 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
377 | crecccerTe CUGGCCGUUGCCGGGCAACGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CCGGGCAACG 1137 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
CCTGGCCGTT CCUGGCCGUUGCCGGGCAACGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
378 | coceeecanc 1138 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
379 | ACCTGGCCET ACCUGGCCGUUGCCGGGCAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TGCCGGGCAA 1139 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
350 | GCACAGACCT GCACAGACCUGGCCGUUGCCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GGCCGTTGCC 1140 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
3g1 | GECACAGACC GGCACAGACCUGGCCGUUGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TGGCCGTTGC 1141 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
35 | GCARACACTT GCAAACACUUGGCACAGACCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GGCACAGACC 1142 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
3g3 | GEGTTECETC GGGUUGCGUCAGCAAACACUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGCAAACACT 1143 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
3g4 | TTTGCTGACG UUUGCUGACGCAACCCCCACGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CAACCCCCAC 1144 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
5g5 | CTGACGCAAC CUGACGCAACCCCCACUGGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CCCCACTGGC 1145 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
TGACGCAACC UGACGCAACCCCCACUGGCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
386 | ccencreceT 1146 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
GACGCAACCC GACGCAACCCCCACUGGCUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
387 | ceacTeseTe 1147 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
3gg | AACCCCCACT AACCCCCACUGGCUGGGGCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GGCTGGGGCT 1148 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
3g9 | TCCTCTGCCE UCCUCUGCCGAUCCAUACUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ATCCATACTG 1149 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
390 | TCCGCAGTAT UCCGCAGUAUGGAUCGGCAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GGATCGGCAG 1150 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
391 | AGGAGTTCCG AGGAGUUCCGCAGUAUGGAUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CAGTATGGAT 1151 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
39 | CGGCTAGGAG CGGCUAGGAGUUCCGCAGUAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TTCCGCAGTA 1152 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
393 | TGCGAGCAAA UGCGAGCAAAACAAGCGGCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ACAAGCGGCT 1153 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
394 | CCGCTTGTTT CCGCUUGUUUUGCUCGCAGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TGCTCGCAGC 1154 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
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395 CCTGCTGCGA CCUGCUGCGAGCAAAACAAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GCAAAACAAG 1155 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

396 TGTTTTGCTC UGUUUUGCUCGCAGCAGGUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GCAGCAGGTC 1156 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

397 GCAGCACAGC GCAGCACAGCCUAGCAGCCAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CTAGCAGCCA 1157 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

398 TGCTAGGCTG UGCUAGGCUGUGCUGCCAACGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TGCTGCCAAC 1158 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

399 GCTGCCAACT GCUGCCAACUGGAUCCUGCGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GGATCCTGCG 1159 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

400 CTGCCAACTG CUGCCAACUGGAUCCUGCGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GATCCTGCGC 1160 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

401 CGTCCCGCGC CGUCCCGCGCAGGAUCCAGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGGATCCAGT 1161 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
AAACARAAGGA AAACAAAGGACGUCCCGCGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

402 CGTCCCGCGC 1162 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

403 GTCCTTTGTT GUCCUUUGUUUACGUCCCGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TACGTCCCGT 1163 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

404 CGCCGACGGG CGCCGACGGGACGUAAACAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ACGTAAACAA 1164 | AUAAGGCUAGUCCGUUAUCAACUUGAARAAGUGGCACCGAGUCGGUGCUUUUUU

405 TGCCGTTCCG UGCCGUUCCGACCGACCACGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ACCGACCACG 1165 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

406 AGGTGCGCCC AGGUGCGCCCCGUGGUCGGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CGTGGTCGGT 1166 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

407 AGAGAGGTGC AGAGAGGUGCGCCCCGUGGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GCCCCGTGGT 1167 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

408 GTAAAGAGAG GUAAAGAGAGGUGCGCCCCGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GTGCGCCCCG 1168 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

409 GGGGCGCACC GGGGCGCACCUCUCUUUACGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TCTCTTTACG 1169 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

410 CGGGGAGTCC CGGGGAGUCCGCGUAAAGAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GCGTAAAGAG 1170 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
CAGATGAGAA CAGAUGAGAAGGCACAGACGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

411 GGCACAGACG 1171 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

412 GTCTGTGCCT GUCUGUGCCUUCUCAUCUGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TCTCATCTGC 1172 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

413 GGCAGATGAG GGCAGAUGAGAAGGCACAGAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AAGGCACAGA 1173 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

414 GCAGATGAGA GCAGAUGAGAAGGCACAGACGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGGCACAGAC 1174 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

415 ACACGGTCCG ACACGGUCCGGCAGAUGAGAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GCAGATGAGA 1175 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

416 GAAGCGAAGT GAAGCGAAGUGCACACGGUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GCACACGGTC 1176 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

417 GAGGTGAAGC GAGGUGAAGCGAAGUGCACAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GAAGTGCACA 1177 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

418 CTTCACCTCT CUUCACCUCUGCACGUCGCAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GCACGTCGCA 1178 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
GGTCTCCATG GGUCUCCAUGCGACGUGCAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

419 CGACGTGCAG 1179 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
TGCCCAAGGT UGCCCAAGGUCUUACAUAAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

420 CTTACATAAG 1180 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

421 GTCCTCTTAT GUCCUCUUAUGUAAGACCUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GTAAGACCTT 1181 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

422 AGTCCTCTTA AGUCCUCUUAUGUAAGACCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TGTAAGACCT 1182 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

423 GTCTTACATA GUCUUACAUAAGAGGACUCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGAGGACTCT 1183 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

424 AATGTCAACG AAUGUCAACGACCGACCUUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ACCGACCTTG 1184 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

425 TTTGAAGTAT UUUGAAGUAUGCCUCAAGGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GCCTCAAGGT 1185 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

426 AGTCTTTGAA AGUCUUUGAAGUAUGCCUCAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GTATGCCTCA 1186 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

427 AAGACTGTTT AAGACUGUUUGUUUAAAGACGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GTTTAAAGAC 1187 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
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428 AGACTGTITTG AGACUGUUUGUUUAAAGACUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TTTAAAGACT 1188 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

429 CTGTTTGTTT CUGUUUGUUUAAAGACUGGGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AAAGACTGGG 1189 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

430 GTTTAAAGAC GUUUAAAGACUGGGAGGAGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TGGGAGGAGT 1180 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

431 TCTTTGTACT UCUUUGUACUAGGAGGCUGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGGAGGCTGT 1181 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

432 AGGAGGCTGT AGGAGGCUGUAGGCAUAAAUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGGCATAAAT 1182 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

433 GTGAAAAAGT GUGAAAAAGUUGCAUGGUGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TGCATGGTGC 1183 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

434 GCAGAGGTGA GCAGAGGUGAAAAAGUUGCAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AAAAGTTGCA 1184 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
AACAAGAGAT AACAAGAGAUGAUUAGGCAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

435 GATTAGGCAG 1185 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

436 GACATGAACA GACAUGAACAAGAGAUGAUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGAGATGATT 1196 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

437 AGCTTGGAGG AGCUUGGAGGCUUGAACAGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CTTGAACAGT 1197 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

438 CAAGCCTCCA CAAGCCUCCAAGCUGUGCCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGCTGTGCCT 1188 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

439 AAGCCTCCAA AAGCCUCCAAGCUGUGCCUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GCTGTGCCTT 1189 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

440 CCTCCAAGCT CCUCCAAGCUGUGCCUUGGGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GTGCCTTGGG 1200 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

441 CCACCCAAGG CCACCCAAGGCACAGCUUGGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CACAGCTTGG 1201 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

442 AGCTGTGCCT AGCUGUGCCUUGGGUGGCUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TGGGTGGCTT 1202 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

443 AAGCCACCCA AAGCCACCCAAGGCACAGCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGGCACAGCT 1203 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
GCTGTGCCTT GCUGUGCCUUGGGUGGCUUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

444 GGGTGGCTTT 1204 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

445 CTGTGCCTTG CUGUGCCUUGGGUGGCUUUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GGTGGCTTTG 1205 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

446 TAGCTCCAAA UAGCUCCAAAUUCUUUAUAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TTCTTTATAA 1206 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

447 GTAGCTCCAA GUAGCUCCAAAUUCUUUAUAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ATTCTTTATA 1207 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

448 TAAAGAATTT UAAAGAAUUUGGAGCUACUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GGAGCTACTG 1208 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

449 ATGACTCTAG AUGACUCUAGCUACCUGGGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CTACCTGGGT 1209 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

450 CACATTTCTT CACAUUUCUUGUCUCACUUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GTCTCACTTT 1210 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

451 TAGTTTCCGG UAGUUUCCGGAAGUGUUGAUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AAGTGTTGAT 1211 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
CGTCTAACAA CGUCUAACAACAGUAGUUUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

452 CAGTAGTTTC 1212 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
ACTACTGTTG ACUACUGUUGUUAGACGACGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

453 TTAGACGACG 1213 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

454 CTGTTGTTAG CUGUUGUUAGACGACGAGGCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ACGACGAGGC 1214 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

455 CGAGGGAGTT CGAGGGAGUUCUUCUUCUAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CTTCTTCTAG 1215 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

456 GCGAGGGAGT GCGAGGGAGUUCUUCUUCUAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TCTTCTTCTA 1216 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

457 GGCGAGGGAG GGCGAGGGAGUUCUUCUUCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TTCTTCTTCT 1217 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

458 CTCCCTCGCC CUCCCUCGCCUCGCAGACGAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TCGCAGACGA 1218 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

459 GACCTTCGTC GACCUUCGUCUGCGAGGCGAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TGCGAGGCGA 1219 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

460 AGACCTTCGT AGACCUUCGUCUGCGAGGCGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CTGCGAGGCG 1220 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
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se1 | GATTEAGACC GAUUGAGACCUUCGUCUGC GGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TTCGTCTGCGE 1221 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

A6o | GATTGAGATC GAUUGAGAUCUUCUGCGACGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TTCTGCGACG 1222 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

163 | GTCGCAGAAG GUCGCAGAAGAUCUCAAUCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ATCTCAATCT 1223 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

464 | TCGCAGRAGA UCGCAGAAGAUCUCAAUCUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TCTCAATCTC 1224 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

465 | ATATGGIGAC AUAUGGUGACCCACAAAAU GGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CCACARAATG 1225 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

466 | TTTGTGEGTC UUUGUGGGUCACCAUAUUCUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
ACCATATTCT 1226 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

4c7 | TTGTGGGTCA UUGUGGGUCACCAUAUUCUUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CCATATTCTT 1227 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
GCTGGATCCA GCUGGAUCCAACUGGUGGUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA

468 | rcreeTecTC 1228 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

469 | CACCCCAAAA CACCCCAAAAGGCCUCCGUGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GGCCTCCGTG 1229 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

470 | CCTTTTGGGG CCUUUUGGGGUGGAGCCCUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
TGGAGCCCTC 1230 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGECACCGAGUCGGUGCUUUUUY

471 | CeTeAcEECT CCUGAGGGCUCCACCCCAAAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CCACCCCAAA 1231 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

47 | GGGGTCEAGC GGGGUGGAGCCCUCAGGCUCGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CCTCAGGCTC 1232 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

473 | GGeTeEAGCe GGGUGGAGCCCUCAGGCUCAGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
CTCAGGCTCA 1233 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

474 | CGATTCETEG CGAUUGGUGGAGGCAGGAGGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
AGGCAGGAGG 1234 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

475 | CTCATCCTCA CUCAUCCUCAGGCCAUGCAGGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAA
GGCCATGCAG 1235 | AUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU
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TABLE 15: Exemplary target domain sequences and effect on HbeAgand HbsAg expression

Associated

guide RNA HbeAg (%expression of
SEQ name (if Target domain non targeting HbsAg (%expression of
IDs applicable) seguence control) non targeting control)
334 gRNA#00L CTGAACTGGAGCCACCAGCA 27.77203753 23.4507853
335 gRNA#002 CCTGAACT GGAGCCACCAGC 41.3794605 42.3814023
333 CCTGCTGGTGGCTCCAGTTC 65.36067834 43.2303179
336 CCTCGAGAAGATTGACGATA 82.8943107 72.648219
337 TCGTCAATCTTCT CGAGGAT 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
345 JRNAHO03 CACCACGAGTCTAGACTCTG 44.43853541 40.8553881
343 TACCGCAGAGTCTAGACTCG 49.18078863 56.151898
344 CGCAGAGT CTAGACTCGTGG 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
350 CGAATTTT GGCCAAGACACA 53.53282063 54.0024954
371 gRNAH004 CACAGAAAGGCCTTGTAAGT 42.35590319 41.6928086
370 CACTTTCT CGCCAACTTACA 53.25960148 55.120666
373 gRNA#005 GGGCAACGGGGTARAGGTTC 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 ACCTGGCCGTTGCCGGGCAA 54.10829257 53.324749
374 TTTACCCCGTTGCCCGGCAR 56.72089131 62.6906255
380 GCACAGACCTGGCCGTTGCC 42.46818432 47.3720079
381 GGCACAGACCTGGCCGTTGC 72.65381719 77.2400091
376 CCCGTTGCCCGGCAACGGCT 50.93018919 61.086777
382 GCAAACACTTGGCACAGACC 57.0196485 69.491449
383 GGGTTGCGTCAGCARACACT 49.73518831 54.7510029
384 TTTGCTGACGCAACCCCCAC 41.79724731 50.0362297
385 CTGACGCAACCCCCACT GGC 36.90727137 36.8247762
386 TGACGCAACCCCCACTGGCT 46.49501492 59.6959921
387 GACGCAACCCCCACTGGCTG 40.09200943 51.4756937
388 AACCCCCACTGGCTGGGGCT 61.82883278 79.8761795
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390 gRNA#007 TCCGCAGTATGGATCGGCAG 26.33655968 33.7255842
391 gRNAHO08 AGGAGTTCCGCAGTATGGAT 28.49512897 40.080391
389 gRNA#009 TCCTCTGCCGATCCATACTG 28.45399116 42.735093
392 CGGCTAGGAGTTCCGCAGTA 56.5241517 66.9060644
393 GRNARULO T GCGAGCAAAACAAGCGGCT 41.5479747 40.5350018
395 CCTGCTGCGAGCARAACAAG 36.4525077 50.516964
394 CCGCTTGT TTTGCTCGCAGC 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 CTGCCAACTGGATCCTGCGC 77.79441236 73.9461516
402 AAACAAAGGACGTCCCGCGC 67.52500576 72.6685954
404 CGCCGACGGGACGTAAACAA 77.77475148 70.288774
403 GTCCTTTGTTTACGTCCCGT 94.99070926 103.867949
406 AGGTGCGCCCCGTGGETCGGT 68.80565242 65.4335257
407 AGAGAGGT GCGCCCCGT GGT 42.18514493 55.1199635
408 GTAAAGAGAGGTGCGCCCCG 53.39922155 55.7151401
410 CGGGGAGT CCGCGTAAAGAG 52.63946411 66.9249801
409 GGGGCGCACCTCTCTTTACG 72.81702761 66.4993545
411 gRNA#OLL CAGATGAGAAGGCACAGACG 32.31425506 44.762352
413 GGCAGATGAGAAGGCACAGA 59.89738685 59.5785052
415 ACACGGTCCGGCAGATGAGA 41.29188182 52.515655
41z 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 T TTGAAGTATGCCTCAAGGT 68.9199506 80.763234
426 gRNA#012 AGTCTTTGAAGTATGCCTCA 30.45840615 47.6679105
4277 AAGACTGT TTGTTTAAAGAC 75.19137394 74.1370789
428 AGACTGTTTGTTTAAAGACT 66.21290133 75.2309845
429 CTGTTTGT TTAAAGACT GGG 63.52924235 72.0972239
430 GTTTAAAGACT GGGAGGAGT 52.01423199 66.8961386
431 TCTTTGTACTAGGAGGCTGT 51.48581844 68.9533809
432 AGGAGGCT GTAGGCATAAAT 37.69681736 56.2655965
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433 GTGAAAAAGTTGCATGGTGC 82.88524703 98.0043703
434 GCAGAGGT GAAAAAGTT GCA 31.73533955 53.6210823
435 gRNA#0L3 AACAAGAGATGATTAGGCAG 30.51551968 43.8402184
436 gRNA#0L4 GACATGAACAAGAGATGATT 15.37394867 25.9017005
437 AGCTTGGAGGCTTGAACAGT 84.06388656 100.433196
441 gRNA#0LS 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 TAAAGAAT TTGGAGCTACTG 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
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 TCGCAGAAGATCT CAATCTC 70.59684886 75.0458487
465 gRNA#OLT ATATGGTGACCCACAAAATG 41.36374656 46.043276
466 TTTGTGGGTCACCATATTCT 66.33644682 65.6466534
467 JRNAHOLS TTGTGGGTCACCATATTCTT 48.06595023 41.7714626
468 GCTGGATCCAACTGGTGGTC 65.83430344 69.3357339
469 CACCCCAAAAGGCCTCCGTG 21.63462413 23.5507547
471 GRNARULO CCTGAGGGCTCCACCCCAAA 45.40727826 44.6869573
470 CCTTTTGGGGTGGAGCCCTC 50.06807456 31.73417
472 GGGGTGGAGCCCTCAGGCTC 64.29444481 64.1755302
473 GGGTGGAGCCCTCAGGCTCA 44.19826805 53.1051257
474 CGATTGGT GGAGGCAGGAGG 65.52555289 60.9306557
475 gRNAH#020 CTCATCCTCAGGCCATGCAG 35.40063237 17.5286587
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[0222] Invitro 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 HBeAgat day 6 compared to non-targeting control (Figure 9) and 28 gRNAs showed less
than 50% expression of HBsAgat day 6 compared to non-targeting control (Figure 10). HBsAg

and HBeAg expression was positively correlated as shownin Figure 11.

Example 4: Zinc finger repressors for silencing HBV

[0223] 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.

[0224] 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 S: Further In vitro Evaluation of gRNAs

[0225] A CRISPR-OfT 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.

[0226] 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 HBsAgand 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 HBsAgand HBeAglevels in the supernatant. Positive
control used in this experimentis a gRNA against HBV genome that was previously shown to
reduce antigens ~50%.

[0227] In another experiment, the integrated HBV cell line, PLC/PRF/S, 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 13 A, four daysafter transfection HBsAg protein expression in the supernatant was

evaluated by ELISA. Results from this experiment are shown in Figure 13B. Target
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conservation was evaluated in silico and target conservation was defined as 100% gRNA-DNA
match.

[0228] 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 HBsAgand 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 a HBV gRNA that was previously shown to reduce antigens ~50%.
The data suggested strong in vifro silencing by certain gRNAs at Day 6 after transfection. In a
second PHH experiment, depicted in Figure 14C, post-infection HBsAgand HBe Ag 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 HBeAgsecretion in HBV infected PHH cells at this time point, as well. Results are
shown in Figure 14D.

[0229] Sequences of the exemplary gRNASs that were tested in this example are listed in
Table 13.

Example 6: Evaluation of ZFP in HepG2-NTCP Cells

[0230] In this example, ZF-off single constructs encoding a fusion protein consisting of
KRAB, DNMT3 A, 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 20,
as are sequences for plasmids yielding a subset of the ZF-off single construct fusion proteins.
[0231] 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 15A, at Day 6 post-infection HBsAgand HBeAg protein
expression in the supernatant was evaluated by ELISA. Figure 15B shows the results as
measured by percentage reductionin 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 16A shows the results of the top ten ZF-off constructs that lead to the most
reduction in HBV antigens. Figure 16B shows the results for all constructs in the screen.
[0232] Table 16 and 17 below show the raw data from these experiments, listed with the
mRNA number yielding the zinc finger motif.

Table 16. % HBsAg expression relative to non-targeting control

Trial# [t |2 [3 [4 |5 ]s |7 |8 |
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Non-targ control | 100 100 | 100 100
Pos control 54 59 | 68 61 75 |79 | 65 86
mRNAOO0O01 10 19 |25 23
mRNA0002 12 2 8 12
mRNAO0003 10 11 14 15
mRNA0004 10 28 13 39
mRNAO000S5 3 5 1 8
mRNAO0006 4 12 8 19
mRNAO0007 97 86 | 60 66
mRNAO0008 68 69 | 65 64
mRNA0009 65 67 74 98
mRNAO0010 84 69 | 66 73
mRNAOO11 67 50 |60 59
mRNAO0O12 59 61 70 92
mRNAOO013 97 70 | 66 71
mRNA0014 60 81 66 74
mRNAOO15 &1 73 77 129
mRNAOO16 120 | 78 71 77
mRNAOO17 75 77 82 82
mRNAOO18 78 84 |93 131
mRNAQ019 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
mRNAO0025 86 92 |90 82
mRNA0026 77 88 81 104
mRNA0027 128 | 77 80 81
mRNA0028 71 67 59 66
mRNA0029 48 47 | 40 57
mRNAO0030 109 [ 82 |76 75
mRNAOO031 46 32 |41 27
mRNAO0032 50 59 |52 73
mRNAO0O033 61 62 | 46 50
mRNA0034 51 24 |1 41 25
mRNAO0O035 30 25 24 34
mRNAO0036 16 22 19 19
mRNAQ037 54 43 42 46
mRNAO038 19 23 13 29
mRNA0039 28 46 | 37 36
mRNA0040 88 78 83 80
mRNA0041 103 | 92 100
mRNA0042 99 91 99
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mRNAO0043 93 89 |97
mRNA0044 98 100 | 95
mRNAO0045 100 | 9% |95
mRNAO0046 94 83 92
mRNAO0047 97 77 | 99
mRNA0048 96 94 190
mRNA0049 83 87 89
mRNAO0050 87 87 85
mRNAO0051 106 | 104 [ 114
mRNAO0052 104 | 101 | 107
mRNAOQO053 83 86 |92
mRNAO0054 98 102 | 91
mRNAO00S55 101 | 96 100
mRNAO0056 99 107 | 108
mRNAO0057 101 102 | 104
mRNAOQ0058 110 | 104 | 102
mRNAO0059 100 | 91 98
mRNAO0060 94 103 | 100
mRNAOQ0061 104 | 96 103
mRNAO0062 106 | 98 104
mRNAO0063 96 8 |99

Table 17. % HBeAg expression relative to non-targeting control

Trial# 100 | 100 | 100 | 100
Non-targ control | 100 100 | 100 100
Pos control 26 36 | 41 53 43 |43 |34 54
mRNAO0001 12 19 |22 23
mRNA0002 15 8 17 20
mRNAO0003 11 13 12
mRNAO0004 10 17 9 27
mRNAO0005 1 1 -1 3
mRNAO0006 5 8 7 13
mRNAO0007 95 78 59 65
mRNAO0008 64 67 60 65
mRNA0009 65 64 81 98
mRNAO0010 84 68 69 70
mRNAOO11 65 51 51 67
mRNAO0012 64 61 74 96
mRNAO0013 92 74 | 73 79
mRNA0014 58 85 58 76
mRNAOO15 82 83 78 124
mRNAO0016 108 | 81 72 80
mRNAOO17 72 77 72 80
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mRNAO0018 55 55 71 93
mRNAO0019 71 79 |51 87
mRNA0020 34 36 |32 52
mRNAO0021 32 40 | 55 55
mRNAO0022 77 64 |33 65
mRNAO0023 60 69 | 72 43
mRNAO0024 98 76 | 87 84
mRNAO0025 91 86 | 82 92
mRNAO0026 78 97 87 102
mRNAOQ027 117 |62 |68 74
mRNA0028 75 59 |38 71
mRNA0029 31 32 |22 45
mRNA0030 124 |8 [ 79 77
mRNAO0031 42 23 | 27 20
mRNAO0032 46 57 | 57 82
mRNAOQ033 56 51 44 76
mRNAO0034 42 21 41 18
mRNAOQO035 22 22 |24 39
mRNAO0036 13 17 16 13
mRNAOQ037 50 35 34 35
mRNAOQ0038 12 16 13 25
mRNAO0039 29 45 39 36
mRNA0040 93 73 80 82
mRNAO0041 80 63 111
mRNA0042 114 [ 94 |98
mRNAO0043 98 91 99
mRNAO0044 91 115 | 108
mRNAO0045 71 55 62
mRNAO0046 76 66 | 63
mRNAO0047 55 55 |45
mRNA0048 66 63 78
mRNA0049 83 59 |52
mRNAO0050 51 55 |49
mRNAO0051 55 49 149
mRNAO0052 56 57 | 66
mRNAO0053 92 60 | 57
mRNAO0054 50 55 56
mRNAOQO055 83 88 |74
mRNAO0056 61 69 112
mRNAOQO057 106 | 73 65
mRNAOQ0058 66 65 65
mRNAO0059 69 66 |71
mRNAO0060 59 %4 101
mRNAOQ061 111 | 81 68

-114-

PCT/US2023/074931



WO 2024/064910 PCT/US2023/074931

mRNAO0062 28 33 |41
mRNAO0063 65 55 31

Example 7. Dose Response Testing of Viral Antigens in HepG2-NTCP cells
[0233] In this example, top ZF fusion proteins were tested in 5-point dose response assay for
HBsAgand HBeAg. The S dosage points were 200ng, 150ng, 100ng, 50ng, and 25ng.

Experimental schematic and results are shown in Figure 17.

Example 8. Testing for Durable Repression of HBsAg in HepG2.2.15 cells
[0234] In this example, top ZF fusion proteins were tested for durable repression of HBsAg.
Active ZFPs showed durable silencing through Day 27 with 50ng total treatment. Experimental

schematic and results are shown in Figure 18.

Example 9. Testing of Silencing of HBsAg in a Second Model for int-HBV
[0235] In this example, top ZF fusion proteins were tested for repression of HBsAgin
PLC/PRF/5 cells. A subset of the ZFPs silenced HBsAgin this second model. Experimental

schematic and results are shown in Figure 19.

Example 10. Testing ZF Fusion Proteins and CRISPR-off with guide RNAs for Specificity
[0236] 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
mRNAO0001 zinc finger motif is shown in Figure 20A. CRISPR-off with guide RNAs were
similarly profiled. HepG2-NTCP cells were transfected with 100ng of total payload using
GenVoyTM LNP at a 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 20B, little to no
changes were observed above chosen thresholds (absolute[ log2[fold change]]>1 and -

logl O[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 in silico.
EE3, EE4, and EES had a result of DMR=0. Results are shown in Figures 20C-20D.
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Example 11. Stable HBV Silencing via Epigenetic Editing in Non-Transgenic Mouse Model
of Persistent HBV infection

[0237] 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.

[0238] 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/kgand 0.5 mg/kg for CRISPR-Off and ZF-OfT, respectively.
Some constructs are formulated in LNP compositions as described in US20220402862 A1 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 HBeAgis observed for some constructs.

[0239] Longer-term durability is tested over three to six months using the HBV DNA,
HBsAg, and HBeAg markers. Progressive and durablereduction 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 silencingis confirmed by atleast 2 logreduction of

HBsAgand HBV DNA.

Example 12: Stable HBV Silencing via Epigenetic Editing in Transgenic Mice Expressing
viral HBV DNA

[0240] 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.

[0241] 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 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 US20220402862A 1 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
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significant reduction in the levels of one or more of HBV DNA, HBsAg, and HBeAgis
observed for some constructs.

[0242] Longer-term durability is tested over three to six months usingthe HBY DNA,
HBsAg, and HBeAg markers. Progressive and durablereduction 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 silencingis confirmed by atleast 2 logreduction of

HBsAgand HBV DNA.

Example 13. CRISPR-Off Guide RNA Multiplexing Study in AAV-HBV and Tg-HBV
Mouse Models

[0243] AAV-HBYV and Tg-HBV mice are injected with a single administration of one, two,
or three guide RNAs with a CRISPR-OfT fusion protein in LNPs at 1.5 mg/kg in accordance
with Table 18. Samples are included with CRISPR-OfT from each of PLA002 and PLA0O3.
HBV DNA, HBsAg, and HBeAg are assayed in plasma at one or more time points, and the
mouse liver is collected for further analysis. Durable silencingis confirmed by atleast 2 log
reduction of HBsAgand HBV DNA.

[0244] Table 18. CRISPR-Off Multiplexing sample groups

Group Guide RNA 1 Guide RNA 2 Guide RNA 3
1 gRNA#008 gRNA#011 -

2 gRNA#008 gRNA#003 -

3 gRNA#008 gRNA#015 -

4 gRNA#008 gRNA#011 gRNA#015

5 gRNA#008 gRNA#011 gRNA#003

6 gRNA#008 - -

7 Vehicle - -

Example 14. Zinc Finger Protein Multiplexing Study in AAV-HBYV and Tg-HBV Mouse
Models

[0245] AAV-HBYV and Tg-HBV mice are injected with a single administration at 0.5 mg/kg
of one, two, or three ZF fusion proteins in LNPs (schematic, Figure 21) in accordance with

Table 19. HBV DNA, HBsAg, and HBeAgare assayed in plasma at one or more time points,
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and the mouse liver is collected for further analysis. Durable silencingis confirmed by at least 2

log reduction of HBsAgand HBV DNA.

Table 19. ZFP Multiplexing sample groups.

Group | ZF Off-1 | ZF_Off-2 ZF_Off-3

1 mRNA0004 |mRNA0021 -

2 mRNA0004 [mRNA0003 _

3 mRNA0004 |[mRNA0038 -

4 mRNA0004 |[mRNA0021 mRNA0003

5 mRNA0004 [mRNA0038 mRNA0003

6 mRNA0004 |[mRNA0021 mRNA0038

7 mRNA0004 |mRNA0001 -

8 mRNA0004 |[mRNA0039 -

o mRNA0004 |- -

10 Vehicle - -
SEQUENCES

[0246] The SEQ ID NOs (SEQ) of nucleotide (nt) and amino acid (aa) sequences described
in the present disclosure are listed in Table 20 below.
TABLE 20. Sequence listing.

SEQ Description Sequence

ATGGATAAGAAATACTCAATAGGCTTAGATATCGGCACAAATAGCGTCGGATGGGCGGT G
ATCACTGATGAATATAAGGTTCCGTCTAAAAAGTT CAAGGTTCTGGGAAATACAGACCGC
CACAGTATCAAAAAAAATCTTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGAA
GCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGT
TATCTACAGGAGATTTTTT CAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGA
CTTGAAGAGTCTTTTTTGGTGGAAGAAGACAAGAAGCATGAACGTCATCCTATTTTTGGA
AATATAGTAGATGAAGTTGCTTATCATGAGAAATATCCAACTATCTATCATCTGCGAAAA
AAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAATCTATTTGGCCTTAGCGCAT
ATGATTAAGTTTCGTIGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGAT
GTGGACAAACTATTTATCCAGTTGGTACAAACCTACAATCAATTATTTGAAGAAAACCCT
ATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGAGTAAATCAAGA
CGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAAAAATGGCTTATTTGGGAAT

S. pyogenes WT
1 Cas9 Seguence
(nt)
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SEQ

Description

Sequence

CTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAATTTTGATTTGGCAGAA
GATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATGATTTAGATAATTTATTGGCG
CAAATTGGAGATCAATATGCTGATTTGTTITTGGCAGCTAAGAATTTATCAGATGCTATT
TTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGCTTCA
ATGATTAAACGCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGA
CAACAACTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCA
GGTTATATTGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTA
GAAAAAATGGATGGTACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGC
AAGCAACGGACCTTTGACAACGGCTCTATTCCCCATCAAATTCACTTGGGTGAGCTGCAT
GCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATCGTGAGAAGATT
GAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGT
CGTTTTGCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAA
GTTGTCGATAAAGGTGCTTCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAA
AATCTTCCAAATGAAAAAGTACTACCAAAACATAGTTTGCTTITATGAGTATTTTACGGTT
TATAACGAATTGACAAAGGTCAAATATGTTACTGAAGGAATGCGAAAACCAGCATTTCTT
TCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTCTTCAAAACAAAT CGAAAAGTAACC
GTTAAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGTTTTGATAGTGTTGAAATT
TCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATT
ATTAAAGATAAAGATTTTTTGGATAAT GAAGAAAATGAAGATAT CTTAGAGGATATTGIT
TTAACATTGACCTTATTTGAAGATAGGGAGATGAT TGAGGAAAGACTTAAAACATATGCT
CACCTCTTTGATGATAAGGTGATGAAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGA
CGTTTGICTCGAAAATTGATTAATGGTATTAGGGATAAGCAATCTGGCAAAACAATATTA
GATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGAT
AGTTTGACATTTAAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTTA
CATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACT
GTAAAAGTTGTTGATGAATTGGT CAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTT
ATTGAAATGGCACGTGAAAATCAGACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGT
ATGAAACGAATCGAAGAAGGTAT CAAAGAATTAGGAAGTCAGATTCTTAAAGAGCATCCT
GTTGAAAATACTCAATTGCAAAATGAAAAGCTCTATCTCTATTATCTCCAAAATGGAAGA
GACATGTATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGTCGATCAC
ATTGTTCCACAAAGTTTCCTTAAAGACGATT CAATAGACAATAAGGTCTTAACGCGTTCT
GATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTCAAAAAGAT GAAA
AACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTA
ACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTITTATCAAACGCCAA
TTGGTTGAAACTCGCCAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCGCATGAAT
ACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCT
AAATTAGTTTCTGACTTCCGAAAAGATTTCCAATTCTATAAAGTACGT GAGATTAACAAT
TACCATCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAA
TATCCAAAACTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAA
ATGATTGCTAAGTCTGAGCAAGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCT
AATATCATGAACTTCTTCAAAACAGAAATTACACTTGCAAATGGAGAGATTCGCAAACGC
CCTCTAATCGAAACTAATGGGGAAACT GGAGAAATTGTCT GGGATAAAGGGCGAGATTTT
GCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTGT CAAGAAAACAGAAGTA
CAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAAAAGAAATTCGGACAAGCTTATT
GCTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGTTTTGATAGT CCAACGGTAGCT
TATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAAT CGAAGAAGTTAAAATCCGTT
AAAGAGTTACTAGGGATCACAATTATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGAC
TTTTTAGAAGCTAAAGGATATAAGGAAGTTAAAAAAGACTTAATCATTAAACTACCTAAA
TATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGGCTAGT GCCGGAGAATTA
CAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTAGCTAGT
CATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTGGAG
CAGCATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTT
ATTTTAGCAGATGCCAATTTAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAA
CCAATACGTGAACAAGCAGAAAATATTATTCATTTATTTACGTTGACGAATCTTGGAGCT
CCCGCTGCTTTTAAATATTTTGATACAACAATTGATCGTAAACGATATACGTCTACAAAA
GAAGTTTTAGATGCCACTCTTATCCATCAATCCATCACTGGTCTTTATGAAACACGCATT
GATTTGAGTCAGCTAGGAGGTGACTGA

S. pyogenes WT
Cas9 Seguence
(aa)

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAE
ATRLKRTARRRYTRRKNRICYLOQEIFSNEMAKVDDSFFHRLEES FLVEEDKKHERHPIFG
NIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSD
VDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGN
LIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFEFDQSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKORTFDNGSIPHQIHLGELH
AILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEET ITPWNFEE
VVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVIEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTIVKQLKEDYFKKIECFDSVEI SGVEDRENASLGTYHDLLKI
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEFDDKVMKOLKRRRYTGWG
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Sequence

RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEMOLIHDDSLTFKEDIQKAQVSGQGDSL
HEHIANLAGSPAIKKGILOTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDH
IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEFDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKS
KLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFEF
ATVRKVLSMPQVNIVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVA
YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMIASAGELQKGNELALPSKYVNFLYLASHYEKLKGS PEDNEQKQLEVE
OQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITHLEFTLTNLGA
PAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD

MKRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGARRLKRRR
RHRIQRVKKLLEFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVHN
VNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDGEVRGSINRFKTSDYVKEA
KOLLKVOKAYHQLDOSFIDTYIDLLETRRIYYEGPGEGSPFGWKDIKEWYEMLMGHCTYF
PEELRSVKYAYNADLYNALNDINNLVITRDENEKLEYYEKFQITIENVEFKOKKKPTLKQIA
KEILVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDITARKEIIENAELLDQIAKILTIYQS
SEDIQEELTNLNSELTQEEIEQISNLKGYTGTHNLSLKAINLILDELWHTNDNQIAIEFNR
LKLVPKKVDLSQQKEIPTTLVDDFILSPVVKRSFIQSIKVINAITIKKYGLPNDIIIELAR
EKNSKDAQKMINEMOKRNRQTNERIEEIIRTTGKENAKYLIEKIKLHDMQEGKCLY SLEA
IPLEDLLNNPENYEVDHIIPRSVSEFDNSEFNNKVLVKQEEN SKKGNRTPFQYLSSSDSKIS
YETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVOKDFINRNLVDTRYATRGLMNLL
RSYFRVNNLDVKVKSINGGEFT SFLRRKWKFKKERNKGYKHHAEDALI IANAD FIFKEWKK
LDKAKKVMENQMFEEKQAE SMPEIETEQEYKEIFITPHQIKHIKDFKDYKYSHRVDKKPN
RELINDTLYSTRKDDKGNT LIVNNLNGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKL
KLIMEQYGDEKNPLYKYYEETGNYLTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNS
RNKVVKLSLKPYREFDVYLDNGVYKEFVIVKNLDVIKKENYYEVNSKCYEEAKKLKKI SNQA
EFIASEYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPRIIKTI
ASKTQSIKKYSTDILGNLYEVKSKKHPQIIKKG

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQIIDKYHQF
FIEEILSSVCISEDLLONYSDVYFKLKKSDDDNLOQKDFKSAKDTIKKQISEYIKDSEKFK
NLENQNLIDAKKGOESDLILWLKQSKDNGIELFKANSDITDIDEALEIIKSFKGWTTYFK
GFHENRKNVYSSNDIPTSIIYRIVDDNLPKFLENKAKYES LKDKAPEAINYEQIKKDLAE
ELTFDIDYKTSEVNQRVEFSLDEVEFEIANFNNYLNQSGITKENTIIGGKFVNGENTKRKGI
NEYINLYSQQINDKT LKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVTTMQSFYEQIA
AFKTVEEKSIKETLSLLEDDLKAQKLDLSKIYFKNDKSLTDLSQQVFDDYSVIGTAVLEY
ITQQIAPKNLDNPSKKEQELIAKKTEKAKYLSLET IKIALEEFNKHRDIDKQCRFEEILA
NFAAIPMIFDEIAQONKDNLAQISIKYONQGKKDLLQASAEDDVKAIKDLLDOQTNNLLHKL
KIFHISQSEDKANILDKDEHFYLVFEECYFELANIVPLYNKIRNYITQKPYSDEKFKLNFE
ENSTLANGWDKNKEPDNTAILFIKDDKYYLGVMNKKNNKI FDDKAIKENKGEGYKKIVYK
LLPGANKMLPKVFEFSAKSIKFYNPSEDILRIRNHSTHTKNGSPOQKGYEKFEFNIEDCRKE
IDFYKQSISKHPEWKDFGFRESDTQRYNSIDEFYREVENQGYKLTFENISESYIDSVVNQ
GKLYLFQIYNKDFSAYSKGRPNLHTLYWKALFDERNLODVVYKLNGEAELFYRKQS IPKK
ITHPAKEAIANKNKDNPKKESVEFEYDLIKDKREFTEDKFFFHCPITINFKSSGANKENDEI
NLLLKEKANDVHILS IDRGERHLAYYTLVDGKGNIIKQDT FNIIGNDRMKTNYHDKLAAT
EKDRDSARKDWKKINNIKEMKEGYLSQVVHEIAKLVIEYNAIVVFEDLNFGEKRGREKVE
KOVYQKLEKMLIEKLNYLVEFKDNEFDKTGGVLRAYQLTAPFETFKKMGKQTGIIYYVPAG
FTSKICPVIGEFVNQLYPKYESVSKSQEFFSKEFDKICYNLDKGYFEFSFDYKNFGDKAAKG
KWTIASFGSRLINFRNSDKNHNWDTREVYPTKELEKLLKDYSIEYGHGECIKAAICGESD
KKFFAKLTSVLNTILOMRNSKTGTELDYLISPVADVNGNFEFDSROQAPKNMPQDADANGAY
HIGLKGLMLLGRIKNNQEGKKINLVIKNEEYFEFVONRNN

WO 2024/064910
SEQ Description
3 SaCas9
A F. novicida WT
Cpfl
5 CasX

MEKRINKIRKKLSADNATKPVSRSGPMKTLLVRVMTDDLKKRLEKRRKKPEVMPQVISNN
AANNLRMLLDDYTKMKEAI LOVYWQEFKDDHVGLMCKFAQPASKKIDONKLKPEMDEKGN
LTTAGFACSQCGQOPLFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKDSDEA
VITYSLGKEFGQRALDFYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMGTIASEL
SKYQDIITIEHQKVVKGNQKRLES LRELAGKENLEYPSVILPPQPHTKEGVDAYNEVIARV
RMWVNINLWQKLKLSRDDAKPLLRLKGEFPSFPVVERRENEVDWWNTINEVKKLIDAKRDM
GRVEFWSGVTAEKRNT ILEGYNYLPNENDHKKREGS LENPKKPAKRQFGDLLLYLEKKYAG
DWGKVEDEAWERIDKKIAGLTSHIEREEARNAEDAQSKAVLTDWLRAKASFVLERLKEMD
EKEFYACEIQLQKWYGDLRGNPFAVEAENRVVDISGESIGSDGHSIQYRNLLAWKYLENG
KREFYLLMNYGKKGRIRFTDGTDIKKS GKWQGLLYGGGKAKVIDLTFDPDDEQLIILPLA
FGTRQGREFIWNDLLSLETGLIKLANGRVIEKTIYNKKIGRDEPALEVALTFERREVVDP
SNIKPVNLIGVDRGENIPAVIALTDPEGCPLPEFKDSSGGPTDILRIGEGYKEKQRAIQA
AKEVEQRRAGGYSRKFASKSRNLADDMVRNSARDLEYHAVTHDAVLVEFENLS RGEGRQGK
RTFMTERQYTKMEDWLTAKLAYEGLTSKTYLSKTLAQYTSKTCSNCGFTITTADYDGMLV
RLKKT SDGWATTLNNKELKAEGQITYYNRYKRQTVEKELSAELDRLSEESGNNDI SKWTK
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SEQ

Description

Sequence

GRRDEALFLLKKRESHRPVQEQFVCLDCGHEVHADEQAALNIARSWLFLNSNSTEFKSYK
SGKQPFVGAWQAFYKRRLKEVWKPNA

CasY

MRKKLEFKGYILHNKRLVYTGKAAIRSIKYPLVAPNKTALNNLSEKIIYDYEHLEFGP LNVA
SYARNSNRYSLVDFWIDSLRAGVIWQSKSTSLIDLISKLEGSKSPSEKIFEQIDFELKNK
LDKEQFKDIILLNTGIRSS SNVRSLRGRFLKCFKEEFRDTEEVIACVDKWSKDLIVEGKS
ILVSKQFLYWEEEFGIKIFPHFKDNHDLPKLTFEVEPSLEFSPHLPLANCLERLKKEDIS
RESLLGLDNNFSAFSNYFNELENLLSRGEIKKIVIAVILAVSKSWENEPELEKRLHFLSEK
AKLLGYPKLTSSWADYRMIIGGKIKSWHSNYTEQLIKVREDLKKHQIALDKLQEDLKKVV
DSSLREQIEAQREALLPLLDTMLKEKDESDDLELYRFILSDFKSLINGSYQRYIQTEEER
KEDRDVTKKYKDLYSNLRNIPRFFGESKKEQFNKFINKSLPTIDVGLKILEDIRNALETV
SVRKPPSITEEYVTKQLEKLSRKYKINAFNSNREFKQITEQVLRKYNNGELPKISEVEFYRY
PRESHVAIRILPVKISNPRKDISYLLDKYQI SPDWKNSNPGEVVDLIEIYKLTLGWLLSC
NKDFSMDFS SYDLKLEFPEAASLIKNFGSCLSGYYLSKMIFNCITSEIKGMITLYTRDKEV
VRYVTOMIGSNQKFPLLCLVGEKQTKNEFSRNWGVLIEEKGDLGEEKNQEKCLIFKDKTDF
AKAKEVEIFKNNIWRIRTSKYQIQFINRLFKKTKEWDLMNLVLSEPSLVLEEEWGVSWDK
DKLLPLLKKEKSCEERLYYSLPLNLVPATDYKEQSAEIEQRNTYLGLDVGEFGVAYAVVR
IVRDRIELLSWGFLKDPALRKIRERVQDMKKKQVMAVESS SSTAVARVREMATHSLRNQI
HSIALAYKAKIIYEISISNFETGGNRMAKIYRSIKVSDVYRESGADTLVSEMIWGKKNKQ
MGNHISSYATSYTCCNCARTPFELVIDNDKEYEKGGDEFIFNVGDEKKVRGEFLQOKS LLGK
TIKGKEVLKSIKEYARPPIREVLLEGEDVEQLLKRRGNSYIYRCPFCGYKTDADIQAALN
IACRGYISDNAKDAVKEGERKLDYILEVRKLWEKNGAVLRSAKF L

CasPhi

MADTPTLFTQFLRHHLPGQRFRKDILKQAGRILANKGEDATIAFLRGKSEESPPDFQPPV
KCPIIACSRPLTEWPIYQASVAIQGYVYGQSLAEFEASDPGCSKDGLLGWEFDKTGVCTDY
FSVQGLNLIFONARKRYIGVQTKVINRNEKRHKKLKRINAKRIAEGLPELTSDEPESALD
ETGHLIDPPGLNTNIYCYQQVSPKPLALSEVNQLPTAYAGYSTSGDDPIQPMVTKDRLSI
SKGQOPGYIPEHQRALLSQKKHRRMRGY GLKARALLVIVRIQDDWAVIDLRSLLRNAYWRR
IVQTKEPSTITKLLKLVTGDPVLDATRMVATFTYKPGIVQVRSAKCLKNKQGSKLEFSERY
LNETVSVTSIDLGSNNLVAVATYRLVNGNTPELLQREFTLP SHLVKDFERYKQAHDTLEDS
IQKTAVASLPOGQOTEIRMWSMYGFREAQERVCQELGLADGSIPWNVMTATSTILTDLEL
ARGGDPKKCMETSEPKKKKNSKQVLYKIRDRAWAKMYRTLLSKETREAWNKALWGLKRGS
PDYARLSKRKEELARRCVNYTISTAEKRAQCGRTIVALEDLNIGFFHGRGKQEPGWVGLE
TRKKENRWLMOQALHKAFLELAHHRGYHVIEVNPAYTSQTCPVCRHCDPDNRDQHNREAFH
CIGCGFRGNADLDVATHNIAMVAITGESLKRARGSVASKTPQPLAAE

Casl2fl
(Caslda)

MIKVYRYEIVKPLDLDWKEFGTILRQLQOETRFALNKATQLAWEWMGESSDYKDNHGEYP
KSKDILGYTNVHGYAYHTIKTKAYRINSGNLSQTIKRATDRFKAYQKEILRGDMSIPSYK
RDIPLDLIKENISVNRMNHGDYIASLSLLSNPAKQEMNVKRKISVIIIVRGAGKTIMDRI
LSGEYQVSASQITHDDRKNKWYLNISYDFEPQTRVLDLNKIMGIDLGVAVAVYMAFQHTP
ARYKLEGGEIENFRROQVESRRISMLROGKYAGGARGGHGRDKRIKPIEQLRDKIANEFRDT
TNHRYSRYIVDMAIKEGCGTIQMEDLTNIRDIGSRELONWTYYDLOQOKIIYKAEEAGIKV
IKIDPQYTSQRCSECGNIDSGNRIGOQAIFKCRACGYEANADYNAARNIAIPNIDKIIAES
IKSGGS

Casl2f2
(Casldb)

NAMIAQKTIKIKLNPTKEQIIKLNSIIEEYIKVSNFTAKKIAEIQESFTDSGLTQGTCSE
CGKEKTYRKYHLLKKDNKLEFCITCYKRKYSQFTLOKVEFONKTGLRNVAKLPKTYYTNAT
RFASDTFSGFDEIIKKKONRLNS IQONRLNFWKELLYNPSNRNEIKIKVVKYAPKTDTREH
PHYYSEAEIKGRIKRLEKQLKKEFKMPKYPEFTSETISLORELYSWKNPDELKISSITDKN
ESMNYYGKEYLKRYIDLINSQTPQILLEKENNSFYLCFPITKNIEMPKIDDT FEPVGIDW
GITRNIAVVSILDSKTKKPKEFVKEYSAGYILGKRKHYKSLRKHFGOQKKRQDKINKLGTKE
DRFIDSNIHKLAFLIVKEIRNHSNKPIILMENITDNREEAEKSMRONILLHSVKSRLONY
IAYKALWNNIPTNLVKPEHTSQICNRCGHOQDRENRPKGSKLFKCVKCNYMSNADENASIN
IARKFYIGEYEPFYKDNEKMKSGVNSI SM

10

Casl2f3
(Casldc)

MEVOKTVMKTLSLRILRPLYSQEIEKEIKEEEKERRKQAGGTGELDGGFYKKLEKKHSEM
FSEFDRINLLINQLOREIAKVYNHAISELYIATIAQGNKSNKHYISSIVYNRAYGYFYNAY
IALGICSKVEANFRSNELLTQQOSALPTAKSDNFPIVLHKQKGAEGEDGGFRISTEGSDLI
FEIPIPFYEYNGENRKEPYKWVKKGGQKPVLKLILSTFRRQRNKGWAKDEGT DAEIRKVT
EGKYQVSQIEINRGKKLGEHQKWFANFSIEQPIYERKPNRSIVGGLDVGIRSPLVCAINN
SEFSRYSVDSNDVFKEFSKQVFAFRRRLLSKNS LKRKHGHAAHKLEPITEMTEKNDKEFRKKI
IERWAKEVINFEVKNQVGIVQIEDLSTMKDREDHFFNQYLRGEFWPYYQOMOTLIENKLKEY
GIEVKRVQAKYTSQLCSNPNCRYWNNYEFNFEYRKVNKFPKFKCEKCNLEISADYNAARNL
STPDIEKFVAKATKGINLPEK

11

C2c8

MKVLEFKIHPTEEQVSKIDQSLAACKLLWNLSIALKEESKQRYYRKKHKFDEFSPEIWGL
SYSGHYDEKEFKTLKDKEKKLLIGNPCCKIAYFKKTSNGKEYTPLNSIPIRRFMNAENID
KDAVNYLNRKKLAFYFRENTAKFIGEIETEFKKGFFKSVIKPAYDAAKKGIRGIPREKGR
RDKVETLVNGQPETIKIKSNGVIVSSKIGLLKIRGLDRLOGKAPRMAKITRKATGYYLQL
TIETDDTIYKESDKCVGLDMGAVAIFTDDLGRQSEAKRYAKIQKKRLNRLOQRQASRQKDN
SNNQRKTYAKLARVHEKIARQRKGRNAQLAHKITSEYQSVILEDLNLKNMIAAAKPKERE
DGDGYKONGKKRKSGLNKALLDNAIGQLRTFIENKANERGRKIIRVNPKHTSQTCPNCGN
IDKANRVSQSKFKCVSCGYEAHADQNAAANI LIRGLRDEFLRAIGSLYKFPVSMIGKYPG
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SEQ

Description

Sequence

LAGEFTPDLDANQESIGDAPIENAEHS I SKOMKQEGNRTPTQPENGSQSLIFLSAPPQPC
GDSHGTNNPKALPNKASKRSSKKPRGAIPENPDQLTIWDLLD

12

dSpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAE
ATRLKRTARRRYTRRKNRICYLOQEIFSNEMAKVDDSFFHRLEES FLVEEDKKHERHPIFG
NIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSD
VDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGN
LIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFEFDQSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKORTFDNGSIPHQIHLGELH
AILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEET ITPWNFEE
VVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVIEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTIVKQLKEDYFKKIECFDSVEI SGVEDRENASLGTYHDLLKI
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOLIHDDSLTFKEDIQKAQVSGQGDSL
HEHIANLAGSPAIKKGILOTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDA
IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEFDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKS
KLVSDEFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFEF
ATVRKVLSMPQVNIVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVA
YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMIASAGELQKGNELALPSKYVNFLYLASHYEKLKGS PEDNEQKQLEVE
OQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITHLEFTLTNLGA
PAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD

13

dsaCas9

MKRNYILGLAIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGARRLKRRR
RHRIQRVKKLLEFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVHN
VNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDGEVRGSINRFKTSDYVKEA
KOLLKVOKAYHQLDOSFIDTYIDLLETRRIYYEGPGEGSPFGWKDIKEWYEMLMGHCTYF
PEELRSVKYAYNADLYNALNDINNLVITRDENEKLEYYEKFQITIENVEFKOKKKPTLKQIA
KEILVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDITARKEIIENAELLDQIAKILTIYQS
SEDIQEELTNLNSELTQEEIEQI SNLKGYTGTHNLSLKAINLILDELWHTNDNQIATIENR
LKLVPKKVDLSQQKEIPTTLVDDFILSPVVKRSFIQSIKVINAITIKKYGLPNDIIIELAR
EKNSKDAQKMINEMOKRNRQTNERIEEIIRTTGKENAKYLIEKIKLHDMQEGKCLY SLEA
IPLEDLLNNPENYEVDHIIPRSVSEFDNSFNNKVLVKQEEASKKGNRTPFQYLSSSDSKIS
YETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVOKDFINRNLVDTRYATRGLMNLL
RSYFRVNNLDVKVKSINGGEFT SFLRRKWKFKKERNKGYKHHAEDALI IANAD FIFKEWKK
LDKAKKVMENQMFEEKQAE SMPEIETEQEYKEIFITPHQIKHIKDFKDYKYSHRVDKKPN
RELINDTLYSTRKDDKGNT LIVNNLNGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKL
KLIMEQYGDEKNPLYKYYEETGNYLTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNS
RNKVVKLSLKPYREFDVYLDNGVYKEFVIVKNLDVIKKENYYEVNSKCYEEAKKLKKI SNQA
EFIASEYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPRIIKTI
ASKTQOSIKKYSTDILGNLYEVKSKKHPQIIKKG

14

inactive FnCpfl

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQIIDKYHQF
FIEEILSSVCISEDLLONYSDVYFKLKKSDDDNLOQKDFKSAKDTIKKQISEYIKDSEKFK
NLENQNLIDAKKGOESDLILWLKQSKDNGIELFKANSDITDIDEALEIIKSFKGWTTYFK
GFHENRKNVYSSNDIPTSIIYRIVDDNLPKFLENKAKYESLKDKAPEAINYEQIKKDLAE
ELTFDIDYKTSEVNQRVEFSLDEVEFEIANFNNYLNQSGITKENTIIGGKFVNGENTKRKGI
NEYINLYSQQINDKT LKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVTTMQSFYEQIA
AFKTVEEKSIKETLSLLEDDLKAQKLDLSKIYFKNDKSLTDLSQQVFDDYSVIGTAVLEY
ITQQIAPKNLDNPSKKEQELIAKKTEKAKYLSLET IKILIALEEFNKHRDIDKQCRFEEILA
NFAAIPMIFDEIAQONKDNLAQISIKYONQGKKDLLQASAEDDVKAIKDLLDOQTNNLLHKL
KIFHISQSEDKANILDKDEHFYLVFEECYFELANIVPLYNKIRNYITQKPYSDEKFKLNFE
ENSTLANGWDKNKEPDNTAILFIKDDKYYLGVMNKKNNKI FDDKAIKENKGEGYKKIVYK
LLPGANKMLPKVFEFSAKSIKFYNPSEDILRIRNHSTHTKNGSPOQKGYEKFEFNIEDCRKE
IDFYKQSISKHPEWKDFGFRESDTQRYNSIDEFYREVENQGYKLTFENISESYIDSVVNQ
GKLYLFQIYNKDFSAYSKGRPNLHTLYWKALFDERNLODVVYKLNGEAELFYRKQS IPKK
ITHPAKEAIANKNKDNPKKESVEFEYDLIKDKREFTEDKFFFHCPITINFKSSGANKENDEI
NLLLKEKANDVHILS IARGERHLAYYTLVDGKGNIIKQDT FNIIGNDRMKTNYHDKLAAT
EKDRDSARKDWKKINNIKEMKEGYLSQVVHEIAKLVIEYNAIVVFEDLNFGEFKRGREKVE
KOVYQKLEKMLIEKLNYLVEFKDNEFDKTGGVLRAYQLTAPFETFKKMGKQTGIIYYVPAG
FTSKICPVIGEFVNQLYPKYESVSKSQEFFSKEFDKICYNLDKGYFEFSFDYKNFGDKAAKG
KWTIASFGSRLINFRNSDKNHNWDTREVYPTKELEKLLKDYSIEYGHGECIKAAICGESD
KKFFAKLTSVLNTILOMRNSKTGTELDYLISPVADVNGNEFEFDSRQOAPKNMPQDADANGAY
HIGLKGLMLLGRIKNNQEGKKINLVIKNEEYFEEFVQNRNN

15

dNmeCas9

MAAFKPNSINYILGLAIGIASVGWAMVEIDEEENPIRLIDLGVRVFERAEVPKTGDSLAM
ARRLARSVRRLTRRRAHRLLRTRRLLKREGVLOAANFDENGLIKSLPNTPWQLRAAALDR
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Sequence

KLTPLEWSAVLLHLIKHRGYLSQRKNEGETADKELGALLKGVAGNAHALQTGDFRTPAEL
ALNKFEKESGHIRNQRSDYSHTFSRKDLQAELILLFEKQKEFGNPHVS GGLKEGIETLLM
TQRPALSGDAVOKMLGHCT FEPAEPKAAKNTYTAERFIWLTKLNNLRILEQGSERPLTDT
ERATLMDEPYRKSKLTYAQARKLLGLEDTAFFKGLRYGKDNAEASTLMEMKAYHAT SRAL
EKEGLKDKKSPLNLSPELQDEIGTAFSLFKTDEDITGRLKDRIQPEILEALLKHI S FDKFE
VOISLKALRRIVPIMEQGKRYDEACAEIYGDHYGKKNTEEKIYLPPIPADEI RNPVVLRA
LSQARKVINGVVRRYGSPARIHIETAREVGKSFKDRKEIEKRQEENRKDREKAAAKEFREY
FPNFVGEPKSKDILKLRLYEQQHGKCLYSGKEINLGRINEKGYVEIDAALPFSRTWDDSE
NNKVLVLGSENQNKGNQTPYEYEFNGKDNSREWQEFKARVETSRFPRSKKQORILLOKFDED
GFKERNLNDTRYVNRFLCQEFVADRMRLTGKGKKRVFASNGQITNLLRGFWGLRKVRAEND
RHHALDAVVVACSTVAMOOKITREVRYKEMNAFDGKTIDKETGEVLHQKTHEPQPWEFEFA
QEVMIRVFGKPDGKPEFEEADTLEKLRTLLAEKLS SRPEAVHEYVTPLEVSRAPNRKMS G
QGHMETVKSAKRLDEGVSVLRVPLTQLKLKDLEKMVNREREPKLYEALKARLEAHKDDPA
KAFAEPFYKYDKAGNRTQQVKAVRVEQVQOKT GVWVRNIHNGIADNATMVRVDVFEKGDKYY
LVPIYSWQVAKGILPDRAVVQGKDEEDWQLIDDSEFNFKESLHPNDLVEVITKKARMEGYF
ASCHRGTIGNINIRIHDLDHKIGKNGILEGIGVKTALSFQKYQIDELGKEIRPCRLKKRPP
VR

MARILAFAIGISSIGWAFSENDELKDCGVRIFTKVENPKTGESLALPRRLARSARKRLAR
RKARLNHLKHLIANEFKINYEDYQSFDESLAKAYKGSLISPYELRFRALNELLSKQDFAR
VILHIAKRRGYDDIKNSDDKEKGAILKAIKONEEKLANYQSVGEYLYKEYFQKFKENSKE
FTNVRNKKESYERCIAQSFLKDELKLI FKKQREFGFSFSKKFEEEVLSVAFYKRALKDES
HLVGNCSFFTDEKRAPKNS PLAFMEVALTRI INLLNNLKNTEGI LYTKDDLNALLNEVLK
NGTLTYKQTKKLLGLSDDYEFKGEKGTYFIEFKKYKEFIKALGEHNLSQDDLNEIAKDIT
LIKDEIKLKKALAKYDLNOQNQIDSLSKLEFKDHILNISFKALKLVTPLMLEGKKYDEACNE
LNLKVAINEDKKDFLPAFNETYYKDEVINPVVLRAIKEYRKVLNALLKKYGKVHKINIEL
AREVGKNHSQRAKIEKEONENYKAKKDAELECEKLGLKINSKNILKLRLFKEQKEFCAYS
GEKIKISDLODEKMLEIDAIYPYSRSFDDSYMNKVLVETKONQEKINQTPFEAFGNDSAK
WOKIEVLAKNLPTKKQKRILDKNYKDKEQKNFKDRNLNDTRYIARLVLNYTKDYLDELPL
SDDENTKLNDTQKGS KVHVEAKS GMLT SALRHTWGEFSAKDRNNHLHHAIDAVIIAYANNS
IVKAFSDFKKEQESNSAELYAKKISELDYKNKRKFFEPFSGFROQKVLDKIDEIEFVSKPER
KKPSGALHEETFRKEEEFYQSYGGKEGVLKALELGKIRKVNGKIVKNGDMFRVDI FKHKK
TNKEFYAVPIYTMDFALKVLPNKAVARSKKGEIKDWILMDENYEFCEFSLYKDSLILIQTKD
MOEPEEVYYNAFTSSTVSLIVSKHDNKFETLSKNQKILEKNANEKEVIAKSIGIQONLKVE
EKYIVSALGEVTKAEFROQREDFKK

MGSDLVLGLAIGIGSVGVGILNKVTGEITIHKNSRIFPAAQAENNLVRRTNRQGRRLARRK
KHRRVRLNRLFEESGLITDFTKISINLNPYQLRVKGLTDELSNEELFIALKNMVKHRGIS
YLDDASDDGNSSVGDYAQIVKENSKQLETKT PGOQIQLERYQTYGQLRGDFTVEKDGKKHR
LINVFPTSAYRSEALRILQTQOEFNPQITDEFINRYLEILTGKRKYYHGPGNEKSRTDYG
RYRTSGETLDNIFGILIGKCTFYPDEFRAAKASYTAQEFNLLNDLNNLTVPTETKKLSKE
QOKNQIINYVKNEKAMGPAKLFKYIAKLLSCDVADIKGYRIDKSGKAEIHTFEAYRKMKT L
ETLDIEQMDRETLDKLAYVLTINTEREGIQEALEHEFADGSFSQKQVDELVQFRKANSST
FGKGWHNFSVKLMMELIPELYET SEEQMTILTRLGKQKTTSSSNKTKYIDEKLLTEEIYN
PVVAKSVRQAIKIVNAAIKEYGDFDNIVIEMARETNEDDEKKAIQKIQKANKDEKDAAML
KAANQYNGKAELPHSVFHGHKQLATKIRLWHQQGERCLYTGKTISIHDLINNSNQFEVDA
ILPLSITFDDSLANKVLVYATANQEKGQRTPYQALDSMDDAWSFRELKAFVRESKTLSNK
KKEYLLTEEDISKEDVRKKFIERNLVDTRYASRVVLNALQEHFRAHKIDTKVSVVRGQET
SQLRRHWGIEKTRDT YHHHAVDALITAAS SQLNIWKKQKNTLVSYSEDQLLDIETGELIS
DDEYKESVFKAPYQHFVDT LKSKEFEDSILFSYQVDSKENRKI SDAT I YATRQAKVGKDK
ADETYVLGKIKDIYTQODGYDAFMKIYKKDKSKFLMYRHDPQTFEKVIEPILENYPNKQIN
EKGKEVPCNPFLKYKEEHGYIRKYSKKGNGPEIKSLKYYDSKLGNHIDITPKDSNNKVVL
QSVSPWRADVYFNKTTGKYEILGLKYADLQFEKGTGTYKISQEKYNDIKKKEGVDSDSEF
KEFTLYKNDLLLVKDTETKEQQLFRFLSRTMPKQKHYVELKPYDKQKFEGGEALIKVLGNV
ANSGQCKKGLGKSNISIYKVRTDVLGNQHIIKNEGDKPKLDFE

WO 2024/064910
SEQ Description
16 dCjCas9
17 dstlCas9
18 dst3Cas9

MTKPYSIGLAIGTNSVGWAVITDNYKVPSKKMKVLGNTSKKYIKKNLLGVLLFDSGITAE
GRRLKRTARRRYTRRRNRILYLQEIFSTEMATLDDAFFQRLDDS FLVPDDKRDSKYPIEG
NLVEEKVYHDEFPTIYHLRKYLADSTKKADLRLVY LALAHMIKYRGHFLIEGEENSKNND
IQKNFODFLDTYNAIFESDLSLENSKQLEEIVKDKI SKLEKKDRILKLFPGEKNSGIFEFSE
FLKLIVGNQADFRKCENLDEKASLHFSKESYDEDLETLLGYIGDDYSDVFLKAKKLYDAT
LLSGFLTVTDNETEAPLSSAMIKRYNEHKEDLALLKEYIRNISLKTYNEVFKDDTKNGYA
GYIDGKINQEDFYVYLKNLLAEFEGADYFLEKIDREDFLRKORTFDNGSIPYQIHLQEMR
AILDKQAKFYPFLAKNKERIEKILTFRIPYYVGPLARGNSDFAWSIRKRNEKITPWNFED
VIDKESSAEAFINRMTSFDLYLPEEKVLPKHSLLYETFNVYNELTKVRFIAESMRDYQFL
DSKQKKDIVRLYFKDKRKVTIDKDIIEYLHAIYGYDGIELKGIEKQEFNSSLSTYHDLLNITI
NDKEFLDDSSNEAIIEEITIHTLTIFEDREMIKQRLSKFENIFDKSVLKKLSRRHYTGWGK
LSAKLINGIRDEKSGNTILDYLIDDGISNRNFMQLIHDDALSFKKKIQKAQI IGDEDKGN
IKEVVKSLPGSPAIKKGILQSIKIVDELVKVMGGRKPESIVVEMARENQYTNQGKSNSQQ
RLKRLEKSLKELGSKILKENIPAKLSKIDNNALONDRLYLYYLONGKDMYTGDDLDIDRL
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SEQ

Description

Sequence

SNYDIDHIIPQAFLKDNSIDNKVLVSSASARGKSDDFPSLEVVKKRKTEFWYQLLKSKLIS
QRKEFDNLTKAERGGLLPEDKAGFIQROLVETRQITKHVARLLDEKEFNNKKDENNRAVRTV
KIITLKSTLVSQFRKDFELYKVREINDFHHAHDAY LNAVIASALLKKYPKLEPEFVYGDY
PKYNSFRERKSATEKVYFYSNIMNIFKKSISLADGRVIERPLIEVNEETGESVWNKESDL
ATVRRVLSYPQVNVVKKVEEQNHGLDRGKPKGLFNANLS SKPKPNSNENLVGAKEYLDPK
KYGGYAGISNSFAVLVKGT IEKGAKKKITNVLEFQGISILDRINYRKDKINEFLLEKGYKD
IELIIELPKYSLFELSDGSRRMLASILSTNNKRGEIHKGNQIFLSQKFVKLLYHAKRISN
TINENHRKYVENHKKEFEELFYYILEFNENYVGAKKNGKLLNSAFQSWONHSIDELCSSFE
IGPTGSERKGLFELT SRGSAADFEFLGVKIPRYRDYTPSSLLKDATLIHQSVTGLYETRI
DLAKLGEG

19

dLbCpfl

MSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLS
FINDVLHSIKLKNLNNYISLEFRKKTRTEKENKELENLEINLRKEIAKAFKGNEGYKSLEFK
KDIIETILPEFLDDKDEIALVNSENGFTTAFTGFFDNRENMFSEEAKSTSIAFRCINENL
TRYISNMDIFEKVDAIFDKHEVQEIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNAT
IGGFVTESGEKIKGLNEYINLYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEV
LEVFRNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIEFVKNGPAISTISKDIFGEWNVIRD
KWNAEYDDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEKLKEIIIQ
KVDEIYKVYGSSEKLFDADEFVLEKSLKKNDAVVAIMKDLLDSVKSFENYIKAFFGEGKET
NRDESFYGDEVLAYDILLKVDHIYDAIRNYVTQKPYSKDKEFKLYFONPQFMGGWDKDKET
DYRATILRYGSKYYLAIMDKKYAKCLOKIDKDDVNGNYEKINYKLLPGPNKMLPKVEFSK
KWMAYYNPSEDIQKIYKNGTFKKGDMENLNDCHKLIDFEFKDSISRYPKWSNAYDENESET
EKYKDIAGFYREVEEQGYKVSFESASKKEVDKLVEEGKLYMFQIYNKDFSDKSHGT PNLH
TMYFKLLEFDENNHGQIRLSGGAELFMRRASLKKEELVVHPANSP IANKNPDNPKKTTTLS
YDVYKDKREFSEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDDNPYVIGIARGERNLLY
IVVVDGKGNIVEQYSLNEIINNEFNGIRIKTDYHSLLDKKEKERFEARQNWI STIENIKELK
AGYISQVVHKICELVEKYDAVIALEDLNSGEKNSRVKVEKQVYQKFEKMLIDKLNYMVDK
KSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGEVNLLKTKYTS
IADSKKFISSFDRIMYVPEEDLFEFALDYKNESRTDADYIKKWKLYSYGNRIRIFRNPKK
NNVEDWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDKAFYSSFMALMS LMLOMRN S
ITGRTDVDFLISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWAIGQFKK
AEDEKLDKVKIAISNKEWLEYAQTSVKH

20

inactive AsCpfl

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKELKP IIDRIYKT
YADQCLOQLVQLDWENLSAAIDSYRKEKTEET RNALIEEQATYRNAIHDYFIGRTDNLTDA
INKRHAEIYKGLFKAELFNGKVLKQLGTVITTEHENALLRSFDKEFTTYFSGEYENRKNVE
SAEDISTAIPHRIVODNFPKEFKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEV
FSEFPEYNQLLTQTQIDLYNQLLGGISREAGTEKIKGLNEVLNLAIQKNDETAHITASLPH
REIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALFNELNSID
LTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRS LKHEDINL
QEIISAAGKELSEAFKQKT SEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHL
LDWFAVDESNEVDPEFSARLTGIKLEMEPSLSEFYNKARNYATKKPYSVEKFKLNFQMPTL
ASGWDVNKEKNNGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPD
AAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEKEPKKFQTAYA
KKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSSQYKDLGEYYAEINPLLYH
ISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGLEFSPENLAKTSIK
LNGQAELFYRPKSRMKRMAHRLGEKMLNKKLKDOQKTPIPDTLYQELYDYVNHRLSHDLSD
EARALLPNVITKEVSHEIIKDRRETSDKFFFHVPITLNYQAANSPSKFNQRVNAYLKEHP
ETPIIGIARGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSYV
VGTIKDLKQGYLSQVIHEIVDIMIHYQAVVVLENLNEFGEFKSKRTGIAEKAVYQQFEKMLI
DKLNCLVLKDYPAEKVGGVLNPYQLTDQFTS FAKMGTQSGFLEFYVPAPYTSKIDPLTGEV
DPEFVWKTIKNHESRKHFLEGEFDFLHYDVKTGDFILHFKMNRNLS FORGLPGEFMPAWDIVE
EKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLEEKGIVFRDGSNIL
PKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVRDLNGVCEFDSRFQONPEWPM
DADANGAYHIALKGOQLLILNHLKESKDLKLONGISNQDWLAYIQELRN

21

inactive
enAsCpfl

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKELKP IIDRIYKT
YADQCLOQLVQLDWENLSAAIDSYRKEKTEET RNALIEEQATYRNAIHDYFIGRTDNLTDA
INKRHAEIYKGLFKAELFNGKVLKQLGTVTITTEHENALLRSFDKEFTTYFSGFYRNRKNVE
SAEDISTAIPHRIVODNFPKEFKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEV
FSEFPEYNQLLTQTQIDLYNQLLGGISREAGTEKIKGLNEVLNLAIQKNDETAHITASLPH
REIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALFNELNSID
LTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRS LKHEDINL
QEIISAAGKELSEAFKQKT SEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHL
LDWFAVDESNEVDPEFSARLTGIKLEMEPSLSEFYNKARNYATKKPYSVEKFKLNFQMPTL
ARGWDVNREKNNGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPD
AAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEKEPKKFQTAYA
KKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSSQYKDLGEYYAEINPLLYH
ISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGLEFSPENLAKTSIK
LNGOQAELFYRPKSRMKRMAHRLGEKMLNKKLKDQKTPIPDTLYQELYDYVNHRLSHDLSD
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SEQ

Description

Sequence

EARALLPNVITKEVSHEIIKDRRETSDKFFFHVPITLNYQAANSPSKEFNQRVNAYLKEHP
ETPIIGIARGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSV
VGTIKDLKQGYLSQVIHEIVDIMIHYQAVVVLENLNEFGEFKSKRTGIAEKAVYQQFEKMLI
DKLNCLVLKDYPAEKVGGVLNPYQLTDQFTS FAKMGTQSGFLEFYVPAPYTSKIDPLTGEV
DPEFVWKTIKNHESRKHFLEGEFDFLHYDVKTGDFILHFKMNRNLS FORGLPGEFMPAWDIVE
EKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLEEKGIVFRDGSNIL
PKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVRDLNGVCEFDSRFQONPEWPM
DADANGAYHIALKGOQLLILNHLKESKDLKLONGISNQDWLAYIQELRN

22

inactive
HFAsCpfl

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKELKP IIDRIYKT
YADQCLOQLVQLDWENLSAAIDSYRKEKTEET RNALIEEQATYRNAIHDYFIGRTDNLTDA
INKRHAEIYKGLFKAELFNGKVLKQLGTVTITTEHENALLRSFDKEFTTYFSGFYRNRKNVE
SAEDISTAIPHRIVODNFPKEFKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEV
FSEFPEYNQLLTQTQIDLYNQLLGGISREAGTEKIKGLNEVLALAIQKNDETAHITASLPH
REIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALFNELNSID
LTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRS LKHEDINL
QEIISAAGKELSEAFKQKT SEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHL
LDWFAVDESNEVDPEFSARLTGIKLEMEPSLSEFYNKARNYATKKPYSVEKFKLNFQMPTL
ARGWDVNREKNNGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPD
AAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEKEPKKFQTAYA
KKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSSQYKDLGEYYAEINPLLYH
ISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGLEFSPENLAKTSIK
LNGQAELFYRPKSRMKRMAHRLGEKMLNKKLKDQKTPIPDTLYQELYDYVNHRLSHDLSD
EARALLPNVITKEVSHEIIKDRRETSDKFFFHVPITLNYQAANSPSKFNQRVNAYLKEHP
ETPIIGIARGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSV
VGTIKDLKQGYLSQVIHEIVDIMIHYQAVVVLENLNEFGEFKSKRTGIAEKAVYQQFEKMLI
DKLNCLVLKDYPAEKVGGVLNPYQLTDQFTS FAKMGTQSGFLEFYVPAPYTSKIDPLTGEV
DPFVWKTIKNHESRKHFLEGEFDFLHYDVKTGDFILHFKMNRNLS FOQRGLPGEFMPAWDIVE
EKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLEEKGIVFRDGSNIL
PKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVRDLNGVCEFDSRFQONPEWPM
DADANGAYHIALKGOQLLILNHLKESKDLKLONGISNQDWLAYIQELRN

23

inactive
RVRAsCpfl

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKELKP IIDRIYKT
YADQCLOQLVQLDWENLSAAIDSYRKEKTEET RNALIEEQATYRNAIHDYFIGRTDNLTDA
INKRHAEIYKGLFKAELFNGKVLKQLGTVTITTEHENALLRSFDKEFTTYFSGFYENRKNVE
SAEDISTAIPHRIVODNFPKEFKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEV
FSEFPEYNQLLTQTQIDLYNQLLGGISREAGTEKIKGLNEVLNLAIQKNDETAHITASLPH
REIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALFNELNSID
LTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRS LKHEDINL
QEIISAAGKELSEAFKQKT SEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHL
LDWFAVDESNEVDPEFSARLTGIKLEMEPSLSEFYNKARNYATKKPYSVEKFKLNFQMPTL
ARGWDVNVEKNRGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPD
AAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEKEPKKFQTAYA
KKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSSQYKDLGEYYAEINPLLYH
ISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGLEFSPENLAKTSIK
LNGQAELFYRPKSRMKRMAHRLGEKMLNKKLKDOQKTPIPDTLYQELYDYVNHRLSHDLSD
EARALLPNVITKEVSHEIIKDRRETSDKFFFHVPITLNYQAANSPSKFNQRVNAYLKEHP
ETPIIGIARGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSV
VGTIKDLKQGYLSQVIHEIVDIMIHYQAVVVLENLNEFGEFKSKRTGIAEKAVYQQFEKMLI
DKLNCLVLKDYPAEKVGGVLNPYQLTDQFTS FAKMGTQSGFLEFYVPAPYTSKIDPLTGEV
DPEFVWKTIKNHESRKHFLEGEFDFLHYDVKTGDFILHFKMNRNLS FORGLPGEFMPAWDIVE
EKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLEEKGIVFRDGSNIL
PKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVRDLNGVCEFDSRFQONPEWPM
DADANGAYHIALKGOQLLLNHLKESKDLKLONGISNQDWLAYIQELRN

24

inactive
RRAsCpfl

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKELKP IIDRIYKT
YADQCLOQLVQLDWENLSAAIDSYRKEKTEET RNALIEEQATYRNAIHDYFIGRTDNLTDA
INKRHAEIYKGLFKAELFNGKVLKQLGTVTITTEHENALLRSFDKEFTTYFSGFYENRKNVE
SAEDISTAIPHRIVODNFPKEFKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEV
FSEFPEYNQLLTQTQIDLYNQLLGGISREAGTEKIKGLNEVLNLAIQKNDETAHITASLPH
REIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAEALFNELNSID
LTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSAKEKVQRS LKHEDINL
QEIISAAGKELSEAFKQKT SEILSHAHAALDQPLPTTLKKQEEKEILKSQLDSLLGLYHL
LDWFAVDESNEVDPEFSARLTGIKLEMEPSLSEFYNKARNYATKKPYSVEKFKLNFQMPTL
ARGWDVNKEKNNGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPD
AAKMIPRCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEKEPKKFQTAYA
KKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRPSSQYKDLGEYYAEINPLLYH
ISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGLEFSPENLAKTSIK
LNGQAELFYRPKSRMKRMAHRLGEKMLNKKLKDOQKTPIPDTLYQELYDYVNHRLSHDLSD
EARALLPNVITKEVSHEIIKDRREFTSDKFFFHVPITLNYQAANSPSKFNQRVNAYLKEHP
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Sequence

ETPIIGIARGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSV
VGTIKDLKQGYLSQVIHEIVDIMIHYQAVVVLENLNEFGEFKSKRTGIAEKAVYQQFEKMLI
DKLNCLVLKDYPAEKVGGVLNPYQLTDQFTS FAKMGTQSGFLEFYVPAPYTSKIDPLTGEV
DPEFVWKTIKNHESRKHFLEGEFDFLHYDVKTGDFILHFKMNRNLS FORGLPGEFMPAWDIVE
EKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLEEKGIVFRDGSNIL
PKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVRDLNGVCEFDSRFQONPEWPM
DADANGAYHIALKGOQLLILNHLKESKDLKLONGISNQDWLAYIQELRN

MEKRINKIRKKLSADNATKPVSRSGPMKTLLVRVMTDDLKKRLEKRRKKPEVMPQVISNN
AANNLRMLLDDYTKMKEAI LOVYWQEFKDDHVGLMCKFAQPASKKIDONKLKPEMDEKGN
LTTAGFACSQCGQOPLFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKDSDEA
VIYSLGKEFGQRALDFYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT IASEL
SKYQDIITIEHQKVVKGNQKRLES LRELAGKENLEYPSVILPPQPHTKEGVDAYNEVIARV
RMWVNINLWQKLKLSRDDAKPLLRLKGEFPSFPVVERRENEVDWWNTINEVKKLIDAKRDM
GRVEFWSGVTAEKRNT ILEGYNYLPNENDHKKREGS LENPKKPAKRQFGDLLLYLEKKYAG
DWGKVEDEAWERIDKKIAGLTSHIEREEARNAEDAQSKAVLTDWLRAKASFVLERLKEMD
EKEFYACEIQLQKWYGDLRGNPFAVEAENRVVDISGESIGSDGHSIQYRNLLAWKYLENG
KREFYLLMNYGKKGRIRFTDGTDIKKS GKWQGLLYGGGKAKVIDLTFDPDDEQLIILPLA
FGTRQGREFIWNDLLSLETGLIKLANGRVIEKTIYNKKIGRDEPALEVALTFERREVVDP
SNIKPVNLIGVARGENIPAVIALTDPEGCPLPEFKDSSGGPTDILRIGEGYKEKQRAIQA
AKEVEQRRAGGYSRKFASKSRNLADDMVRNSARDLEYHAVTHDAVLVEFANLS RGEGRQGK
RTFMTERQYTKMEDWLTAKLAYEGLTSKTYLSKTLAQYTSKTCSNCGFTITTADYDGMLV
RLKKTSDGWATTLNNKELKAEGQITYYNRYKRQTVEKELSAELDRLSEESGNNDISKWTK
GRRDEALFLLKKRESHRPVQEQFVCLDCGHEVHAAEQAALNIARSWLFLNSNSTEFKSYK
SGKQPFVGAWQAFYKRRLKEVWKPNA

WO 2024/064910
SEQ Description
25 dCasX
26 dCasPhi

MPKPAVESEFSKVLKKHFPGERFRS SYMKRGGKILAAQGEEAVVAYLQGKSEEEPPNEFQP
PAKCHVVTKSRDFAEWPIMKASEAIQRYIYALSTTERAACKPGKS SESHAAWFAATGVSN
HGYSHVQGLNLIFDHTLGRYDGVLKKVQLRNEKARARLESINASRADEGLPEIKAEEEEV
ATNETGHLLQPPGINPSEYVYQTISPQAYRPRDEIVLPPEYAGYVRDPNAPIPLGVVRNR
CDIQKGCPGYIPEWQREAGTAISPKTGKAVIVPGLSPKKNKRMRRYWRSEKEKAQDALLV
TVRIGTDWVVIDVRGLLRNARWRTIAPKDISLNALLDLEFTGDPVIDVRRNIVTFTYTLDA
CGTYARKWT LKGKQTKATLDKLTATQTVALVAIALGQTNPISAGISRVTQENGALQCEPL
DRFTLPDDLLKDISAYRIAWDRNEEELRARSVEALPEAQQAEVRALDGVSKETARTQLCA
DFGLDPKRLPWDKMS SNTTFISEALLSNSVSRDOVFFTPAPKKGAKKKAPVEVMRKDRTW
ARAYKPRLSVEAQKLKNEALWALKRTSPEYLKLSRRKEELCRRSINYVIEKTRRRTQCQI
VIPVIEDLNVRFFHGSGKRLPGWDNEFFTAKKENRWFIQGLHKAFSDLRTHRS FYVEFEVRP
ERTSITCPKCGHCEVGNRDGEAFQCLSCGKTCNADLDVATHNLTQVALTGKTMPKREEPR
DAQGTAPARKTKKASKSKAPPAEREDQTPAQEPSQTS

27

inactive VRER
SpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAE
ATRLKRTARRRYTRRKNRICYLOQEIFSNEMAKVDDSFFHRLEES FLVEEDKKHERHPIFG
NIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSD
VDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGN
LIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFEFDQSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKORTFDNGSIPHQIHLGELH
AILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEET ITPWNFEE
VVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVIEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTIVKQLKEDYFKKIECFDSVEI SGVEDRENASLGTYHDLLKI
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOLIHDDSLTFKEDIQKAQVSGQGDSL
HEHIANLAGSPAIKKGILOTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDA
IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEFDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKS
KLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFEF
ATVRKVLSMPQVNIVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGEVSPTVA
YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMILASARELOQKGNELALPSKYVNFLYLASHYEKLKGS PEDNEQKQLEVE
OQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITHLEFTLTNLGA
PAAFKYFDTTIDRKEYRSTKEVLDATLIHQSITGLYETRIDLSQLGGD

28

inactive EQR
SpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAE
ATRLKRTARRRYTRRKNRICYLOQEIFSNEMAKVDDSFFHRLEES FLVEEDKKHERHPIFG
NIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSD
VDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGN
LIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFEFDQSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKORTFDNGSIPHOQIHLGELH
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SEQ

Description

Sequence

AILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEET ITPWNFEE
VVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVIEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTIVKQLKEDYFKKIECFDSVEI SGVEDRENASLGTYHDLLKI
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOLIHDDSLTFKEDIQKAQVSGQGDSL
HEHIANLAGSPAIKKGILOTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDA
IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEFDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKS
KLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFEF
ATVRKVLSMPQVNIVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGFESPTVA
YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMIASAGELQKGNELALPSKYVNFLYLASHYEKLKGS PEDNEQKQLEVE
OQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITHLEFTLTNLGA
PAAFKYFDTTIDRKQYRSTKEVLDATLIHQSITGLYETRIDLSQLGGD

29

inactive VOR
SpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAE
ATRLKRTARRRYTRRKNRICYLOQEIFSNEMAKVDDSFFHRLEES FLVEEDKKHERHPIFG
NIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSD
VDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGN
LIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFEFDQSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKORTFDNGSIPHQIHLGELH
AILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEET ITPWNFEE
VVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVIEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTIVKQLKEDYFKKIECFDSVEI SGVEDRENASLGTYHDLLKI
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOLIHDDSLTFKEDIQKAQVSGQGDSL
HEHIANLAGSPAIKKGILOTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDA
IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEFDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKS
KLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFEF
ATVRKVLSMPQVNIVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGEVSPTVA
YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMIASAGELQKGNELALPSKYVNFLYLASHYEKLKGS PEDNEQKQLEVE
OQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITHLEFTLTNLGA
PAAFKYFDTTIDRKQYRSTKEVLDATLIHQSITGLYETRIDLSQLGGD

30

inactive SPG
SpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAE
ATRLKRTARRRYTRRKNRICYLOQEIFSNEMAKVDDSFFHRLEES FLVEEDKKHERHPIFG
NIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSD
VDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGN
LIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFEFDQSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKORTFDNGSIPHQIHLGELH
AILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEET ITPWNFEE
VVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVIEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTIVKQLKEDYFKKIECFDSVEI SGVEDRENASLGTYHDLLKI
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOLIHDDSLTFKEDIQKAQVSGQGDSL
HEHIANLAGSPAIKKGILOTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDA
IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEFDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKS
KLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF
ATVRKVLSMPQVNIVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGFLWPTVA
YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMILASAKQLOKGNELALPSKYVNFLYLASHYEKLKGS PEDNEQKQLEVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITHLEFTLTNLGA
PAAFKYFDTTIDRKQYRSTKEVLDATLIHQSITGLYETRIDLSQLGGD

31

inactive SpRY
Cas?9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAE
RTRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEES FLVEEDKKHERHPIEG
NIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSD
VDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGN
LIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATL
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LLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFEFDQSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKORTFDNGSIPHQIHLGELH
AILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEET ITPWNFEE
VVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVIEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTIVKQLKEDYFKKIECFDSVEI SGVEDRENASLGTYHDLLKI
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMOLIHDDSLT FKEDIQKAQVSGQGDSL
HEHIANLAGSPAIKKGILOTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDA
IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEFDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKS
KLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRK
MIAKSEQEIGKATAKYFFYSNIMNFEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFEF
ATVRKVLSMPQVNIVKKTEVQTGGFSKESIRPKRNSDKLIARKKDWDPKKYGGFLWPTVA
YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMILASAKQLOKGNELALPSKYVNFLYLASHYEKLKGS PEDNEQKQLEVE
OQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITHLFTLTRLGA
PRAFKYFDTTIDPKQYRSTKEVLDATLIHQSITGLYETRIDLSQLGGD

32

inactive KKH
dsaCas9

MKRNYILGLAIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSKRGARRLKRRR
RHRIQRVKKLLEFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRRGVHN
VNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDGEVRGSINRFKTSDYVKEA
KOLLKVOKAYHQLDOSFIDTYIDLLETRRIYYEGPGEGSPFGWKDIKEWYEMLMGHCTYF
PEELRSVKYAYNADLYNALNDINNLVITRDENEKLEYYEKFQITIENVEFKOKKKPTLKQIA
KEILVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDITARKEIIENAELLDQIAKILTIYQS
SEDIQEELTNLNSELTQEEIEQI SNLKGYTGTHNLSLKAINLILDELWHTNDNQIATIENR
LKLVPKKVDLSQQKEIPTTLVDDFILSPVVKRSFIQSIKVINAITIKKYGLPNDIIIELAR
EKNSKDAQKMINEMOKRNRQTNERIEEIIRTTGKENAKYLIEKIKLHDMQEGKCLY SLEA
IPLEDLLNNPENYEVDHIIPRSVSEFDNSFNNKVLVKQEEASKKGNRTPFQYLSSSDSKIS
YETFKKHILNLAKGKGRISKTKKEYLLEERDINRESVOKDFINRNLVDTRYATRGLMNLL
RSYFRVNNLDVKVKSINGGEFT SFLRRKWKFKKERNKGYKHHAEDALI IANAD FIFKEWKK
LDKAKKVMENQMFEEKQAE SMPEIETEQEYKEIFITPHQIKHIKDFKDYKYSHRVDKKPN
RKLINDTLYSTRKDDKGNT LIVNNLNGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKL
KLIMEQYGDEKNPLYKYYEETGNYLTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNS
RNKVVKLSLKPYREFDVYLDNGVYKEFVIVKNLDVIKKENYYEVNSKCYEEAKKLKKI SNQA
EFIASEYKNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPHIIKTI
ASKTQOSIKKYSTDILGNLYEVKSKKHPQIIKKG

33

mRNAQOO1L

SRPGERPFQCRICMRNFEFSKKENLLQHTRTHT GEKPFQCRICMRNEFSRODNLN SHLRTHTG
SQKPFQCRICMRNEFSRSHNLKLHTRTHTGEKPFQCRICMRNESQSTTLKRHLRTHTGSQK
PFQCRICMRNFSRNTNLTRHTRTHTGEKPFQCRICMRNES IKHNLARHLRTHLRGS

34

mRNAQQO2

SRPGERPFQCRICMRNEFSKKENLLQHTRTHT GEKPFQCRICMRNESRKDYLI SHLRTHTG
SQKPFQCRICMRNESRSHNLKLHTRTHTGEKPFQCRICMRNESQSTTLKRHLRTHTGSQK
PFQCRICMRNFSRODNLGRHLRTHTGEKPFQCRICMRNFSVVNNLNRHLKTHLRGS

35

mRNAQOCO3

SRPGERPFQCRICMRNEFSKKENLLQHTRTHT GEKPFQCRICMRNESRKDYLI SHLRTHTG
SQKPFQCRICMRNEFSRSHNLRLHTRTHTGEKPFQCRICMRNESQSTTLKRHLRTHTGSQK
PFQCRICMRNFSRODNLGRHLRTHTGEKPFQCRICMRNFSVVNNLNRHLKTHLRGS

36

mRNAQCC4

SRPGERPFQCRICMRNFSRRHILDRHTRTHT GEKPFQCRICMRNEFSRODNLGRHLRTHTG
SQKPFQCRICMRNESQSTTLKRHLRTHTGEKPFQCRICMRNEFSRRDGLAGHLKTHTGSQK
PFQCRICMRNFSVHHNLVRHLRTHTGEKPFQCRICMRNFES I SHNLARHLKTHLRGS

37

mRNAQQOS

SRPGERPFQCRICMRNFSRREVLENHLRTHT GEKPFQCRICMRNEFSRRDNLNRHLKTHTG
SQKPFQCRICMRNFEFSQSTTLKRHLRTHTGEKPFQCRICMRNEFSRRDGLAGHLKTHTGSQK
PFQCRICMRNFSVHHNLVRHLRTHTGEKPFQCRICMRNFES I SHNLARHLKTHLRGS

38

mRNAQOOCO6

SRPGERPFQCRICMRNFSRRAVLDRHTRTHT GEKPFQCRICMRNEFSRODNLGRHLRTHTG
SQKPFQCRICMRNFEFSQSTTLKRHLRTHTGEKPFQCRICMRNEFSRRDGLAGHLKTHTGSQK
PFQCRICMRNFSVHHNLVRHLRTHTGEKPFQCRICMRNFES I SHNLARHLKTHLRGS

39

mRNAQOC64

SRPGERPFQCRICMRNFSRQEHLVRHLRTHT GEKPFQCRICMRNEFSEGGNLMRHLKTHTG
SQKPFQCRICMRNEFS SDRRDLDHTRTHTGEKPFQCRICMRNESSFQOSYLEHLRTHTGSQK
PFQCRICMRNFSRPNHLAIHTRTHTGEKPFQCRICMRNFSQSPHLKRHLRTHLRGS

40

mRNAQQCQO7

SRPGERPFQCRICMRNFSRREHLVRHLRTHT GEKPFQCRICMRNESDP SNLOQRHLKTHTG
SQKPFQCRICMRNESSDRRDLDHTRTHTGEKPFQCRICMRNESSFOQSYLEHLRTHTGSQK
PFQCRICMRNFSRPNHLAIHTRTHTGEKPFQCRICMRNFSQSPHLKRHLRTHLRGS

41

mRNAQQOS

SRPGERPFQCRICMRNFSRREHLVRHLRTHT GEKPFQCRICMRNEFSDMGNLGRHLKTHTG
SQKPFQCRICMRNEFS SDRRDLDHTRTHTGEKPFQCRICMRNESSFQOSYLEHLRTHTGSQK
PFQCRICMRNFSRPNHLAIHTRTHTGEKPFQCRICMRNFSQSPHLKRHLRTHLRGS

42

mRNAQCO9

SRPGERPFQCRICMRNFSKKDHLHRHTRTHT GEKPFQCRICMRNESQKEILTRHLRTHTG
SQKPFQCRICMRNFSQSAHLKRHLRTHTGEKPFQCRICMRNEFSETGSLRRHLKTHTGGGG
SQKPFQCRICMRNFSQSHSLKSHLRTHTGEKPFQCRICMRNFSE SGHLKRHLKTHLRGS
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43

mRNAQOLQ

SRPGERPFQCRICMRNFSKKDHLHRHTRTHT GEKPFQCRICMRNESQKEILTRHLRTHTG
SQKPFQCRICMRNFSQSAHLKRHLRTHTGEKPFQCRICMRNESDRTPLNRHLKTHT GGGG
SQKPFQCRICMRNFSQSHSLKSHLRTHTGEKPFQCRICMRNFSE SGHLKRHLKTHLRGS

44

mRNAQOL1

SRPGERPFQCRICMRNFSKTDHLARHT RTHT GEKPFQCRICMRNESQKEILTRHLRTHTG
SQKPFQCRICMRNFSQSAHLKRHLRTHTGEKPFQCRICMRNEFSETGSLRRHLKTHTGGGG
SQKPFQCRICMRNFSQKHHLVTHLRTHTGEKPFQCRICMRNFSENSKLRRHLKTHLRGS

45

mRNAQQ12

SRPGERPFQCRICMRNFSQAGNLVRHLRTHT GEKPFQCRICMRNEFSQNSHLRRHLKTHTG
GGGSQKPFQCRICMRNFESDLSTLRRHATRTHT GEKPFQCRICMRNFSONEHLKVHLRTHTG
SQKPFQCRICMRNEFSGGTALRMHTRTHTGEKPFQCRICMRNFSQRSSLVRHLRTHLRGS

46

mRNAQO13

SRPGERPFQCRICMRNFSQRGNLOQRHLRTHT GEKPFQCRICMRNESQTTHLSRHLKTHTG
GGGSQKPFQCRICMRNFESDGSTLRRHATRTHT GEKP FQCRICMRNFSQKTHLAVHLRTHTG
SQKPFQCRICMRNFSGGTALRMHTRTHTGEKPFQCRICMRNFSQRSSLVRHLRTHLRGS

47

mRNAQO14

SRPGERPFQCRICMRNFSQRGNLOQRHLRTHT GEKPFQCRICMRNESQTTHLSRHLKTHTG
GGGSQKPFQCRICMRNFESDLSTLRRHATRTHT GEKPFQCRICMRNFSONEHLKVHLRTHTG
SQKPFQCRICMRNFSGGSALSMHTRTHTGEKPFQCRICMRNFSQRSSLVRHLRTHLRGS

48

mRNAQOLS

SRPGERPFQCRICMRNFEFSDRGNLTRHLRTHT GEKPFQCRICMRNEFSQARSLRAHLKTHTG
GGGSQKPFQCRICMRNFEFSEKASLIKHTRTHTGEKPFQCRICMRNEFSDHS SLKRHLRTHTG
SQKPFQCRICMRNFSRRFILSRHTRTHTGEKPFQCRICMRNFSRNDSLKCHLRTHLRGS

49

mRNAOOL6

SRPGERPFQCRICMRNFSDRGNLTRHLRTHT GEKPFQCRICMRN FSQARSLRAHLKTHTG
GGGSQKPFQCRICMRNFESDKS SLRKHTRTHTGEKPFQCRICMRNEFSDHS SLKRHLRTHTG
SQKPFQCRICMRNFSRNFILQRHTRTHTGEKPFQCRICMRNFSRNDTLI IHLRTHLRGS

50

mRNAQOL17

SRPGERPFQCRICMRNFEFSDRGNLTRHLRTHT GEKPFQCRICMRNEFSQARSLRAHLKTHTG
GGGSQKPFQCRICMRNFESCNGSLKKHTRTHT GEKPFQCRICMRNEFSDHS SLKRHLRTHTG
SQKPFQCRICMRNEFSRNFILQRHTRTHTGEKPFQCRICMRNFSRNDTLI IHLRTHLRGS

51

mRNAQOLS8

SRPGERPFQCRICMRNFSRTDTLARHLRTHT GEKPFQCRICMRNESRTDSLPRHLKTHTG
GGGSQKPFQCRICMRNFESDHS SLKRHLRTHT GEKP FQCRICMRNFSQPHGLAHHLKTHTG
SQKPFQCRICMRNFSQSAHLKRHLRTHTGEKPFQCRICMRNFSVGNSLSRHLKTHLRGS

52

mRNAQOQL9

SRPGERPFQCRICMRNFSRTDTLARHLRTHT GEKPFQCRICMRNESRTDSLPRHLKTHTG
GGGSQKPFQCRICMRNFESDHS SLKRHLRTHT GEKP FQCRICMRNFSQPHGLRHHLKTHTG
SQKPFQCRICMRNFSQSAHLKRHLRTHTGEKPFQCRICMRNFSVGNSLSRHLKTHLRGS

53

mRNAQOC20

SRPGERPFQCRICMRNFSRTDTLARHLRTHT GEKPFQCRICMRNEFSRLDMLARHLKTHTG
GGGSQKPFQCRICMRNFESDHS SLKRHLRTHT GEKPFQCRICMRNEFSQPHGLS THLKTHTG
SQKPFQCRICMRNFSQQAHLVRHTRTHTGEKPFQCRICMRNFSVHESLKRHLRTHLRGS

54

mRNAQO21

SRPGERPFQCRICMRNFSRADNLGRHLRTHT GEKPFQCRICMRNESRNTHLS YHLKTHTG
SQKPFQCRICMRNFSRGDGLRRHLRTHTGEKPFQCRICMRNEFSRRDNLNRHLKTHTGSQK
PFQCRICMRNFSRARNLTLHTRTHTGEKPFQCRICMRNFSDPSS LKRHLRTHLRGS

55

mRNAQQ22

SRPGERPFQCRICMRNFSRADNLGRHLRTHT GEKPFQCRICMRNESRNTHLS YHLKTHTG
SQKPFQCRICMRNEFSRKLGLLRHTRTHTGEKPFQCRICMRNEFSRQDNLGRHLRTHTGSQK
PFQCRICMRNFSRARNLTLHTRTHTGEKPFQCRICMRNFSDPSS LKRHLRTHLRGS

56

mRNAQO23

SRPGERPFQCRICMRNFSRADNLGRHLRTHT GEKPFQCRICMRNESRNTHLS YHLKTHTG
SQKPFQCRICMRNFSRKLGLLRHTRTHTGEKPFQCRICMRNEFSRQDNLGRHLRTHTGSQK
PFQCRICMRNFSRRRNLOLHTRTHTGEKPFQCRICMRNEFSDHS SLKRHLRTHLRGS

57

mRNAQC24

SRPGERPFQCRICMRNFEFSQQSSLLRHTRTHT GEKPFQCRICMRNEFSRREHLVRHLRTHTG
SQKPFQCRICMRNFSGLTALRTHTRTHTGEKPFQCRICMRNFSERAKLIRHLRTHT GGGG
SQKPFQCRICMRNFSAKRDLDRHTRTHTGEKPFQCRICMRNFSVNSSLTRHLRTHLRGS

58

mRNAQOO25

SRPGERPFQCRICMRNFSQQSSLLRHTRTHT GEKPFQCRICMRN FSRREHLVRHLRTHT G
SQKPFQCRICMRNFSGLTALRTHTRTHTGEKPFQCRICMRNFSERAKLIRHLRTHT GGGG
SQKPFQCRICMRNFS LRKDLVRHTRTHTGEKPFQCRICMRNFSVRHSLTRHLRTHLRGS

59

mRNAQOO26

SRPGERPFQCRICMRNFSQASALSRHTRTHT GEKPFQCRICMRNEFSRREHLVRHLRTHTG
SQKPFQCRICMRNFSGLTALRTHTRTHTGEKPFQCRICMRNFSERAKLIRHLRTHT GGGG
SQKPFQCRICMRNFSAKRDLDRHTRTHTGEKPFQCRICMRNFSVNSSLTRHLRTHLRGS

60

mRNAQO61

SRPGERPFQCRICMRNFSRGRNLEMHT RTHT GEKPFQCRICMRNESDS SVLRRHLRTHTG
GGGSQKPFQCRICMRNFEFSQNANLKRHTRTHT GEKP FQCRICMRN FSQKHHLAVHLRTHTG
SQKPFQCRICMRNFSQRSNLARHLRTHTGEKPFQCRICMRNFSQKVHLEAHLKTHLRGS

6l

mRNAQQ27

SRPGERPFQCRICMRNFSRRRNLDVHT RTHT GEKPFQCRICMRNESDS SVLRRHLRTHTG
GGGSQKPFQCRICMRNFEFSQNANLKRHTRTHT GEKP FQCRICMRN FSQKHHLAVHLRTHTG
SQKPFQCRICMRNFSQRSNLARHLRTHTGEKPFQCRICMRNFSQKVHLEAHLKTHLRGS

62

mRNAQ 065

SRPGERPFQCRICMRNFSRGRNLAIHTRTHT GEKPFQCRICMRNESDS SVLRRHLRTHTG
GGGSQKPFQCRICMRNFEFSLKSNLHRHTRTHT GEKPFQCRICMRNFSLKQHLVVHLRTHTG
SQKPFQCRICMRNFSLKTNLARHTRTHTGEKPFQCRICMRNFSQKCHLKAHLRTHLRGS

63

mRNAQO28

SRPGERPFQCRICMRNFEFSDGSNLRRHLRTHT GEKPFQCRICMRNESRIDNLDGHLKTHTG
SQKPFQCRICMRNFSQRRYLVEHTRTHTGEKPFQCRICMRNESQQTNLARHLRTHTGGGG
SQKPFQCRICMRNFSQRSDLTRHLRTHTGEKPFQCRICMRNFSRGDNLNRHLKTHLRGS

64

mRNAQO29

SRPGERPFQCRICMRNEFSDPSNLOQRHLRTHT GEKPFQCRICMRNEFSRRDNLPKHLKTHTG
SQKPFQCRICMRNEFSTTEFNLRVHTRTHTGEKPFQCRICMRNESQTONLTRHLRTHT GGGG
SQKPFQCRICMRNEFSHKETLNRHLRTHTGEKPFQCRICMRNFSREDNLGRHLKTHLRGS
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65

mRNAQO30

SRPGERPFQCRICMRNEFSDPSNLOQRHLRTHT GEKPFQCRICMRNEFSRRDNLPKHLKTHTG
SQKPFQCRICMRNFSQRRYLVEHTRTHTGEKPFQCRICMRNESQQTNLARHLRTHTGGGG
SQKPFQCRICMRNEFSQRSDLTRHLRTHTGEKPFQCRICMRNFSRGDNLNRHLKTHLRGS

66

mRNAQO31

SRPGERPFQCRICMRNFEFSQQTNLTRHLRTHT GEKPFQCRICMRNEFSANRTLVHHLKTHTG
SQKPFQCRICMRNFSEEANLRRHTRTHTGEKPFQCRICMRNEFSRGEHLTRHLRTHTGSQK
PFQCRICMRNFSTNS SLTRHLRTHTGEKPFQCRICMRNFSRIDNLIRHLKTHLRGS

67

mRNAQO32

SRPGERPFQCRICMRNFEFSQQTNLTRHLRTHT GEKPFQCRICMRNEFSANRTLVHHLKTHTG
SQKPFQCRICMRNFSEEANLRRHTRTHTGEKPFQCRICMRNEFSRREHLVRHLRTHTGSQK
PFQCRICMRNEFSMTS SLRRHTRTHTGEKPFQCRICMRNFS RODNLGRHLRTHLRGS

68

mRNAQO33

SRPGERPFQCRICMRNFEFSQQTNLTRHLRTHT GEKPFQCRICMRNEFSANRTLVHHLKTHTG
SQKPFQCRICMRNFSEEANLRRHTRTHTGEKPFQCRICMRNEFSRGEHLTRHLRTHTGSQK
PFQCRICMRNEFSMTS SLRRHTRTHTGEKPFQCRICMRNFS RODNLGRHLRTHLRGS

69

mRNAQ 034

SRPGERPFQCRICMRNFSRATHLTRHTRTHT GEKPFQCRICMRNEFSRADVLKGHLRTHTG
SQKPFQCRICMRNESQRSSLVRHLRTHTGEKPFQCRICMRNEFSRKDALHVHLKTHTGSQK
PFQCRICMRNFSVHHNLVRHLRTHTGEKPFQCRICMRNFES I SHNLARHLKTHLRGS

70

mRNAQO35

SRPGERPFQCRICMRNFSRATHLTRHTRTHT GEKPFQCRICMRNEFSRADVLKGHLRTHTG
SQKPFQCRICMRNEFSQSSSLVRHLRTHTGEKPFQCRICMRNEFSRKERLATHLKTHTGSQK
PFQCRICMRNFSVROHNLTRHLRTHTGEKPFQCRICMRNFEFSISHNLARHLKTHLRGS

71

mRNAOO36

SRPGERPFQCRICMRNFSKKDHLHRHT RTHT GEKPFQCRICMRN FSRKESLTVHLRTHTG
SQKPFQCRICMRNEFSQSSSLVRHLRTHTGEKPFQCRICMRNEFSRKERLATHLKTHTGSQK
PFQCRICMRNFSVHHNLVRHLRTHTGEKPFQCRICMRNFES I SHNLARHLKTHLRGS

72

mRNAQO37

SRPGERPFQCRICMRNFSRVDHLHRHLRTHT GEKPFQCRICMRNESRREHLSGHLKTHTG
GGGSQKPFQCRICMRNFESQSSSLVRHLRTHT GEKP FQCRICMRN FSRKERLATHLKTHTG
SQKPFQCRICMRNFSVAHNNLTRHLRTHTGEKPFQCRICMRNEFSI SHNLARHLKTHLRGS

73

mRNAQO38

SRPGERPFQCRICMRNFSRKHHLGRHTRTHT GEKPFQCRICMRNESRREHLT IHLRTHTG
GGGSQKPFQCRICMRNFESQSSSLVRHLRTHT GEKP FQCRICMRN FSRKERLATHLKTHTG
SQKPFQCRICMRNFSVAHNNLTRHLRTHTGEKPFQCRICMRNEFSI SHNLARHLKTHLRGS

74

mRNAQO39

SRPGERPFQCRICMRNFSRVDHLHRHLRTHT GEKPFQCRICMRNEFSRSDHLS LHLKTHTG
GGGSQKPFQCRICMRNFESQSSSLVRHLRTHT GEKP FQCRICMRN FSRKERLATHLKTHTG
SQKPFQCRICMRNFSVAHNLTRHLRTHTGEKPFQCRICMRNEFSI SHNLARHLKTHLRGS

75

mRNAQ 040

SRPGERPFQCRICMRNFSKTDHLARHT RTHT GEKPFQCRICMRNESQKEILTRHLRTHTG
SQKPFQCRICMRNEFSQSAHLKRHLRTHTGEKPFQCRICMRNEFSETGSLRRHLKTHTGSQK
PFQCRICMRNFSQSSSLVRHLRTHTGEKPFQCRICMRNFSQTNT LGRHLKTHLRGS

76

mRNAQO41

SRPGERPFQCRICMRNFSKKDHLHRHTRTHT GEKPFQCRICMRNESQKEILTRHLRTHTG
SQKPFQCRICMRNEFSQSAHLKRHLRTHTGEKPFQCRICMRNEFSETGSLRRHLKTHTGSQK
PFQCRICMRNFSQSSSLVRHLRTHTGEKPFQCRICMRNEFSQGGT LRRHLKTHLRGS

77

mRNAQ Q42

SRPGERPFQCRICMRNFSKKDHLHRHTRTHT GEKPFQCRICMRNESQKEILTRHLRTHTG
SQKPFQCRICMRNESQSAHLKRHLRTHTGEKPFQCRICMRNESDPTSLNRHLKTHTGSQK
PFQCRICMRNFSQSSSLVRHLRTHTGEKPFQCRICMRNFSQTNT LGRHLKTHLRGS

78

mRNAQ 043

SRPGERPFQCRICMRNFEFSQQTNLTRHLRTHT GEKPFQCRICMRNEFSVGGNLARHLKTHTG
SQKPFQCRICMRNEFSKRYNLYQHTRTHTGEKPFQCRICMRNEFSRQDNLNTHLRTHTGSQK
PFQCRICMRNFSRSHNLKLHTRTHTGEKPFQCRICMRNFSQSTT LKRHLRTHLRGS

79

mRNAQC44

SRPGERPFQCRICMRNFEFSQQTNLTRHLRTHT GEKPFQCRICMRNEFSVGGNLSRHLKTHTG
SQKPFQCRICMRNESKRYNLYQHTRTHTGEKPFQCRICMRNEFSROQDNLNTHLRTHTGSQK
PFQCRICMRNFSRSHNLRLHTRTHTGEKPFQCRICMRNFSQSTT LKRHLRTHLRGS

80

mRNAQO045

SRPGERPFQCRICMRNFSQQTNLTRHLRTHT GEKPFQCRICMRN FSVGGNLSRHLKTHT G
SQKPFQCRICMRNEFSKKENLLOQHTRTHTGEKPFQCRICMRNEFSRRDNLKSHLRTHTGSQK
PFQCRICMRNFSRSHNLKLHTRTHTGEKPFQCRICMRNFSQSTTLKRHLRTHLRGS

81

mRNAQOO46

SRPGERPFQCRICMRNFEFSDKS SLRKHTRTHT GEKPFQCRICMRNESDHS SLKRHLRTHTG
SQKPFQCRICMRNEFSRNFILQRHTRTHTGEKPFQCRICMRNEFSRNDTLIIHLRTHTGGGG
SQKPFQCRICMRNFSTSTLLKRHTRTHTGEKPFQCRICMRNFSLKEHLTRHLRTHLRGS

82

mRNAQ Q47

SRPGERPFQCRICMRNFEFSCNGSLKKHTRTHT GEKPFQCRICMRNESDHS SLKRHLRTHTG
SQKPFQCRICMRNEFSRNFILARHTRTHTGEKPFQCRICMRNEFSRQDILVVHLRTHTGGGG
SQKPFQCRICMRNFSHKSSLTRHLRTHTGEKPFQCRICMRNFSE SGHLKRHLKTHLRGS

83

mRNAQ 048

SRPGERPFQCRICMRNFEFSCNGSLKKHTRTHT GEKPFQCRICMRNESDHS SLKRHLRTHTG
SQKPFQCRICMRNEFSRNFILARHTRTHTGEKPFQCRICMRNEFSRQDILVVHLRTHTGGGG
SQKPFQCRICMRNFEFSTSTLLKRHTRTHTGEKPFQCRICMRNFSLKEHLTRHLRTHLRGS

84

mRNAQ 049

SRPGERPFQCRICMRNEFSTNNNLARHT RTHT GEKPFQCRICMRNESRTDSLT LHLRTHTG
SQKPFQCRICMRNFSQREHLTTHLRTHTGEKPFQCRICMRNEFSRRDNLNRHLKTHTGSQK
PFQCRICMRNFSRROKLTIHTRTHTGEKPFQCRICMRNFSHKS SLTRHLRTHLRGS

85

mRNAQO50

SRPGERPFQCRICMRNEFSTNNNLARHT RTHT GEKPFQCRICMRNESRTDSLT LHLRTHTG
SQKPFQCRICMRNEFSQREHLTTHLRTHTGEKPFQCRICMRNEFSRGDNLKRHLKTHTGSQK
PFQCRICMRNFSRROKLTIHTRTHTGEKPFQCRICMRNFSHKS SLTRHLRTHLRGS

86

mRNAQO Q66

SRPGERPFQCRICMRNEFSTNNNLARHT RTHT GEKPFQCRICMRNESRTDSLT LHLRTHTG
SQKPFQCRICMRNFSQREHLNGHLRTHTGEKPFQCRICMRNEFSRGDNLARHLKTHTGSQK
PFQCRICMRNFSRROKLTIHTRTHTGEKPFQCRICMRNEFSHKS SLTRHLRTHLRGS
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87 mRNAQOOS1 SRPGERPFQCRICMRNESQOTNLTRHLRTHTGEKPFOQCRICMRNEFSANRTLVHHLKTHT G
SQKPFQCRICMRNESDPANLRROTRTHTGEKPFQCRICMRNESROEONLVROLRTHT GGGG
SQKPFQCRICMRNESMKHOLGROLRTOTGEKPFQCRICMRNESONSHLRROILKTHLRGS
88 mRNAQOO52 SRPGERPFQCRICMRNESQOTNLTRHLRTHTGEKPFOQCRICMRNEFSANRTLVHHLKTHT G
SQKPFQCRICMRNEFSEEANLRROTRTHTGEKPFQCRICMRNESRREOLVROLRTHT GGGG
SQKPFQCRICMRNESMKHHLGROLRTOTGEKPFQCRICMRNESONSHLRROILKTHLRGS
89 mRNAQO Q67 SRPGERPFQCRICMRNESQOTNLTRHLRTHTGEKPFOQCRICMRNEFSANRTLVHHLKTHT G
SQKPFQCRICMRNEFSDPANLRROTRTHTGEKPFQCRICMRNESROEONLVROLRTHT GGGG
SQKPFQCRICMRNEFSLKOQHLVROLRTOTGEKPFQCRICMRNESQGGHLAROILKTHLRGS
90 mRNAQO 068 SRPGERPFQCRICMRNEFSRNTHLARHTRTHTGEKPFQCRICMRNEFSRADVLKGHLRTHTG
SQKPFQCRICMRNEFSQRSSLVROLRTHTGEKPFQCRICMRNESRKDALOVOLKTHT GGGG
SQKPFQCRICMRNEFSONEONLKVOLRTOTGEKPFQCRICMRNESONSHLRROILKTHLRGS
91 mRNAQOOS3 SRPGERPFQCRICMRNEFSRNTHLARHTRTHTGEKPFQCRICMRNEFSRADVLKGHLRTHTG
SQKPFQCRICMRNESQOSSSLVRILRTHTGEKPFQCRICMRNESRKERLATHLKTHT GGGG
SQKPFQCRICMRNEFSOKTHLAVILRTOTGEKPFQCRICMRNESQGGHLKROILKTHLRGS
92 mRNAQOO54 SRPGERPFQCRICMRNEFSRNTHLARHTRTHTGEKPFQCRICMRNEFSRADVLKGHLRTHTG
SQKPFQCRICMRNESQOSSSLVRILRTHTGEKPFQCRICMRNESRKERLATHLKTHT GGGG
SQKPFQCRICMRNEFSOKTHLAVILRTOTGEKPFQCRICMRNESONSHLRROILKTHLRGS
93 mRNAOO055 SRPGERPFQCRICMRNFSHKSSLTRHLRTHT GEKPFQCRICMRNFSESGHLKRHLKTHTG
SQKPFQCRICMRNEFSRRRNLTLHTRTHTGEKPFQCRICMRNESDRSSLKROILRTHT GSQOK
PFOQCRICMRNEFSQPOHSLAVOLRTHTGEKPFQCRICMRNFSQKPHLSROLKTHLRGS
94 mRNAQO Q056 SRPGERPFQCRICMRNESHKSSLTRHLRTHTGEKPFQCRICMRNEFSEGGHLKRHILKTHTG
SQKPFQCRICMRNEFSRRRNLOLHTRTHTGEKPFQCRICMRNESDHSSLKROILRTHT GSQOK
PFOQCRICMRNFSRROOHLOYHTRTHTGEKPFQCRICMRNEFSOSAHNLKROLRTHLRGS
95 mRNAQO OS5 7 SRPGERPFQCRICMRNESHKSSLTRHLRTHTGEKPFQCRICMRNEFSEGGHLKRHILKTHTG
SQKPFQCRICMRNEFSRRRNLTLHTRTHTGEKPFQCRICMRNESDRSSLKROILRTHT GSQOK
PFOQCRICMRNFSRROOLOYHTRTHTGEKPFQCRICMRNEFSQOSAOLKROLRTHLRGS
96 mRNAQO 058 SRPGERPFQCRICMRNEFSGHTALRNHTRTHTGEKPFQCRICMRNESQOSGTLHRHLRTHTG
GGGSQOKPFOCRICMRNESDHS SLKROLRTHTGEKPEFQCRICMRNFSAMRSLMGHLKTHTG
SQKPFQCRICMRNEFSRRSRLVROTRTHTGEKPFQCRICMRNESRGEONLTROLRTHLRGS
97 mRNAQO 059 SRPGERPFQCRICMRNESGHTALRNHTRTHTGEKPFQCRICMRNESQOSTTLKRHLRTHTG
GGGSQOKPFOCRICMRNESDHS SLKROLRTHTGEKPEFQCRICMRNEFSQORSLVGHLKTHTG
SQKPFQCRICMRNEFSEAHNOLSROLRTOTGEKPFQCRICMRNESRTENLAROLKTHLRGS
98 mRNAQO 060 SRPGERPFQCRICMRNESGHTALRNHTRTHTGEKPFQCRICMRNESQOSTTLKRHLRTHTG
GGGSQOKPFOCRICMRNESDHS SLKROLRTHTGEKPEFQCRICMRNFSAMRSLMGHLKTHTG
SQKPFQCRICMRNEFSROSRLOROTRTHTGEKPFQCRICMRNESRREOLVROILRTHLRGS
99 mRNAQO Q062 SRPGERPFQCRICMRNESQGETLKRHLRTHTGEKPFOQCRICMRNEFSRADNLRRHLKTHT G
SQKPFQCRICMRNEFSDKANLTROLRTHTGEKPFQCRICMRNESDOGNLIROALKTHT GGGG
SQKPFQCRICMRNEFSHRIVLINOHTRTHTGEKPFQCRICMRNESTNSSLTROILRTHLRGS
100 mRNAQOQ063 SRPGERPFQCRICMRNESQGETLKRHLRTHTGEKPFOQCRICMRNEFSRADNLRRHLKTHT G
SQKPEFQCRICMRNESDSSNLRROLRTHTGEKPFQCRICMRNESDOGNLIROLKTHT GGGG
SQKPFQCRICMRNEFSHKSSLTROLRTHTGEKPFQCRICMRNESIRTSLKROILKTHLRGS
101 mRNAQO 069 SRPGERPFQCRICMRNESQGETLKRHLRTHTGEKPFOQCRICMRNEFSRADNLRRHLKTHT G
SOQKPFQCRICMRNEFSEQGNLLROLRTHTGEKPFQCRICMRNESDGGNLGROLKTHT GGGG
SQKPFQCRICMRNEFSHRIVLINOHTRTHTGEKPFQCRICMRNESTNSSLTROILRTHLRGS
102 HBV target GATGAGGCATAGCAGCAG
sequence
103 HBV target GATGATTAGGCAGAGGTG
seqguence
104 HBV target GGATTCAGCGCCGACGGG
sequence
105 HBV target GGCAGTAGTCGGAACAGGG
sequence
106 HBV target GTAAACTGAGCCAGGAGAA
seqguence
107 HBV target ACGGTGGTCTCCATGCGAC
sequence
108 HBV target GCTGGATGTGTICTGCGGCG
sequence
109 HBV target GTCTGCGAGGCGAGGGAG
sequence
110 HBV target GTTGCCGGGCAACGGGGTA
seqguence
111 HBV target CGAGAAAGTGAAAGCCTGC
seguence
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112 HBV target GAGGCTTGAACAGTAGGAC
seguence

113 HBV target GAGGTTGGGGACTGCGAA
seguence

114 HBV target GATGATGTGGTATTGGGG
seguence

115 HBV target GATGATGTGGTATTGGGGG
seguence

116 HBV target GCAGTAGTCGGAACAGGG
seguence

117 HBV target GCATAGCAGCAGGATGAA
seguence

118 HBV target GGCGTTCACGGTGGTCTCC
seguence

119 HBV target GTTGGTGAGTGATTGGAG
seguence

120 HBV target GGAGGTTGGGGACTGCGAA
seguence

121 HBV target GGATGATGT GGTATT GGGG
seguence

122 HBV target GGATGTGTCTGCGGCGTT
seguence

123 HBV target GGGGGTTGCGT CAGCAAAC
seguence

124 HBV target GTTGTTAGACGACGAGGCA
seguence

125 Fl KKFNLLQ

126 Fl RRHILDR

127 Fl RREVLEN

128 Fl RRAVLDR

129 Fl ROEHLVR

130 Fl RREHLVR

131 Fl KKDHLHR

132 Fl KTDHLAR

133 Fl QAGNLVR

134 Fl QRGNLOR

135 Fl DRGNLTR

136 Fl RTDTLAR

137 Fl RADNLGR

138 Fl QQSSLLR

139 Fl QASALSR

140 Fl RGRNLEM

141 Fl RRRNLDV

142 Fl RGRNLAT

143 Fl DGSNLRR

144 Fl DPSNLOR

145 Fl QQTNLTR

146 Fl RATHLTR

147 Fl RVDHLHR

148 Fl RKHHLGR

149 Fl DKSSLRK

150 Fl CNGSLKK

151 Fl TNNNLAR

152 Fl RNTHLAR

153 Fl HKSSLTR

154 Fl GHTALRN

155 Fl QGETLKR

156 F2 RODNLNS

157 F2 RKDYLIS

158 F2 RODNLGR

159 F2 RRDNLNR

160 F2 EGGNLMR

161 F2 DPSNLOR

162 F2 DMGNLGR

163 F2 QKEILTR

-132-




WO 2024/064910

PCT/US2023/074931

SEQ Description Sequence
164 F2 ONSHLRR
165 F2 QTTHLSR
166 F2 QOARSLRA
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 RREHOLSG
178 F2 RREOLTI
179 F2 RSDHLSL
180 F2 VGGNLAR
181 F2 VGGNLSR
182 F2 DHSSLKR
183 F2 RTDSLTL
184 F2 ESGHLKR
185 F2 EGGHLKR
186 F2 OSGTLHR
187 F2 QOSTTLKR
188 F2 RADNLRR
189 F3 RSHNLKL
190 F3 RSHNLRL
191 F3 QOSTTLKR
192 F3 SDRRDLD
193 F3 QOSAHLKR
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 ONANLKR
204 F3 LKSNLHOR
205 F3 QORRYLVE
206 F3 TTENLRV
207 F3 EEANLRR
208 F3 QORSSLVR
209 F3 Q0SSSLVR
210 F3 KRYNLYQ
211 F3 KKENLLO
212 F3 RNEFILOR
213 F3 RNEFILAR
214 F3 QREHLTT
215 F3 QREHLNG
216 F3 DPANLRR
217 F3 RRRNLTL
218 F3 RRRNLQL
219 F3 DKANLTR
220 F3 DSSNLRR
221 F3 EQGNLLR
222 F4 QOSTTLKR
223 F4 RRDGLAG
224 F4 SFQOSYLE
225 F4 ETGSLRR
226 F4 DRTPLNR
227 F4 ONEHLEKV
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228 F4 QOKTHLAV
229 F4 DHSSLKR
230 F4 QPHGLAMN
231 F4 QPHGLRHO
232 F4 QPHGLST
233 F4 RRDNLNR
234 F4 RODNLGR
235 F4 ERAKLIR
236 F4 OKHHLAV
237 F4 LKQHLVV
238 F4 QQOTNLAR
239 F4 QTONLTR
240 F4 RGEHLTR
241 F4 RREHOLVR
242 F4 RKDALIOV
2473 F4 RKERLAT
244 F4 DPTSLNR
245 F4 RODNLNT
246 F4 RRDNLKS
247 F4 RNDTLII
248 F4 RODILVV
249 F4 RGDNLKR
250 F4 RGDNLAR
251 F4 ROEHLVR
252 F4 DRSSLKR
253 F4 AMRSLMG
254 F4 QQORSLVG
255 F4 DQGNLIR
256 F4 DGGNLGR
257 F5 RNTNLTR
258 F5 RODNLGR
259 F5 VHINLVR
260 F5 RPNHLAT
261 F5 QSHSLKS
262 F5 QKHHLVT
263 F5 GGTALRM
264 F5 GGSALSM
265 F5 RREILSR
266 F5 RNEFILOR
267 F5 QOSAHLKR
268 F5 QOQAHNLVR
269 F5 RARNLTL
270 F5 RRRNLQL
271 F5 AKRDLDR
272 F5 LRKDLVR
273 F5 QORSNLAR
274 F5 LKTNLAR
275 F5 QORSDLTR
276 F5 HKETLNR
277 F5 TNSSLTR
278 F5 MTSSLRR
279 F5 VRIINLTR
280 F5 VAINLTR
281 F5 Q0SSSLVR
282 F5 RSHNLKL
283 F5 RSHNLRL
284 F5 TSTLLKR
285 F5 HKSSLTR
286 F5 RROKLTI
287 F5 MKHHLGR
288 F5 LKQHLVR
289 F5 ONEHLKV
290 F5 OKTHLAV
291 F5 QPHSLAV

~134-




WO 2024/064910

PCT/US2023/074931

SEQ Description Sequence

292 F5 RROHLQY

293 F5 RRSRLVR

294 F5 EAHNHOLSR

295 F5 ROSRLOR

296 F5 HROVLIN

297 F6 IKHONLAR

298 F6 VVNNLNR

299 F6 ISHNLAR

300 F6 QOSPHLEKR

301 F6 ESGHLKR

302 F6 ENSKLRR

303 F6 QORSSLVR

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 QOKVHLEA

313 F6 QKCHLEKA

314 F6 RGDNLNR

315 F6 REDNLGR

316 F6 RIDNLIR

317 F6 RODNLGR

318 F6 QOTNTLGR

319 F6 QOGGTLRR

320 F6 OSTTLKR

321 F6 LKEHOLTR

322 F6 HKSSLTR

323 F6 ONSHLRR

324 F6 QGGHLAR

325 F6 QOGGHLKR

326 F6 QKPHLSR

327 F6 QOSAHLKR

328 F6 RGEHLTR

329 F6 RTEHLAR

330 F6 RREHLVR

331 F6 TNSSLTR

332 F6 IRTSLKR
MNNSQGRVTFEDVIVNEFTQGEWQRLNPEQRNLYRDVMLENYSNLVSVGQGETTKPDVILR

495 ZIM3 LEQGKEPWLEEEEVLGSGRAEKNGDIGGOQIWKPKDVKESL
MAATLIMAGSQAPVIFEDMAMYLTREEWRPLDAAQRDLYRDVMQOENYGNVVSLDEFEIRSE

496 ZNF436 NEVNPKQOEISEDVQFGTTSERPAENAEENPESEEGFESGDRSERQW

497 INF257 MLENYRNLVEFLGIAVSKPDLITCLEQGKEPCNMKRHEMVAKPPVMCSHIAEDLCPERDIK
YEFFQRKVILRRYDKCEHENLQLRKGCKSVDECKVCK

498 INFET5 MGLLTFRDVAIEFSLEEWQCLDTAQRNLYKNVILENYRNLVFLGIAVSKODLITCLEQEK
EPLTVKRHEMVNEPPVMCSHFAQEFWPEQNIKDSE

499 ZNF4A90 MLOMONSEHNHGOSIKTQTDSISLEDVAVNEFTLEEWALLDPGORNIYRDVMRATEFKNLACT
GEKWKDOQDIEDEOKNQGRNLRSPMVEALCENKEDCPCGKSTSQIPDLNTNLETPTG

500 ZNF320 MALSQGLLTFRDVAIEFSQEEWKCLDPAQRTLYRDVMLENYRNLVSLDISSKCMMNTLS S
TGOGNTEVIOTGTLOROASYHIGAFCSQEIEKDINDEVEQ

501 ZINF331 MAQGLVIFADVAIDFSQEEWACLNSAQRDLYWDVMLENYSNLVSLDLESAYENKSLPTKK
NIHEIRASKRNSDRRSKSLGRNWICEGTLERPORSRGR
MLREEATKKSKEKEPGMALPQGRLTFRDVAIEFSLEEWKCLNPAQRALYRAVMLENYRNL

02 ZNFE 16 EFVDSSLKSMMEFSSTROSITGEVINTGTLOQROKSHHIGDEFCEFPEMKKDIHNOFEFQWO

503 INFESO MPGPPGSLEMGPLTFRDVAIEFSLEEWQCLDTAQRNLYRKVMEFENYRNLVELGIAVSKPH
LITCLEQGKEPWNRKROEMVAKPPVIYSHEFTEDIWPEONSIKDSE

504 INF41 MSPPWSPALAAEGRGSSCEASVSEFEDVTVDE SKEEWQHLDPAQRRLYWDVTLENYSHLLS
VGYQIPKSEAAFKLEQGEGPWMLEGEAPHOSCSGEAIGKMOOQGIPGGIFEFHC

505 ZNF189 MASPSPPPESKEEWDYLDPAQRSLYKDVMMENYGNLVSLDVINRDKDEEPTVKQEIEEILR
EEVEPOGVIVIRIKSEIDQDPMGRETFELVGRLDKQRGIFLWEIPRESL

506 ZNF528 MALTQGPLKIMDVAIEFSQEEWKCLDPAQRT LYRDVMLENYRNLVSLGICLPDLSVTSML

EQKRDPWTLQSEEKIANDPDGRECIKGVNTERSSKLGSN
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MAASAQVSVIFEDVAVIIFTQEEWGQOLDAAQRTLYQEVMLETCGLLMSLGCPLFKPELIYQ

07 ZNFS43 LDHROELWMATKDLSQOSSYPGDNTKPKTTEPTFSHLALPE
MESQEERMAAGYLPRWSQELVIFEDVSMDESQEEWELLEPAQKNLYREVMLENYRNVVSL

508 ZNF554 EALKNQCTDVGIKEGPLSPAQTSQVISLSSWIGYLLFOPVASSHLEQREALWIEEKGTPQ
ASCSDWMTVLRNQODSTYKKVALQE
MSQGSVIFRDVAIDFSQEEWKWLOQPAQRDLYRCVMLENYGHLVSLGLSISKPDVVSLLEQ

509 ZNFL140 GKEPWLGKREVKRDLEFSVSESSGEIKDESPKNVIYDD
MEEAQKRKAKESGMALPOGRLTFMDVAIEFSQEEWKSLDPGORALYRDVMLENYRNLVEL

510 ZNFE L0 GRSCVLGSNAENKPIKNQLGLTLESHLSELQLFQAGRKIYRSNOQVEKFTNHR
MAAAVITDRAQVSVIFDDVAVIFTKEEWGOLDLAQRTLYQEVMLENCGLLVSLGCPVPKA

SL1 ZNF264 ELICHLEHGQEPWTRKEDLSQDTCPGDKGKPKTTEPTTCEPALSE

512 ZNF350 MIQAQESITLEDVAVDFTWEEWQLLGAAQKDLYRDVMLENYSNLVAVGYQASKPDALEFKL
EQGEQIWTIEDGIHSGACSDIWKVDHOVLERLOSESLVNR

513 INF8 MEGVAGVMSVGPPAARLQEPVTIFRDVAVDEFTQEEWGQLDPTORILYRDVMLETFGHLLS T
GPELPKPEVISQLEQGTELWVAERGTTQGCHPAWEPRSESQASRKEEGLPEER

514 ZNF582 MSLGSELFRDVAIVESQEEWQWLAPAQRDLYRDVMLETYSNLVSLGLAVSKPDVISFLEQ
GKEPWMVERVVSGGLCPVLESRYDTKELFPKQOVYEV

515 ZNF30 MAHNKYVGLOYHGSVIFEDVAIAFSQQOEWESLDS SOQRGLYRDVMLENYRNLV SMAGHSRSK
PHVIALLEQWKEPEVTVRKDGRRWCTDLQLEDDTIGCKEMPTSEN

516 INF324 MAFEDVAVYEFSQEEWGLLDTAQRALYRRVMLDNFALVASLGLSTSRPRVVIQLERGEEPW
VPSGTDITLSRTTYRRRNPGSWSLTEDRDVSG

517 ZNFO8 MLENYRNLVEVGIAASKPDLITCLEQGKEPWNVKRHEMVTEPPVVYSYFAQDLWPKQGKK
NYFOKVILRTYKKCGRENLQLRKYCKSMDECKVHKECYNGLNQC
MHEFRRPDPCREPLASPIQDSVAFEDVAVNEITQEEWALLDSSQKNLYREVMOQETCRNLASY

518 ZNF669 GSOQWKDONIEDHFEKPGKDIRNHIVORLCESKEDGQYGEVVSQIPNLDLNENISTGLKPC
ECSICGK

519 INFE77 MALSQGLFTFKDVAIEFSQEEWECLDPAQRALYRDVMLENYRNLLSLDEDNIPPEDDISY
GEFTSKGLSPKENNKEELYHLVILERKESHGINNEFDLKEVWENMPKEDS LW
MTFEDIIVDEFTQEEWALLIDTSQRKLFQDVMLENISHLVSIGKQLCKSVVLSQLEQVEKLS

520 ZNF596 TORISLLOQGREVGIKHQEIPFINOIYQOKGTSTISTMRS
MAVTFEDVTIIFTWEEWKELDSSQKRLYREVMWENYTNVMSVENWNESYKSQEEKFRYLE

521 ZNF2 14 YENESYWQGWWNAGAQMYENQNYGETVQOGTDSKDLTQQODRSQC
MITSQGSVSFRDVIVGEFTQEEWQHLDPAQRT LYRDVMLENYSHLVSVGYCIPKPEVILKL

22 ZNEF3TA EKGEEPWILEEKFPSOSHLELINTSRNYSIMKENEENKG

523 INF34 MEFEDVAVYLSREEWGRLGPAQRGLYRDVMLETYGNLVSLGVGPAGPKPGVISQLERGDEP
WVLDVOGTSGKENLRVNSPALGTRTEYKELT SQETFGEEDPOGSEPVEACDHIS

504 ZNF250 METYGNVVSLGLPGSKPDIISQLERGEDPWVLDRKGAKKSQGLWSDY SDNLKYDHTTACT
QODSLSCPWECETKGESONTDLSPKPLISEQTVILGKTPLGRIDQENNETKQ

505 ZNF547 MAEMNPAQGHVVEFEDVAIYESQEEWGHLDEAQRLLYRDVMLENLALLS SLGCCHGAEDEER
APLEPGVSVGVSQVMAPKPCLSTONTOQPCETCSSLLKDILRL

506 ZINF273 MLDNYRNLVEFLGIAVSKPDLITCLEQGKEPCNMKRHAMVAKPPVVCSHFAQDLWPKQOGLK
DS

527 ZNF354A MAAGQREARPOQVSLTFEDVAVLETRDEWRKLAPSQRNLYRDVMLENYRNLVSLGLPEFTKP
KVISLIQQOGEDPWEVEKDGSGVS SLGSKSSHKTTKSTQTQODSSEQ

508 ZFP82 MALRSVMEFSDVSIDEFSPEEWEYLDLEQKDLYRDVMLENYSNLVSLGCFISKPDVISSLEQ
GKEPWKVVRKGRROYPDLETKYETKKLSLENDIYEIN
MTTFKEAMTFKDVAVVEFTEEELGLLDLAQRKLYRDVMLENFRNLLSVGHQAFHORDT FHEFL

529 ZNF224 REEKIWMMKTAIQREGNSGDKIQTEMETVSEAGTHQEW
MEQVEQKSQESVSEFKDVIVGEFTQEEWQHLDP SQRALYRDVMLENYSNLVSVGYCVHKPEV

530 ZNF33A IFRLOQGEEPWKQEEEFPSQOSEFPEVWIADHLKERSQENQSKHL
MTKSKEAVTFKDVAVVESEEELQLLDLAQRKLYRDVMLENEFRNVVSVGHQOSTPDGLPQOLE

531 ZNF4S REEKLWMMKMATQRDNS SGAKNLKEMETLOQEVGLRYLP

532 ZINFL75 MSQKPOVLGPEKODGSCEASVSFEDVIVDESREEWQQOLDPAQRCLYRDVMLELYSHLEFAY
GYHIPNPEVIFRMLKEKEPRVEEAEVSHQORCQEREFGLEI POKEISKKASEQ

533 ZNF595 MELVTFRDVAIEFSPEEWKCLDPAQONLYRDVMLENYRNLVSLGEVISNPDLVTCLEQIK
EPCNLKIHETAAKPPAICSPFSQDLSPVQGIEDSE

534 ZNF184 MSTLLOGGHNLLSSASFQESVIFKDVIVDEFTQEEWKQLDPGORDLFRDVTLENYTHLVST
GLOVSKPDVISQLEQGTEPWIMEPSIPVGTCADWETRLENSVSAPEPDISEER

535 ZINFA19 MDPAQVPVAADLLTDHEEGYVIFEDVAVYEFSQEEWRLLDDAQRLLYRNVMLENFTLLASL
GLASSKTHEITQLESWEEPEFMPAWEVVTSAI PRGCWHGAEAEEAPEQIASVG

536 ZFP28-1 MKKLEAVGTGIEPKAMSOGLVIEFGDVAVDESQEEWEWILNP IQRNLYRKVMLENYRNLASL
GLCVSKPDVISSLEQGKEPWIVKRKMI RAWCPDLKAVWKIKELPLKKDEFCEG

537 ZFP28-2 MSLLGEHWDYDALFETQPGLVTIKNLAVDFROQOLHPAQKNFCKNGIWENNSDLGSAGHCY
AKPDLVSLLEQEKEPWMVKRELTGSLESGORSVHETQELEFPKODSYAR
MLALAASQPARLEERLIRDRDLGASLLPAAPQEQWROILD STOKEQYWDLILETYGKMVSG

538 ZNFLE AGISHPKSDLTINSIEFGEELAGIYLHVNEKIPRPTCIGDRQENDKENLNLENH
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539

ZNF213

MEGRPGETTDTCFVSGVHGPVALGDIPFYFSREEWGTLDPAQRDLEFWDIKRENSRNTTLG
FGLKGQOSEKSLLQEMVPVVPGQTGSDVIVSWSPEEAEAWE SENRPRAALGPVVGARRGRP
PTRRRQFRDLA

540

ZNF394

MVAVVRALQRALDGT SSQGMVTFEDTAVSLTWEEWERLDPARRDFCRESAQKDSGSTVPP
SLESRVENKELIPMOQILEEAEPQGQLQEAFQGKRPLFSKCGSTHEDRVEKQSGDP

541

ZFP1

MNKSQGSVSFIDVIVDFTQEEWEQLDP SQRILYMDVMLENYSNLLSVEVWKADDOMERDH
RNPDEQARQFLILKNQTPIEERGDLFGKALNLNTDEFVSLROVPYKYDLYEKT L

542

ZFP1l4

MAHGSVIFRDVAIDFSQEEWEFLDPAQRDLYRDVMWENYSNFISLGPSISKPDVITLLDE
ERKEPGMVVREGTRRYCPDLESRYRTNTLSPEKDIYEIYSFOQWDIMER

543

ZNF416

MAAAVILRDSTSVPVIAEAKLMGFTQGCVTFEDVAIYEFSQEEWGLLDEAQRLLYRDVMLEN
FALITALVCWHGMEDEETPEQSVSVEGVPQVRTPEASPSTQKIQSCDMCVPFLTDILHLT
DLPGQELYLTGACAVFHQDOQK

544

ZNF557

MLPPTAASQREGHTEGGELVNELLKSWLKGLVTFEDVAVEFTQEEWALLDPAQRTLYRDV
MLENCRNLASLGNQVDKPRLISQLEQEDKVMTEERGILSGTCPDVENP FKAKGLTPKLHV
FRKEQSRNMKMER

545

ZNF566

MAQESVMESDVSVDFSQEEWECLNDDQRDLYRDVMLENY SNLVSMGHS ISKPNVISYLEQ
GKEPWLADRELTRGOWPVLESRCETKKLFLKKEIYEIESTQWEIMEK

546

ZNF729

MPGAPGSLEMGPLTFRDVI IEFSLEEWQCLDTVQONLYRDVMLENYRNLVEFLGMAVEKPD
LITCLKQGKEPWNMKRHEMVTKPPVMRSHEFTQDLWPDOSTKDSFQEVILRTYAR

547

ZIM2

MAGSQFPDFKHLGTFLVFEELVIFEDVLVDFSPEELSSLSAAQRNLYREVMLENYRNLVS
LGHQFSKPDIISRLEEEESYAMETDSRHTVICQGE

548

ZNF254

MPGPPRSLEMGLLTFRDVAIEFSLEEWQHLDIAQONLYRNVMLENYRNLAFLGIAVSKPD
LITCLEQGKEPWNMKRHE

549

ZNF764

MAPPLAPLPPRDPNGAGPEWREPGAVSFADVAVYFCREEWGCLRPAQRALYRDVMRETYG
HLSALGIGGNKPALI SWVEEEAELWGPAAQDPE

550

ZNF785

MGPPLAPRPAHVPGEAGPRRTRESRPGAVSFADVAVYFSPEEWECLRPAQRALYRDVMRE
TEFGHLGALGFSVPKPAFISWVEGEVEAWSPEAQDPDGESS

551

ZNF10 (KOX1)

MDAKSLTAWSRTLVI FKDVEVDEFTREEWKLLDTAQQIVYRNVMLENYKNLVS LGYQLTKP
DVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSVSSRSIFKDKQSCDIKMEGMARND
LWYLSLEEVWKCRDOQLDKYQENPERHLROQVAFTOKKVLTQERVSESGKYGGNCLLPAQLV
LREYFHKRDSHTKSLKHDLVLNGHQDSCASNSNECGQTFCONIHLIQFARTHTGDKSYKC
PDNDNSLTHGSSLGI SKGIHREKPYECKECGKFEFSWRSNLTRHQLIHTGEKPYECKECGK
SFSRSSHLIGHQKTHTGEEPYECKECGKSFSWEFSHLVTHQRTHT GDKLYTCNQCGKSEVH
SSRLIRHQRTHTGEKPYECPECGKSFRQSTHLILHQRTHVRVRPYECNECGKSYSQRSHL
VVHHRIHTGLKPFECKDCGKCFSRSSHLYSHQRTHTGEKPYECHDCGKSEFSQSSALIVHQ
RIHTGEKPYECCQCGKAFIRKNDLIKHQRIHVGEETYKCNQCGIIFSQNSPEFIVHQIAHT
GEQFLTCNQCGTALVNTSNLIGYQTNHIRENAY

552

CBX5
(chromoshadow
domain)

MGKKTKRTADSSSSEDEEEYVVEKVLDRRVVKGOVEYLLKWKGFSEEHNTWEPEKNLDCP
ELISEFMKKYKKMKEGENNKPREKSESNKRKSNEFSNSADDIKSKKKREQSNDIARGEFERG
LEPEKIIGATDSCGDLMFLMKWKDTDEADLVLAKEANVKCPQIVIAFYEERLTWHAYPED
AENKEKETAKS

553

RYBP (YAFZ2 RYBP
component of
PRC1)

MTMGDKKSPTRPKROQAKPAADEGEWDCSVCT FRNSAEAFKCSICDVRKGTSTRKPRINSQ
LVAQQOVAQQOYATPPPPKKEKKEKVEKQDKEKPEKDKEISPSVIKKNTNKKTKPKSDILKD
PPSEANSIQSANATTKTSETNHT SRPRLKNVDRSTAQQLAVIVGNVIVIITDFKEKTRSS
STSSSTVTSSAGSEQONQOSSSGSESTDKGSSRSSTPKGDMSAVNDESF

554

YAF2 (YAFZ RYBP
component of
PRC1)

MGDKKSPTRPKRQPKPSSDEGYWDCSVCTFRNSAEAFKCMMCDVRKGT STRKPRPVSQLV
AQOVTOQFVPPTQSKKEKKDKVEKEKSEKETTSKKNSHKKTRPRLKNVDRSSAQHLEVIV
GDLTVIITDFKEKTKSPPASSAASADOHSQSGSSSDNTERGMSRSSSPRGEASSLNGESH

555

MGA (component
of PRCl.6)

MEEKQQIILANQDGGTVAGAAPTEFFVILKQPGNGKTDQOGILVINQDACALAS SVSSPVKS
KGKICLPADCTVGGITVTLDNNSMWNEFYHRSTEMILTKQGRRMFPYCRYWITGLDSNLK
YILVMDISPVDNHRYKWNGRWWEPSGKAEPHVLGRVFIHPESPSTGHYWMHQPVSFYKLK
LTNNTLDQEGHIILHSMHRYLPRLHLVPAEKAVEVIQLNGPGVHTEFTFPQTEFFAVTAYQ
NIQITQLKIDYNPFAKGFRDDGLNNKPQRDGKQKNSSDQEGNNISSSSGHRVRLTEGQGS
EIQPGDLDPLSRGHETSGKGLEKTSINIKRDFLGFMDTDSALSEVPOQLKQEISECLIASS
FEDDSRVASPLDONGSFNVVIKEEPLDDYDYELGECPEGVIVKQEETDEETDVYSNSDDD
PILEKQLKRHNKVDNPEADHLSSKWLP SSPSGVAKAKMFKLDTGKMPVVYLEPCAVTRST
VKISELPDNMLSTSRKDKS SMIAELEYLPTYIENSNETAFCLGKESENGLRKHSPDLRVV
OKYPLLKEPQWKYPDISDSISTERILDDSKDSVGDSLSGKEDLGRKRTTMLKIATAAKVV
NANQNASPNVPGKRGRPRKLKLCKAGRPPKNTGKSLISTKNTPVSPGSTFPDVKPDLEDV
DGVLEFVSFESKEALDIHAVDGTTEESSSLOASTTNDSGYRARISQLEKELIEDLKT LRHK
QVIHPGLOEVGLKILNSVDPTMSIDLKYLGVQLPLAPATSFPEWNLTGTNPASPDAGEFPEV
SRTGKTNDFTKIKGWRGKFHSASASRNEGGN SESSLKNRSAFCSDKLDEYLENEGKLMET
SMGFSSNAPTSPVVYQLPTKSTSYVRTLDSVLKKQSTISPSTSYSLKPHSVP PVSRKAKS
ONRQATFSGRTKSSYKSILPYPVSPKOKYSHVILGDKVIKNSSGIISENQANNEFVVPTLD
ENIFPKQISLRQAQOOQOQQQOGSRPPGLSKSQVKLMDLEDCALWEGKPRTYITEERADVS
LTTLLTAQASLKTKPIHTI IRKRAPPCNNDFCRLGCVCSSLALEKRQPAHCRRPDCMFEGC
TCLKRKVVLVKGGSKTKHFQRKAAHRDPVFYDTLGEEAREEEEGIREEEEQLKEKKKRKK
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LEYTICETEPEQPVRHYPLWVKVEGEVDPEPVYIPTPSVIEPMKPLLLPQPEVLSPTVKG
KLLTGIKSPRSYTPKPNPVIREEDKDPVYLYFESMMTCARVRVYERKKEDQRQPSSSSSP
SPSFQOQTSCHSSPENHNNAKEPDSEQQPLKQLTCDLEDD SDKLQEKSWKSSCNEGESSS
TSYMHQRSPGGPTKLIEIISDCNWEEDRNKILSILSQHINSNMPQOSLKVGSFIIELASQR
KSRGEKNPPVYSSRVKISMPSCQDQDDMAEKSGSETPDGPLSPGKMEDISPVQTDALDSV
RERLHGGKGLPFYAGLSPAGKLVAYKRKPSSSTSGLIQVASNAKVAASRKPRTLLPSTSN
SKMASSSGTATNRPGKNLKAFVPAKRP IAARPSPGGVETQEFVMS KVGALOQQKIPGVSTPQ
TLAGTQKFSIRPSPVMVVIPVVSSEPVQVCSPVTAAVITTTPOQVFLENTTAVTPMTAISD
VETKETTYSSGATTTGVVEVSETNTSTSVISTQSTATVNLTKITGITTPVASVAFPKSLV
ASPSTITLPVASTASTSLVVVTAAASSSMVITPTSSLGSVPIILSGINGSPPVSQRPENA
AQIPVATPQVSPNTVKRAGPRLLLIPVOQGSPTLRPVSNTQLOGHRMVLQOPVRSPSGMNL
FRHPNGQIVQLLPLHQLRGSNTQPNLQPVMFRNPGSVMGIRLPAPSKPSETPPSSTSSSA
FSVMNPVIQAVGSSSAVNVITQAPSLLSSGASFVSQAGTLTLRISPPEPQSFASKTGSET
KITYSSGGQPVGTASLIPLOSGSFALLQLPGOKPVPSSILQHVASLOMKRESQNPDQKDE
TNSIKREQETKKVLQSEGEAVDPEANVIKONSGAATSEETLNDS LEDRGDHLDEECLPEE
GCATVKPSEHSCITGSHTDQDYKDVNEEYGARNRKS SKEKVAVLEVRTISEKASNKTVQON
LSKVQHOQKLGDVKVEQQKGEFDNPEENS SEFPVITFKEESKFELSGSKVMEQQSNLOQPEAKE
KECGDSLEKDRERWRKHLKGPLT RKCVGASQECKKEADEQLIKETKTCQENSDVFQQEQG
ISDLLGKSGITEDARVLKTECDSWSRISNPSAFSIVPRRAAKSSRGNGHFQGHLLLPGEQ
IQPKQEKKGGRSSADFTVLDLEEDDEDDNEKTDDSIDEIVDVVSDYQSEEVDDVEKNNCV
EYIEDDEEHVDIETVEELSEEINVAHLKTTAAHTQSFKQPSCTHISADEKAAERSRKAPP
IPLKLKPDYWSDKLOQKEAEAFAYYRRTHTANERRRRGEMRDLFEKLKITLGLLHS SKVSK
SLILTRAFSEIQGLTDQADKLIGOQKNLLTRKRNILIRKVS SLSGKTEEVVLKKLEYIYAK
QQALEAQKRKKKMGSDEEFDISPRISKQQEGS SASSVDLGOMEFINNRRGKPLI LSRKKDQA
TENTSPLNTPHTSANLVMI POGOQLLTLKGPLFSGPVVAVSPDLLESDLKPQVAGSAVALP
ENDDLEMMPRIVNVT SLATEGGLVDMGGSKYPHEVPDSKP SDHLKDTVRNEDNSLEDKGR
ISSRGNRDGRVTLGPTQVFLANKDSGYPQIVDVSNMOKAQEFLPKKISGDMRGIQYKWKE
SESRGERVKSKDS SFHKLKMKDLKDSS IEMELRKVTSAIEEAALDSSELLTNMEDEDDTD
ETLTSLLNEIAFLNQQLNDDSVGLAELPSSMDTEFPGDARRAFISKVPPGSRATFQVEHL
GTGLKELPDVQGESDSISPLLLHLEDDDFSENEKQLAEPASEPDVLKIVIDSEIKDSLLS
NKKAIDGGKNTSGLPAEPESVSSPPTLHMKTGLENSNSTDTIWRPMPKLAPLGLKVANPS
SDADGQSLKVMPCLAPIAAKVGSVGHKMNLT GNDQEGRES KVMPTLAPVVAKLGN SGASP
SSAGK

556

CBX1
(chromoshadow)

MGKKONKKKVEEVLEEEEEEYVVEKVLDRRVVKGKVEYLLKWKGEFSDEDNTWEPEENLDC
PDLIAEFLQSQKTAHETDKSEGGKRKADSDSEDKGEESKPKKKKEESEKPRGFARGLEPE
RIIGATDSSGELMFLMKWKNSDEADLVPAKEANVKCPOVVISFYEERLTWHSYPSEDDDK
KDDKN

557

SCMH1
(SAM 1/SPM)

MLVCYSVLACEILWDLPCS IMGSPLGHFTWDKYLKETCSVPAPVHCFKQSYTPPSNEFKI
SMKLEAQDPRNTTSTCIATVVGLTGARLRLRLDGSDNKNDEFWRLVDSAEIQPIGNCEKNG
GMLQPPLGFRLNASSWPME LLKT LNGAEMAP IRIFHKEPPSPSHNFFKMGMK LEAVDRKN
PHFICPATIGEVRGSEVLVTEFDGWRGAFDYWCREDSRDIFPVGWCSLTGDNLQPPGTKVV
IPKNPYPASDVNTEKPSIHSSTKTVLEHQPGQRGRKPGKKRGRTPKTLISHPISAPSKTA
EPLKFPKKRGPKPGSKRKPRTLLNPPPASPTTSTPEPDTSTVPQDAATIPSSAMOAPTVC
IYLNKNGSTGPHLDKKKVQQLPDHFGPARASVVLOQAVOACIDCAYHQKTVESFLKQGHG
GEVISAVEDREQHTLNLPAVNSITYVLRFLEKLCHNLRSDNLEFGNQPFTQTHLSLTAIEY
SHSHDRYLPGETFVLGNSLARSLEPHSDSMDSASNPTNLVSTSQRHRPLLSSCGLPPSTA
SAVRRLCSRGVLKGSNERRDMES FWKLNRSPGSDRYLESRDASRLSGRDPSSWIVEDVMQ
FVREADPQLGPHADLFRKHEIDGKALLLLRSDMMMKYMGLKLGPALKLSYHIDRLKQGKE

558

MPP8
(Chromodomain)

MEQVAEGARVTAVPVSAAD STEELAEVEEGVGVVGEDNDAAARGAEAFGDSEEDGEDVEE
VEKILDMKTEGGKVLYKVRWKGYTSDDDTWEPEIHLEDCKEVLLEFRKKIAENKAKAVRK
DIQRLSLNNDIFEANSDSDQQSETKEDTSPKKKKKKLRQREEKS PDDLKKKKAKAGKLKD
KSKPDLESSLESLVFDLRTKKRI SEAKEELKESKKPKKDEVKET KELKKVKKGEIRDLKT
KTREDPKENRKTKKEKEFVESQVESESSVLNDSPFPEDDSEGLHSDSREEKONTKSARERA
GODMGLEHGFEKPLDSAMSAEEDTDVRGRRKKKTPRKAEDT RENRKLENKNAFLEKKTVP
KKQRNQDRSKSAAELEKLMPVSAQTPKGRRLSGEERGLWSTDSAEEDKETKRNESKEKYQ
KRHDSDKEEKGRKEPKGLKTLKEIRNAFDLFKLTPEEKNDVSENNRKREEIPLDFKTIDD
HKTKENKQSLKERRNTRDETDTWAYIAAEGDQEVLDSVCQADEN SDGRQOILSLGMDLQL
EWMKLEDFQKHLDGKDENFAATDAIPSNVLRDAVKNGDYITVKVALNSNEEYNLDQEDSS
GMTLVMLAAAGGODDLLRLLITKGAKVNGROKNGT TALIHAAEKNEFLTTVAI LLEAGAEV
NVQQOSNGETALMKACKRGNSDIVRLVIECGADCNILSKHONSALHFAKQSNNVLVYDLLK
NHLETLSRVAEETIKDYFEARILALLEPVFPIACHRLCEGPDEFSTDENYKPPONIPEGSGI
LLFIFHANFLGKEVIARLCGPCSVQAVVLNDKEFQLPVFLDSHEFVYSEFSPVAGPNKLEIRL
TEAPSAKVKLLIGAYRVQLQ

559

SUMO3 (Rad60-
SLD)

MSEEKPKEGVKTENDHINLKVAGQDGSVVQFKIKRHTPLSKLMKAYCERQGLSMRQIRER
FDGQPINETDTPAQLEMEDEDTIDVFQQQTGGVPESSLAGHSE

560

HERC2 (Cyt-b5)

MPSESFCLAAQARLDSKWLKTDIQLAFTRDGLCGLWNEMVKDGEIVYTGTESTONGELPP
RKDDSVEPSGTKKEDLNDKEKKDEEETPAPI YRAKSILDSWVWGKQPDVNELKECLSVLV
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Description

Sequence

KEQQALAVQOSATTTLSALRLKORLVILERYFIAILNRTVEQENVKVKWKSSGI SLPPVDKK
SSRPAGKGVEGLARVGSRAALSFAFAFLRRAWRSGEDADLCSELLQESLDALRALPEASL
FDESTVSSVWLEVVERATRFLRSVVTGDVHGTPATKGPGS IPLODOHLALATILLELAVQR
GTLSOMLSAILLLLOLWDS GAQETDNERSAQGTSAPLLPLLORFQSIICRKDAPHSEGDM
HLLSGPLSPNESFLRYLTLPODNELAIDLRQTAVVVMAHLDRLATPCMPPLCSSPTSHKG
SLOQEVIGWGLIGWKYYANVIGPIQCEGLANLGVTQIACAEKRFLILSRNGRVYTQAYNSD
TLAPQLVQGLASRNIVKIAAHSDGHHY LALAATGEVYSWGCGDGGRLGHGDTVPLEEPKV
ISAFSGKQAGKHVVHIACGSTYSAAITAEGELYTWGRGNYGRLGHGS SEDEATIPMLVAGL
KGLKVIDVACGSGDAQTLAVTENGQVWSWGDGDYGKLGRGGSDGCKTPKLIEKLODLDVV
KVRCGSQFSIALTKDGQVY SWGKGDNQRLGHGTEEHVRYPKLLEGLOGKKVIDVAAGSTH
CLALTEDSEVHSWGSNDQCQHFDTLRVTKPEPAALPGLDTKHIVGIACGPAQSFAWSSCS
EWSIGLRVPEVVDICSMTFEQLDLLLRQVSEGMDGSADWP PPQEKECVAVAT LNLLRLOQL
HAAISHQVDPEFLGLGLGSILLINSLKQTVVILASSAGVLSTVQSAAQAVIQSGWSVLLPT
AEERARALSALLPCAVSGNEVNISPGRRFMIDLLVGSIMADGGLESALHAAITAEIQDIE
AKKEAQKEKEIDEQEANASTFHRSRTPLDKDLINTGICES SGKQCLPLVQLIQQLLRNIA
SQTVARLKDVARRISSCLDFEQHSRERSASLDLLLRFQRLLISKLYPGESIGQTSDISSP
ELMGVGSLLKKYTALLCTHIGDILPVAASIASTSWRHFAEVAYIVEGDFTGVLLPELVVS
IVLLLSKNAGLMQEAGAVPLLGGLLEHLDREFNHLAPGKERDDHEELAWPGIMESEFFTGON
CRNNEEVTLIRKADLENHNKDGGFWIVIDGKVYDIKDFQTQSLTGNSILAQFAGEDPVVA
LEAALQFEDTRESMHAFCVGQOYLEPDQEIVIIPDLGSLSSPLIDTERNLGLLLGLHASYL
AMSTPLSPVEIECAKWLOSSIFSGGLOTSQIHYSYNEEKDEDHCSSPGGTPASKSRLCSH
RRALGDHSQAFLOATIADNNIQDHNVKDFLCOQIERYCRQCHLTTPIMFPPEHNPVEEVGRLL
LCCLLKHEDLGHVALSLVHAGALGIEQVKHRTLPKSVVDVCRVVYQAKCSLIKTHQEQGR
SYKEVCAPVIERLRFLFNELRPAVCNDLSIMSKEFKLLSSLPRWRRIAQKIIRERRKKRVP
KKPESTDDEEKIGNEESDLEEACILPHSPINVDKRPIAIKSPKDKWOPLLSTVIGVHKYK
WLKONVOGLYPQSPLLSTIAEFALKEEPVDVEKMRKCLLKQLERAEVRLEGIDTILKLAS
KNFLLPSVQYAMFCGWQRLIPEGIDIGEPLTDCLKDVDLIPPENRMLLEVTFGKLYAWAV
ONIRNVLMDASAKFKELGIQPVPLOQTITNENPSGPSLGTIPQARFLLVMLSMLTLQHGAN
NLDLLILNSGMLALTQTALRLIGP SCDNVEEDMNASAQGASATVLEETRKETAPVQLPVSG
PELAAMMKI GTRVMRGVDWKWGDQDGPPPGLGRVIGELGEDGWIRVQWDTGSTNS YRMGK
EGKYDLKLAELPAAAQPSAEDSDTEDDSEAEQTERNIHPTAMMFTSTINLLQTLCLSAGV
HAEIMQOSEATKTLCGLLRMLVESGTTDKTSS PNRLVYREQHRSWCTLGEVRSIALTPQVC
GALSSPOWITLLMKVVEGHAPFTATSLOQRQI LAVHLLOAVLPSWDKTERARDMKCLVEKL
FDFLGSLLTTCSSDVPLLRESTLRRRRVRPOQASLTATHSSTLAEEVVALLRTLHSLTQWN
GLINKYINSQLRSITHSFVGRPSEGAQLEDYFPDSENPEVGGLMAVLAVIGGIDGRLRLG
GQVMHDEFGEGTVTRITPKGKITVQEFSDMRTCRVCPLNQLKPLPAVAFNVNNLPFTEPML
SVWAQLVNLAGSKLEKHKIKKSTKQAFAGQVDLDLLRCOQLKLYILKAGRALLSHQDKLR
QILSQPAVQETGTVHTDDGAVVSPDLGDMSPEGPQPPMILLOQOLLASATQPSPVKAIFDK
QELEAAALAVCQCILAVESTHPSSPGFEDCSS SEATTPVAVQHIRPARVKRRKQSPVPALP
IVVQLMEMGESRRNIEFALKSLTGASGNASSLPGVEALVGWLLDHSDIQVIELSDADTVS
DEYSDEEVVEDVDDAAYSMSTGAVVTESQTYKKRADFLSNDDYAVYVRENIQVGMMVRCC
RAYEEVCEGDVGKVIKLDRDGLHDLNVQCDWQQKGGTYWVRYIHVELIGYPPPSSSSHIK
IGDKVRVKASVITPKYKWGSVTHQSVGVVKAFSANGKDI IVDFPQOSHWTGLLSEMELVP
SIHPGVICDGCOMFPINGSREFKCRNCDDEFDFCETCFKTKKHNTRHTEFGRINEPGQSAVEC
GRSGKQLKRCHSSQPGMLLDSWS RMVKSLNVSSSVNQASRLIDGSEPCWQSSGSQGKHWI
RLEIFPDVLVHRLKMIVDPADSSYMPSLVVVSGGNSLNNLIELKTININPSDTTVPLLND
CTEYHRYIEIAIKQCRSSGIDCKIHGLILLGRIRAEEEDLAAVPFLASDNEEEEDEKGN S
GSLIRKKAAGLESAATIRTKVEVWGINDKDQLGGLKGSKIKVPSFSETLSALNVVQVAGG
SKSLEFAVIVEGKVYACGEATNGRLGLGISSGTVPIPRQITALSSYVVKKVAVHSGGRHAT
ALTVDGKVFSWGEGDDGKLGHEFSRMNCDKPRLIEALKTKRIRDIACGS SHSAALTSSGEL
YTWGLGEYGRLGHGDNTTQLKPKMVKVLLGHRVIQVACGSRDAQTIALTDEGLVESWGDG
DFGKLGRGGSEGCNIPONIERLNGQGVCQIECGAQFSLALTKSGVVWTIWGKGDYFRLGHG
SDVHVRKPQVVEGLRGKKIVHVAVGALHCLAVTDS GOQVYAWGDNDHGQQGNGTTTVNRKP
TLVQGLEGQKITRVACGSSHSVAWTTVDVATPSVHEPVLFQTARDPLGASYLGVPSDADS
SAASNKISGASNSKPNRPSLAKILLSLDGNLAKQQALSHI LTALQIMYARDAVVGALMPA
AMIAPVECPSEFSSAAPSDASAMASPMNGEECMLAVDIEDRLSPNPWOEKREIVSSEDAVT
PSAVTPSAPSASARPFIPVIDDLGAAS ITAETMTKTKEDVESQNKAAGPEPQALDEFTSL
LIADDTRVVVDLLKLSVCSRAGDRGRDVLSAVLSGMGTAY POVADMLLELCVTELEDVAT
DSQSGRLSSQPVVVESSHPYTDDTSTSGTVKIPGAEGLRVEFDRQCSTERRHDPLTVMDG
VNRIVSVRSGREWSDWSSELRIPGDELKWKEISDGSVNGWGWRETVYPIMPAAGPKELLS
DRCVLSCPSMDLVTCLLDFRLNLASNRSIVPRLAASLAACAQLSALAASHRMWALQRLRK
LLTTEFGQSININRLLGENDGETRALSFTGSALAALVKGLPEALQROFEYEDPIVRGGKQ
LLHSPFFKVLVALACDLELDTLPCCAETHKWAWFRRYCMASRVAVALDKRTPLPRLELDE
VAKKIRELMADSENMDVLHESHDIFKREQDEQLVOQWMNRRPDDWT LSAGGSGTIYGWGHN
HRGQLGGIEGAKVKVPTPCEALATLRPVQLIGGEQTLFAVTADGKLYATGYGAGGRLGIG
GTESVSTPTLLESIQHVFIKKVAVNSGGKHCLALS SEGEVYSWGEAEDGKLGHGNRSPCD
RPRVIESLRGIEVVDVAAGGAHSACVIAAGDLYTWGKGRYGRLGHSDSEDQLKPKLVEAL
QGHRVVDIACGSGDAQTLCLTDDDTVWSWGDGDYGKLGRGGSDGCKVPMKIDSLTGLGVV
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Description

Sequence

KVECGSQFSVALTKSGAVYTWGKGDYHRLGHGSDDHVRRPROVOGLOGKKVIAIATGSLH
CVCCTEDGEVYTWGDNDEGQLGDGTTNAIQRPRLVAALQGKKVNRVACGSAHTLAWSTSK
PASAGKLPAQVPMEYNHILQEIPITALRNRLLLLHHLSELFCPCIPMEDLEGSLDETGLGP
SVGFDTLRGILISQGKEAAFRKVVQATMVRDROQHGPVVELNRIQVKRSRSKGGLAGPDGT
KSVEFGOMCAKMSSFGPDSLLLPHRVWKVKEVGESVDDCGGGYSESIAEICEELONGLTPL
LIVTPNGRDESGANRDCYLLSPAARAPVHSSMFRFLGVLLGIAIRTGSPLSLNLAEPVWK
QLAGMSLTIADLSEVDKDFIPGLMYIRDNEATSEEFEAMS LPFTVPSASGQDIQLSSKHT
HITLDNRAEYVRLAINYRLHEFDEQVAAVREGMARVVPVPLLSLFTGYELETMVCGSPDI
PLHLLKSVATYKGIEPSASLIQWFWEVMESFSNTERSLELREVWGRTRLPRTIADFRGRD
FVIQVLDKYNPPDHFLPESYTCFFLLKLPRYSCKOQVLEEKLKYAIHFCKSIDTDDYARIA
LTGEPAADDSSDDSDNEDVDSFASDSTQDYLTGH

561

BINL (SH3 9)

MAEMGSKGVTAGKIASNVQKKLT RAQEKVLOKLGKADETKDEQFEQCVONFNKQLTEGTR
LOKDLRTYLASVKAMHEASKKINECLOEVYEPDWPGRDEANKIAENNDLIWMDYHQKLVD
QALLTMDTYLGQFPDIKSRIAKRGRKLVDYDSARHHYESLQTAKKKDEAKIAKPVSLLEK
AAPQWCQGKLOQAHLVAQTNLLRNQAEEELIKAQKVEFEEMNVDLQEELP SIWNSRVGEYVN
TEFQSIAGLEENFHKEMSKLNONLNDVLVGLEKQHGSNTFTVKAQPSDNAPAKGNKSPSPP
DGSPAATPEIRVNHEPEPAGGAT PGATLPKSPSQLRKGPPVPPPPKHTPSKEVKQEQILS
LFEDTEVPEISVTITPSQFEAPGPFSEQASLLDLDFDPLPPVTSPVKAPTPSGQSIPWDLW
EPTESPAGSLPSGEPSAAEGTFAVSWP SQTAEPGPAQPAEASEVAGGTQPAAGAQEPGET
AASEAASSSLPAVVVETEFPATVNGTVEGGSGAGRLDLPPGFMFKVQAQHDYTATDTDELQ
LKAGDVVLVIPFONPEEQDEGWLMGVKESDWNQHKELEKCRGVFPENFTERVP

562

PCGF2 (RING
finger protein
domain)

MHRTTRIKITELNPHLMCALCGGYFIDATTIVECLHSFCKTCIVRYLETNKYCPMCDVQV
HKTRPLLSIRSDKTLODIVYKLVPGLFKDEMKRRRDEFYAAYPLTEVPNGSNEDRGEVLEQ
EKGALSDDEIVSLSIEFYEGARDRDEKKGPLENGDGDKEKTGVRFLRCPAAMTVMHLAKE
LRNKMDVPSKYKVEVLYEDEPLKEYYTLMDIAYIYPWRRNGPLP LKYRVQPACKRLTLAT
VPTPSEGTNTSGASECESVSDKAPSPATLPATSSSLPSPATPSHGSPSSHGPPATHPTSP
TPPSTASGATTAANGGSINCLQTPSSTSRGRKMTVNGAPVPPLT

563

TOX (HMG box)

MDVREFYPPPAQPAAAPDAPCLGPSPCLDPYYCNKEFDGENMYMSMTEP SQDYVPASQSYPG
PSLESEDFNIPPITPPSLPDHSLVHLNEVESGYHSLCHPMNONGLLPFHPQNMDLPEITV
SNMLGODGTLLSNSISVMPDIRNPEGTQYSSHPOMAAMRPRGQPADIRQQPGMMPHGQLT
TINQSQLSAQLGLNMGGSNVPHNSPSPPGSKSATPSPSSSVHEDEGDDTSKINGGEKRPA
SDMGKKPKT PKKKKKKDPNEPQKPVSAYALFFRDTQAATKGONPNATFGEVSKIVASMWD
GLGEEQKQVYKKKTEAAKKEYLKQLAAYRASLVSKSYSEPVDVKTSQPPQLINSKPSVEH
GPSQAHSALYLSSHYHQQPGMNPHLTAMHPSLPRNIAPKPNNQMPVIVSIANMAVSPPPP
LOISPPLHQHLNMQOHQPLTMOQPLGNQLPMQOVQOSALHSPTMOQOGEFTLOPDYQTIINPTS
TAAQVVIQAMEYVRSGCRNPPPQPVDWNNDYCSSGGMQRDKALYLT

564

FOXA1l (HNF3A C-
terminal
domain)

MLGTVKMEGHETSDWNSYYADTQEAYS SVPVSNMNSGLGSMNSMNTYMTMNTMTT S GNMT
PASFNMSYANPGLGAGLSPGAVAGMPGGSAGAMNSMTAAGVTAMGTALS PSGMGAMGAQQ
AASMNGLGPYAAAMNPCMS PMAYAPSNLGRSRAGGGGDAKTEFKRSYPHAKPPYSYISLIT
MATIQQAPSKMLTLSEIYQWIMDLEPYYRONQOQRWONSIRHSLSFNDCEFVKVARSPDKPGK
GSYWTLHPDSGNMFENGCY LRROKREFKCEKQPGAGGGGGSGSGGSGAKGGPESRKDP SGA
SNPSADSPLHRGVHGKTGQLEGAPAPGPAASPQTLDHSGATATGGASELKTPASSTAPPI
SSGPGALASVPASHPAHGLAPHESQLHLKGDPHYSFNHPEFSINNLMS SSEQQHKLDFKAY
EQALQYSPYGSTLPASLPLGSASVTITRSPIEPSALEPAYYQGVYSRPVLNTS

565

FOXAZ2 (HNF3B C-
terminal
domain)

MLGAVKMEGHEPSDWS SYYAEPEGYSSVSNMNAGLGMNGMNTYMSMSAAAMG SGS GNMSA
GSMNMSSYVGAGMSP SLAGMS PGAGAMAGMGGSAGAAGVAGMGPHLSPSLSPLGGQAAGA
MGGLAPYANMNSMSPMYGQAGLSRARDPKTYRRSYTHAKPPYSYISLITMAIQQSPNKML
TLSEIYOQWIMDLEPEYRONQORWONSIRHSLSEFNDCFLKVPRSPDKPGKGSFWTLHPDSG
NMEFENGCYLRRQKRFKCEKQLALKEAAGAAGSGKKAAAGAQASQAQLGEAAGPASETPAG
TESPHSSASPCQEHKRGGLGELKGTPAAALSPPEPAPSPGQQOQAAAHLLGPPHHPGLPP
EAHLKPEHHYAFNHPFSINNLMS SEQOHHHSHHHHQPHKMDLKAYEQVMHYPGYGS PMPG
SLAMGPVTNKTGLDASPILAADTSYYQGVYSRPIMNSS

566

IRF2BP1 (IRF-
2BP1 2 N-
terminal
domain)

MASVQASRROWCYLCDLPKMPWAMVWDEFSEAVCRGCVNFEGADRIELLIDAARQLKRSHV
LPEGRSPGPPALKHPATKDLAAAAAQGPQLPPPQAQPQOPSGTGGGVSGQDRYDRAT SSGR
LPLPSPALEYTLGSRLANGLGREEAVAEGARRALLGSMPGLMPPGLLAAAVSGLGSRGLT
LAPGLSPARPLFGSDFEKEKQORNADCLAELNEAMRGRAEEWHGRPKAVREQLIALSACA
PEFNVRFKKDHGLVGRVFAFDATARPPGYEFELKLFTEYPCGSGNVYAGVLAVAROMFHDA
LREPGKALASSGFKYLEYERRHGSGEWRQLGELLTDGVRSFREPAPAEALPQQYPEPAPA
ALCGPPPRAPSRNLAPTPRRRKASPEPEGEAAGKMTTEEQQQRHWVAPGGPYSAETPGVP
SPIAALKNVAEALGHSPKDPGGGGGPVRAGGASPAAS STAQPPTQHRLVARNGEAEVSPT
AGAEAVSGGGSGTGATPGAPLCCTLCRERLEDTHEVQCPSVPGHKEFCFPCSREFIKAQGP
AGEVYCPSGDKCPLVGSSVPWAFMQGEIATI LAGDIKVKKERDP

567

IRF2BP2Z (IRF-
2BP1 2 N-
terminal
domain)

MAAAVAVAAASRROSCYLCDLPRMPWAMIWDEFTEPVCRGCVNYEGADRVEFVIETARQLK
RAHGCFPEGRSPPGAAASAAAKPPPLSAKDILLOQQOQQLGHGGPEAAPRAPQALERY PLA
AAAERPPRLGSDEFGS SRPAASLAQPPTPQPPPVNGILVPNGESKLEEPPELNRQSPNPRR
GHAVPPTLVPLMNGSATPLPTALGLGGRAAASLAAVSGTAAASLGSAQPTDLGAHKRPAS
VSSSAAVEHEQREAAAKEKQPPPPAHRGPADSLSTAAGAAELSAEGAGKSRGSGEQDWVN
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RPKTVRDTLIALHQHGHSGPFESKFKKEPALTAGRLLGEFEANGANGSKAVARTARKRKPS
PEPEGEVGPPKINGEAQPWLSTSTEGLKIPMTPTSSFVSPPPPTASPHSNRTTPPEAAQN
GQOSPMAALILVADNAGGSHASKDANQVHSTTRRNSNSPPSPSSMNQRRLGPREVGGQGAG
NTGGLEPVHPASLPDSSIATSAPLCCTLCHERLEDTHEVQCPSVPSHKEFCEFPCSRQSIKQ
QGASGEVYCPSGEKCPLVGSNVPWAFMQGEIATILAGDVKVKKERDS

568

IRF2BPL IRF-
2BP1 2 N-
terminal domain

MSAAQVSSSRRQSCYLCDLPRMPWAMIWDESEPVCRGCVNYEGADRIEFVIETARQLKRA
HGCFQDGRSPGPPPPVGVKTVALSAKEAAAAAAAAAAAAAAAQQOQOQQOQOQOQ0Q0Q0
QQ0O000QLNHVDGSSKPAVLAAP SGLERYGL SAAAAAAAAAAAAVEQRSRFEYPPPPVSL
GSSSHTARLPNGLGGPNGFPKPTPEEGPPELNRQSPNSSSAAASVASRRGTHGGLVTGLP
NPGGGGGPQLTVPPNLLPOTLINGPASAAVLPPPPPHALGSRGPPTPAPPGAPGGPACLG
GTPGVSATSSSASSSTSSSVAEVGVGAGGKRPGSVSSTDOQERELKEKQRNAEALAELSES
LRNRAEEWASKPKMVRDTLLTLAGCTPYEVRFKKDHSLLGRVFAFDAVSKPGMDYELKLFE
IEYPTGSGNVYSSASGVAKQMYQDCMKDFGRGLSSGFKYLEYEKKHGSGDWRLLGDLLPE
AVRFFKEGVPGADMLPQPYLDASCPMLPTALVSLSRAPSAPPGTGALPPAAP SGRGAAAS
LRKRKASPEPPDSAEGALKLGEEQQROQWMANQSEALKLTMSAGGFAAPGHAAGGPPPPP
PPLGPHSNRTTPPESAPONGPSPMAALMSVADTLGTAHSPKDGS SVHSTTASARRNSSSP
VSPASVPGOQRRLASRNGDLNLOQVAPPPPSAHPGMDQVHPONIPDSPMANSGPLCCTICHE
RLEDTHEFVQCPSVPSHKFCFPCSRESIKAQGATGEVYCPSGEKCPLVGSNVPWAFMQGETL
ATILAGDVKVKKERDP

569

HOXA13
({homeodomain)

MTASVLLHPRWIEPTVMFLYDNGGGLVADELNKNMEGAAAAAAAAAAARAAAGAGGGGEPH
PAAAAAGGNESVAAAAAAAAAAAANQCRNIMAHPAPLAPGAASAYSSAPGEAPPSAAAAA
AAAAAPAAARARAASS SGGPGPAGPAGAEARAKQCSPCSAAAQSSSGPAALPYGYFGSGYYP
CARMGPHPNAIKSCAQPASAAAAAAFADKYMDTAGPAAEEFSSRAKEFAFYHQGYAAGPY
HHHQPMPGYLDMPVVPGLGGPGESRHEPLGLPMESYQPWALPNGWNGOMYCPKEQAQPPH
LWKSTLPDVVSHPSDASSYRRGRKKRVPYTKVQLKELEREYATNKFITKDKRRRISATTN
LSERQVTIWFONRRVKEKKVINKLKTT S

570

HOXB13
({homeodomain)

MEPGNYATLDGAKDIEGLLGAGGGRNLVAHSPLTSHPAAPTIMPAVNYAPLDLPGSAEPP
KQCHPCPGVPQGTSPAPVPYGYFGGGYYSCRVSRSSLKPCAQAATILAAYPAETPTAGEEY
PSRPTEFAFYPGYPGTYQPMASYLDVSVVQTLGAPGEPRHDSLLPVDSYQOSWALAGGWNS
OMCCQGEQNPPGPFWKAAFADSSGQHP PDACAFRRGRKKRIPYSKGOLRELEREYAANKE
ITKDKRRKISAATSLSERQITIWFQNRRVKEKKVLAKVKNSATP

571

HOXC13
({homeodomain)

MTITSLLLHPRWPESLMYVYEDSAAESGIGGGGGGGGGGTGGAGGGCSGASPGKAPSMDGL
GSSCPASHCRDLLPHPVLGRPPAPLGAPQGAVYTDIPAPEAARQCAPPPAPPTSSSATLG
YGYPFGGSYYGCRLSHNVNLQQKPCAYHPGDKYPEPSGALPGDDLSSRAKEFAFYPSFAS
SYQAMPGYLDVSVVPGISGHPEPRHDALIPVEGYQHWALSNGWDSQVYCSKEQSQSAHLW
KSPFPDVVPLOPEVS SYRRGRKKRVPYTKVQLKELEKEYAASKFITKEKRRRISATTNLS
ERQVTIWFQNRRVKEKKVVSKSKAPHLHST

572

HOXA11l
({homeodomain)

MDFDERGPCSSNMYLPSCTYYVSGPDFSSLPSFLPQTPSSRPMTYSYSSNLPQVQPVREV
TEFREYAIEPATKWHPRGNLAHCYSAEELVHRDCLQAPSAAGVPGDVLAKSSANVYHHPTP
AVSSNEFYSTVGRNGVLPQAFDQFFETAYGTPENLASSDYPGDKSAEKGPPAATAT SAAAA
AAATGAPATSSSDSGGGGGCRETAAAAEEKERRRRPESS S SPES SSGHTEDKAGGS SGQR
TRKKRCPYTKYQIRELEREFFFSVYINKEKRLQLSRMINLTDRQVKIWEQONRRMKEKKIN
RDRLOYYSANPLL

573

HOXC11
({homeodomain)

MEFNSVNLGNFCSPSRKERGADFGERGSCASNLYLPSCTYYMPEFSTVSSFLPQAPSRQIS
YPYSAQVPPVREVSYGLEPSGKWHHRNSYSSCYAAADELMHRECLPPSTVIEILMKNEGS
YGGHHHPSAPHATPAGEFYS SVNKNSVLPQAFDRFFDNAYCGGGDPPAEPPCS GKGEAKGE
PEAPPASGLASRAEAGAEAEAEEENTNPSSSGSAHSVAKEPAKGAAPNAPRTRKKRCPYS
KFQIRELEREFFFNVYINKEKRLQLSRMLNLTDRQVKIWFQNRRMKEKKLSRDRLQYFSG
NPLL

574

HOXC10
({homeodomain)

MTCPRNVTPNSYAEPLAAPGGGERYSRSAGMYMQSGSDENCGVMRGCGLAPS LSKRDEGS
SPSLALNTYPSYLSQLDSWGDPKAAYRLEQPVGRPLSSCSYPPSVKEENVCCMYSAEKRA
KSGPEAALYSHPLPESCLGEHEVPVPSYYRASPSYSALDKTPHCSGANDFEAPFEQRASL
NPRAEHLESPQLGGKVSFPETPKSDSQTPSPNEIKTEQSLAGPKGSPSESEKERAKAADS
SPDTSDNEAKEEIKAENTTGNWLTAKS GRKKRCPYTKHQT LELEKEFLEFNMYLTRERRLE
ISKTINLTDROVKIWFQNRRMKLKKMNRENRIRELTSNENET

575

HOXA10
({homeodomain)

MSARKGYLLPSPNYPTTMSCSESPAANSFLVDSLISSGRGEAGGGGGGAGGGGGGGYYAH
GGVYLPPAADLPYGLQOSCGLFPTLGGKRNEAASPGSGGGGGGLGPGAHGYGP SPIDLWLD
APRSCRMEPPDGPPPPPQOQPPPPPQPPQPAPQAT SCSFAQNIKEESSYCLYDSADKCPK
VSATAAELAPFPRGPPPDGCALGTSSGVPVPGYFRLSQAYGTAKGYGS GGGGAQQLGAGP
FPAQPPGRGEFDLPPALASGSADAARKERALDSPPPPTLACGSGGGSQGDEEAHAS S SAAE
ELSPAPSESSKASPEKDSLGNSKGENAANWLTAKSGRKKRCPYTKHOTLELEKEFLENMY
LTRERRLEI SRSVHLTDRQVKIWFQNRRMKLKKMNRENRI RELTANENFES

576

HOXBS
({homeodomain)

MSISGTLSSYYVDSIISHESEDAPPAKFPSGQYASSRQPGHAEHLEFPSCSFQPKAPVEG
ASWAPLSPHASGSLPSVYHPYIQPQGVPPAESRYLRTWLEPAPRGEAAPGQGQAAVKAEP
LLGAPGELLKQGTPEYSLETSAGREAVLSNQRPGYGDNKICEGSEDKERPDQTNP SANWL
HARSSRKKRCPYTKYQTLELEKEFLFNMYLTRDRRHEVARLINL SERQVKIWEFONRRMKM
KKMNKEQGKE
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SEQ Description Sequence
MATTGALGNYYVDSFLLGADAADELSVGRYAPGTLGOPPROAATLAERHOPDESPCSFQOSKA
HOXAQ TVEGASWNPVHAAGANAVPAAVYHHOOOHNPYVHPOAPVAAAAPDGRYMRSWLEPTPGALS
577 (homeodomain) FAGLPSSRPYGIKPEPLSARRGDCPTLDTHTLSLTDYACGSPPVDREKQPSEGAFSENNA
ENESGGDKPPIDPNNPAANWLHARSTRKKRCPYTKHOTLELEKEFLENMYLTRDRRYEVA
RLLNLTERQVKIWEFQNRRMKMKKINKDRAKDE
NKKLEAVGTGIEPKAMSQGLVTFGDVAVDESQEEWEWINPIQRNLYRKVMLENYRNLASL
78 ZFP28_HU GLCVSKPDVISSLEQGKEPW
KMKKEFQIPVSEFQODLTVNIFTQEEWQQOLDPAQRLLYRDVMLENYSNLVSVGYHVSKPDVIEK
579 ZN334_HU LEQGEEPWIVEEFSNQNYPD
580 ZN568 HUMAN CSQESALSEEEEDTTRPLETVIFKDVAVDLTQEEWEQMKPAQRNLYRDVMLENYSNLVTV
- GCQVTKPDVIFKLEQEEEPW
581 ZN3TA HUMAN ITSQOGSVSEFRDVIVGEFTQEEWQHLDPAQRTLYRDVMLENY SHLVSVGYCIPKPEVILKLE
— KGEEPWILEEKFPSQOSHLEL
582 ZN181 HUMAN POVTENDVAIDFTHEEWGWLS SAQRDLYKDVMVONYENLVSVAGLSVTKPYVITLLEDGK
- EPWMMEKKLSKGMIPDWESR
PLRESTLFQEQOKMNISQASVSFKDVI IEFTQEEWQOMAPVORKNLYRDVMLENYSNLVSV
o83 ZN510_HU GYCCFKPEVIFKLEQGEEPW
554 INSE2 HU ODPSAEGLSEEVPVVEFEELPVVFEDVAVYFTREEWGMLDKROKELYRDVMRMNYELLASL
— GPAAAKPDLISKLERRAAPW
SQGSVTFRDVAIDFSQEEWKWLOPAQRDLYRCVMLENYGHLVSLGLSISKPDVVSLLEQG
85 ZNL140_HU KEPWLGKREVKRDLEFSVSES
586 IN208 LU GSLTFRDVAIEFSLEEWQCLDTAQONLYRNVMLENYRNLVEFLGIAAFKPDLIIFLEEGKE
— SWNMKROEMVEESPVICSHE
NKSQEQVSEFKDVCVDEFTQEEWYLLDPAQKILYRDVILENYSNLVSVGYCITKPEVIFKIE
87 ZN248_HU QGEEPWILEKGEPSQCHPER
POHLLVTFRDVAIDFSQEEWECLDPAQRDLYRDVMLENYSNLISLDLES SCVTKKLSPEKE
~88 ZN5T1_HU IYEMESLOWENMGKRINHHOL
589 NG99 HUMAN EEERKTAELQKNRIQDSVVEFEDVAVDETQEEWALLDLAQRNLYRDVMLENFONLASLGYP
- LHTPOLISQWEQEEDLQTVK
590 INT26 HUMAN GLLTFRDVAIEFSLEEWQCLDTAQKNLYRNVMLENYRNLAFLGIAVSKPDLIICLEKEKE
- PWNMKRDEMVDEPPGICPHF
591 7IK1 HUMAN RAPTOVIVSPETHMDLTKGCVIFEDIAIYEFSQDEWGLLDEAQRLLYLEVMLENFALVASL
— GCGHGTEDEETPSDONVSVG
592 INF? HUMAN AAVSPTTRCOESVIFEDVAVVETDEEWSRLVPIQRDLYKEVMLENYNSIVSLGLPVPQPD
— VIFQLKRGDKPWMVDLHGSE
593 2705F LU HSLEKVIFEDVAIDETQEEWDMMDT SKRKLYRDVMLENISHILVSLGYQISKSYIILQLEQ
— GKELWREGRVELODONPDRE
594 ZNF14 HU DSVSFEDVAVNFTLEEWALLDSSQKKLYEDVMQOET FKNLVCLGKKWEDQODIEDDHRNOGK
— NRRCHMVERLCESRRGSKCG
NVEVVKVMPODLVTFKDVAIDESQEEWQWMN PAQKRLYRSMMLENYQSLVSLGLCISKPY
95 ZN471_HU VISLLEQGREPWEMI SEMTR
TOPDEDLHLOQAEETQLVKESVIFKDVAIDFT LEEWRLMDPTORNLHKDVMLENYRNLVSL
596 ZNe24_HU GLAVSKPDMISHLENGKGPW
TMLQESFSEFDDLSVDETOKEWQLLDPSQKNLYKDVMLENY SSLVSLGYEVMKPDVIEFKLE
597 ZNF84_HU QGEEPWVGDGEIPSSDSPEV
598 INF7 HUMAN EVVTFGDVAVHFSREEWQOCLDPGORALYREVMLENHS SVAGLAGFLVEFKPELI SRLEQGE
— EPWVLDLOGAEGTEAPRTSK
599 ZN891 HUMAN RNAEEERMIAVEFLTTWLQEPMTEFKDVAVEFTQEEWMMILDSAQRSLYRDVMLENYRNLTSYV
- EYQLYRLTVISPLDOQEEIRN
600 7N337 HUMAN GPOQGARRQAFLAFGDVIVDETOKEWRLLSPAQRALYREVTLENY SHLVSLGILOSKPELT
- RRLEQGEVPWGEERRRRPGP
HSLKKLTFEDVAIDETQEEWAMMDT SKRKLYRDVMLENISHILVSLGYQISKSYIILQLEQ
601 Z705G HUMAN
— GKELWREGRVELODONPNRE
602 ZN529 LU MPEVEFPDQFFTVLTMDHELVTLRDVVINEFSQEEWEYLDSAQRNLYWDVMMENYSNLLSL
— DLESRNETKHLSVGKDIIQON
603 INT29 LU PGAPGSLEMGPLTFRDVTIEFSLEEWQCLDTVOONLYRDVMLENYRNLVELGMAVEKPDL
— ITCLKQGKEPWNMKROEMVT
RDPAQVPVAADLLTDHEEGYVIFEDVAVYEFSQEEWRLLDDAQRLLYRNVMLENFTLLASL
604 ZN419_HU GLASSKTHEITQLESWEEPE
HSLKKVIFEDVAIDETQEEWAMMDT SKRKLYRDVMLENISHILVSLGYQISKSYIILQLEQ
605 z2705A_HU GKELWREGREFLODONPDRE
TKSKEAVIFKDVAVVESEEELQLLDILAQRKLYRDVMLENEFRNVV SVGHQSTPDGLPQLER
606 ZNF45_HU EEKLWMMKMATQRDN SSGAK
607 ZN302 HUMAN SQVITEFSDVAIDFSHEEWACLDSAQRDLYKDVMVONYENLVSVGLSVIKPYVIMLLEDGKE
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608 INA8E LU PGPLRSLEMESLQFRDVAVEFSLEEWHCLDTAQONLYRDVMLENYROLVELGIIVSKPDL
— ITCLEQGIKPLTMKRHOEMIA
609 INE21 HU LOTTWPQESVIFEDVAVYFTONQWASLDPAQRALYGEVMLENYANVASLVAFPFPKPALT
— SHLERGEAPWGPDPWDTEIL
610 ING8S LU APLLAPRPGETRPGCRKPGTVSFADVAVYFSPEEWGCLRPAQRALYRDVMOETYGHLGAL
— GEFPGPKPALISWMEQESEAW
NKVEQKSQESVSEFKDVIVGEFTQEEWQHLDPSQRALYRDVMLENY SNLVSVGYCVHKPEVI
61l ZN33A_HU FRLOQGEEPWKQEEEEFPSQOS
CESQEERMAAGYLPRWSQELVIFEDVSMDESQEEWELLEPAQKNLYREVMLENYRNVVSL
612 ZN554_HU EALKNQCTDVGIKEGPLSPA
613 ZN8T8 HUMAN DSVAFEDVAVNFTQEEWALLDPSQKNLYREVMQOET LRNLT SIGKKWNNQYIEDEHQONPRR
— NLRRLIGERLSESKESHQHG
614 ZNTT2 HUMAN MGPAQVPMNSEVIVDPIQGQVNEFEDVEVYEFSQEEWVLLDEAQRLLYRDVMLENFALMASL
- GHTSFMSHIVASLVMGSEPW
615 ZN224 HUMAN TTFKEAMTFKDVAVVETEEELGLLDLAQRKLYRDVMLENEFRNLL SVGHQAFHRDTEFHEFLR
- EEKIWMMKTAIQREGNSGDK
616 ZN184 HU DSTLLOGGHNLLSSASFOQEAVIFKDVIVDEFTQEEWKQLDPGORDLFRDVTLENYTHLVST
— GLOVSKPDVISQLEQGTEPW
617 IN544 HU EARSMLVPPQASVCFEDVAMAFTQEEWEQLDLAQRTLYREVTILETWEHIVSLGLFLSKSD
— VISQLEQEEDLCRAEQEAPR
618 ZNF57 LU DSVVFEDVAVDFTLEEWALLDSAQRDLYRDVMLET FRNLASVDDGTQFKANGSVSLQODMY
— GQEKSKEQTIPNEFTGNNSCA
619 ZN283 HU EESHGALISSCNSRIMIDGLVIFRDVAIDEFSQEEWECLDPAQRDLYVDVMLENYSNLVSL
— DLESKTYETKKIFSENDIFE
VITPQIPMVTIEEFVKPSOGHVIFEDIAVYEFSQEEWGLLDEAQRCLYHNDVMLENEFSLMASY
620 ZN549_HU GCLHGIEAEEAPSEQTLSAQ
VOQLRPOTRMATALRDPASGSVIFEDVAVYFSWEEWDLILDEAQKHLYEFDVMLENFALTSSL
621 ZN21l _HU GCWCGVEHEETPSEQRISGE
622 ZN615 HUMAN MQAQESLTLEDVAVDFTWEEWQFLSPAQKDLYRDVMLENY SNLVAVGYQASKPDALSKLE
- RGEETCTTEDEIYSRICSEI
623 ZN253 HUMAN GPLOFRDVAIEFSLEEWHCLDTAQRNLYRDVMLENYRNLVEFLGIVVSKPDLVTCLEQGKK
— PLTMEROEMIAKPPVMSSHE
624 ZN226 HUMAN NMFKEAVIFKDVAVAFTEEELGLLGPAQRKLYRDVMVENEFRNLLSVGHPPFKODVSPIER
- NEQLWIMTTATRROGNLGEK
625 ZN730 HU GALTFRDVAIEFSLEEWQCLDTEQONLYRNVMLDNYRNLVEFLGIAVSKPDLITCLEQEKE
— PWNLKTHDMVAKPPVICSHI
626 7585A HU SPOKSSALAPEDHGS SYEGSVSFRDVAIDESREEWRHLDP SQRNLYRDVMLETYSHLLSV
— GYQVPEAEVVMLEQGKEPWA
627 INT32 HU ELLTFRDVAIEFSPEEWKCLDPAQONLYRDVMLENYRNLI SLGVAISNPDLVIYLEQRKE
— PYRKVKIHETVAKHPAVCSHEF
EPLKFRDVAIEFSLEEWQCLDTIQONLYRNVMLENYRNLVEFLGIVVSKPDLITCLEQEKE
628 ZNegl _HU PWTRKRORMVAEPPVICSHE
PSARGKSKSKAPITFGDLAIYESQEEWEWLSPIQKDLYEDVMLENYRNLVSLGLSEFRRPN
629 ZNe6T_HU VITLLEKGKAPWMVEPVRRR
TKAQESLTLEDVAVDETWEEWQFLSPAQKDLYRDVMLENY SNLVSVGYQAGKPDALTKLE
630 ZN649—HU QGEPLWILEDEIHNSPAHPET
631 ZN4TO0 HUMAN SQEEVEVAGIKLCKAMSLGSVTIFTDVAIDESOQDEWEWINLAQRS LYKKVMLENYRNLVSV
- GLCISKPDVISLLEQEKDPW
632 ZN484 HUMAN TKSLESVSFKDVIVDESRDEWOOLDLAQKSLYREVMLENYENLI SVGCQVPKPEVIESLE
- QEEPCMLDGEIPSQSRPDGD
633 ZN431 HUMAN SGCPGAERNLLVYSYFEKETLTFRDVAIEFSLEEWECINPAQONLYMNVMLENYKNLVEL
— GVAVSKOQDPVICLEQEKEPW
PLOGSVSFKDVIVDFTQEEWQOQLDPAQKALYRDVMLENYCHEVSVGFOMAKPDMIRKLEQ
634 ZN382_HU GEELWTQRIFPSYSYLEEDG
635 IN254 LU PGPPRSLEMGLLTFRDVAIEFSLEEWQHLDIAQONLYRNVMLENYRNLAFLGIAVSKPDL
— ITCLEQGKEPWNMKRHOEMVD
636 ZN124 HU SGHPGSWEMNSVAFEDVAVNEFTOEEWALLDP SQKNLYRDVMQET FRNLASIGNKGEDQSIT
— EDQYKNSSRNLROITISHSGN
SYGSITFGDVAIDFSHOEWEYLSLVOKTLYQEVMMENYDNLVSLAGHSVSKPDLITLLEQ
637 ZNe07_HU GKEPWMIVREETRGECTDLD
DLEVCSGLEPHTPSVGSQESVIFQDVAVDEFTEKEWPLLIDS SOQRKLYKDVMLENYSNLTSL
638 ZN3L17_HU GYQVGKPSLISHLEQEEEPR
FOTAWRQEPVIFEDVAVYFTONEWASLDSVORALYREVMLENYANVASLAFPFTTPVIVS
639 ZN620_HU QLEQGELPWGLDPWEPMGRE
640 ZN141 HUMAN ELLTFRDVAIEFSPEEWKCLDPDQONLYRDVMLENYRNLVSLGVAISNPDLVTCLEQRKE
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641 ZN584 LU AGEAEAQLDPSLOGLVMFEDVIVYEFSREEWGLLNVTQKGLYRDVMLENFALVSSLGLAPS
— RSPVFTQLEDDEQSWVPSWV
ANALVTFRDVAIDEFSQKEWECLDTTORKLYRDVMLENYNNLVSLGYSGSKPDVITLLEQG
642 ZN540 HUMAN
— KEPCVVARDVIGRQCPGLLS
643 ZNT5D HU KRIKOWKMASKLILPESLSLLTFEDVAVYEFSEEEWQLINPLEKTLYNDVMODIYETVISL
— GLKLKNDTGNDHPISVSTSE
DSVVFEDVAVDFTLEEWALLDSAQRDLYRDVMLET FONLASVDDETQFKASGSVSQQDIY
644 ZN555_HU GEKIPKESKIATFTRNVSWA
NMSQASVSEFQDVIVEFTREEWQHLGPVERTLYRDVMLENY SHLI SVGYCITKPKVISKLE
645 ZN©658_HU KGEEPWSLEDEFLNQRYPGY
646 ING684 HUMAN ISEFQESVIFQDVAVDEFTAEEWQLLDCAERTLYWDVMLENYRNLI SVGCPITKTKVILKVE
— QGOEPWMVEGANPHESSPES
647 RBAK HUMAN NTLOGPVSEFKDVAVDEFTQEEWQOLDPDEKITYRDVMLENY SHLVSVGYDTTKPNVIIKLE
- QGEEPWIMGGEFPCQHSPEA
648 ZN829 HUMAN HPEEEERMHODELLQAVSKGPVMEFRDVSIDEFSQEEWECLDADOMNLYKEVMLENEFSNLVSV
- GLSNSKPAVISLLEQGKEPW
649 ZIN582 HU SLGSELFRDVAIVEFSQEEWQOWLAPAQRDLYRDVMLETYSNLVSLGLAVSKPDVISEFLEQG
— KEPWMVERVVSGGLCPVLES
650 ZN112 HU TKFQEMVTFKDVAVVEFTEEELGLLDSVQRKLYRDVMLENFRNLLLVAHQPFKPDLI SQLE
— REEKLIMVETETPRDGCSGR
651 INTL1E HU AKRPGPPGSREMGLLTEFRDIAIEFSLAEWQCLDHAQONLYRDVMLENYRNLVSLGIAVSK
— PDLITCLEQNKEPONIKRNE
TCMVHROTMSCSGAGGITAFVAFRDVAVYFTQEEWRLLSPAQRT LHREVMLETYNHLVS L
652 HKR1 HUMAN
— EIPSSKPKLIAQLERGEAPW
IQAQESITLEDVAVDEFTWEEWQLLGAAQKDLYRDVMLENY SNLVAVGYQASKPDALFKLE
653 ZN350_HU QGEQLWIIEDGIHSGACSDI
AQKRRKRKAKESGMALPOGHLTFRDVAIEFSQAEWKCLDPAQRALYKDVMLENYRNLVSL
654 ZN480_HU GISLPDLNINSMLEQRREPW
655 ZN416 HUMAN DSTSVPVTAEAKLMGEFTOGCVIFEDVAIYEFSQEEWGLLDEAQRLLYRDVMLENFALITAL
- VCWHGMEDEETPEQSVSVEG
656 ZNF92 HUMAN GPLTFRDVKIEFSLEEWQCLDTAQRNLYRDVMLENYRNLVEFLGIAVSKPDLITWLEQGKE
— PWNLKROEMVDKTPVMCSHE
657 ZN100 HUMAN SGCPGAERSLLVQOSYFEKGPLTFRDVAIEFSLEEWQCLDSAQQOGLYRKVMLENYRNLVEL
- AGIALTKPDLITCLEQGKEP
658 INT36 HU GVLTFRDVAVEFSPEEWECLDSAQQORLYRDVMLENYGNLVSLGLAIFKPDLMTCLEQRKE
— PWKVKROEAVAKHPAGSEOEF
659 INF74 HU KENLEDISGWGLPEARSKESVSFKDVAVDITQEEWGQOLDS PORALYRDVMLENYONLILAL
— GPPLOKPDVISHLERGEEPW
660 CBX1 HUMAN EESEKPRGFARGLEPERIIGATDSSGELMEFLMKWKNSDEADLVPAKEANVKCPOVVISEY
— EERLTWHSYPSEDDDKKDDK
ASVALEDVAVNETREEWALLGPCOKNLYKDVMQET IRNLDCVVMKWKDONIEDQYRYPRK
66l ZN443_HU NLRCRMLEREVESKDGTQCG
TLLTFRDVAIEFSLEEWKCLDLAQONLYRDVMLENYRNLESVGLTVCKPGLITCLEQRKE
662 ZN195_HU PWNVKROQEAADGHPEMGEHH
AAATLRAPTOQOVEVAFEDVAIYFSQEEWELLDEMORLLYRDVMLENFAVMASLGCWCGAVD
663 ZN53O—HU EGTPSAESVSVEELSQGRTP
664 ZNT82 HUMAN NTEFQASVSEFQDVIVEEFSQEEWQHMGPVERTLYRDVMLENY SHLVSVGYCETKPELIFTLE
- QGEDPWLLEKEKGEFLSRNSP
665 ZN791 HUMAN DSVAFEDVSVSEFSQEEWALLAPSQKKLYRDVMQOET FKNLASIGEKWEDPNVEDQHKNOGR
- NLRSHTGERLCEGKEGSQCA
666 ZN331 HUMAN AQGLVTFADVAIDEFSQEEWACLN SAQRDLYWDVMLENYSNLVSLDLESAYENKSLPTEKN
— IHEIRASKRNSDRRSKSLGR
667 7354C LU AVDLLSAQEPVTFRDVAVEEFSODEWLHLDSAQRALYREVMLENY SSLVSLGIPEFSMPKLI
— HOLQQOGEDPCMVEREVPSDT
668 ZN157 HU SPORFPALIPGEPGRSFEGSVSFEDVAVDETROEWHRLDPAQRTMHKDVMLETYSNLASY
— GLCVAKPEMIFKLERGEELW
RVLTFRDVAVEFSPEEWECLDSAQQORLYRDVMLENYGNLEFSLGLAIFKPDLITYLEQRKE
669 ZN727 HUMAN
— PWNARROKTVAKHPAGSLHEF
AETKDAAQMINVTFKDVAVIFTREEWROLDLAQRTLYREVMLETCGLLV SLGHRVPKPELYV
670 ZN550_HU HLLEOGOELWIVKRGLSHAT
IEYQIPVSEFKDVVVGEFTQEEWHRLS PAQRALYRDVMLETY SNLVSVGYEGTKPDVILRLE
67l ZN793_HU QEEAPWIGEAACPGCHCWED
TKEFQEAVTIFKDVAVAFTEEELGLLDSAQRKLYRDVMLENEFRNLV SVGHQSFKPDMI SQLE
672 ZN235_HU REEKLWMKELQTQRGKHSGD
673 ZNF8_HUMAN DEGVAGVMSVGPPAARLQEPVIFRDVAVDIFTQEEWGQOLDPTORILYRDVMLETFGHLLS T
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674 INT24 LU GPLTFMDVAIEFSVEEWQCLDTAQONLYRNVMLENYRNLVEFLGIAVSKPDLITCLEQGKE
— PWNMEROEMVAKPPGMCCYF
675 ZN573 HU HOVGLIRSYNSKTMICEFQELVTFRDVAIDEFSRQEWEYLDPNOQRDLYRDVMLENYRNLVSL
— GGHSISKPVVVDLLERGKEP
676 ZN577 HU NATIVMSVRREQGSSSGEGSLSFEDVAVGETREEWQEFLDO SQRKVLYKEVMLENYINLVSI
— GYRGTKPDSLEKLEQGEPPG
FPPARGKELLSFEDVAMYFTREEWGHLNWGOKDLYRDVMLENYRNMVLLGEFQFPKPEMIC
677 ZN789_HU QLENWDEQWILDLPRTGNRK
ELLTFKDVAIEFSPEEWKCLDTSQONLYRDVMLENYRNLVSLGVSISNPDLVTSLEQRKE
678 ZN718_HU PYNLKIHETAARPPAVCSHEF
679 ZN300 HUMAN MKSQGLVSFKDVAVDEFTQEEWOQLDPSQRTLYRDVMLENY SHLVSMGYPVSKPDVI SKLE
— QGEEPWIIKGDISNWIYPDE
680 ZN383 HUMAN AEGSVMEFSDVSIDEFSQEEWDCLDPVORDLYRDVMLENYGNLVSMGLYTPKPOQVISLLEQG
- KEPWMVGRELTRGLCSDLES
681 ZN429 HUMAN GPLTFTIDVAIEFSLEEWQCLDTAQONLYRNVMLENYRNLVEFLGIAVSKPDLITCLEKEKE
- PCKMKROHEMVDEPPVVCSHE
682 INETT HU ALSQGLFTFKDVAIEFSQEEWECLDPAQRALYRDVMLENYRNLLSLDEDNIPPEDDISVG
— FTSKGLSPKENNKEELYHLV
683 INE50 HU NMEGLVMFQDLSIDFSQEEWECLDAAQKDLYRDVMMENYSSLVSLGLSIPKPDVISLLEQ
— GKEPWMVSRDVLGGWCRDSE
684 ZNA54 HU AVSHLPTMVQOESVIFKDVAILFTQEEWGQOLS PAQRALYRDVMLENYSNLVSLGLLGPKPD
— TEFSQLEKREVWMPEDTPGGE
685 IN257 HU GPLTIRDVIVEFSLEEWHCLDTAQONLYRDVMLENYRNLVEFLGIAVSKPDLITCLEQGKE
— PCNMKROEMVAKPPVMCSHTI
AAAVLTDRAQVSVIEFDDVAVTFTKEEWGQLDLAQRTLYQEVMLENCGLLVSLGCPVPKARE
686 ZN264_HU LICHLEHGQEPWTRKEDLSQ
ALRSVMEFSDVSIDEFSPEEWEYLDLEQKDLYRDVMLENYSNLVSLGCEFISKPDVISSLEQG
687 ZFP82_HU KEPWKVVRKGRROYPDLETK
688 ZFP14 HUMAN ANGSVTIFRDVAIDEFSQEEWEFLDPAQRDLYRDVMWENYSNEISLGPSISKPDVITLLDEE
- RKEPGMVVREGTRRYCPDLE
689 ZN485 HUMAN APRAQIQGPLTEFGDVAVAFTRIEWRHLDAAQRALYRDVMLENYGNLVSVGLLSSKPKLIT
— QLEQGAEPWTEVREAPSGTH
690 7N737 HUMAN GPLOFRDVAIEFSLEEWHCLDTAQRNLYRNVMLENYRNLVEFLGIVVSKPDLITCLEQGKK
- PLTMKKHEMVANPSVTCSHE
691 INFA4 LU TLPRGOPEVLEWGLPKDODSVAFEDVAVNEFTHEEWALLGP SOQKNLYRDVMRETIRNLNCI
— GMKWENQNIDDQHONLRRNP
6972 IN596 HU PSPDSMIFEDIIVDFTQEEWALLDTSQRKLFOQDVMLENISHLVSIGKQLCKSVVLSQLEQ
— VEKLSTQRISLLOGREVGIK
693 IN565 LU EESREIRAGQOIVLKAMAQOGLVIFRDVAIEFSLEEWKCLEPAQRDLYREVTLENFGHLASL
— GLSISKPDVVSLLEQGKEPW
AASAQVSVTFEDVAVTIEFTQEEWGOLDAAQRT LYQEVMLET CGLLMSLGCPLEFKPELIYQL
694 ZN543_HU DHROEIWMATKDLSQOSSYPG
RESLEDEVTPGLPTAESQELLTFKDISIDEFTQEEWGQOLAPANONLYREVMLENYSNLVSY
695 ZFP69_HU GYQLSKPSVISQLEKGEEPW
EGEYIKLKVIGODSSEINFKVKMTTHLKKLKESYCQROGVPMNSLRELFEGQRIADNHOTP
696 SUMOI—HU KELGMEEEDVIEVYQEQTGG
697 ZNF12 HUMAN NKSLGPVSEFKDVAVDEFTQEEWQOLDPEQKITYRDVMLENY SNLVSVGYHITIKPDVI SKLE
- QGEEPWIVEGEFLIQSYPDE
698 7N169 HUMAN SPGLLTTRKEALMAFRDVAVAFTOQKEWKLLS SAQRTLYREVMLENYSHLVSLGIAFSKPK
- LIEQLEQGDEPWREENENLL
699 7N433 HUMAN MEFQDSVAFEDVAVTFTQEEWALLDPSQKNLCRDVMQETEFRNLASIGKKWKPONIYVEYEN
— LRRNLRIVGERLFESKEGHQ
700 SUMO3 LU ENDHINLKVAGODGSVVQOFKIKRHTPLSKIMKAYCERQOGLSMROQIRFREFDGOQPINETDTP
— AQLEMEDEDTIDVIEQQQTGG
701 JNF98 LU PGPLGSLEMGVLTFRDVALEFSLEEWQCLDTAQONLYRNVMLENYRNLVEVGIAASKPDL
— ITCLEQGKEPWNVKROEMVT
7072 ZN175 HU LSQKPOVLGPEKQODGSCEASVSFEDVIVDESREEWQQOLDPAQRCLYRDVMLELYSHLEFAY
— GYHIPNPEVIFRMLKEKEPR
ALTQGOVTFRDVAIEFSQEEWTCLDPAQRTLYRDVMLENYRNLASLGISCEFDLSIISMLE
703 ZN347_HU QGKEPFTLESQVQIAGNPDG
NKFOGPVTLKDVIVEFTKEEWKLLTPAQRTLYKDVMLENY SHLVSVGYHVNKPNAVEKLK
704 ZNF25_HU QGKEPWILEVEFPHRGEPED
ELLTFRDVAIEFSPEEWKCLDPAQONLYRDVMLENYRNLVSILAVYSYYNQGILPEQGIQD
705 ZN519_HU SFKKATLGRYGSCGLENICL
706 75858 HUMAN SPOKSSALAPEDHGS SYEGSVSFRDVAIDESREEWRHLDLSQRNLYRDVMLETYSHLLSV
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707 7IM3 HUMAN NNSQGRVIFEDVIVNEFTQGEWQRLNPEQRNLYRDVMLENY SNLVSVGOGETTKPDVILRL
— EQGKEPWLEEEEVLGSGRAE
708 ZN517 HU AMALPMPGPQOEAVVEEDVAVYFTRIEWSCLAPDOOALYRDVMLENYGNLASLGFLVAKPA
— LISLLEQGEEPGALILQVAE
709 INS4E LU DSSQHLVTFEDVAVDEFTQEEWTLLDOAQRDLYRDVMLENYKNLI ILAGSELFKRSLMSGL
— EQMEELRTGVIGVLOELDLQ
TTFKEAVIFKDVAVEFTEEELGLLDPAQRKLYQDVMLENEFTNLL SVGHQPFHPFOEFLREE
710 ZN230_HU KEWMMETATQREGNSGGKT I
GPLOFRDVAIEFSLEEWHCLDMAQRNLYRDVMLENYRNLVEFLGIVVSKPDLITHLEQGKK
71l ZNFe6_HU PSTMQROEMVANPSVLCSHE
712 ZFP1 HUMAN NKSQGSVSEFTDVIVDEFTQEEWEQLDPSQRILYMDVMLENY SNLLSVEVWKADDOMERDHR
— NPDEQARQFLILKNQTPIEE
713 ZN713 HUMAN EEEEMNDGSOMVRSQESLTEFQDVAVDETREEWDOLYPAQKNLYRDVMLENYRNLVALGYQ
- LCKPEVIAQLELEEEWVIER
714 ZN816 HUMAN EEATKKSKEKEPGMALPOGRLTEFRDVAIEFSLEEWKCILNPAQRALYRAVMLENYRNLEEY
- DSSLKSMMEFSSTROSITGE
715 INA26 HU EKTPAGRIVADCLTDCYQODSVIEDDVAVDEFTQEEWTLLDSTORSLYSDVMLENYKNLATV
— GGQIIKPSLISWLEQEESRT
716 IN6T4 HU AMSQESLTFKDVEFVDFTLEEWQQLDSAQKNLYRDVMLENY SHLVSVGHLVGKPDVI FRLG
— PGDESWMADGGTPVRTCAGE
717 ING2T HU DSVAFEDVAVNFTLEEWALLDPSQKNLYRDVMRET FRNLASVGKQOQWEDONIEDPEKIPRR
— NISHIPERLCESKEGGQOGEE
718 INF20 HU MEFQDSVAFEDVAVSEFTQEEWALLDPSQKNLYRDVMQETEFKNLT SVGKTWKVONIEDEYKN
— PRRNLSLMREKLCESKESHH
AVVATLRLSAQGTVIFEDVAVKEFTQEEWNLLSEAQRCLYRDVILENLALMS SLGCWCGVE
719 25878 _HU DEAAPSKQOSIYIQRETQVRT
EEEEEDEDEDDLLTAGCQELVIFEDVAVYEFSLEEWERLEADQRGLYQEVMOENYGILVSL
720 ZN31l6_HU GYPIPKPDLIFRLEQGEEPW
721 ZN233 HUMAN TKEFQEMVTFKDVAVVETREELGLLDLAQRKLYQDVMLENEFRNLLSVGYQPFKLDVILQLG
- KEDKLRMMETEIQGDGCSGH
700 ZN611 HUMAN EEAAQKRKGKEPGMALPOGRLTEFRDVAIEFSLAEWKCINP SOQRALYREVMLENYRNLEAY
— DISSKCMMKEVLSTGQGNTE
723 ZN556 HUMAN DTVVFEDVVVDFTLEEWALLNPAQRKLYRDVMLET FKOLASVDNEAQLKASGSISQQDTS
- GEKLSLKQKIEKFTRKNIWA
724 IN234 LU TTFKEGLTFKDVAVVETEEELGLLDPVORNLYQDVMLENEFRNLL SVGHHPFKHDVELLEK
— EKKLDIMKTATQRKGKSADK
705 IN560 HU SALOQEFWKIQTSNGIQOMDLVTEFDSVAVEFTQEEWTLLDPAQRNLYSDVMLENYKNLSSV
— GYQLFKPSLISWLEEEEELS
726 INF77 HU DCVIFEEVAVNFTPEEWALLDHAQRSLYRDVMLETCRNLASLDCYIYVRTSGSSSQRDVE
— GNGISNDEEIVKEFTGSDSWS
ELLTFRDVTIEFSLEEWEFLNPAQOSLYRKVMLENYRNLVSLGLTVSKPELI SRLEQRQE
727 ZNeg2 _HU PWNVKRHOETIAKPPAMSSHY
IKTQESLTLEDVAVEEFSWEEWQLLDTAQKNLYRDVMVENYNHLVSLGYQTSKPDVLSKLA
728 zNeld _HU HGOEPWITDAKIQONKNCPGI
PAHOVPGEAGPRRTRESRPGAVSFADVAVYEFSPEEWECLRPAQRALYRDVMRETEFGHLGAL
729 ZN785—HU GESVPKPAFISWVEGEVEAW
730 IN445 HUMAN GCPGDOVTPTRSLTAQLOQETMTEFKDVEVTEFSQDEWGWLDSAQRNLYRDVMLENYRNMASL
- VGPFTKPALISWLEAREPWG
731 ZFP30 HUMAN ARDLVMFRDVAVDEFSQEEWECLNSYQORNLYRDVILENYSNLVSLAGCSISKPDVITLLEQ
- GKEPWMVVRDEKRRWTLDLE
732 ZN225 HUMAN TTLKEAVTFKDVAVVETEEELRLLDILAQRKLYREVMLENEFRNLL SVGHQSLHRDTEFHEFLK
— EEKFWMMETATQREGNLGGK
733 ZN551 HU SPPSPRSSMAAVALRDSAQGMTFEDVAIYESQEEWELLDESQRFLYCDVMLENFAOVTSL
— GYCHGMENEATIASEQSVSIQ
734 ING10 HU DEEAQKRKAKESGMALPOGRLTEMDVAIEFSQEEWKSLDPGORALYRDVMLENYRNLVEL
— GICLPDLSIISMLKORREPL
735 ZN528 HU ALTQGPLKFMDVAIEEFSQEEWKCLDPAQRTLYRDVMLENYRNLVSLGICLPDLSVT SMLE
— QOKRDPWILOSEEKIANDPDG
TMFKEAVTFKDVAVVETEEELGLLDVSQRKLYRDVMLENEFRNLL SVGHQLSHRDTEFHEFQOR
736 ZN284_HU EEKFWIMETATQREGNSGGK
OGTVAFEDVAVNESQEEWS LLSEVQRCLYHDVMLENWVLI SSLGCWCGSEDEEAPSKKSI
737 ZN418_HU SIQRVSQVSTPGAGVSPKKA
AEAFGDSEEDGEDVEEVEKILDMKTEGGKVLYKVRWKGYT SDDDTWEPEINLEDCKEVLL
738 MPEPS_HUMAN EFRKKIAENKAKAVRKDIQR
739 ZN490_ HUMAN VLOMONSEHNHGOSIKTQTDSISLEDVAVNEFTLEEWALLDPGORNIYRDVMRATEFKNLACT

GEKWKDODIEDEHKNQGRN L
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740 ZNSO5 HU AMALTDPAQVSVTIFDDVAVIFTQEEWGOLDLAQRT LYQEVMLENCGLLVSLGCPVPRPEL
— IYOLEHGOEPWTRKEDLSQOG
741 77808 HU VHGSVIFRDVAIDESQEEWECLOPDORTLYRDVMLENYSHLISLGSSISKPDVITLLEQE
— KEPWIVVSKETSRWYPDLES
742 INT63 LU DPVACEDVAVNEFTQEEWALLDISQRKLYREVMLET FRNLT SIGKKWKDONIEYEYQONPRR
— NFRSLIEGNVNEIKEDSHCG
IKFQERVIFKDVAVVETKEELALLDKAQINLYQDVMLENFRNLMLVRDGIKNNILNLQAK
743 ZN285_HU GLSYLSQEVLHCWQIWKQORI
GPLTFRDVAIEFSLKEWQCLDTAQRNLYRNVMLENYRNLVEFLGITVSKPDLITCLEQGKE
744 ZNFES_HU AWSMKROEIMVAKPTVMCSH
745 ZN223 HUMAN TMSKEAVTFKDVAVVETEEELGLLDLAQRKLYRDVMLENEFRNLL SVGHQPFHRDTEFHEFLR
— EEKFWMMDIATQREGNSGGK
746 ZNF90 HUMAN GPLEFRDVAIEFSLEEWHCLDTAQONLYRDVMLENYROLVEFLGIVVIKPDLITCLEQGKK
- PFTVKROEMIAKSPVMCEOEF
747 ZN557 HUMAN GHTEGGELVNELLKSWLKGLVIFEDVAVEFTQEEWALLDPAQRTLYRDVMLENCRNLASL
- GNQVDKPRLISQLEQEDKVM
748 INA25 HU AEPASVIVTEFDDVALYEFSEQEWEI LEKWQROMYKOEMKTINYETLDSLGYAFSKPDLITWM
— EQGRMLLISEQGCLDKTRRT
HSQASAISQDREEKIMSQEPLSFKDVAVVEFTEEELELLDSTQRQLYQODVMOENFRNLLSVYV
749 ZN229_HU GERNPLGDKNGKDTEYIQDE
GSLEEGRRATGLPAAQVQOEPVIFKDVAVDEITQEEWGOLDLVORTLYRDVMLETYGHLLSYV
750 ZNe06_HU GNQIAKPEVISLLEQGEEPW
751 ZN155 HU TTFKEAVTIFKDVAVVETEEELGLLDPAQRKLYRDVMLENEFRNLL SVGHQPFHQDTCHELR
— EEKFWMMGTATQREGNSGGK
AKLYEAVTFKDVAVIFTEEELGLLDPAQRKLYRDVMLENEFRNLLSVGGKIQTEMETVPEA
752 ZN222 HU GTHEEFSCKQIWEQIASDLT
RSDLEFLPDSQOTNEERKQYD SVAFEDVAVNITQEEWALLGP SOQKSLYRDVMWETIRNLDCI
753 ZN4dz _HU GMKWEDTNIEDQHRNPRRSL
754 ZNFO1 HUMAN PGTPGSLEMGLLTFRDVAIEFSPEEWQCLDTAQONLYRNVMLENYRNLAFLGIALSKPDL
- ITYLEQGKEPWNMKOHOEMVD
755 7N135 HUMAN TPGVRVSTDPEQVIFEDVVVGEFSQEEWGQLKPAQRTLYRDVMLDTFRLLVSVGHWLPKPN
— VISLLEQEAELWAVESRLPQ
756 ZNTT8 HUMAN EQTOAAGMVAGWLINCYQODAVIEDDVAVDEFTQEEWTLLDP SOQRDLYRDVMLENYENLASY
- EWRLKTKGPALRQODRSWERA
757 RYBP HUMAN PSEANSIQSANATTKTSETNOHTSRPRLKNVDRSTAQQLAVTVGNVIVIITDFKEKTRSSS
— TSSSTVISSAGSEQONQSSS
758 ZN534 HU ALTQGQOLSEFSDVAIEFSQEEWKCLDPGOKALYRDVMLENYRNLVSLGEDNVRPEACICSG
— ICLPDLSVTSMLEQKRDPWT
759 IN586 HU AAAAATRAPAQSSVIFEDVAVNE SLEEWSLLNEAQRCLYRDVMLETLTLISSLGCWHGGE
— DEAAPSKQOSTCIHIYKDOGG
AQGSVSFNDVIVDIFTQEEWQOHLDHAQKTLYMDVMLENYCHLISVGCHMTKPDVILKLERG
760 ZN567_HU EEPWTSFAGHTCLEENWKAE
DPVAFKDVAVNEFTQEEWALLDISQRKLYREVMLET FRNLT SLGKRWKDONIEYEHQONPRR
76l ZN440_HU NFRSLIEEKVNEIKDDSHCG
SKDLVTFGDVAVNESQEEWEWILNPAQRNLYRKVMLENYRSLVSLGVSVSKPDVISLLEQG
762 ZN583—HU KEPWMVKKEGTRGPCPDWEY
763 IN441 HUMAN DSVAFEDVAINFTCEEWALLGPSQKSLYRDVMQET IRNLDCIGMIWQONHDIEEDQYKDLR
- RNLRCHMVERACEIKDNSQC
764 INFA3 HUMAN GPLTFMDVAIEFCLEEWQCLDIAQONLYRNVMLENYRNLVEFLGIAVSKPDLITCLEQEKE
- PWEPMRROEMVAKPPVMCSH
765 CBX5 HUMAN OSNDIARGFERGLEPEKIIGATDSCGDLMFLMKWKDTDEADLVLAKEANVKCPQOIVIAFY
— EERLTWHAYPEDAENKEKET
766 ZN589 HU ALPAKDSAWPWEEKPRYLGPVTFEDVAVLFTEAEWKRLSLEQRNLYKEVMLENLRNLVSL
— AESKPEVHTCPSCPLAFGSQ
767 JNFL0 LU DAKSLTAWSRTLVTFKDVEVDFTREEWKLLDTAQQ IVYRNVMLENYKNLVSLGYQLTKPD
— VILRLEKGEEPWLVEREIHNQ
768 IN563 HU DAVAFEDVAVNEFTQEEWALLGPSQKNLYRYVMQOET IRNLDCIRMIWEEQNTEDQYKNPRR
— NLRCHMVERESESKDSSQCG
EKTKVERMVEDYLASGYQODSVIEDDVAVDEFT PEEWALLDTTEKYLYRDVMLENYMNLASY
769 ZNS6l _HU EWEIQPRTKRSSLOOGEFLKN
DSVAFEDVDVNEFTQEEWALLDPSQKNLYRDVMWETMRNLASIGKKWKDONIKDHOYKHRGR
770 ZN136_HU NLRSHMLERLYQTKDGSQRG
IESQEPVIFEDVAVDEFTQEEWQOLNPAQKTLHRDVMLETYNHLVSVGCSGIKPDVIFKLE
771 ZN©630_HU HGKDPWIIESELSRWIYPDR
772 ZN527 HUMAN AVGLCKAMSQOGLVIFRDVALDEFSQEEWEWLKPSQKDLYRDVMLENYRNLVWLGLS I SKPN
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773 ZN333 LU DKVEEEAMAPGLPTACSQEPVIFADVAVVETPEEWVEFLDSTORSLYRDVMLENYRNLASY
— ADQLCKPNALSYLEERGEQW
774 73248 HU TFEDVAVYFSQEEWGLLDTAQRALYROVMLENEFTLVTSLGLSTSRPRVVIQLERGEEPWY
— PSGKDMILARNTYGRLNSGS
775 INT86 LU AEPPRLPLTFEDVAIYEFSEQEWODLEAWQKELYKOVMRSNYETLVSLDDGLPKPELISWI
— EHGGEPFRKWRESQKSGNII
DSVVEFEDVAVNFTQEEWALLGPSQKKLYRDVMQOET EFVNLASIGENWEEKNIEDHKNQGRK
776 ZN709_HU LRSHMVERLCERKEGSQFGE
AAAATLRDPAQGCVIFEDVIIYFSQEEWVLLDEAQRLLYCDVMLENFALIASLGLISERSH
777 ZN792_HU IVSQLEMGKEPWVPDSVDMT
778 ZN599 HUMAN AAPALALVSFEDVVVTEFTGEEWGHLDLAQRT LYQEVMLETCRLLVSLGHPVPKPELIYLL
— EHGOEIWTVKRGLSQOSTCAG
779 ZN613 HUMAN IKSQESLTLEDVAVEFTWEEWQLLGPAQKDLYRDVMLENY SNLVSVGYQASKPDALFKLE
- QGEPWIVENEIHNSQICPEIK
780 ZFG69B HUMAN GESLESRVTLGSLTAESQELLTFKDVSVDEFTQEEWGQLAPANRNLYREVMLENYGNLVSY
- GCQLSKPGVISQLEKGEEPW
ASVALEDVAVNEFTREEWALLGPCOKNLYKDVMQET IRNLDCVGMKWKDONIEDQYRYPRK
781 ZN799 HUMAN
— NLRCRMLEREVESKDGTQCG
TESQGTVTFKDVAIDFTQEEWKRLDPAQRKLYRNVMLENYNNLITVGYPFTKPDVI FKLE
782 ZN569 HUMAN
— QEEEPWVMEEEVLRRHWQGE
783 IN564 LU DSVASEDVAVNFTLEEWALLDPSQKKLYRDVMRET FRNLACVGKKWEDQOSIEDWYKNQOGR
— ILRNHMEEGLSESKEYDQCG
EETQGELTSSCGSKTMANVSLAFRDVSIDLSQEEWECLDAVORDLYKDVMLENYSNLVSL
784 ZN546 HUMAN
— GYTIPKPDVITLLEQEKEPW
AATLLTTRPRVPVSFEDVSVYFTKTEWKLLDLROKVLYKRVMLENYSHLVSLGEFSESKPH
785 ZFP92_HU LISQLERGEGPWVADIPRTW
KDKVEKEKSEKETTSKKNSHKKTRPRLKNVDRS SAQHLEVTIVGDLTVIITDFKEKTKSPP
786 YAFZ_HUMAN ASSAASADQHSQSGSSSDNT
787 ZNT23 HUMAN GPLTFTIDVAIKFSLEEWQFLDTAQONLYRDVMLENYRNLVEFLGVGVSKPDLITCLEQGKE
- PWNMKROKMVAKPPVVCSHE
788 ZNF34 HUMAN RKPNPOAMAALFLSAPPOAEVIFEDVAVYLSREEWGRLGPAQRGLYRDVMLETYGNLVSL
— GVGPAGPKPGVISQLERGDE
789 ZN439 HUMAN LSLSPILLYTCEMEFQDPVAFKDVAVNETQEEWALLDISQKNLYREVMLETEWNLT S IGKK
- WKDONIEYEYQNPRRNIFRSV
790 ZFP57 LU AAGEPRSLLEFFQKPVTFEDVAVNEFTOQEEWDCLDASQRVLYQDVMSETFKNLT SVARIFLHI
— KPELITKLEQEEEQWRETRV
AAMPLKAQYQEMVIFEDVAVHFTKTEWTGLS PAQRALYRSVMLENFGNLTALGYPVPKPA
791 ZNF19 HUMAN
— LISLLERGDMAWGLEAQDDP
792 ZN404 LU ARVPLTFSDVAIDEFSQEEWEYLNSDORDLYRDVMLENYTNLVSLDENEFTTESNKLS SEKR
— NYEVNAYHQETWKRNKTENL
ASRLPTAWSCEPVIFEDVILGFTPEEWGLLDLKOKSLYREVMLENYRNLVSVEHQLSKPD
793 ZN274_HU VVSQLEEAEDEWPVERGIPQ
SKKKRDAADKPRGFARGLDPERIIGATDS SGELMFLMKWKDSDEADLVLAKEANMKCPQOTI
794 CBX3_HUMAN VIAFYEERLTWHSCPEDEAQ
ANDKYVGLOYHGSVIFEDVAIAFSQQEWESLDS SQRGLYRDVMLENYRNLVSMGHSRSKPH
795 ZNF3O—HU VIALLEQWKEPEVTVRKDGR
796 ZN250 HUMAN AAARLLPVPAGPOPLSFQAKLTFEDVAVLLSODEWDRLCPAQRGLYRNVMMETYGNVVSL
- GLPGSKPDIISQLERGEDPW
797 ZN570 HUMAN AVGLLKAMYQELVTFRDVAVDEFSQEEWDCLDS SQROLYSNVMLENYRILVSLGLCESKPS
- VILLLEQGKAPWMVKRELTK
798 ZN6T5 HUMAN GLLTFRDVAIEFSLEEWQCLDTAQRNLYKNVILENYRNLVFLGIAVSKODLITCLEQEKE
— PLTVKROEMVNEPPVMCSHEF
799 ING95 HU GLLAFRDVALEFSPEEWECLDPAQRSLYRDVMLENYRNLI SLGEDSENMOFLFOSLAMSK
— PELIICLEARKEPWNVNTEK
800 IN548 LU NLTEGRVVEEDVAIYEFSQEEWGHLDEAQRLLYRDVMLENLALLS SLGSWHGAEDEEAPSQ
— QGFSVGVSEVIASKPCLSSQ
GPAQHTSWPCGSAVPTLKSMVIFEDVAVYEFSQEEWELLDAAQROLYHSVMLENLELVTSL
801 ZN132 HUMAN
— GSWHGVEGEGAHPKONVSVE
SGYPGAERNLLEYSYFEKGPLTFRDVVIEEFSQEEWQCLDTAQODLYRKVMLENEFRNLVEL
802 ZN738_HU GIDVSKPDLITCLEQGKDPW
ARKLVMFRDVAIDEFSQEEWECLDSAQRDLYRDVMLENYSNLVSLDLPSRCASKDLS PEKN
803 ZN420_HU TYETELSQWEMSDRLENCDL
GPLOFRDVAIEFSLEEWHCLDTAQRNLYRNVMLENY SNLVEFLGITVSKPDLITCLEQGRK
804 ZN626_HU PLTMKRNEMIAKPSVMCSHEF
805 ZN559 HUMAN VAGWLINYSQODSVTFEDVAVDEFTQEEWTLLDQTORNLYRDVMLENYKNLVAVDWESHINT

KWSAPQONFLOGKTS SVVEM
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806 INAGEO LU AAAWMAPAQESVTFEDVAVIEFTQEEWGOLDVTQRALYVEVMLET CGLLVALGDSTKPETV
— EPIPSHLALPEEVSLQOEQLA
807 IN268 HU VLEWLFISQEQPKITKSWGPLSEFMDVEVDEFTWEEWQLLDPAQKCLYRSVMLENYSNLVSL
— GYQHTKPDIIFKLEQGEELC
508 ZN304 LU AAAVIMDRVOSCVIFEDVEVYFSREEWELLEEAQRFLYRDVMLENFALVATLGFWCEAEN
— EAPSEQSVSVEGVSQVRTAE
AGSQFPDFKHLGTFLVEFEELVTIFEDVLVDEFSPEELS SLSAAQRNLYREVMLENYRNLVSL
809 ZIM2_HUMAN GHQFSKPDIISRLEEEESYA
IOSQISFEDVAVDFTLEEWQLINPTORKNLYRDVMLENYSNLVELEVWLDNPKMWLRDNQD
810 ZN605_HU NLKSMERGHKYDVEFGKIENS
811 IN844 HUMAN DLVAFEDVAVNFTQEEWSLLDPSQKNLYREVMQOET LRNLASIGEKWKDONIEDQYKNPRN
— NLRSLLGERVDENTEENHCG
812 SUMO5 HUMAN KDEDIKLRVIGODSSEIHNFKVKMTTPLKKLKKSYCQROGVPVNSLREFLFEGQRIADNHOTP
- EELGMEEEDVIEVYQEQIGG
813 ZN101 HUMAN DSVAFEDVAVNFTQEEWALLSPSQKNLYRDVTLET FRNLASVGIQWKDODIENLYONLGI
- KLRSLVERLCGRKEGNEHNRE
514 ZNT83 HU RNEWILRLPPGSKGEAPKVPVIEFDDVAVYEFSELEWGKLEDWOKELYKHVMRGNYETLVSL
— DYAISKPDILTRIERGEEPC
815 ZNA17T HU AAAAPRRPTQQOGTVI FEDVAVNESQEEWCLLSEAQRCLYRDVMLENLALISSLGCWCGSK
— DEEAPCKQRISVQORESQSRT
SGEDSGSFYSWOKAKREQGLVTFEDVAVDETQEEWQYINPPORT LYRDVMLETYSNLVEV
816 ZNL182_HU GOQOVTKPNLILKLEVEECPA
817 ZNS23 HU DSVAFEDVAVNEFTQEEWALLGPSQKSLYRNVMQOET IRNLDCIEMKWEDONIGDOCONAKR
— NLRSHTCEIKDDSQCGETEFG
AAGWLTTWSONSVIFQEVAVDEFSQEEWALLDPAQKNLYKDVMLENFRNLASVGYQLCRIS
818 ZNL77_HU LISKVDQEQLKTDERGILOQG
ENPRNOQLMAIMLLTAQPQELVMEFEEVSVCEFT SEEWACLGPIQRALYWDVMLENYGNVTSL
819 ZNL197_HU EWETMTENEEVTSKPS3SSSQOR
820 ZN717 HUMAN LETYNSLVSIQELVSFEEVAVOFTWEEWQODLDDAQRTLYRDVMLETYSSLVSLGHCITKP
- EMIFKLEQGAEPWIVEETPN
821 ING669 HUMAN RHFRRPEPCREPLASPIQDSVAFEDVAVNEITQEEWALLDS SOKNLYREVMOQETCRNLASY
— GSQWKDONIEDHFEKPGKDI
822 ZN256 HUMAN AAAFRLTAPAQGIVIFEDVAVYFSWKEWGLLDEAQKCLYODVMLENLTLTTSLGGSGAGDE
- EAPYQQOSTSPQRVSQOVRIPK
AATFQLPGHQEMPLTEFQDVAVYEFSQAEGROLGPOORALYRDVMLENYGNVASLGEFPVPKP
823 ZN251_HU ELISQLEQGKELWVLNLLGA
824 CBX4 HUMAN RSEAGEPPSSLOVKPETPASAAVAVAARAAAAPTTTAEKPPAEAQDEPAESLSEFKPFFGNT
— IITDVTANCLIVTFKEYVIV
825 PCGF2? LU HRTTRIKITELNPOLMCALCGGYFIDATTIVECLOSEFCKTCIVRYLETNKYCPMCDVQOVH
— KTRPLLSIRSDKTLODIVYK
ASQEFEVEAIVDKRODKNGNTQY LVRWKGYDKQDDTWEPEQHLMNCEKCVIDENRRQTEK
826 CDY2_HUMAN OKKLTWITTSRIFSNNARRR
ASGDLYEVERIVDKRKNKKGKWEYLIRWKGYGSTEDTWEPEHOLLHCEEFIDEFNGLHMS
827 CbYL2 _HU KDKRIKSGKQOSSTSKLLRDS
TLIRKADLENONKDGGEWIVIDGKVYDIKDFQTQOSLTGNS ILAQFAGEDPVVALEAALIQE
828 HERCZ—HU EDTRESMHAFCVGQYLEPDQ
829 ZN562 HUMAN EKTKIGTMVEDHRSNSYQODSVIEDDVAVEFT PEEWALLDTTOKYLYRDVMLENYMNLASY
- DEFFCLTSEWEIQPRTKRSS
830 IN4G1 HUMAN ANELVMFRDVAIDVSQEEWECLNPAQRNLYKEVMLENYSNLVSLGLSVSKPAVISSLEQG
- KEPWMVVREETGRWCPGTWK
837 73247 HUMAN AFEDVAVYFSQEEWGLLDTAQRALYRRVMLDNEFALVASLGLSTSRPRVVIQLERGEEPWY
— PSGTDTTLSRITYRRRNPGS
832 INT66 LU AQLRRGHLTFRDVAIEFSQEEWKCLDPVOKRKALYRDVMLENYRNLVSLGICLPDLSI ISMM
— KOQRTEPWTVENEMKVAKNPD
SDHSLGISRSKTPVDDPMSLLYNMNDCYSKLKELVPSIPONKKVSKMEILQOVIDYILDL
833 ID2 HUMAN
— QIALDSHPTIVSLHOHQRPGQO
KDPNEPOQKPVSAYALFFRDTOQAATIKGONPNATFGEVSKIVASMWDGLGEEQKQVYKKKTE
834 TOX HUMAN
— AAKKEYLKQLAAYRASLVSK
QEEKQEDAAICPVIVLPEEPVIFODVAVDEFSREEWGLLGPTORTEYRDVMLETFGHLVSV
835 ZN274_HU GWETTLENKELAPNSDIPEE
DASRLSGRDPSSWIVEDVMQEFVREADPQLGPHADLEFRKHEIDGKALLLLRSDMMMKYMGL
836 SCMHL_HU KLGPALKLSYHIDRLKQGKE
AVIFEDVTIIFTWEEWKEFLDSSOQKRLYREVMWENYTNVMSVENWNESYKSQEEKFRYLEY
837 zN214_HU ENEFSYWQGWWNAGAQMYENQ
838 CBX7_HUMAN ELSAIGEQVFAVESIRKKRVRKGKVEY LVKWKGWPPKYSTWEPEEHNILDPRLVMAYEEKE
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839 ID1 [ N GGAGARLPALLDEQOVNVLLYDMNGCY SRLKELVPTLPONRKVSKVEILQHVIDYIRDLQ
— LELNSESEVGTPGGRGLPVR
840 CREM HUMAN VVMAASPGSLHSPOOLAEEATRKRELRLMKNREAAKECRRRKKEYVKCLESRVAVLEVON
— KKLIEELETLKDICSPKTDY
GGGPGGRPGREPROQROTANARERDRTIN SVNTAFTALRTLI PTEPADRKLSKIETLRLASS
841 SCX HUMAN
— YISHLGNVLLAGEACGDGOP
SGEFGYSLPOQOOPAAVARRNERERNRVKLVNLGEFAT LREOVPNGAANKKMSKVETLRSAVE
842 ASCLL_HU YIRALOQLLDEHDAVSAAFQ
APLPPRDPNGAGPEWREPGAVSFADVAVYFCREEWGCLRPAQRALYRDVMRETYGHLSAL
843 ZN764_HU GIGGNKPALISWVEEREEAELW
844 SCML2 HUMAN KOGFSKDPSTWSVDEVIQFMKOTDPOI SGPLADLEFROHEI DGKALFLLKSDVMMKYMGLK
— LGPALKLCYYIEKLKEGKYS
845 TWST1 HUMAN SGGGSPOSYEELOQTORVMANVREROQRTOSINEAFAATLRKIIPTLPSDKLSKIQTLKLAAR
- YIDFLYQVLQOSDELDSKMAS
846 CREBL HUMAN IAPGVVMASSPALPTQPAEEAARKREVRLMKNREAARECRRKKKEYVKCLENRVAVLENQ
- NKTLIEELKALKDLYCHKSD
847 TERF1 HU SRIPVSKSQPVIPEKHRARKROAWLWEEDKNLRSGVRKYGEGNWSKILLOYKENNRT SVM
— LKDRWRTMKKLKLISSDSED
648 D3 o N SLAIARGRGKGPAAEEPLS LLDDMNHCYSRLRELVPGVPRGTQLSQVEILQRVIDYILDL
— QVVLAEPAPGPPDGPHLPIQ
849 CBXS HUMAN GSGPPSSGGGLYRDMGAQGGRPSLIARIPVARILGDPEEESWSPSLTNLEKVVVIDVTSN
— FLTVTIKESNTDQGFFKEKR
ELPAVGEOVFAVESIEKKRIRKGRVEY LVKWRGWS PKYNTWEPEENILDPRLLIAFQONRE
850 CBX4 HUMAN
— ROEQLMGYRKRGPKPKPLVV
VDSSSNQLPSSKRMRTAFT STOQLLELEREFASNMYLSRLRRIETATYLNLSEKQVKIWEQ
851 GSX1_HUMAN NRRVKHKKEGKGSNHRGGGG
TPGGGGDAGKKRKRRVLEFSKAQTYELERRFROQRYLSAPERENLASLIRLTPTOVKIWEQ
852 NKX22 HU NHRYKMKRARAEKGMEVTPL
853 ATF1 HUMAN OQTVVMTSPVTLTSQTTKTDDPOLKREI RLMKNREAARECRRKKKEYVKCLENRVAVLENQ
- NKTLIEELKTLKDLYSNKSV
854 TWST? HUMAN KGSPSAQSFEELOSQRITIANVRERQRTQSINEAFAALRKITIPTLPSDKLSKIQTLKLAAR
— YIDEFLYQVLQOSDEMDNKMTI S
855 ZNF17 HUMAN NLTEDYMVEEDVAINEFSQEEWGI LNDVORHLHSDVMLENFALLS SVGCWHGAKDEEAPSK
- QCVSVGVSQVITLKPALSTOQ
856 TOX3 HUMAN KDPNEPOQKPVSAYALFFRDTOQAATIKGONPNATFGEVSKIVASMWDSLGEEQKQOVYKRKTE
— AAKKEYLKALAAYRASLVSK
KDPNEPOQKPVSAYALFFRDTOQAATIKGONPNATFGEVSKIVASMWDSLGEEQKQOVYKRKTE
857 TOX4 HUMAN
— AAKKEYLKALAAYKDNQECOQ
858 ZMYM3 LU LDGSTWDEFCSEDCKSKYLLWYCKAARCHACKROGKLLETIHWRGQIRHFCNQQOCLLREYS
— QONQPNLDTQOSGPESLLNSQ
ASVQASRROWCYLCDLPKMPWAMVWDE SEAVCRGCVNFEGADRIELLIDAARQLKRSHVL
859 T2BPL_HU PEGRSPGPPALKHPATKDLA
MEGPOQPENMOPRTRRTKEFTLLOVEELESVEFRHITQY PDVPTRRELAENLGVIEDKVRVWEK
860 REXFL_HU NKRARCRRHQRELMLANELR
PKIMPKKPAEEGNDSEEVPEASGPONDGKELCPPGKPTTSEKINERSGPKRGEHAWTHRL
el SSXZ—HUMAN RERKQILVIYEEISDPEEDDE
862 I2BPL HUMAN SAAQVSSSRROSCYLCDLPRMPWAMIWDESEPVCRGCVNYEGADRIEFVIETARQLKRAN
- GCEFQDGRSPGPPPPVGVKIV
863 ZNG680 HUMAN PGPPGSLEMGPLTFRDVAIEFSLEEWQCLDTAQRNLYRKVMEFENYRNLVELGIAVSKPHL
- ITCLEQGKEPWNRKRQOEMVA
864 CBX1 HUMAN NKKKVEEVLEEEEEEYVVERKVLDRRVVKGKVEYLLKWKGE SDEDNTWEPEENLDCPDLIA
— EFLOSQOKTAHNETDKSEGGKR
565 TRI68 HU LANVVEKVRLLRLHPGMGLKGDLCERHIGEKLKMFCKEDVLIMCEACSQSPEOHEANTSVVPM
— EDVAWEYKWELHEALEHLKK
566 HXAL3 HU VVSHPSDASSYRRGRKKRVPYTKVQOLKELEREYATNKFITKDKRRRISATTNLSERQVT I
— WEQNRRVKEKKVINKLKTTS
867 PHC3 HUMAN ENSDLLPVAQTEPSIWIVDDVWAFINSLPGCODIADEFRAQEIDGOALLLLKEDHLMSAM
— NIKLGPALKICARINSLKES
AGPGGGSRSGSGRPAAANAARERSRVOTLROAFLELQRTLPSVPPDTKLSKLDVLLLATT
ge8 TCF24_HU YIAHNLTRSLODDAEAPADAG
ONGKSKKVEEAEPEEFVVEKVLDRRVVNGRKVEYFLKWKGETDADNTWEPEENLDCPELIE
869 CBX3_HUMAN AFLNSQKAGKEKDGTKRKSL
QOHPPDACAFRRGRKKRIPYSKGOLRELEREYAANKFITKDKRRKISAATSLSERQITIWE
870 HXB13 HU ONRRVKEKKVLAKVKNSAT P
871 HEY1 HUMAN SMSPTTSSQILARKRRRGIIEKRRRDRINNSLSELRRLVP SAFEKQGSAKLEKAETI LOMT
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872 PHC? HUMAN LVGMGHHFLPSEPTKWNVEDVYEFIRSLPGCQEIAEEFRAQEIDGOALLLLKEDHLMSAM
— NIKLGPALKIYARISMLKDS
PANEDAPQPGEHGSACEVSVSEFEDVIVDESREEWQQOLDSTORRLYQDVMLENYSHLLSVG
873 ZNF81 HUMAN
— FEVPKPEVIFKLEQGEGPWT
874 FIGLA LU GYSSTENLOLVLERRRVANAKERERIKNLNRGFARLKALVPFLPOSRKPSKVDILKGATE
— YIQVLSDLLEGAKDSKKQDP
EEAPAPEDVTKWIVDDVCSEVGGLSGCGEYTRVFREQGIDGETLPLLTEENLLTNMGLKL
875 SAMLL_HU GPALKIRAQVARRLGRVEYV
GGTLAONTPRRSLPSHHGKKMRMARCGHCRGCLRVODCGSCVNCLDKPKEFGGPNTKKQCCY
876 KMT2B_HU YRKCDKIEARKMERLAKKGR
877 HEY? HUMAN LNSPTTTSQIMARKKRRGIIEKRRRDRINNSLSELRRLVPTAFEKQOGSAKLEKAET LOMT
— VDHLKMLOATGGKGYFDAHA
878 JDP2 HUMAN QOPVKSELDEEEERRKRRREKNKVAAARCRNKKKERTEFLOQRESERLELMNAELKTQIEEL
- KOQERQQLILMLNRHRPTCIV
879 HXC13 HUMAN LOPEVSSYRRGRKKRVPYTKVOLKELEKEYAASKEITKEKRRRISATTNLSERQVT IWEQ
- NRRVKEKKVVSKSKAPHLHOS
880 ASCLA HU LPVPLDSAFEPAFLRKRNERERQRVRCVNEGYARLRDHLPRELADKRLSKVETLRAAIDY
— IKOLQELLERQAWGLEGAAG
SPFLORPLHKRKGGQVREFSNDQT IELEKKFETQKYLSPPERKRLAKMLQLS ERQVKTWEQ
881 HOEX HUMAN
— NRRAKWRRLKQOENPQSNKKE
882 HERC? HU IATATGSLHCVCCTEDGEVYTWGDNDEGOLGDGTTNAIQRPRLVAALQGKKVNRVACGSA
— HTLAWSTSKPASAGKLPAQV
GGSDASQVPNGKRMRTAFT STOLLELEREFS SNMYLSRLRRIETATYLNLSEKQVKIWEQ
883 GSX2 HUMAN
— NRRVKHKKEGKGTQORNSHAG
RLDLPPGEFMEFKVOAQHDYTATDTDELQLKAGDVVLVIPEFONPEEQDEGWIMGVKESDWNQ
884 BINL_HUMAN HKELEKCRGVEFPENEFTERVP
GICKLPGRLRIQPALWSREDVILHWLRWAEQEYSLPCTAEHGFEMNGRALCILTKDDEFRIR
885 ETV_HUMAN APSSGDVLYELLOYIKTQORR
886 ASCL3 HUMAN PNYRGCEYSYGPAFTRKRNERERQRVKCVNEGYAQLRHOLPEEYLEKRLSKVETLRAATK
- YINYLOSLLYPDKAETKNNP
887 PHC1 HUMAN LHGINPVFLSSNPSRWSVEEVYEFIASLOGCQEIAEEFRSQEIDGOALLLLKEENLMSAM
— NIKLGPALKICAKINVLKET
888 OTP HUMAN QAGQOQOOGOOKOKRORTRIFTPAQLNELERSFAKTHYPDIFMREELALRIGLTE SRVQVWEQ
- NRRAKWKKRKKTTNVEFRAPG
889 12BP2 HU AAAVAVAAASRROSCYLCDLPRMPWAMIWDETEPVCRGCVNYEGADRVEFVIETARQLKR
— ANGCFPEGRSPPGAAASAAA
890 VGLL? HU FSSQTPASIKEEEGSPEKERPPEAEYINSRCVLETYFQGDISSVVDEOEFSRALSQPSSYS
— PSCTSSKAPRSSGPWRDCSFE
891 HXAL1l HU DKAGGSSGORTRKKRCPYTKYQIRELEREFFESVY INKEKRLOQLSRMLNLTDROVKIWEQ
— NRRMKEKKINRDRLOYYSAN
GAPLSGLOGLPECTRCGHGIVGT IVKARDKLYHPECFMCSDCGLNLKQRGYFFLDERLYC
892 PDLI4_HU ESHAKARVKPPEGYDVVAVY
RRPATAETGGGAAAVARRNERERNRVKLVNLGFQALROQHVPHGGASKKLSKVETLRSAVE
893 ASCLZ_HU YIRALQRLLAEHDAVRNALA
TVOVTGKTRTKEKYRVVYTDHORLELEKEFOCNRYITIQRKSELAVNLGLSERQVKIWEQ
894 CDX4—HUMAN NRRAKERKMIKKKISQFENS
895 N8GO HUMAN EEAAQKRKEKEPGMALPOGHLTEFRDVAIEFSLEEWKCLDPTORALYRAMMLENYRNLHSY
- DISSKCMMKKESSTAQGNTE
896 LMBLA HUMAN DIRASQOVARWIVDEVAEFVQOSLLGCEEHAKCEFKKEQIDGKAFLLLTQTDIVKVMKIKLGP
- ALKIYNSILMFROSQELPEE
897 PDIP3 HUMAN LSPLEGTKMIVNNLHPRVIEEDIVELFCVCGALKRARLVOPGVAEVVEVKKDDAITAYKK
— YNNRCLDGQPMKCNLHMNGN
DNAERPRARRRRKPRVLESQAQVYELERRFKQORYLSAPERDQLASVLKLTSTOVKIWEQ
898 NKX25_HU NRRYKCKRQRODQTLELVGL
899 CEBPB HU SOVKSKAKKTVDKHSDEYKIRRERNNIAVRKSRDKAKMRNLETQHKVLELTAENERLOKK
— VEQLSRELSTLRNLFKQLPE
900 ISL1 HUMAN KRDYIRLYGIKCAKCSIGESKNDEVMRARSKVYHIECFRCVACSROLIPGDEFALREDGL
— FCRADHDVVERASLGAGDPL
SLGSQVKTRTKDKYRVVYTDHOQRLELEKEFHYSRYITIRRKAELAATLGLSERQVKIWEQ
901 CDX2_HUMAN NRRAKERKINKKKLOQOQOQQO
OGGORGRPHSRRRORTTEFSPVOLEQLESAFGRNQYPDIWARESLARDTGLSEARIQVWEQ
902 PROPL_HU NRRAKQRKQERSLLOPLANL
DALTYLDOVKIREFGSDPATYNGEFLEIMKEFKSQOSIDTPGVIRRVSQOLFOENPDLIVGENA
903 SIN3B_HU FLPLGYRIDIPKNGKLNIQS
904 SMBT1 HUMAN RLHLDSNPLKWSVADVVREFIRSTDCAPLARIFLDQEIDGOALLLLTLPTVQECMDLKLGP

AIKLCHHIERIKFAFYEQFA

-151-




WO 2024/064910

PCT/US2023/074931

SEQ Description Sequence
905 HXCe1l HU AKGAAPNAPRTRKKRCPYSKEQIRELEREFFEFNVYINKEKRLOLSRMLNLTDROVKIWEQ
— NRRMKEKKLSRDRLOYFEFSGN
906 HXC10 HU TTGNWLTAKSGRKKRCPYTKHOT LELEKEFLENMY LTRERRLEI SKTINLTDROVKIWEQ
— NRRMKLKKMNRENRIRELT 3
907 PRSGA LU YLVSNVIELLDVDPNDQEEDGANIDLDSQRKGKCAVIKTSTROTYFLPVIGLVDAEKLKP
— GDLVGVNKDSYLILETLPTE
KASPTLGKRKKRRHRTVEFTAHQLEELEKAFSEAOYPDVYAREMLAVKTELPEDRIQVWEQ
908 VSX1_HUMAN NRRAKWRKREKRWGG S SVMA
EESERPKPRSRRKPRVLESQAQVEFELERRFKQORYLSAPEREHLASSLKLTSTOVKIWEQ
909 NKX23_HU NRRYKCKRQRODKSLELGAH
910 MTG16 HUMAN VVPGSROQEEVIDHKLTEREWAEEWKHLNNLLNCIMDMVEKTRRSLTVLRRCOEADREELN
— HWARRYSDAEDTKKGPAPAA
911 HMX3 HUMAN ESPEKKPACRKKKTIRTVESRSOVEQLESTEFDMKRYLSSSERAGLAASLHLTETOVKIWEQ
- NRRNKWKRQLAAELEAANL 3
912 HMX1 HUMAN RGGVGVGGGRKKKTRTVESRSOVEQLESTFDLKRY LS SAERAGLAASLOLTETOVKIWEQ
- NRRNKWKRQLAAELEAASLS
ELLAOGROKILDLINEGSARDLRSLORIGPKKAQLIVGWRELHGPEFSQVEDLERVEGITG
913 KIF22 HUMAN
— KOMESFLKANILGLAAGQRC
ESPYGETISPEDAPESISKAVASLPPEQMFELMKOMKLCVONSPQEARNMLLONPQLAYA
914 CSTF2 HUMAN
— LLOAQVVMRIVDPEIALKIL
915 CEBPE HU AGPLOHKGKKAVNKDS LEYRLRRERNNIAVRKSRDKAKRRILETQQKVLEYMAENERLRSR
— VEQLTQELDTLRNLFRQIPE
IRIVNGKPKKVRKPRTIYSSFQLAALQRREFQKTQYLALPERAELAASLGLTQTQOVKIWEQ
916 DLX2 HUMAN
— NRRSKEFKKMWKSGEIPSEQH
TVYQFCSPSCWTKIQRTSPEGGIHNLSCHYCHSLESGKPEVLDWQDOVEQFCCRDCCEDEK
L7 ZMYM3_HU RLRGVVSQCEHCRQEKLLHE
TMVDTEMPFWPTNEFGISSVDLSVMEDHSHSFDIKPEFTTVDESSISTPHYEDIPEFTRTDPYV
oL8 PPARG_HU VADYKYDLKIQEYQSATKVE
919 PRICI HUMAN GRHOAELLKPRCSACDEIIFADECTEAEGROIWHMKHEFCCLECETVLGGORYIMKDGRPEC
- CGCFESLYAEYCETCGEHNIG
920 UNC4 HUMAN DPDKESPGCKRRRTRTNIFTGWOLEELEKAFNESOYPDVEMREALALRLDLVESRVOVWEQ
— NRRAKWRKKENTKKGPGRPA
921 BARX? HUMAN TEQPTPROKKPRRSRTIFTELOQLMGLEKKFQKOQKYLSTPDRLDLAQSLGLTQLOVKTWYQ
- NRRMKWKKMVLKGGQEAPTK
922 ALX3 HUMAN SMELAKNKSKKRRNRTTESTFQLEELEKVEQKTHYPDVYAREQLALRTDLTEARVOVWEQ
— NRRAKWRKRERYGKIQEGRN
GGGGGAGPVVVVROROAANARERDRTO SVNTAFTALRTLI PTEPVDRKLSKIETVRLASS
923 TCF15 HUMAN
— YIANLANVLLLGDSADDGQOP
924 TERA HUMAN IDDIVEGITGNLEFEVYLKPYFLEAYRPIRKGDIFLVRGGMRAVEFKVVETDPSPYCIVAP
— DTVIHCEGEPIKREDEEESL
SALNQTKKRKKRROHRTIEFTSYQLEELEKAENEANYPDVYAREMLAMKTELPEDRIQVWEQ
925 VSX2_HUMAN NRRAKWRKREKCWGRS SVMA
DGLPWGAAPGRARKKRKPYTKOQ IAELENEFLVNEFINROQKRKELSNRLNLSDOOQVKIWE
926 fHxple HU ONRRMKKKRVVLREQALALY
GGGGSGKTRTKDKYRVVYTDHORLELEKEFHYSRYITIRRKSELAANLGLTERQVKIWEQ
927 CDXI—HUMAN NRRAKERKVNKKKQOQQQQPP
928 TCF23 HUMAN TRAGGLALGRSEASPENAARERSRVRT LROAFLALQOAAT PAVPPDTKLSKLDVLVLAASY
- IAOLTRTLGHELPGPAWPPEF
929 ALX1 HUMAN KCDSNVSSSKKRRHRTTEFT SLOLEELEKVEQKTHY PDVYVREQLALRTELTEARVOVWEQ
- NRRAKWRKRERYGQIQQAKS
930 HXA10 HUMAN NAANWLTAKSGRKKRCPYTKHOQTLELEKEFLEFNMYLTRERRLEI SRSVHLTDROVKIWEQ
— NRRMKLKKMNRENRIRELTA
931 RX HUMAN LSEEEQPKKKHRRNRTTEFTTYQLHELERAFEKSHYPDVYSREELAGKVNLPEVRVOVWEQ
— NRRAKWRRQEKLEVS SMKLQ
932 CXXCES QU OMAGLAEYPMOGELASAIS SGKKKRKRCGMCAPCRRRINCEQCS SCRNRKTGHQICKEFRK
— CEELKKKPSAALEKVMLPTG
933 SCML1 HU SITKHPSTWSVEAVVLEFLKQTDPLALCPLVDLFRSHEIDGKALLLLTSDVLLKHLGVKLG
— TAVKLCYYIDRLKQGKCFEN
ACRRKREFIPDEKKDAMYWEKRRKNNEAAKRSREKRRINDLVLENKLIALGEENATLKAE
934 NFIL3_HU LLSLKLKFGLISSTAYAQET
EIRFNGKGKKIRKPRTIYSSLOLOQAINHRIFQOTOYLALPERAELAASLGLTQTOVKIWEQ
935 DLX6_HUMAN NKRSKEFKKLLKQGSNPHESD
GLHGTRQEEMIDHRLTDREWAEEWKHLDHLLNCIMDMVEKTRRSLTVLRRCOEADREELN
936 MTG8_HUMAN YWIRRYSDAEDLKKGGGSSS
937 CBX8 HUMAN ELSAVGERVFAAEALLKRRIRKGRMEY LVKWKGWSQKYSTWEPEENILDARLLAAFEERE

REMELYGPKKRGPKPKTFLL

-152-




WO 2024/064910

PCT/US2023/074931

SEQ Description Sequence
938 CEBPD HU AREKSAGKRGPDRGSPEYRQRRERNNIAVRKSRDKAKRRNQEMOQOKLVELSAENEKLHIQR
— VEQLTRDLAGLRQFFKQLPS
939 SEC13 HU SGGCDNLIKIWKEEEDGOWKEEQKLEAOSDWVRDVAWAPSIGLPTSTIASCSQODGRVEIW
— TCDDASSNTWSPKLLHKEND
940 FIP1 HUMAN VKGVDLDAPGSINGVPLLEVDLD SFEDKPWRKPGADLSDYEFNYGENEDTWKAYCEKQKRI
— RMGLEVIPVTSTTNKITAED
KADSESNKGKKRRNRTTEFT SYQLEELEKVIFQKTHY PDVYAREQLAMRT DLTEARVOVWEQ
941 ALX4_HUMAN NRRAKWRKRERFGOMQOOVRT
TAKQREAEATAKRPRTTITAKQLETLKSAYNTSPKPAROVREQLSSETGLDMRVVQVWEQ
942 LHX3_HUMAN NRRAKEKRLKKDAGRQRWGO
943 PRIC2 HUMAN GRHOAECLKPRCAACDEIIFADECTEAEGRIWHMKHEFCCFECETVLGGORYIMKEGRPYC
— CHCFESLYAEYCDTCAQHIG
944 MAGTI3 HUMAN IIGGDRPDEFLOVKNVLKDGPAAQDGKIAPGDVIVDINGNCVLGHTHADVVOMEQLVPVN
- QYVNLTLCRGYPLPDDSEDP
945 NELL] HUMAN CCPECDTRVTSQCLDONGHKLYRSGDNWTHSCOOCRCLEGEVDCWPLTCPNLSCEYTAIL
- EGECCPRCVSDPCLADNITY
946 PRRX1 HU LNSEEKKKRKQRRNRTTENSSQLOQALERVFERTHY PDAFVREDLARRVNLTEARVOVWEQ
— NRRAKFRRNERAMIANKNAS
947 MTGSR HU GLNGGYQDELVDHRLTEREWADEWKHLDHALNCIMEMVEKTRRSMAVLRRCQESDREELN
— YWKRRYNENTELRKTGTELV
948 RAX? HUMAN GPGEEAPKKKHRRNRTTEFTTYQLHQLERAFEASHYPDVYSREELAAKVHLPEVRVOVWEQ
— NRRAKWRRQERLESGSGAVA
949 DLX3 HUMAN VRMVNGKPKKVRKPRTIYS SYQLAAIQRRFQKAQYLALPERAELAAQLGLTOQTOVKIWEQ
— NRRSKEFKKLYKNGEVPLEOS
EVRENGKGKKIRKPRTIYSSLOLQAINRRFQOTOYLALPERAELAASLGLTQTOVKIWEQ
950 DLX1_HUMAN NKRSKEFKKLMKOGGAALEGS
GRSEQPKARQRRKPRVLESQAQVLALERRFKQORYLSAPERENLASALQLTSTOVKIWEQ
951 NKx26_HU NRRYKCKRQRODKSLELAGH
952 NAB1 HUMAN LPRTLGELOLYRILOKANLLSYEFDAFIQQOGGDDVQQLCEAGEEEFLEIMALVGMASKPLH
- VRRLOKALRDWVTNPGLENQ
953 SAMD7 HUMAN NLSLDEDIQKWIVDDVHSFIRSLPGCSDYAQVEFKDHAIDGETLPLLTEEHNLRGTMGLKLG
— PALKIQSQOVSQHOVGSMEYKK
954 PITX3 HUMAN SPEDGSLKKKOQRRORTHET SQQOLOELEATFQRNRYPDMSTREEIAVWTINLTEARVRVWEK
- NRRAKWRKRERSQQAELCKG
955 WDRS HUMAN SNLLVSASDDKTLKIWDVS SGKCLKTLKGHSNYVECCNENPOSNLIVSGSFDESVRIWDYV
— KTGKCLKTLPAHSDPVSAVIH
GNYKSEVNSKPRKERTAFTKEQIRELEAEFAHNONY LTRLRRYEIAVNLDLTERQVKVWEQ
956 MEOX2 HUMAN
— NRRMKWKRVKGGQQOGAAARE
957 NAB? HUMAN LPRTLGELOLYRVIORANLLSYYETFIQQOGGDDVQQLCEAGEEEFLEIMALVGMATKPLH
— VRRLOKALREWATNPGLESQ
PEEPTIGDIYNGKVISIMOFGCFVOLEGLRKRWEGLVHISELRREGRVANVADVVSKGOR
958 DHX8_HUMAN VEKVRKVLSFTGTKTSLSMKDV
YAFNHPEFSINNLMSSEQQOHHHSHOHNHOPHKMDLKAYEQVMHYPGYGSPMPGS LAMGPVIN
959 Foxaz_HU KTGLDASPLAADTSYYQGVY
TAAAGPAPPTAPEPAGASSEPEAGDWRPEMSPCSNVVVIDVTSNLLTVTIKEFCNPEDEFE
960 CBX6—HUMAN KVAAGVAGAAGGGGSIGASK
961 EMX2 HUMAN FLLONALARKPKRIRTAFSPSQLLRLEHAFEKNHYVVGAERKQLANSLSLTETQVKVWEQ
- NRRTKEFKRQKLEEEGSDSQQ
962 CPSF6 HUMAN KRIALYIGNLTWWITDEDLTEAVHSLGVNDILEIKEFFENRANGOSKGFALVGVGSEASSK
- KLMDLLPKRELHGONPVVTP
963 HXC12 HUMAN SGAPWYPINSRSRKKRKPYSKLOQLAELEGEFLVNEFITRORRRELSDRLNLSDQOVKIWE
— ONRRMKKKRLLLREQALSEFE
964 KDMAB HU SDNLYPESITSRDCVQOLGPPSEGELVELRWIDGNLYKAKEFISSVTSHIYQVEFEDGSQLT
— VKRGDIFTLEEELPKRVRSR
965 ILMBL3 HU GIPASKVSKWSTDEVSEFIQSLPGCEEHGKVEKDEQIDGEAFLLMTQTDIVKIMSIKLGP
— ALKIFNSILMFKAAEKNSHON
966 PHX2A HU EPSGLHEKRKQRRIRTTIFT SAQLKELERVFAETHYPDIYTREELALKIDLTEARVOVWEQ
— NRRAKFRKQERAASAKGAAG
LLLHGPFARKPKRIRTAFSPSQOLLRLERAFEKNOYVVGAERKQLAGSLSLSETOVKVWEQ
967 EMX1_HUMAN NRRTKYKRQKLEEEGPESEQ
SSGNDDDLTIPRAATINKMIKETLPNVRVANDARELVVNCCTEFIOLISSEANEICNKSEK
e NC2B_HUMAN KTISPEOVIQALESLGEFGSY
ERRPOAPAKKLRKPRTIYSSLOLQHINQRIFQHTOYLALPERAQLAAQLGLTOQTOVKIWEQ
969 DLX4_HUMAN NKRSKYKKLLKQONSGGQEGD
970 SRY HUMAN NVODRVKRPMNAFIVWSRDORRKMALENPRMRNSEI SKOLGYQWKMLT EAEKWPEFEFQEAQ
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EITRLAVWAAVOAVERKLEAQAMRLITLEGRTGINEKKIADCEKTAVEFANOLESKWVVL
971 ZN777 HUMAN

GTLLOEYGLLORRLENMEN L

CEKDIDECSEGITIECHNHSRCVNLPGWYHCECRSGFHDDGTYSLSGESCIDIDECALRTH

a72 NELLL HU TCWNDSACINLAGGEDCLCP
973 ZN398 LU AATISLWIVVAAVQAIERKVEIHSRRLLHLEGRTGTAEKKLASCEKTVT ELGNQLEGKWAV
— LGTLLOQEYGLLQRRLENLEN
GONRPLIKPKRRLSAARRAGT SCANCOQTTTTTLWRRNANGDPVCNACGLYYKLHNINRPL
o714 CATA3 HU TMKKEGIQTRNRKMS SKSKK
975 BSH HUMAN HAELPGKHCRRRKARTVESDSQLSGLEKRFEIQRYLSTPERVELATALSLSETQVKTWEQ
— NRRMKHKKQLRKSQDEPKAP
976 SF3B4 HUMAN ODATVYVGGLDEKVSEPLLWELFLQAGPVVNTHMPKDRVT GQHQGYGFVEFLSEEDADYA
- IKIMNMIKLYGKPIRVNKAS
977 TEAD1 HUMAN PIDNDAEGVWSPDIEQSFQEALAIYPPCGRRKIILSDEGKMYGRNELIARYIKLRTGKTR
— TRKQVSSHIQVLARRKSRDF
978 TEAD3 HUMAN GLDNDAEGVWSPDIEQSFQEALAIYPPCGRRKIILSDEGKMYGRNELIARYIKLRTGKTR
— TRKQVSSHIQVLARKKVREY
979 RGAPL HU DSVGTPQSNGGMRLHDEFVSKTVIKPESCVPCGKRIKFGKLSLKCRDCRVVSHPECRDRCP
— LPCIPTLIGTPVKIGEGMLA
SAPHSMIASSSSVSSPSPGLPRRSAPPSPLCRSLSPGTGGGVRGGVGYLSRGDPVRVIAR
980 PHF1 HUMAN
— RVRPDGSVQYLVEWGGGGIF
981 FOXAL LU GDPHYSFNHPFSINNLMSS SEQQHKLDFKAYEQALQYSPYGSTLPASLPLGSASVTTRSP
— IEPSALEPAYYQGVYSRPVL
9872 GATAZ HU GONRPLIKPKRRLSAARRAGTCCANCOQTTTTTLWRRNANGDPVCNACGLYYKLHNVNRPL
— TMKKEGIQTRNRKMSNKSKK
DSLSGSSLYSTSANLPVMGHEKFPSDLDLDMEFNGSLECDMESITIRSELMDADGLDENFEDS
283 FOX03_HU LISTONVVGLNVGNFTGAKQ
TEISLWIVVAAIQAVEKKMESQAARIQSLEGRTGTAEKKLADCEKMAVEFGNQLEGKWAV
284 zNzlz HU LGTLLOQEYGLLQRRLENVEN
985 TRX4 HUMAN MDSGTRRKNATRETT STLKAWLQEHRKNPYPTKGEKIMLAIITKMTLTQVSTWFANARRR
— LKKENKMTWPPRNKCADEKR
986 ZBED6 HUMAN NIEKQIYLPSTRAKTSIVWHEFHVDPQYTWRAICNLCEKSVSRGKPGSHLGT STLQRHLQ
- ARHSPHWTRANKFGVASGEE
987 LHX4 HUMAN AKQONDDSEAGAKRPRTTITAKQLETLKNAYKNSPKPARHVREQLSSET GLDMRVVQVWEQ
— NRRAKEKRLKKDAGRHRWGQ
988 SIN3A LU DALSYLDQVKLQFGSQPQVYNDFLDIMKEFKSQSIDTPGVISRVSQLFKGHPDLIMGENT
— FLPPGYKIEVQTNDMVNVTT
989 REBPT HU DDHTVCLWDINAGPKEGKIVDAKAIFTGHSAVVEDVAWHLLHESLFGSVADDQKLMIWDT
— RSNTTSKPSHLVDAHTAEVN
990 NKX61 HU GSILLDKDGKRKHTRPTFSGQQI FALEKTFEQTKYLAGPERARLAYSLGMIESQVKVWEQ
— NRRTKWRKKHAAEMATAKKK
DPTALVEAIVEEVACPICMTFLREPMSIDCGHSFCHSCLSGLWEIPGESONWGYTCPLCR
991 TRIES HU APVQPRNLRPNWQLANVVEK
QSLPKKVSLSSDTTRKPLEIRSPSAESKKPKWVPPAASGGSRSSSSPLVVVSVKSPNQSL
992 Rolal HU RLGLSRLARVKPLHPNATST
AKSSQRKQRDCVNQCKSKPGLSTSIPLRMSSYTFKRPVIRITPHPGNEVRYHQWEESLEK
993 MB3L1 _HU POOVCWQRRLOGLOAYSSAG
994 DLX5 HUMAN VRMVNGKPKKVRKPRTIYS SFQLAALOQRRFOKTQYLALPERAELAASLGLTQTQVKIWEQ
— NKRSKIKKIMKNGEMPPEHS
995 NOTC1 HUMAN LOCNNHACGWDGGDCSLNENDPWKNCTQSLOCWKY FSDGHCDSQCNSAGCLEDGFDCQRA
— EGQCNPLYDQYCKDHFSDGH
996 TERF2? HUMAN ETWVEEDELFQVQOAAPDED STTNITKKQKWIVEESEWVKAGVQKYGEGNWAAISKNYPEV
- NRTAVMIKDRWRTMKRLGMN
997 IN282 LU AEISLWIVVAAIQAVERKVDAQASQLLNLEGRTGTAEKKLADCEKTAVEFGNHME S KWAV
— LGTLLOQEYGLLQRRLENLEN
998 RGS12 HU LEKRTLFRLDLVPINRSVGLKAKPTKPVTEVLRPVVARYGLDLSGLLVRLSGEKEPLDLG
— APISSLDGQRVVLEEKDPSR
PNCLSSSMQLPHGGGRHQELVREFRDVAVVESPEEWDHLTPEQRNLYKDVMLDNCKYLASL
999 ZN840 HUMAN
— GNWTYKAHVMSSLKQGKEPW
DDYKEGDLRIMPESSESPPTEREPGGVVDGLIGKHVEYTKEDGS KRIGMVIHQVEAKPSV
1000 SPI2B_HU YFIKFDDDFHIYVYDLVKKS
SEPDLPLKRKOQRRSRTTFTAEQLEELEKAFERTHYPDIYTREELAQRTKLTEARVQVWE'S
1001 PAXT_HUMAN NRRARWRKQAGANQLAAFNH
AGGVLDKDGKKKHSRPTESGQQI FALEKTFEQTKY LAGPERARLAYSLGMTESQVKVWEQ
1002 Nkx6z HU NRRTKWRKRHAVEMASAKKK
1003 ASKL2 HUMAN DVMSFSVIVITIPASQAMNPSSHGQTIPVQAFSEENSIEGTPSKCYCRLKAMIMCKGCGA

FCHDDCIGPSKLCVSCLVVR
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1004

FOXO1l HUMAN

GGYSSVSSCNGYGRMGLLHQEKLPSDLDGMFIERLDCDMES ITRNDLMDGDT LDENEDNV
LPNQSFPHSVKTTTHSWVSG

1005

GATA3 HUMAN

GGSPTGFGCKSRPKARSSTGRECVNCGATSTPLWRRDGTGHYLCNACGLYHKMNGQNRPL
IKPKRRLSAARRAGT SCANC

1006

GATA1 HUMAN

GONRPLIRPKKRLIVSKRAGTQCTNCQTTTTTLWRRNASGDPVCNACGLYYKLHQVNRPL
TMRKDGIQTRNRKAS GKGKK

1007

ZMYM5 HUMAN

PVALLRKONFOQPTAQQQILTKPAKITCANCKKPLOKGOQTAYQRKGSAHLFCSTTCLSSESH
KRTONTRSIICKKDASTKKA

1008

ZN783 HUMAN

TEITLWIVVAAIQALEKKVDSCLTRLLTLEGRTGTAEKKLADCEKTAVEFGNQLEGKWAV
LGTLLOQEYGLLQRRLENVEN

1009

SPI2B HUMAN

KKQRGRPSSQPRRNIVGCRISHGWKEGDEPITQWKGTVLDQVPINPSLYLVKYDGIDCVY
GLELHRDERVLSLKILSDRV

1010

LRP1 HUMAN

WICDLDDDCGDRSDESASCAYPTCFPLTQFTCNNGRCININWRCDNDNDCGDNSDEAGCS
HSCSSTQFKCNSGRCIPEHW

1011

MIXL1 HUMAN

PKGAAAPSASQRRKRTSFSAEQLOLLELVFRRTRYPDIHLRERLAALTLLPESRIQVWEQ
NRRAKSRRQSGKSFQPLARP

1012

SGT1 HUMAN

KIKYDWYQTESQVVITLMIKNVQKNDVNVEFSEKELSALVKLPSGEDYNLKLELLHPIIP
EQSTFKVLSTKIEIKLKKPE

1013

LMCD1 HUMAN

DPSKEVEYVCELCKGAAPPDSPVVYSDRAGYNKOWHPTCEVCAKCSEPLVDLIYFWKDGA
PWCGRHYCESLRPRCSGCDE

1014

CEBPA HUMAN

GSGAGKAKKSVDKNSNEYRVRRERNNIAVRKSRDKAKQRNVETQQKVLELT S DNDRLRKR
VEQLSRELDTLRGIFRQLPE

1015

GATA2 HUMAN

GPASSEFTPKQRSKARSCSEGRECVNCGATAT PLWRRDGTGHYLCNACGLYHKMNGQNRPL
IKPKRRLSAARRAGTCCANC

1016

S0X14 HUMAN

KPSDHIKRPMNAFMVWSRGQRRKMAQENPKMHNSEI SKRLGAEWKLLSEAEKRPYIDEAK
RLRAQHMKEHPDYKYRPRRK

1017

WTIP HUMAN

LYSGFQQTADKCSVCGHLIMEMI LOALGKSYHPGCFRCSVCNECLDGVPETVDVENNIYC
VRDYHTVFAPKCASCARPIL

1018

PRP19 HUMAN

HPSQDLVEFSASPDATIRIWSVPNASCVQVVRAHESAVIGLSLHATGDYLLSS SDDQYWAF
SDIQTGRVLTKVTDETSGCS

1019

CBX6_ HUMAN

ELSAVGERVFAAESIIKRRIRKGRIEYLVKWKGWAIKYSTWEPEENILDSRLIAAFEQKE
RERELYGPKKRGPKPKTFLL

1020

NKX11 HUMAN

RTGSDSKSGKPRRARTAFTYEQLVALENKFKATRYLSVCERLNLALSLSLTETQVKIWEQ
NRRTKWKKQNPGADT SAPTG

1021

RBBP4 HUMAN

VWDLSKIGEEQSPEDAEDGPPELLFIHGGHTAKISDESWNPNEPWVICSVSEDNIMQVWQ
MAENIYNDEDPEGSVDPEGQ

1022

DMRT2 HUMAN

ERCTPAGGGAEPRKLSRTPKCARCRNHGVVS CLKGHKREFCRWRDCQCANCLLVVERQRVM
AAQVALRRQOATEDKKGL3SG

1023

SMCAZ2 HUMAN

SQPGALIPGDPQAMSQPNRGPSPFSPVQLHQLRAQILAYKMILARGOPLPETLQLAVQGKR
TLPGLOOQQQ0000000000Q

1024

ZNF10

MDAKSLTAWSRTLVI FKDVEVDEFTREEWKLLDTAQQIVYRNVMLENYKNLVS LGYQLTKP
DVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSVSSRSIFKDKQSCDIKMEGMARND
LWYLSLEEVWKCRDOQLDKYQENPERHLROQVAFTOKKVLTQERVSESGKYGGNCLLPAQLV
LREYFHKRDSHTKSLKHDLVLNGHQDSCASNSNECGQTFCONIHLIQFARTHTGDKSYKC
PDNDNSLTHGSSLGI SKGIHREKPYECKECGKFEFSWRSNLTRHQLIHTGEKPYECKECGK
SEFSRSSHLIGHQKTHTGEEPYECKECGKSFSWEFSHLVTHQRTHT GDKLYTCNQCGKSEVH
SSRLIRHQRTHTGEKPYECPECGKSFRQSTHLILHQRTHVRVRPYECNECGKSYSQRSHL
VVHHRIHTGLKPFECKDCGKCFSRSSHLYSHQRTHTGEKPYECHDCGKSEFSQSSALIVHQ
RIHTGEKPYECCQCGKAFIRKNDLIKHQRIHVGEETYKCNQCGIIFSQNSPEFIVHQIAHT
GEQFLTCNQCGTALVNTSNLIGYQTNHIRENAY

1025

EED HUMAN

MSEREVSTAPAGTDMPAAKKQKLSSDENSNPDLSGDENDDAVSIESGTNTERPDTPTNTP
NAPGRKSWGKGKWKS KKCKYSFKCVNS LKEDHNQPLFGVQEFNWHSKEGDPLVFATVGSNR
VILYECHSQGEIRLLOSYVDADADENFYTCAWTYDSNTSHPLLAVAGSRGIIRIINPITM
QCIKHYVGHGNAINELKFHPRDPNLLLSVSKDHALRLWNIQTDTLVAI FGGVEGHRDEVL
SADYDLLGEKIMSCGMDHS LKLWRINS KRMMNAIKESYDYNPNKTNRPFISQKIHFPDES
TRDIHRNYVDCVRWLGDLILSKSCENAIVCWKPGKMEDDIDKIKPSESNVIILGRFDYSQ
CDIWYMRESMDFWQKMLALGNQVGKLYVWDLEVEDPHKAKCTTLTHHKCGAAIRQTSFSR
DSSILIAVCDDASIWRWDRLR

1026

RCOR1 HUMAN

MPAMVEKGPEVSGKRRGRNNAAASASAAAASAAASAACASPAATAASGAAAS SASAAAAS
AAAAPNNGONKSLAAAAPNGNSSSNSWEEGS SGSS SDEEHGGGGMRVGPQYQAVVPDEDP
AKLARRSQERDNLGMLVWS PNONLSEAKLDEYIATAKEKHGYNMEQALGMLFWHKHNIEK
SLADLPNFTPFPDEWTVEDKVLFEQAF SFHGKTFHRIQOMLPDKSIASLVKEFYYSWKKTR
TKTSVMDRHARKQKREREESEDELEEANGNNPIDIEVDONKESKKEVPPTETVPQVKKEK
HSTQAKNRAKRKPPKGMEFLSQEDVEAVSANATAATTVLROQLDMELVSVKRQIQNIKQTNS
ALKEKLDGGIEPYRLPEVIQKCNARWITEEQLLAVQAIRKYGRDFQAI SDVIGNKSVVQV
KNFEFVNYRRRENIDEVLOEWEAEHGKEETNGPSNQKPVKSPDNSIKMPEEEDEAPVLDVR
YASAS
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1027 human DNMT1

MPARTAPARVPTLAVPAISLPDDVRRRLKDLERDSLTEKECVKEKILNLLHEFLQTEIKNQ
LCDLETKLRKEELSEEGYLAKVKSLINKDLS LENGAHAYNREVNGRLENGNQARSEARRV
GMADANSPPKPLSKPRTPRRSKSDGEAKPEPSPSPRITRKSTRQTTIT SHFAKGPAKRKP
QEESERAKSDESIKEEDKDQDEKRRRVTSRERVARPLPAEEPERAKSGTRTEKEEERDEK
EEKRLRSQTKEPTPKOQKLKEEPDREARAGVQADEDEDGDEKDEKKHRS QPKD LAAKRRPE
EKEPEKVNPQISDEKDEDEKEEKRRKTTPKEPTEKKMARAKTVMN SKTHPPKCIQCGQYL
DDPLKYGQHPPDAVDEPOMLTNEKLSIFDANESGFESYEALPQHKLTCFSVYCKHGHLCP
IDTGLIEKNIELFFSGSAKPIYDDDPSLEGGVNGKNLGPINEWWITGFDGGEKALIGEST
SFAEYILMDPSPEYAPIFGLMQEKIYISKIVVEFLQSNSDSTYEDLINKIETTVPPSGLN
LNRFTEDSLLRHAQFVVEQVESYDEAGDSDEQPIFLTPCMRDLIKLAGVTLGQRRAQARR
QTIRHSTREKDRGPTKATTTKLVYQIFDTFFAEQI EKDDREDKENAFKRRRCGVCEVCQQ
PECGKCKACKDMVKEGGSGRSKQACQERRCPNMAMKEADDDEEVDDNI PEMP SPKKMHQG
KKKKQNKNRISWVGEAVKTDGKKSYYKKVCIDAETLEVGDCVSVIPDDSSKPLYLARVTA
LWEDS SNGOMFHAHWFCAGTDTVLGAT SDPLELFLVDECEDMOLSYIHSKVKVIYKAPSE
NWAMEGGMDPESLLEGDDGKTYFYQLWYDODYARFESPPKTQPTEDNKFKFCVSCARLAE
MROKEIPRVLEQLEDLDSRVLYYSATKNGILYRVGDGVYLPPEAFTFNIKLS SPVKRPRK
EPVDEDLYPEHYRKYSDYIKGSNLDAPEPYRIGRIKEIFCPKKSNGRPNETDIKIRVNKFE
YRPENTHKSTPASYHADINLLYWSDEEAVVDFKAVQGRCTVEYGEDLPECVQVYSMGGPN
REYFLEAYNAKSKSFEDPPNHARSPGNKGKGKGKGKGKPKSQACEPSEPEIEIKLPKLRT
LDVFSGCGGLSEGFHQAGI SDTLWAIEMWDPAAQAFRLNNPGSTVETEDCNI LLKLVMAG
ETTNSRGQRLPQKGDVEMLCGGPPCQGEFSGMNRENSRTYSKFKNSLVVSFLSYCDYYRPR
FELLENVRNEVSFKRSMVLKLTLRCLVRMGYQCTFGVLOAGQYGVAQTRRRAIILAAAPG
EKLPLFPEPLHVFAPRACQLSVVVDDKKFVSNITRLSSGPFRTITVRDTMSDLPEVRNGA
SALEISYNGEPQSWFQRQLRGAQYQPILRDHICKDMSALVAARMRHIPLAPGSDWRDLPN
IEVRLSDGTMARKLRYTHHDRKNGRSS SGALRGVCSCVEAGKACDPAARQFNTLIPWCLP
HTGNRONHWAGLYGRLEWDGFEFSTTVINPEPMGKQGRVLHPEQHRVVSVRECARSQGEFPD
TYRLFGNILDKHROQVGNAVPPPLAKAIGLEIKLCMLAKARESASAKIKEEEAAKD

1028

human DNMT3A

MPAMPSSGPGDTSSSAAEREEDRKDGEEQEEPRGKEERQEP STTARKVGRPGRKRKHPPV
ESGDTPKDPAVISKSPSMAQDSGASELLPNGDLEKRSEPQPEEGSPAGGQKGGAPAEGEG
AAETLPEASRAVENGCCTPKEGRGAPAEAGKEQKETNIESMKMEGSRGRLRGGLGWESSL
RORPMPRLTFQAGDPYYISKRKRDEWLARWKREAEKKAKVIAGMNAVEENQGPGESQKVE
EASPPAVQOPTDPASPTVATTPEPVGSDAGDKNATKAGDDEPEYEDGRGEFGI GELVWGKL
RGEFSWWPGRIVSWWMT GRS RAAEGTRWVMWFGDGKFSVVCVEKLMPLS SFCSAFHQATYN
KQPMYRKAIYEVLOVASSRAGKLEFPVCHDSDESDTAKAVEVONKPMIEWALGGFQP SGPK
GLEPPEEEKNPYKEVYTDMWVEP EAAAYAPP PPAKKPRKSTAEKPKVKEIIDERTRERLV
YEVRQKCRNIEDICISCGSLNVILEHPLEVGGMCOQNCKNCFLECAYQYDDDGYQSYCTIC
CGGREVLMCGNNNCCRCFCVECVDLLVGPGAAQAATKEDPWNCYMCGHKGTYGLLRRRED
WPSRLOMEFFANNHDQEFDPPKVYPPVPAEKRKPIRVLSLEFDGIATGLLVLKDLGIQVDRY
IASEVCEDSITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPEFDLVIGGSPCNDLSIVNPAR
KGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRELESNPVMI
DAKEVSAAHRARYEFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSI
KOQGKDQHEFPVFMNEKEDILWCTEMERVEGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRH
LFAPLKEYFACV

1029

human DNMT3A
catalytic
domain

NHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCEDSIT
VGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFE
FEFYRLLHDARPKEGDDRPFEWLFENVVAMGVSDKRDISREFLESNPVMIDAKEVSAAHRA
RYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNS IKQGKDQHEPVE
MNEKEDILWCTEMERVEFGEPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFAC
\

1030

human DNMT3B

MKGDTRHLNGEEDAGGREDSILVNGACSDQSSDSPPILEAIRTPEIRGRRSS SRLSKREV
SSLLSYTQDLTGDGDGEDGDGSDTPVMPKLFRETRTRSES PAVRTRNNNSVS SRERHRP S
PRSTRGRQGRNHVDES PVEFPATRSLRRRATASAGTPWPSPPSSYLTIDLTDDTEDTHGT
POSSSTPYARLAQDSQQGGMESPQVEADSGDGDSSEYQDGKEFGIGDLVWGKIKGESWWP
AMVVSWKAT SKRQAMS GMRWVOWEFGDGKESEVSADKLVALGLEFSQHFNLAT FNKLVSYRK
AMYHALEKARVRAGKTFPSSPGDSLEDQLKPMLEWAHGGFKPTGIEGLKPNNTQPVVNKS
KVRRAGSRKLESRKYENKTRRRTADDSATSDYCPAPKRLKTNCYNNGKDRGDEDQS REQM
ASDVANNKSSLEDGCLSCGRKNPVSFHPLFEGGLCQTCRDRFLELEFYMYDDDGYQSYCTV
CCEGRELLLCSNTSCCRCFCVECLEVLVGTGTAAEAKLQEPWSCYMCLPQRCHGVLRRRK
DWNVRLOAFFTSDTGLEYEAPKLYPAI PAARRRPIRVLSLEFDGIATGYLVLKELGIKVGK
YVASEVCEESIAVGTVKHEGNIKYVNDVRNITKKNIEEWGPEDLVIGGSPCNDLSNVNPA
RKGLYEGTGRLFFEFYHLLNYSRPKEGDDRP FFWMFENVVAMKVGDKRDISRFLECNPVM
IDAIKVSAAHRARYFWGNLPGMNRPVIASKNDKLELODCLEYNRIAKLKKVQTITTKSNS
IKQGKNQLFPVVMNGKEDVLWCTELERIFGFPVHYTDVSNMGRGARQKLLGRSWSVPVIR
HLFAPLKDYFACE

1031

mouse DNMT3C

MRGGSRHLSNEEDVSGCEDCIIISGTCSDQSSDPKTVPLTQVLEAVCTVENRGCRT SSQP
SKRKASSLISYVQDLTGDGDEDRDGEVGGSSGSGTPVMPQLFCETRIPSKTPAPLSWQAN
TSASTPWLSPASPYPITIDLTDEDVIPOSISTPSVDWSQDSHQEGMDTTQVDAESRDGGN I
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EYQVSADKLLLSQSCILAAFYKLVPYRESIYRTLEKARVRAGKACPSSPGES LEDQLKPM
LEWAHGGFKPTGIEGLKPNKKQPENKSRRRTTNDPAASES SPPKRLKTNSYGGKDRGEDE
ESREQMASDVINNKGNLEDHCLSCGRKDPVSFHPLFEGGLCQSCRDRFLELEFYMYDEDGY
QSYCTVCCEGRELLLCSNTSCCRCFCVECLEVLVGAGTAEDVKLQEPWSCYMCLPQRCHG
VLRRRKDWNMRLODFFTTDPDLEEFEPPKLYPAIPAAKRRPIRVLSLFDGIATGYLVLKE
LGIKVEKYIASEVCAESIAVGTVKHEGQIKYVDDIRNITKEHIDEWGPFDLVIGGSPCND
LSCVNPVRKGLFEGTGRLEFFEFYRLINYSCPEEEDDRPFFWMFENVVAMEVGDKRD I SRF
LECNPVMIDAIKVSAAHRARYFWGNLPGMNRPVMASKNDKLELODCLEFSRTAKLKKVQT
ITTKSNSIRQGKNQLEFPVVMNGKDDVLWCTELERIFGFPEHYTDVSNMGRGARQKLLGRS
WSVPVIRHLFAPLKDHFACE

1032

human DNMT3L

MAATIPALDPEAEPSMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDICICCGSLQ
VHTQHPLFEGGICAPCKDKFLDALFLYDDDGYQSYCSICCSGETLLICGNPDCTRCYCEFE
CVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGLLOQRRRKWRSQLKAFYDRES ENPLEMEFE
TVPVWRROPVRVLSLFEDIKKELTSLGFLESGSDPGQLKHVVDVTDTVRKDVEEWGPEFDL
VYGATPPLGHTCDRPPSWYLFQFHRLLOQYARPKPGSPRPFFWMFVDNLVINKEDLDVASR
FLEMEPVTIPDVHGGSLONAVRVWSNI PAIRSSROWALVSEEELSLLAQNKQ S SKLAAKW
PTKLVKNCFLPLREYFKYFSTELTSSL

1033

human DNMT3L
catalytic
domain

NPLEMFETVPVWRROPVRVLSLFEDIKKELT SLGFLESGSDPGQLKHVVDVTDTVRKDVE
EWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLOYARPKPGSPRPFFWMEVDNLVLNKE
DLDVASRFLEMEPVIIPDVHGGS LONAVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSS
KLAAKWPTKLVKNCFLPLREYFKYFSTELTSSL

1034

mouse DNMT3L

MGSRETPSSCSKTLETLDLETSDSSSPDADSPLEEQWLKS SPALKEDSVDVVLEDCKEPL
SPSSPPTGREMIRYEVKVNRRSIEDICLCCGTLOQVYTRHPLFEGGLCAPCKDKEFLESLEL
YDDDGHQSYCTICCSGGTLFICESPDCTRCYCFECVDILVGPGT SERINAMACWVCELCL
PFSRSGLLORRKRWRHQLKAFHDQEGAGPME IYKTVSAWKROPVRVLSLFRNIDKVLKSL
GFLESGSGSGGGTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYMEQEH
RILOYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLOTEAVT LODVRGRDYONAMRVW
SNIPGLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLP
L

1035

mouse DNMT3L
catalytic
domain

GPMEIYKTVSAWKROQPVRVLSLEFRNIDKVLKSLGFLESGSGSGGGTLKYVEDVINVVRRD
VEKWGPFDLVYGSTQPLGS SCDRCPGWYMFQFHRILQYALPRQESQRPFEWI FMDNLLLT
EDDQETTTRFLOTEAVTLQDVRGRDYONAMRVWSNIPGLKSKHAPLTPKEEEYLOAQVRS
RSKLDAPKVDLLVKNCLLPLREYFKYFSQONSLPL

1036

human TRDMI1
{DNMT2Z2)

MEPLRVLELYSGVGGMHHALRESCIPAQVVAAIDVNTVANEVYKYNFPHTQLLAKTIEGI
TLEEFDRLSFDMIIMSPPCQPFTRIGRQGDMTDSRTNSFLHILDILPRLOKLPKYILLEN
VKGFEVSSTRDLLIQTIENCGFQYQEFLLSPTSLGIPNSRLRYFLIAKLQSEPLPFQAPG
QVLMEFPKIESVHPQKYAMDVENKIQEKNVEPNISEFDGSIQCSGKDAILFKLETAEEIHR
KNQODSDLSVKMLKDFLEDDTDVNQYLLPPKSLLRYALLLDIVQPTCRRSVCFTKGYGSY
IEGTGSVLQTAEDVQVENIYKSLTNLSQEEQITKLLILKLRYFTPKEIANLLGEFPPEFGE
PEKITVKQRYRLLGNSLNVHVVAKLIKILYE

1037

M. penetrans M
Mpel

MNSNKDKIKVIKVFEAFAGIGSQFKALKNIARSKNWEIQHSGMVEWEFVDAIVSYVAIHSK
NEFNPKIEQLDKDILSISNDSKMPISEYGIKKINNTIKASYLNYAKKHFNNLEDIKKVNKD
NFPKNIDIFTYSFPCQODLSVQGLOKGIDKELNTRSGLIWEIERILEEIKNSFSKEEMPKY
LLMENVKNLLSHKNKKNYNTWLKQLEKFGYKSKTYLLNSKNFDNCONRERVECLSIRDDY
LEKTGFKFKELEKVKNPPKKIKDILVDSSNYKYLNLNKYETTTFRETKSNIISRSLKNYT
TENSENYVYNINGIGPTLTASGANSRIKIETQQGVRYLTPLECFKYMQEFDVNDEFKKVQST
NLISENKMIYIAGNSIPVKILEAIFNTLEEFVNNEE

1038

S. monobiae M
SssI

MSKVENKTKKLRVFEAFAGIGAQRKALEKVRKDEYEIVGLAEWYVPAIVMYQATIHNNFHT
KLEYKSVSREEMIDYLENKTLSWNSKNPVSNGYWKRKKDDELKIIYNAIKLSEKEGNIED
IRDLYKRTLKNIDLLTYSFPCODLSQQGIQKGMKRGSGTRSGLLWEIERALD STEKNDLP
KYLLMENVGALLHKKNEEELNOQWKQKLESLGYQNSIEVLNAADFGSSQARRRVEMI STLN
EFVELPKGDKKPKSIKKVLNKIVSEKDILNNLLKYNLTEFKKTKSNINKASLIGYSKENS
EGYVYDPEFTGPTLTASGANSRIKIKDGSNIRKMNSDETFLYIGEFDSQDGKRVNEIEFLT
ENQKIFVCGNSISVEVLEAIIDKIGG

1039

H.
parainfluenzae
M Hpall

MKDVLDDNLLEEPAAQYSLFEPESNPNLREKFTFIDLFAGIGGFRIAMONLGGKCIESSE
WDEQAQKTYEANFGDLPYGDITLEETKAFIPEKFDILCAGFPCQAFSIAGKRGGFEDTRG
TLFFDVAEIIRRHQPKAFFLENVKGLKNHDKGRTLKTILNVLREDLGYEFVPEPAIVNAKN
FGVPONRERIYIVGFHKSTGVNSFSYPEPLDKIVIFADIREEKTVPTKYYLSTQYIDTLR
KHKERHESKGNGFGYEIIPDDGIANAIVVGGMGRERNLVIDHRITDEFTPTTNIKGEVNRE
GIRKMTPREWARLQGFPDSYVIPVSDASAYKQFGNSVAVPAIQATGKKILEKLGNLYD

1040

A. luteus M
Alul

MSKANAKYSFVDLFAGIGGFHAALAATGGVCEYAVEIDREAAAVYERNWNKPALGDITDD
ANDEGVILRGYDGPIDVLTGGFPCQPFSKSGAQHGMAETRGTLEWNIARIIEEREPTVLI
LENVRNLVGPRHRHEWLTIIETLRFFGYEVSGAPAIFSPHLLPAWMGGTPQVRERVEITA
TLVPERMRDERIPRTETGEIDAEAIGPKPVATMNDRFPIKKGGTELFHPGDRKSGWNLLT
SGIIREGDPEPSNVDLRLTETET LWIDAWDDLESTIRRATGRPLEGEFPYWADSWIDFREL
SRLVVIRGFQAPEREVVGDRKRYVART DMPEGFVPASVIRPAIDETLPAWKQ SHLRRNYD
FFERHFAEVVAWAYRWGVYTDLEFPASRRKLEWQAQDAPRLWDTVMHFRPSGIRAKRPTYL
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PALVAITQTSIVGPLERRLSPRETARLQGLPEWEFDFGEQRAAAT YKOMGNGVNVGVVRHI
LREHVRRDRALLKLT PAGQRIINAVILADEPDATVGALGAAE

1041

H. aegyptius M
HaeIII

MNLISLFSGAGGLDLGFQKAGFRIICANEYDKSIWKTYESNHSAKLIKGDISKISSDEEP
KCDGIIGGPPCQSWSEGGSLRGIDDPRGKLFYEYIRILKQKKPI FFLAENVKGMMAQRHN
KAVQEFIQEFDNAGYDVHI ILLNANDYGVAQDRKRVEYIGFRKELNINYLPPIPHLIKPT
FKDVIWDLKDNPIPALDKNKTNGNKCIYPNHEYFIGSYSTIFMS RNRVROWNEPAFTVQA
SGRQCQLHPQAPVMLKVSKNLNKFVEGKEHLYRRLTVRECARVQGFPDDFIFHYESLNDG
YKMIGNAVPVNLAYEIAKTIKSALEICKGN

1042

H. haemolyticus
M Hhal

MIEIKDKQLTGLRFIDLFAGLGGFRLALESCGAECVYSNEWDKYAQEVYEMNFGEKPEGD
ITQVNEKTIPDHDILCAGFPCQOAFSISGKOKGFEDSRGTLEFFDIARIVREKKPKVVEMEN
VKNFASHDNGNTLEVVKNTMNELDY SFHAKVLNALDYGIPQKRERIYMICFRNDLNIONF
QFPKPFELNTEVKDLLLPDSEVEHLVIDRKDLVMINQEIEQTTPKIVRLGIVGKGGQGER
IYSTRGIAITLSAYGGGIFAKTGGYLVNGKT RKLHPRECARVMGYPDSYKVHPSTSQAYK
QFGNSVVINVLOYIAYNIGSSINFKPY

1043

Moraxella M
MspI

MKPEILKLIRSKLDLTQKQASEI IEVSDKTWQOQWE SGKTEMHPAYYSFLQEKLKDKINFE
ELSAQKTLOKKIFDKYNONQITKNAEELAEITHIEERKDAYSSDFKFIDLEFSGIGGIRQS
FEVNGGKCVESSEIDPFAKFTYYTNFGVVPFGDITKVEATTIPQHDILCAGFPCQPFSHI
GKREGFEHPTQGTMFHEIVRIIETKKT PVLFLENVPGLINHDDGNTLKVIIETLEDMGYK
VHHTVILDASHFGIPQKRKREFYLVAFINQNIHFEFPKPPMISKDIGEVLESDVTGYSISEH
LOKSYLFKKDDGKPSLIDKNTTGAVKTLVSTYHKIQRLTGTFVKDGETGIRLLTTNECKA
IMGFPKDFVIPVSRTQMYRQOMGN SVVVPVVTKIAEQI SLALKTVNQQSPOENFELELV

1044

Ascobolus Mascl

MSERRYEAGMIVALHEGSFLKIQRVYIRQYHADNRREOHMLVGPLFRRTKYLKALSKKVNE
VAIVHESIHVPVQDVIGVRELIITNRPFPECRKGDEHTGRLVCRWVYNLDERAKGREYKK
QRYIRRITEAEADPEYRVEDRVLRRRWFQEGYIGDEISYKEHGNGDIVDIRSESPLQVLD
GWGGDLVDLENGEETSIPGPCRSASSYGRIMKPPLAQAADSNTSRKYTFGDTFCGGGGVS
LGARQAGLEVKWAFDMNPNAGANYRRNFPNTDEFFLAEAEQFIQLSVGISQHVDILHLSPP
COTFSRAHTIAGKNDENNEASFFAVVNLIKAVRPRLETVEETDGIMDRQSRQFIDTALMG
ITELGYSFRICVLNAIEYGVCONRKRLIIIGAAPGEELPPFPLPTHQDFFSKDPRRDLLP
AVTLDDALSTITPESTDHHLNHVWQPAEWKT PYDAHRPFKNAIRAGGGEYDIYPDGRRKE
TVRELACIQGFPDEYEFVGTLTDKRRIIGNAVPPPLSAAIMST LROWMTEKD FERME

1045

Arabidopsis
MET1

MVENGAKAAKRKKRPLPEIQEVEDVPRTRRPRRAAACTSFKEKSIRVCEKSATIEVKKQQ
IVEEEFLALRLTALETDVEDRPTRRLNDFVLEDSDGVPQPLEMLEIHDIFVSGAILPSDV
CTDKEKEKGVRCTSFGRVEHWSI SGYEDGSPVIWISTELADYDCRKPAASYRKVYDYFYE
KARASVAVYKKLSKSSGGDPDIGLEELLAAVVRSMSSGSKYFSSGAAIIDFVISQGDEIY
NQLAGLDETAKKHES SYVEIPVLVALREKSSKIDKPLQRERNPSNGVRIKEVSQVAESEA
LTSDQLVDGTDDDRRYAILLODEENRKSMQQPRKNSSSGSASNMEFYIKINEDEIANDYPL
PSYYKTSEEETDELILYDASYEVQSEHLPHRMLHNWALYNSDLRFISLELLPMKQCDDID
VNIFGSGVVIDDNGSWISLNDPDSGSQSHDPDGMCIFLSQIKEWMIEFGSDDIISISIRT
DVAWYRLGKPSKLYAPWWKPVLKTARVGISILTFLRVESRVARLSFADVTKRLSGLQAND
KAYISSDPLAVERYLVVHGQIILQLFAVYPDDNVKRCPEVVGLASKLEDROHHTKWI IKKK
KISLKELNLNPRAGMAPVASKRKAMOQATTTRLVNRIWGEFYSNYSPEDPLOATAAENGED
EVEEEGGNGEEEVEEEGENGLTEDTVPEPVEVQKPHTPKKIRGS SGKREIKWDGES LGKT
SAGEPLYQQALVGGEMVAVGGAVTLEVDDPDEMPAIYEFVEYMFESTDHCKMLHGREFLQRG
SMTVLGNAANERELFLTNECMTTQLKDIKGVASFEIRSRPWGHQYRKKNITADKLDWARA
LERKVKDLPTEYYCKSLYSPERGGFEFSLPLSDIGRSSGEFCTSCKIREDEEKRSTIKLNVS
KTGFFINGIEYSVEDFVYVNPDSIGGLKEGSKTSFKSGRNIGLRAYVVCQLLEIVPKESR
KADLGSFDVKVRREYRPEDVSAEKAYASDIQELYFSQDTVVLPPGALEGKCEVRKKSDMP
LSREYPISDHIFFCDLEFFDTSKGSLKQLPANMKPKFSTIKDDTLLRKKKGKGVESEIESE
IVKPVEPPKEIRLATLDIFAGCGGLSHGLKKAGVSDAKWAIEYEEPAGQAFKQONHPESTV
FVDNCNVILRAIMEKGGDQDDCVSTTEANELAAKLTEEQKSTLP LPGQVDFINGGPPCQG
FSGMNRENQSSWSKVQCEMILAFLSFADYFRPRYFLLENVRTEVSEFNKGOQTFQLTLASLL
EMGYQVREFGILEAGAYGVSQSRKRAFIWAAAPEEVLPEWPEPMHVEGVPKLKISLSQGLH
YAAVRSTALGAPFRPITVRDTIGDLPSVENGDSRTINKEYKEVAVSWFQKEIRGNTIALTD
HICKAMNELNLIRCKLIPTRPGADWHDLPKRKVTLSDGRVEEMIPFCLPNTAERHNGWKG
LYGRLDWQGNFPTSVTDPQPMGKVGMCFHPEQHRILTVRECARSQGFPDSYEFAGN INHK
HROQIGNAVPPPLAFALGRKLKEALHLKKSPQHQP

1046

Ascobolus Masc2

MELTPELSGVSTDLGGGGS IFAHWRMKEESPAPTEILDDLNVLEWEKTTRDY SKEDLRIA
DOLFSIEDEHQSLPFETADAEDGTPTEEEEEKELPMRTLDNEFVLYDASDLELAALDLIGT
ELNIHAVGTVGPIYTEGEEDEQEDEDEDVSPPVRTGTQAT SASVTOMTVELYIRNIVQYE
FCENDDGTVETWIQTTNAHYKLLOQPAKCYTSLYRPVNDCLNVITAIITLAPESTTMSLKD
LLKVMDDKAQAVSYEEVERMSEFIVQHLDOWMETAPKKKSKLIEKSKVYIDLNNLAGIDM
V3SGVRPPPVRRVTGRS SAPKKRIVRNMNDAVLLHONETTVTNWIHQLSAGMEGRALNVLG
AETADVENLTCDPASAKEVVPQRRLHKRLKWETRGHIPVSEEEYKHIYQGKKYAKFFEAV
RAVDESKLTIKLGDLVYVLDODPKVIQTQFATAGREGRKKGAEKEKIQVRFGRVLS IRQP
DSNSKDAQNVFIHVOWLVLGCDT ILQEMASRRELFLTDSCDTVFADVIYGVAKLTPLGAK
DIPTVEFHESMATMMGENEFFVREFKYNYQODGSEFTDLKDVDAEQIGTLQPRVNTHRNPGYC
SNCRIKYDNERTGDKWIYENDTEGEPRLFRSSKGWCIYAQEFVYLOPVEKQPGTTFRVGY
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ISEINKSSVIVELLARVDDDDKSGHISYSDPRHLYFTGTDIKVTEFDKIIRKCEFVEFHDSGD
QOKAKAPLMYGTLQRDLYYYRYEKRKGKAELVPVREIRSIHEQTLNDWE SRTQIERHGAVS
GKKLKGLDIFAGCGGLTLGLDLSGAVDTKWDIEFAPSAANTLALNEFPDAQVENQCANVLL
SRAIQSEDEGSLDIEYDILOQGRVLPDLPKKGEVDEFIYGGPPCQOGFSGVNRYKKGNDIKNSL
VATFLSYVDHYKPREVLLENVKGLITTKLGN SKNAEGKWEGGISNGVVKEIYRTLI SMNY
QCRIGLVQSGEYGVPQSRPRVIFLAARMGERLPDLPEPMHAFEVLDSQYALPHIKRYHTT
ONGVAPLPRITIGEAVSDLPKFQYANPGVWPRHDPYSSAKAQPSDKTIEKEFSVSKATSEV
GYLLOPYHSRPQSEFQRRLRTKLVPSDEPAEKTSLLTTKLVTAHVTRLENKETTQRIVCV
PMWPGADHRSLPKEMRPWCLVDPNSQAEKHRFWPGLFGRLGMEDEFFSTALTDVQPCGKQG
KVLHPTQRRVYTVRELARAQGFPDWFAFTDGDADS GLGGVKKWHRNIGNAVPVPLGEQIG
RCIGYSVWWKDDMIAQLREDGADEDEEMIDGNDOWVEELNTOMAADMPGLPLLVTHLLNL
CVYRRLYGPNAKEFLPARVYDKKLEGGRRRLVWAML

1047

Neurospora Dim2

MDSPDRSHGGMFIDVPAETMGFQEDYLDMFASVLSQGLAKEGDYAHHQPLPAGKEECLEP
IAVATTITPSPDDPQLQIOLELEQQFQTESGLNGVDPAPAPESEDEADLPDGFSDESPDD
DEFVVQRSKHITVDLPVSTLINPRSTFQRIDENDNLVPPPQOSTPERVAVEDLLKAAKAAGK
NKEDYIEFELHDENFYVNYAYHPQEMRPIQLVATKVLHDKYYFDGVLKYGNTKHYVTGMQ
VLELPVGNYGASLHSVKGQIWVRSKHNAKKEIYYLLKKPAFEYQRYYQPFLWIADLGKHV
VDYCTRMVERKREVT LGCEFKSDFIQWASKAHGKSKAFONWRAQHPSDDFRTSVAANIGYI
WKEINGVAGAKRAAGDQLFRELMIVKPGQYFRQEVPPGPVVTEGDRIVAATIVTPYIKEC
FGHMILGKVLRLAGEDAEKEKEVKLAKRLKI ENKNATKADTKDDMKNDTATESLPTPLRS
LPVQVLEATPIESDIVSIVSSDLPPSENNPPPLTNGSVKPKAKANPKPKPSTQPLHAAHV
KYLSQELVNKIKVGDVISTPRDDSSNTDTKWKPTDTDDHRWEFGLVQRVHTAKTKS SGRGL
NSKSEDVIWEYRPEDTPCCAMKYKWRNELFLSNHCTCQEGHHARVKGNEVLAVHPVDWEG
TPESNKGEFFVRQLYESEQRRWITLOQKDHLTCYHNQPPKPPTAPYKPGDTVLATLSPSDK
FSDPYEVVEYFTQGEKETAFVRLRKLLRRRKVDRODAPANELVYTEDLVDVRAERIVGKC
IMRCEFRPDERVPSPYDRGGTGNMFFITHROQDHGRCVPLDT LPPTLRQGEFNPLGNLGKPKL
RGMDLYCGGGNFGRGLEEGGVVEMRWANDIWDKAIHTYMANTPDPNKTNPFLGSVDDLLR
LALEGKFSDNVPRPGEVDFIAAGSPCPGFSLLTODKKVLNQVKNQSLVASFASEFVDEYRP
KYGVLENVSGIVQTFVNRKQDVLSQLFCALVGMGY QAQLI LGDAWAHGAPQS RERVELYF
AAPGLPLPDPPLPSHSHYRVKNRNIGFLCNGESYVQRSFIPTAFKEFVSAGEGTADLPKIG
DGKPDACVRFPDHRLASGITPYIRAQYACIPTHPYGMNEI KAWNNGNGVMSKSDRDLFEPS
EGKTRTSDASVGWKRLNPKTLFPTVITTSNP SDARMGPGLHWDEDRPYTVQEMRRAQGYL
DEEVLVGRTTDQWKLVGNSVSRHMALAIGLKFREAWLGTLYDESAVVATATATATTAAAV
GVIVPVMEEPGIGTTESSRPSRSPVHTAVDLDDSKSERSRSTTPATVLSTSSAAGDGSAN
AAGLEDDDNDDMEMMEVTRKRSS PAVDEEGMRPSKVQOKVEVITVASPASRRSSROASRNPT
ASPSSKASKATTHEAPAPEELESDAESYSETYDKEGEFDGDYHSGHEDQYSEEDEEEEYAERE
PETMTVNGMTIVKL

1048

Drosophila
dDnmt2

MVFRVLELFSGIGGMHYAFNYAQLDGOIVAALDVNTVANAVYAHONYGSNLVKTRNIQSLS
VKEVTKLQANMLLMSPPCQPHTRQGLORDTEDKRSDALTHLCGLIPECQELEYILMENVK
GFESSQARNQFIESLERSGFHWREFILTPTQFNVPNTRYRYYCIARKGADFPFAGGKIWE
EMPGAIAQNQGLSQIAEIVEENVSPDFLVPDDVLTKRVLVMDIIHPAQSRSMCEFTKGYTH
YTEGTGSAYTPLSEDESHRIFELVKEIDTSNQDASKSEKILQORLDLLHQVRLRYFTPRE
VARLMSFPENFEFPPETTNRQKYRLLGNSINVKVVGELIKLLTIK

1048

S. pombe Pmtl

MLSTKRLRVLELYSGIGGMHYALNLANIPADIVCAIDINPQANEIYNLNHGKLAKHMDIS
TLTAKDEFDAFDCKLWTMSPSCQPFTRIGNRKDILDPRSQAFINILNVLPHVNNLPEYILT
ENVQGFEESKAAEECRKVLRNCGYNLIEGILSPNQFNIPNSRSRWYGLARLNFKGEWSID
DVFQFSEVAQKEGEVKRIRDYLEIERDWS SYMVLESVLNKWGHQFDIVKPDS SSCCCEFTR
GYTHLVQGAGSILOMSDHENTHEQFERNRMALQLRYFTAREVARLMGFPESLEWSKSNVT
EKCMYRLLGNSINVKVVSYLISLLLEPLNF

1050

Arabidopsis
DRM1

MVMSHIFLISQIQEVEHGDSDDVNWNTDDDELAIDNEFQFSPSPVHISATSPNSIQNRISD
ETVASEVEMGFSTOMIARAIEETAGANMEPMMILETLENYSASTEASS SKSKVINHEIAM
GFPEEHVIKAMQEHGDEDVGEITNALLTYAEVDKLRESEDMNININDDDDDNLYSLSSDD
EEDELNNSSNEDRILQALIKMGYLREDAAIATIERCGEDASMEEVVDEFICAAQMARQEDET
YAEPDKKELMNNNKKRRTYTETPRKPNTDQLISLPKEMI GFGVPNHPGLMMHRPVPIPDI
ARGPPFFYYENVAMT PKGVWAKISSHLYDIVPEFVDSKHFCAAARKRGYIHNLPIQNREQ
IQPPQHNTIQEAFPLTKRWWPSWDGRTKLNCLLTCIASSRLTEKIREALERYDGETPLDV
QKWVMYECKKWNLVWVGKNKLAP LDADEMEKLLGFPRDHTRGGGISTTDRYKSLGNSFQV
DTVAYHLSVLKPLFPNGINVLSLEFTGIGGGEVALHRLOQIKMNVVVSVEI SDANRNILRSF
WEQTNQKGILREFKDVQKLDDNT IERLMDEYGGFDLVIGGSPCNNLAGGNRHHRVGLGGE
HSSLFFDYCRILEAVRRKARHMRR

1051

Arabadopsis
DRM2

MVIWNNDDDDFLEIDNFQS SPRSSPIHAMQCRVENLAGVAVTTSSLSSPTETTDLVQOMGE
SDEVFATLFDMGFPVEMISRAIKETGPNVET SVIIDTISKYSSDCEAGSSKSKAIDHEFLA
MGFDEEKVVKAIQEHGEDNMEAIANALLSCPEAKKLPAAVEEEDGIDWSSSDDDTNYTDM
LNSDDEKDPNSNENGSKIRSLVKMGESELEASLAVERCGENVDIAELTDFLCAAQMAREF
SEFYTEHEEQKPRHNIKKRREFESKGEPRSSVDDEPIRLPNPMIGEFGVPNEPGLITHRSLP
ELARGPPFFYYENVALTPKGVWETISRHLFEIPPEFVDSKYFCVAARKRGYIHNLPINNR
FQIQPPPKYTIHDAFPLSKRWWPEWDKRTKLNCILTCTGSAQLTNRIRVALEPYNEEPEP
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PKHVQRYVIDOQCKKWNLVWVGKNKAAP LEPDEMES I LGFPKNHT RGGGMSRT ERFKS LGN
SFQVDTVAYHLSVLKPIFPHGINVLSLEFTGI GGGEVALHRLOIKMKLVVSVEISKVNRNI
LKDFWEQTNQTGELIEFSDIQHLTNDT IEGLMEKYGGFDLVIGGSPCNNLAGGNRVSRVG
LEGDQSSLFFEYCRILEVVRARMRGS

1052

Arabadopsis
CMT1

MAARNKOKKRAEPESDLCFAGKPMSVVESTIRWPHRYQSKKTKLQOAPTKKPANKGGKKED
EEIIKQAKCHFDKALVDGVLINLNDDVYVIGLPGKLKFIAKVIELFEADDGVPYCRERWY
YRPEDTLIERFSHLVQPKRVFLSNDENDNPLTCIWSKVNIAKVPLPKITSRIEQRVIPPC
DYYYDMKYEVPYLNFTSADDGSDASSSLSSDSALNCFENLHKDEKFLLDLYS GCGAMSTG
FCMGASISGVKLITKWSVDINKFACDS LKINHPETEVRNEAAEDFLALLKEWKRLCEKES
LVSSTEPVESISELEDEEVEENDDIDEASTGAELEPGEFEVEKFLGIMFGDPQGTGEKTL
QLMVRWKGYNSSYDTWEPYSGLGNCKEKLKEYVIDGFKSHLLPLPGTVYTVCGGPPCQGT
SGYNRYRNNEAPLEDQKNQQLLVFLDI IDFLKPNYVLMENVVDLLRESKGFLARHAVASE
VAMNYQTRLGMMAAGSYGLPQLRNRVEFLWAAQPSEKLPPYPLPTHEVAKKENTPKEEFKDL
QVGRIQMEFLKLDNALTLADAISDLPPVTNYVANDVMDYNDAAPKTEFENFI SLKRSETL
LPAFGGDPTRRLFDHQPLVLGDDDLERVSYIPKQKGANYRDMPGVLVHNNKAEINPRFRA
KLKSGKNVVPAYAISFIKGKSKKPFGRLWGDEIVNTVVIRAEPHNQCVIHPMONRVLSVR
ENARLQGEFPDCYKLCGTIKEKYIQVGNAVAVPVGVALGYAFGMASQGLTDDEPVIKLPEK
YPECMQAKDQI

1053

Arabadopsis
CMT2

MLSPAKCESEEAQAPLDLHSSSRSEPECLSLVLWCPNPEEAAPSSTRELIKLPDNGEMSL
RRSTTLNCNSPEENGGEGRVSQRKSSRGKSQPLIMLTNGCQLRRSPRFRALHANFDNVCS
VPVTKGGVSQRKFSRGKSQPLLTLTNGCQLRRSPRFRAVDGNEDSVCSVPVTGKFGSRKR
KSNSALDKKESSDSEGLTFKDIAVIAKSLEMEIISECQYKNNVAEGRSRLODPAKRKVDS
DTLLYSSINSSKQSLGSNKRMRRSQRFMKGTENEGEENLGKSKGKGMS LASCSFRRSTRL
SGTVETGNTETLNRRKDCGPALCGAEQVRGTERLVQISKKDHCCEAMKKCEGDGLV S SKQ
ELLVFPSGCIKKTVNGCRDRTLGKPRSSGLNTDDIHTSSLKISKNDT SNGLTMITALVEQ
DAMES LLQGKTSACGAADKGKTREMHVNSTVIYLSDSDEPSSIEYLNGDNLTQVESGSAL
SSGGNEGIVSLDLNNPTKSTKRKGKRVTRTAVQEQNKRSICFFIGEPLSCEEAQERWRWR
YELKERKSKSRGQQOSEDDEDKIVANVECHYSQAKVDGHTFSLGDFAYIKGEEEETHVGQT
VEFFKTTDGESYFRVOWFYRATDTIMERQATNHDKRRLEY STVMNDNPVDCL I SKVTVLQ
VSPRVGLKPNSIKSDYYFDMEYCVEYSTFQTLRNPKTSENKLECCADVVPTESTES ILKK
KSFSGELPVILDLYSGCGGMSTGLSLGAKISGVDVVTKWAVDONTAACKS LKLNHPNTQVR
NDAAGDFLQLLKEWDKLCKRYVENNDQRTDT LRSVNSTKETSGSSSSSDDDSDSEEYEVE
KLVDICFGDHDKTGKNGLKFKVHWKGYRSDEDTWELAEELSNCODAIREEFVT SGFKSKIL
PLPGRVGVICGGPPCQGISGYNRHRNVDSPLNDERNQQIIVEMDIVEYLKPSYVLMENVV
DILRMDKGSLGRYALSRLVNMRYQARLGIMIAGCYGLSQFRSRVFMWGAVPNKNLPPFPL
PTHDVIVRYGLPLEFERNVVAYAEGQPRKLEKALVLKDAI SDLPHVSNDEDREKLPYESL
PKTDFQRYIRSTKRDLTGSAIDNCNKRTMLLHDHRPFHINEDDYARVCQIPKRKGANERD
LPGLIVRNNTVCRDPSMEPVILPSGKPLVPGYVEFTFQQOGKSKRP FARLWWDETVPTVLTIV
PTCHSQALLHPEQDRVLTIRESARLOQGEFPDYFQFCGTIKERYCQIGNAVAVSVSRALGYS
LGMAFRGLARDEHLIKLPONFSHSTYPQLQETIPH

1054

Arabadopsis
CMT3

MAPKRKRPATKDDTTKSIPKPKKRAPKRAKTVKEEPVIVVEEGEKHVARFLDEPIPESEA
KSTWPDRYKPIEVQPPKAS SRKKTKDDEKVEIIRARCHYRRAIVDERQIYELNDDAYVQS
GEGKDPFICKIIEMFEGANGKLYFTARWFYRPSDTVMKEFEILIKKKRVEFSEIQDTNEL
GLLEKKLNIIMIPLNENTKETIPATENCDFFCDMNYFLPYDTFEAIQQETMMAISESSTI
SSDTDIREGAAAISEIGECSQETEGHKKATLLDLY SGCGAMSTGLCMGAQLS GLNLVTKW
AVDMNAHACKSLOQHNHPETNVRNMTAEDFLEFLLKEWEKLCIHFSLRNSPNSEEYANLHGL
NNVEDNEDVSEESENEDDGEVEFTVDKIVGISFGVPKKLLKRGLY LKVRWLNYDDSHDTWE
PIEGLSNCRGKIEEFVKLGYKSGILPLPGGVDVVCGGPPCQGISGHNRFRNLLDPLEDQK
NKQLLVYMNIVEYLKPKFVLMENVVDMLKMAKGYLARFAVGRLLOMNYQVRNGMMAAGAY
GLAQFRLRFFLWGALPSEI IPQFPLPTHDLVHRGNIVKEFQGNIVAYDEGHTVKLADKLL
LKDVISDLPAVANSEKRDEITYDKDPTTPFQKFIRLRKDEASGSQSKSKSKKHVLYDHHP
LNLNINDYERVCQVPKRKGANFRDFPGVIVGPGNVVKLEEGKERVKLE SGKT LVPDYALT
YVDGKSCKPFGRLWWDEIVPTVVTRAEPHNQVITIHPEONRVLSI RENARLQGEFPDDYKLE
GPPKQKYIQVGNAVAVPVAKALGYALGTAFQGLAVGKDPLLTLPEGFAFMKPTLPSELA

1055

Neurospora Rid

MAEQNPFVIDDEDDVIQIHDEEEVEEEVAEVIDITEDDIEPSELDRAFGSRPKEETLPSL
LLRDQGFIVRPGMTVELKAPIGRFAISFVRVNSIVKVROQAHVNNVTIRGHGETRAKEMNG
MLPKQINECCLVASIDTRDPRP

1056

E. coli strain
12 hsdM

MNNNDLVAKIWKLCDNLRDGGVSYONYVNELASLLFLKMCKETGQEAEYLPEGYRWDDLK
SRIGQEQLQEFYRKMLVHLGEDDKKLVQAVFHNVSTTITEPKQITALVSNMDS LDWYNGAH
GKSRDDFGDMYEGLLOKNANETKSGAGQYFTPRPLIKTITIHLLKPQPREVVQDPAAGTAG
FLIEADRYVKSQTNDLDDLDGDTQDFQIHRAFIGLELVPGTRRLALMNCLLHDIEGNLDH
GGAIRLGNTLGSDGENLPKAHIVATNPPFGSAAGTNITRTEFVHPTSNKQLCEFMQHIIETL
HPGGRAAVVVPDNVLFEGGKGTDIRRDLMDKCHLHTILRLPTGI FYAQGVKTNVLEFTKG
TVANPNQDKNCTDDVWVYDLRTNMPSFGKRTPFTDEHLQP FERVYGEDPHGLSPRTEGEW
SEFNAEETEVADSEENKNTDQHLATSRWRKEFSREWIRTAKSDSLDISWLKDKDSIDADSLP
EPDVLAAEAMGELVOALSELDALMRELGASDEADLOROLLEEAFGGVKE
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1057

E. coli strain
12 hsds

MSAGKLPEGWVIAPVSTVITLIRGVIYKKEQAINYLKDDYLPLIRANNIQONGKEFDTTDLV
FVPKNLVKESQKISPEDIVIAMS SGSKSVVGKSAHQHLPFECSFGAFCGVLRPEKLIFESG
FIAOFTKSSLYRNKISSLSAGANINNIKPASFDLINIPIPPILAEQKITAEKLDTLLAQVD
STKARFEQIPQILKRFROAVLGGAVNGKLTEKWRNFEPOQHSVFKKLNFESILTELRNGLS
SKPNESGVGHPILRISSVRAGHVDONDIRFLECSESELNRHKLODGDLLFTRYNGSLEFV
GVCGLLKKLQHONLLYPDKLIRARLTKDALPEYIEIFFSSPSARNAMMNCVKTTSGQKGI
SGKDIKSQVVLLPPVKEQAEIVRRVEQLFAYADTIEKQVNNALARVNNLTQS ITAKAFRG
ELTAQWRAENPDLISGENSAAALLEKIKAERAASGGKKASRKKS

1058

T. agquaticus M
Tagl

MGLPPLLSLPSNSAPRSLGRVETPPEVVDEMVSLAEAPRGGRVLEPACAHGP FLRAFREA
HGTAYREVGVEIDPKALDLPPWAEGILADFLLWEPGEAFDLILGNPPYGIVGEASKYPIH
VEFKAVKDLYKKAFSTWKGKYNLYGAFLEKAVRLLKPGGVLVEVVPATWLVLEDFALLREF
LAREGKTSVYYLGEVEFPOKKVSAVVIRFQKSGKGLSLWDTQESESGFTPILWAEY PHWEG
EITIRFETEETRKLEI SGMPLGDLFHIRFAARSPEFKKHPAVRKEPGPGLVPVLTGRNLKP
GWVDYEKNHSGLWMPKERAKELRDFYATPHLVVAHTKGTRVVAAWDERAYPWREEFHLLP
KEGVRLDPSSLVOQWLNSEAMOQKHVRTLYRDFVPHLTLRMLERLPVRREYGFHT SPESARN
F

1058

E. coli M
EcoDam

MKKNRAFLKWAGGKYPLLDDIKRHLPKGECLVEPFVGAGSVFLNTDFSRYILADINSDLI
SLYNIVKMRTDEYVQAARELEVPETNCAEVYYQFREEFNKSQDP FRRAVLEFLYLNRYGYN
GLCRYNLRGEFNVPFGRYKKPYFPEAELYHFAEKAQNAFFYCESYADSMARADDASVVYC
DPPYAPLSATANFTAYHINSFTLEQQAHLAETAEGLVERHIPVLISNHDTMLTREWYQRA
KLHVVKVRRSISSNGGTRKKVDELLALYKPGVVSPAKK

1060

C. crescentus M
CcrMI

MKFGPETIIHGDCIEQMNALPEKSVDLIFADPPYNLQLGGDLLRPDNSKVDAVDDHWDQF
ESFAAYDKFTREWLKAARRVLKDDGAIWVIGSYHNIFRVGVAVODLGEFWILNDIVWRKSN
PMPNFKGTRFANAHETLIWASKSONAKRYTEFNYDALKMANDEVOMRSDWTIPLCTGEERI
KGADGQKAHPTQKPEALLYRVILSTTKPGDVILDPFFGVGTTGAAAKRLGRKFIGIEREA
EYLEHAKARIAKVVPIAPEDLDVMGSKRAEPRVPFGTIVEAGLLSPGDTLYCSKGTHVAK
VRPDGSITVGDLSGSIHKIGALVQSAPACNGWTYWHEFKTDAGLAPIDVLRAQVRAGMN

1061

C. difficile
CamA

MDDISQDNFLLSKEYENSLDVDTKKASGIYYTPKIIVDYIVKKTLKNHDIIKNPYPRILD
ISCGCGNFLLEVYDILYDLFEENIYELKKKYDENYWTVDNIHRHILNYCIYGADIDEKAT
SILKDSLTNKKVVNDLDESDIKINLFCCDSLKKKWRYKFDYIVGNPPYIGHKKLEKKYKK
FLLEKYSEVYKDKADLYFCFYKKIIDILKQGGIGSVITPRYFLESLSGKDLREYIKSNVN
VOQEIVDFLGANIFKNIGVS SCILTFDKKKTKETYIDVFKIKNEDICINKEFETLEELLKSS
KFEHFNINQRLLSDEWILVNKDDETEYNKIQEKCKYSLEDIAISFQGIITGCDKAFILSK
DDVKLNLVDDKFLKCWIKSKNINKYIVDKSEYRLIYSNDIDNENTNKRILDEIIGLYKTK
LENRRECKSGIRKWYELOQWGREKLFFERKKIMYPYKSNENRFAIDYDNNESSADVYSFEI
KEEYLDKESYEYLVGILNS SVYDKYFKITAKKMSKNIYDYYPNKVMKIRIFRDNNYEEIE
NLSKQIISILLNKSIDKGKVEKLQIKMDNLIMDSLGI

1062

KAP1

MAASAAAASAAAASAASGSPGPGEGSAGGEKRSTAPSAAASASASAAASSPAGGGAEALE
LLEHCGVCRERLRPEREPRLLPCLHSACSACLGPAAPAAANSSGDGGAAGDGTVVDCPVC
KQQCFSKDIVENYEFMRDSGSKAATDAQDANQCCTSCEDNAPATSYCVECSEPLCETCVEA
HOQRVKYTKDHTVRSTGPAKSRDGERTVYCNVHKHEPLVLFCESCDTLT CRDCQLNAHKDH
QYQFLEDAVRNQRKLLASLVKRLGDKHATLOQKSTKEVRSSIRQVSDVQKRVQVDVKMAIL
QIMKELNKRGRVLVNDAQKVTEGQQERLERQHWIMTKIQKHQEHILRFASWALESDNNTA
LLLSKKLIYFQLHRALKMIVDPVEPHGEMKFQWDLNAWTKSAEAFGKIVAERPGTNSTGP
APMAPPRAPGPLSKQGSGSSQPMEVQEGYGEGSGDDPYSSAEPHVSGVKRSRSGEGEVSG
LMRKVPRVSLERLDLDLTADSQPPVEKVFPGSTTEDYNLIVIERGAAAAATGQPGTAPAG
TPGAPPLAGMAIVKEEETEAAIGAPPTATEGPETKPVIMALAEGPGAEGPRLASPSGSTS
SGLEVVAPEGTSAPGGGPGTLDDSATICRVCQKPGDLVMCNQCEFCFHLDCHLPALQDVP
GEEWSCSLCHVLPDLKEEDGSLSLDGADSTGVVAKLS PANQRKCERVLLALEFCHEPCRPL
HQLATDSTFSLDQPGGTLDLTLIRARLQEKLSPPYSSPOQEFAQDVGRMEKQFNKLT EDKA
DVOSIIGLOQRFFETRMNEAFGDTKFSAVLVEPPPMSLPGAGLSSQELSGGPGDGP

1063

MECP2

MVAGMLGLREEKSEDQDLQGLKDKPLKFKKVKKDKKEEKEGKHEPVQP SAHHSAEPAEAG
KAETSEGSGSAPAVPEASASPKQRRSIIRDRGPMYDDPTLPEGWTRKLKQRKSGRSAGKY
DVYLINPQGKAFRSKVELIAYFEKVGDTSLDPNDFDEFTVTGRGSPSRREQKPPKKPKSPK
APGTGRGRGRPKGSGTTRPKAAT SEGVQVKRVLEKSPGKLLVKMPFQT SPGGKAEGGGAT
TSTQVMVIKRPGRKRKAEADPQATIPKKRGRKPGSVVAAAAAEAKKKAVKESSIRSVQETV
LPIKKRKTRETVSIEVKEVVKPLLVSTLGEKSGKGLKTCKSPGRKSKESSPKGRSSSASS
PPKKEHHHHHHHSESPKAPVPLLPPLPPPPPEPESSEDPTSPPEPQODLSSSVCKEEKMPR
GGSLESDGCPKEPAKTQPAVATAATAAEKYKHRGEGERKDIVSS SMPRPNREEPVDSRTP
VTERVS

1064

linker

SGSETPGTSESATPES

1065

linker

SGGS

1066

linker

SGGSSGSETPGTSESATPESSGGS

1067

linker

SGG3SGGSSGSETPGTSESATPESSGGSSGGS

1068

linker

GGSGGSPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTE
PSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGGSGGES
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1069

XTEN linker
(XTENL1G)

SGSETPGTSESATPES

1070

XTEN linker

SGGSSGGSSGSETPGTSESATPES

1071

XTEN linker

SGG3SGGSSGSETPGTSESATPESSGGSSGGSSGGSSGGES

1072

XTEN linker

SGGSSGGSSGSETPGTSESATPESSGGSSGGSSGGSSGGS SGSETPGTSESATPESSGGS
SGGS

1073

XTEN linker

PGSPAGSPTSTEEGT SESATPESGPGT STEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA
PGTSTEPSEGSAPGTSESATPESGPGSEPATS

1074

NLS

PKKKRKV

1075

NLS

AVKRPAATKKAGQAKKKKLD

1076

NLS

MSRRRKANPTKLSENAKKLAKEVEN

1077

NLS

PAAKRVKLD

1078

NLS

KLKIKRPVK

1079

NLS

MDSLLMNRRKFLYQFKNVRWAKGRRETYLC

1082

XTEN linker
(XTENS8O)

GGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEE
GTSTEPSEGSAPGTSTEPSE

1236

Plasmid for
fusion protein
with mRNAOOL

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTG
CTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAA
GAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATAGTAAT CAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC
CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGG
GACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGT
ATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAG
AGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAAGGAGACCCAAGC
TACCGGTGCCACCATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCG
CAAGGTCAATCACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGA
GAAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTC
TATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTC
CGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCC
CTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCG
GCTGTTCTTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAG
ACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACAT
CTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACA
CAGAGCCAGGTATTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGT
GAATGACAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCC
CGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTGTTCGG
CTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAAGGCAGCGGCTGCT
GGGCAGATCTTGGAGCGTGCCCGTGAT CAGGCACCTGTTCGCCCCTCTGAAGGAGTATTT
TGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGGCCCCTCTTTCAGCTCCGG
ATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGA
GGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTC
TCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGA
GGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGACGATGA
CGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAA
TCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCAC
CAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTCG
CAGCGGACTGCTGCAGCGGAGAAGGAAGT GGAGAT CCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGT
GAGGGTGCTGAGCCTGTTCGAGGATAT CAAGAAGGAGCTGACATCCCTGGGCTTTCTGGA
GTCCGGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAA
GGATGTGGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGC
AAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAAT CTGGTGCT
GAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCC
AGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCAT
CAGAAGCAGGCACTGGGCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAA
GCAGAGCAGCAAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCC
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ACTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTC
CTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGA
GGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCACCAGCAC
AGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGTCCCG
GCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAACTTTTCAAAGAAGTTCAA
TCTCCTTCAGCATACCCGGACCCACACTGGAGAGAAACCCTTITCAGTGCAGGATATGTAT
GCGGAATTTTTCCCGGCAAGATAATTTGAATTCCCATTTGAGAACACATACCGGGAGTCA
GAAGCCTTTCCAATGCCGGATTTGCATGAGGAACTTCTCCCGAAGCCATAATTTGAAACT
CCATACTAGAACACATACAGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTT
TAGCCAATCAACCACTCTTAAACGCCATCTGAGAACGCATACAGGTAGTCAGAAGCCTTT
TCAGTGCAGGATCTGCATGAGGAATTTTAGT CGCAACACGAACTTGACTAGACACACAAG
AACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAGCATTAA
ACACAACCTGGCAAGGCATCTGAGGACTCATTTGCGCGGGTCTAGCCCCAAGAAGAAGAG
AAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCAC
CCCTGAGTCCCGGACCCTGGTGACATT CAAGGACGTGTTCGTGGACTTCACCCGGGAGGA
GTGGAAGCTGCTGGACACAGCCCAGCAGATCGTGTACAGGAACGTGATGCTGGAGAACTA
TAAGAATCTGGTGTCTCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGA
GAAGGGAGAGGAGCCCTGGCTGGTGTAGTCTAGAAATCAACCTCTGGATTACAAAATTTG
TGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGC
TTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTITTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGT
GGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCA
GCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTT
GTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCG
CGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGG
CCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGT CGGAT
CTCCCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAARARNAAARAA
AAAAAPAAARAARAARPAAARARARAAAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACCCGCTGA
TCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCT
TCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAAT GAGGAAATTGCA
TCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGETGGGGTGGGGCAGGACAGCAAG
GGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCT
GAGGCGGAAAGAACCAGCTGCATTAAT GAATCGGCCAACGCGCGGGGAGAGGCGGTTTGC
GTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGC
GGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA
ACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAARAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCT
CAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAA
GCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGT
AGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCG
CCTTATCCGGTAACTATCGTCTTGAGT CCAACCCGGTAAGACACGACTTATCGCCACTGG
CAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT
TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGCTATCTGCGCTCTGC
TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAARAAGGATCT CAAG
AAGATCCTTTGATCTTTTCTACGGGGTCTGACGCT CAGTGGAACGAAAACTCACGTTAAG
GGATTTTGGTCATGAGATTATCAAAAAGGAT CTTCACCTAGATCCTTTTAAATTAAAAAT
GAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCT
TAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGAC
TCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAA
TGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATT
GTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTT
CCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAARAAGCGGTTAGCTCCT
TCGGTCCTCCGATCGTTGT CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTG
AGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGG
CGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAA
AACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT CCAGTTCGATGT
AACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGT
GAGCAAAAACAGGAAGGCAAAATGCCGCAAAAANGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCA
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TGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACAT
TTCCCCGAAAAGTGCCACCTGA

1237

Plasmid for

fusion protein
with mRNAQOO2

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTG
CTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAA
GAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATAGTAAT CAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC
CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGG
GACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGT
ATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAG
AGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAAGGAGACCCAAGC
TACCGGTGCCACCATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCG
CAAGGTCAATCACGATCAGGAGTITCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGA
GAAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTC
TATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTC
CGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCC
CTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCG
GCTGTTCTTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAG
ACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACAT
CTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACA
CAGAGCCAGGTATTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGT
GAATGACAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCC
CGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTGTTCGG
CTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAAGGCAGCGGCTGCT
GGGCAGATCTTGGAGCGTGCCCGTGAT CAGGCACCTGTTCGCCCCTCTGAAGGAGTATTT
TGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGGCCCCTCTTTCAGCTCCGG
ATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGA
GGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTC
TCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGA
GGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGACGATGA
CGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAA
TCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCAC
CAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTCG
CAGCGGACTGCTGCAGCGGAGAAGGAAGT GGAGAT CCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGT
GAGGGTGCTGAGCCTGTTCGAGGATAT CAAGAAGGAGCTGACATCCCTGGGCTTTCTGGA
GTCCGGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAA
GGATGTGGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGC
AAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAAT CTGGTGCT
GAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCC
AGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCAT
CAGAAGCAGGCACTGGGCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAA
GCAGAGCAGCAAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCC
ACTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTC
CTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGA
GGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCACCAGCAC
AGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGTCCCG
GCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAACTTTTCAAAGAAGTTCAA
TCTGCTTCAGCACACCCGGACCCACACTGGAGAGAAACCCTTITCAGTGCAGGATATGTAT
GCGGAATTTTTCCCGAAAAGATTACTTGATTAGCCACCTCCGAACACATACCGGGAGTCA
GAAGCCTTTCCAATGCCGGATTTGCATGAGGAACTTCTCCAGGAGCCACAACCTTAAACT
GCACACAAGAACACATACAGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTT
TAGCCAATCCACAACATTGAAAAGACATCTTCGGACGCATACAGGTAGTCAGAAGCCTTT
TCAGTGCAGGATCTGCATGAGGAATTTTAGT CGACAAGATAATCTTGGCCGACATCTTCG
AACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAGCGTAGT
AAACAACTTGAACAGACACTTGAAAACTCATTTGCGCGGGTCTAGCCCCAAGAAGAAGAG
AAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCAC
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CCCTGAGTCCCGGACCCTGGTGACATT CAAGGACGTGTTCGTGGACTTCACCCGGGAGGA
GTGGAAGCTGCTGGACACAGCCCAGCAGATCGTGTACAGGAACGTGATGCTGGAGAACTA
TAAGAATCTGGTGTCTCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGA
GAAGGGAGAGGAGCCCTGGCTGGTGTAGT CTAGAAATCAACCTCTGGATTACAAAATTTG
TGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGC
TTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTITTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGT
GGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCA
GCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTT
GTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCG
CGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGG
CCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGT CGGAT
CTCCCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAARARNAAARAA
AAAAAPAAARAARAARPAAARARARAAAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACCCGCTGA
TCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCT
TCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAAT GAGGAAATTGCA
TCGCATTGTCTGAGTAGGTGTCATTCTATTICTGGGGGGETGGGET GGGGCAGGACAGCAAG
GGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCT
GAGGCGGAAAGAACCAGCTGCATTAAT GAATCGGCCAACGCGCGGGGAGAGGCGGTTTGC
GTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGC
GGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA
ACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAARAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCT
CAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAA
GCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGT
AGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCG
CCTTATCCGGTAACTATCGTCTTGAGT CCAACCCGGTAAGACACGACTTATCGCCACTGG
CAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT
TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGC
TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAARAAGGATCT CAAG
AAGATCCTTTGATCTTTTCTACGGGGTCTGACGCT CAGTGGAACGAAAACTCACGTTAAG
GGATTTTGGTCATGAGATTATCAAAAAGGAT CTTCACCTAGATCCTTTTAAATTAAAAAT
GAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCT
TAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGAC
TCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAA
TGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATT
GTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTT
CCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAARAAGCGGTTAGCTCCT
TCGGTCCTCCGATCGTTGT CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTG
AGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGG
CGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAA
AACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT CCAGTTCGATGT
AACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGT
GAGCAAAAACAGGAAGGCAAAATGCCGCAAAAANGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCA
TGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACAT
TTCCCCGAAAAGTGCCACCTGA

1238

Plasmid for
fusion protein
with mRNAQOOO3

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTG
CTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAA
GAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATAGTAAT CAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC
CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGG
GACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGT
ATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAG
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AGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAAGGAGACCCAAGC
TACCGGTGCCACCATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCG
CAAGGTCAATCACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGA
GAAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTC
TATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTC
CGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCC
CTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCG
GCTGTTCTTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAG
ACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACAT
CTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACA
CAGAGCCAGGTATTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGT
GAATGACAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCC
CGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTGTTCGG
CTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAAGGCAGCGGCTGCT
GGGCAGATCTTGGAGCGTGCCCGTGAT CAGGCACCTGTTCGCCCCTCTGAAGGAGTATTT
TGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGGCCCCTCTTTCAGCTCCGG
ATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGA
GGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTC
TCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGA
GGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGACGATGA
CGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAA
TCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCAC
CAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTCG
CAGCGGACTGCTGCAGCGGAGAAGGAAGT GGAGAT CCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGT
GAGGGTGCTGAGCCTGTTCGAGGATAT CAAGAAGGAGCTGACATCCCTGGGCTTTCTGGA
GTCCGGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAA
GGATGTGGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGC
AAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAAT CTGGTGCT
GAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCC
AGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCAT
CAGAAGCAGGCACTGGGCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAA
GCAGAGCAGCAAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCC
ACTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTC
CTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGA
GGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCACCAGCAC
AGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGTCCCG
GCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAACTTTTCAAAAAAGTTTAA
CCTTCTCCAACACACACGAACCCACACTGGAGAGAAACCCTTTCAGTGCAGGATATGTAT
GCGGAATTTTTCCAGAAAAGATTATTTGATCAGTCATCTGCGAACACATACCGGGAGTCA
GAAGCCTTTCCAATGCCGGATTTGCATGAGGAACTTCTCCAGGAGTCATAACCTCCGGTT
GCACACACGCACACATACAGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTT
TAGCCAGAGTACGACCCTGAAGAGACATCTGCGGACGCATACAGGTAGTCAGAAGCCTTT
TCAGTGCAGGATCTGCATGAGGAATTTTAGT CGGCAAGATAATTTGGGGAGACACTTGAG
AACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAGCGTTGT
GAATAATTTGAATCGGCATCTCAAAACTCATTTGCGCGGGTCTAGCCCCAAGAAGAAGAG
AAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCAC
CCCTGAGTCCCGGACCCTGGTGACATT CAAGGACGTGTTCGTGGACTTCACCCGGGAGGA
GTGGAAGCTGCTGGACACAGCCCAGCAGATCGTGTACAGGAACGTGATGCTGGAGAACTA
TAAGAATCTGGTGTCTCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGA
GAAGGGAGAGGAGCCCTGGCTGGTGTAGT CTAGAAATCAACCTCTGGATTACAAAATTTG
TGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGC
TTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTITTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGT
GGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCA
GCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTT
GTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCG
CGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGG
CCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGT CGGAT
CTCCCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAARARNAAARAA
AAAAAPAAARAARAARPAAARARARAAAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACCCGCTGA
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TCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCT
TCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAAT GAGGAAATTGCA
TCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGETGGGGTGGGGCAGGACAGCAAG
GGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCT
GAGGCGGAAAGAACCAGCTGCATTAAT GAATCGGCCAACGCGCGGGGAGAGGCGGTTTGC
GTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGC
GGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA
ACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAARAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCT
CAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAA
GCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGT
AGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCG
CCTTATCCGGTAACTATCGTCTTGAGT CCAACCCGGTAAGACACGACTTATCGCCACTGG
CAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT
TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGC
TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAARAAGGATCT CAAG
AAGATCCTTTGATCTITTITCTACGGGGT CTGACGCT CAGTGGAACGAAAACTCACGTTAAG
GGATTTTGGTCATGAGATTATCAAAAAGGAT CTTCACCTAGATCCTTTTAAATTAAAAAT
GAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCT
TAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGAC
TCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAA
TGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATT
GTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTT
CCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAARAAGCGGTTAGCTCCT
TCGGTCCTCCGATCGTTGT CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTG
AGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGG
CGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAA
AACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT CCAGTTCGATGT
AACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGT
GAGCAAAAACAGGAAGGCAAAATGCCGCAAAAANGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCA
TGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACAT
TTCCCCGAAAAGTGCCACCTGA

1239

Plasmid for
fusion protein
with mRNA00O4

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTG
CTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAA
GAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATAGTAAT CAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC
CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGG
GACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGT
ATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAG
AGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAAGGAGACCCAAGC
TACCGGTGCCACCATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCG
CAAGGTCAATCACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGA
GAAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTC
TATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTC
CGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCC
CTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCG
GCTGTTCTTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAG
ACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACAT
CTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACA
CAGAGCCAGGTATTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGT
GAATGACAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCC
CGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTGTTCGG
CTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAAGGCAGCGGCTGCT
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GGGCAGATCTTGGAGCGTGCCCGTGAT CAGGCACCTGTTCGCCCCTCTGAAGGAGTATTT
TGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGGCCCCTCTTTCAGCTCCGG
ATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGA
GGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTC
TCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGA
GGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGACGATGA
CGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAA
TCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCAC
CAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTCG
CAGCGGACTGCTGCAGCGGAGAAGGAAGT GGAGAT CCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGT
GAGGGTGCTGAGCCTGTTCGAGGATAT CAAGAAGGAGCTGACATCCCTGGGCTTTCTGGA
GTCCGGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAA
GGATGTGGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGC
AAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAAT CTGGTGCT
GAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCC
AGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCAT
CAGAAGCAGGCACTGGGCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAA
GCAGAGCAGCAAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCC
ACTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTC
CTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGA
GGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCACCAGCAC
AGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGTCCCG
GCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAACTTTTCACGACGCCACAT
TTTGGACAGACATACTCGGACCCACACTGGAGAGAAACCCTTITCAGTGCAGGATATGTAT
GCGGAATTTTTCCCGCCAGGACAACTTGGGGCGGCATCTGCGCACACATACCGGGAGTCA
GAAGCCTTTCCAATGCCGGATTTGCATGAGGAACTTCTCCCAATCTACCACTCTITAAACG
ACACTTGCGCACACATACAGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTT
TAGCCGCCGGGACGGCCTGGCAGGGCACCTTAAGACGCATACAGGTAGTCAGAAGCCTTT
TCAGTGCAGGATCTGCATGAGGAATTTTAGTGTTCATCATAACCTCGTTAGGCATCTGAG
AACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAGCATCAG
TCACAATTTGGCGCGGCACCTTAAGACTCATTTGCGCGGGTCTAGCCCCAAGAAGAAGAG
AAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCAC
CCCTGAGTCCCGGACCCTGGTGACATT CAAGGACGTGTTCGTGGACTTCACCCGGGAGGA
GTGGAAGCTGCTGGACACAGCCCAGCAGATCGTGTACAGGAACGTGATGCTGGAGAACTA
TAAGAATCTGGTGTCTCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGA
GAAGGGAGAGGAGCCCTGGCTGGTGTAGT CTAGAAATCAACCTCTGGATTACAAAATTTG
TGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGC
TTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTITTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGT
GGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCA
GCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTT
GTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCG
CGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGG
CCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGT CGGAT
CTCCCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAARARNAAARAA
AAAAAPAAARAARAARPAAARARARAAAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACCCGCTGA
TCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCT
TCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAAT GAGGAAATTGCA
TCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGETGGGGTGGGGCAGGACAGCAAG
GGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCT
GAGGCGGAAAGAACCAGCTGCATTAAT GAATCGGCCAACGCGCGGGGAGAGGCGGTTTGC
GTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGC
GGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA
ACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAARAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCT
CAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAA
GCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGT
AGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCG
CCTTATCCGGTAACTATCGTCTTGAGT CCAACCCGGTAAGACACGACTTATCGCCACTGG
CAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT
TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGC
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TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAARAAGGATCT CAAG
AAGATCCTTTGATCTTTTCTACGGGGTCTGACGCT CAGTGGAACGAAAACTCACGTTAAG
GGATTTTGGTCATGAGATTATCAAAAAGGAT CTTCACCTAGATCCTTTTAAATTAAAAAT
GAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCT
TAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGAC
TCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAA
TGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATT
GTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTT
CCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAARAAGCGGTTAGCTCCT
TCGGTCCTCCGATCGTTGT CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTG
AGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGG
CGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAA
AACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT CCAGTTCGATGT
AACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGT
GAGCAAAAACAGGAAGGCAAAAT GCCGCARAAAANGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCA
TGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACAT
TTCCCCGAAAAGTGCCACCTGA
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CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTG
CTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAA
GAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATAGTAAT CAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC
CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGG
GACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGT
ATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAG
AGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAAGGAGACCCAAGC
TACCGGTGCCACCATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCG
CAAGGTCAATCACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGA
GAAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTC
TATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTC
CGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCC
CTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCG
GCTGTTCTTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAG
ACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACAT
CTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACA
CAGAGCCAGGTATTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGT
GAATGACAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCC
CGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTGTTCGG
CTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAAGGCAGCGGCTGCT
GGGCAGATCTTGGAGCGTGCCCGTGAT CAGGCACCTGTTCGCCCCTCTGAAGGAGTATTT
TGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGGCCCCTCTTTCAGCTCCGG
ATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGA
GGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTC
TCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGA
GGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGACGATGA
CGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAA
TCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCAC
CAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTCG
CAGCGGACTGCTGCAGCGGAGAAGGAAGT GGAGAT CCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGT
GAGGGTGCTGAGCCTGTTCGAGGATAT CAAGAAGGAGCTGACATCCCTGGGCTTTCTGGA
GTCCGGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAA
GGATGTGGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGC
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AAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAAT CTGGTGCT
GAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCC
AGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCAT
CAGAAGCAGGCACTGGGCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAA
GCAGAGCAGCAAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCC
ACTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTC
CTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGA
GGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCACCAGCAC
AGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGTCCCG
GCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAACTTTTCACGCCGGGAGGT
ATTGGAAAACCATTTGCGAACCCACACTGGAGAGAAACCCTTITCAGTGCAGGATATGTAT
GCGGAATTTTTCCCGGCGGGATAATCTCAATCGGCACTTGAAAACACATACCGGGAGTCA
GAAGCCTTTCCAATGCCGGATTTGCATGAGGAACTTCTCCCAATCCACTACCCTCAAGCG
ACATCTGCGGACACATACAGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTT
TAGCCGAAGGGATGGGCTGGCGGGCCATCTTAAGACGCATACAGGTAGTCAGAAGCCTTT
TCAGTGCAGGATCTGCATGAGGAATTTTAGTGTCCATCACAACCTGGTCAGACACCTTAG
GACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAGCATATC
ACATAACCTTGCCCGACACTTGAAGACTCATTTGCGCGGGTCTAGCCCCAAGAAGAAGAG
AAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCAC
CCCTGAGTCCCGGACCCTGGTGACATT CAAGGACGTGTTCGTGGACTTCACCCGGGAGGA
GTGGAAGCTGCTGGACACAGCCCAGCAGATCGTGTACAGGAACGTGATGCTGGAGAACTA
TAAGAATCTGGTGTCTCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGA
GAAGGGAGAGGAGCCCTGGCTGGTGTAGT CTAGAAATCAACCTCTGGATTACAAAATTTG
TGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGC
TTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTITTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGT
GGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCA
GCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTT
GTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCG
CGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGG
CCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGT CGGAT
CTCCCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAARARNAAARAA
AAAAAPAAARAARAARPAAARARARAAAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACCCGCTGA
TCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCT
TCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAAT GAGGAAATTGCA
TCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGETGGGGTGGGGCAGGACAGCAAG
GGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCT
GAGGCGGAAAGAACCAGCTGCATTAAT GAATCGGCCAACGCGCGGGGAGAGGCGGTTTGC
GTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGC
GGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA
ACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAARAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCT
CAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAA
GCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGT
AGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCG
CCTTATCCGGTAACTATCGTCTTGAGT CCAACCCGGTAAGACACGACTTATCGCCACTGG
CAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT
TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGC
TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAARAAGGATCT CAAG
AAGATCCTTTGATCTTTTCTACGGGGTCTGACGCT CAGTGGAACGAAAACTCACGTTAAG
GGATTTTGGTCATGAGATTATCAAAAAGGAT CTTCACCTAGATCCTTTTAAATTAAAAAT
GAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCT
TAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGAC
TCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAA
TGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATT
GTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTT
CCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAARAAGCGGTTAGCTCCT
TCGGTCCTCCGATCGTTGT CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTG
AGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGG
CGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAA
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AACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT CCAGTTCGATGT
AACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGT
GAGCAAAAACAGGAAGGCAAAATGCCGCAAAAANGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCA
TGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACAT
TTCCCCGAAAAGTGCCACCTGA

1241

Plasmid for
fusion fusion
protein with

mRNAOQO6

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTG
CTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAA
GAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATAGTAAT CAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC
CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGG
GACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGT
ATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACT CCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAG
AGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAAGGAGACCCAAGC
TACCGGTGCCACCATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCG
CAAGGTCAATCACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGA
GAAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTC
TATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTC
CGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCC
CTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCG
GCTGTTCTTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAG
ACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACAT
CTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACA
CAGAGCCAGGTATTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGT
GAATGACAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCC
CGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTGTTCGG
CTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAAGGCAGCGGCTGCT
GGGCAGATCTTGGAGCGTGCCCGTGAT CAGGCACCTGTTCGCCCCTCTGAAGGAGTATTT
TGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGGCCCCTCTTTCAGCTCCGG
ATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGA
GGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTC
TCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGA
GGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGACGATGA
CGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAA
TCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCAC
CAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTCG
CAGCGGACTGCTGCAGCGGAGAAGGAAGT GGAGAT CCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGT
GAGGGTGCTGAGCCTGTTCGAGGATAT CAAGAAGGAGCTGACATCCCTGGGCTTTCTGGA
GTCCGGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAA
GGATGTGGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGC
AAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAAT CTGGTGCT
GAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCC
AGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCAT
CAGAAGCAGGCACTGGGCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAA
GCAGAGCAGCAAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCC
ACTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTC
CTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGA
GGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCACCAGCAC
AGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGTCCCG
GCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAACTTTTCACGCAGGGCAGT
GTTGGATAGACATACCCGGACCCACACTGGAGAGAAACCCTTTCAGTGCAGGATATGTAT
GCGGAATTTTTCCCGACAAGATAATCTGGGGAGGCATCTGCGGACACATACCGGGAGTCA
GAAGCCTTTCCAATGCCGGATTTGCATGAGGAACTTCTCCCAATCAACTACCCTGAAGCG
ACATCTGCGCACACATACAGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTT
TAGCCGCCGCGATGGGCTGGCTGGACACCTGAAGACGCATACAGGTAGTCAGAAGCCTTT
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TCAGTGCAGGATCTGCATGAGGAATTTTAGTGTTCATCACAACTTGGTCCGACACCTTCG
GACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAGCATTTC
ACACAACCTCGCGCGCCACTTGAAAACTCATTTGCGCGGGTCTAGCCCCAAGAAGAAGAG
AAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCAC
CCCTGAGTCCCGGACCCTGGTGACATT CAAGGACGTGTTCGTGGACTTCACCCGGGAGGA
GTGGAAGCTGCTGGACACAGCCCAGCAGATCGTGTACAGGAACGTGATGCTGGAGAACTA
TAAGAATCTGGTGTCTCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGA
GAAGGGAGAGGAGCCCTGGCTGGTGTAGT CTAGAAATCAACCTCTGGATTACAAAATTTG
TGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGC
TTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTITTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGT
GGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCA
GCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTT
GTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCG
CGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGG
CCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGT CGGAT
CTCCCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAARARNAAARAA
AAAAARARARARAAARAPARARARAAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACCCGCTGA
TCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCT
TCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAAT GAGGAAATTGCA
TCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGETGGGGTGGGGCAGGACAGCAAG
GGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCT
GAGGCGGAAAGAACCAGCTGCATTAAT GAATCGGCCAACGCGCGGGGAGAGGCGGTTTGC
GTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGC
GGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA
ACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAARAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCT
CAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAA
GCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGT
AGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCG
CCTTATCCGGTAACTATCGTCTTGAGT CCAACCCGGTAAGACACGACTTATCGCCACTGG
CAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT
TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGC
TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAARAAGGATCT CAAG
AAGATCCTTTGATCTTTTCTACGGGGTCTGACGCT CAGTGGAACGAAAACTCACGTTAAG
GGATTTTGGTCATGAGATTATCAAAAAGGAT CTTCACCTAGATCCTTTTAAATTAAAAAT
GAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCT
TAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGAC
TCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAA
TGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATT
GTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTITGGTATGGCTTCATTCAGCTCCGGTT
CCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAARAAGCGGTTAGCTCCT
TCGGTCCTCCGATCGTTGT CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTG
AGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGG
CGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAA
AACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT CCAGTTCGATGT
AACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGT
GAGCAAAAACAGGAAGGCAAAATGCCGCAAAAANGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCA
TGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACAT
TTCCCCGAAAAGTGCCACCTGA

1242

Plasmid for
fusion protein
with mRNAQOO21

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTG
CTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAA
GAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATAGTAAT CAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC
CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGG
GACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGT
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ATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAG
AGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAAGGAGACCCAAGC
TACCGGTGCCACCATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCG
CAAGGTCAATCACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGA
GAAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTC
TATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTC
CGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCC
CTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCG
GCTGTTCTTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAG
ACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACAT
CTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACA
CAGAGCCAGGTATTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGT
GAATGACAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCC
CGTGTTCATGAACGAGAAGGAGGACAT CCTGTGGT GTACCGAGATGGAGAGAGTGTTCGG
CTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAAGGCAGCGGCTGCT
GGGCAGATCTTGGAGCGTGCCCGTGAT CAGGCACCTGTTCGCCCCTCTGAAGGAGTATTT
TGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGGCCCCTCTTTCAGCTCCGG
ATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGA
GGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTC
TCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGA
GGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGACGATGA
CGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAA
TCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCAC
CAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTCG
CAGCGGACTGCTGCAGCGGAGAAGGAAGT GGAGAT CCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGT
GAGGGTGCTGAGCCTGTTCGAGGATAT CAAGAAGGAGCTGACATCCCTGGGCTTTCTGGA
GTCCGGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAA
GGATGTGGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGC
AAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAAT CTGGTGCT
GAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCC
AGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCAT
CAGAAGCAGGCACTGGGCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAA
GCAGAGCAGCAAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCC
ACTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTC
CTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGA
GGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCACCAGCAC
AGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGTCCCG
GCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAACTTTITCAAGAGCAGATAA
TCTGGGTCGGCACCTCCGCACCCACACTGGAGAGAAACCCTTTCAGTGCAGGATATGTAT
GCGGAATTTTTCCCGCAACACGCATCTCAGTTATCACCTTAAAACACATACCGGGAGTCA
GAAGCCTTTCCAATGCCGGATTT GCATGAGGAACTTCTCCAGGGGCGACGGCTTGAGGCG
GCATCTTCGCACACATACAGGCGAGAAGCCATTCCAGTGTAGGATCTGCATGCGCAATTT
TAGCCGCAGAGACAATTTGAACAGACATCTCAAAACGCATACAGGTAGTCAGAAGCCTTT
TCAGTGCAGGATCTGCATGAGGAATTTTAGT CGAGCAAGAAACTTGACGCTGCACACCCG
GACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTTCAGCGACCC
TTCATCTTTGAAGCGCCATCTTCGCACTCATTTGCGCGGGTCTAGCCCCAAGAAGAAGAG
AAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCAC
CCCTGAGTCCCGGACCCTGGTGACATT CAAGGACGTGTTCGTGGACTTCACCCGGGAGGA
GTGGAAGCTGCTGGACACAGCCCAGCAGATCGTGTACAGGAACGTGATGCTGGAGAACTA
TAAGAATCTGGTGTCTCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGA
GAAGGGAGAGGAGCCCTGGCTGGTGTAGT CTAGAAATCAACCTCTGGATTACAAAATTTG
TGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGC
TTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTITTCTCCTCCTTGTA
TAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGT
GGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCA
GCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTT
GTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCG
CGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGG

-173-




WO 2024/064910

PCT/US2023/074931

SEQ

Description

Sequence

CCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGT CGGAT
CTCCCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAAAAAAAAAARARNAAARAA
AAAAAPAAARAARAARPAAARARARAAAACTAGTGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAAACCCGCTGA
TCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCT
TCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAAT GAGGAAATTGCA
TCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGETGGGGTGGGGCAGGACAGCAAG
GGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCT
GAGGCGGAAAGAACCAGCTGCATTAAT GAATCGGCCAACGCGCGGGGAGAGGCGGTTTGC
GTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGC
GGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA
ACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAARAAGGCCG
CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCT
CAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAA
GCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGT
AGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCG
CCTTATCCGGTAACTATCGTCTTGAGT CCAACCCGGTAAGACACGACTTATCGCCACTGG
CAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT
TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGC
TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCG
CTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAARAAGGATCT CAAG
AAGATCCTTTGATCTTTTCTACGGGGTCTGACGCT CAGTGGAACGAAAACTCACGTTAAG
GGATTTTGGTCATGAGATTATCAAAAAGGAT CTTCACCTAGATCCTTTTAAATTAAAAAT
GAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCT
TAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGAC
TCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAA
TGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATT
GTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTT
CCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAARAAGCGGTTAGCTCCT
TCGGTCCTCCGATCGTTGT CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTG
AGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGG
CGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAA
AACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT CCAGTTCGATGT
AACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGT
GAGCAAAAACAGGAAGGCAAAATGCCGCAAAAANGGGAATAAGGGCGACACGGAAATGTT
GAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCA
TGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACAT
TTCCCCGAAAAGTGCCACCTGA
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CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTG
CTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAA
GAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATAGTAAT CAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC
CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGG
GACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGT
ATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAG
AGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAAGGAGACCCAAGC
TACCGGTGCCACCATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCG
CAAGGTCAATCACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGA
GAAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTC
TATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTC
CGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCC
CTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCG
GCTGTTCTTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAG
ACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACAT
CTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACA
CAGAGCCAGGTATTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGT
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GAATGACAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCC
CGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTGTTCGG
CTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAAGGCAGCGGCTGCT
GGGCAGATCTTGGAGCGTGCCCGTGAT CAGGCACCTGTTCGCCCCTCTGAAGGAGTATTT
TGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGGCCCCTCTTTCAGCTCCGG
ATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGA
GGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTC
TCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGA
GGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGACGATGA
CGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAA
TCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCAC
CAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTCG
CAGCGGACTGCTGCAGCGGAGAAGGAAGT GGAGAT CCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGT
GAGGGTGCTGAGCCTGTTCGAGGATAT CAAGAAGGAGCTGACATCCCTGGGCTTTCTGGA
GTCCGGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAA
GGATGTGGAGGAGTGGGGCCCTTITCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGC
AAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAAT CTGGTGCT
GAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCC
AGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCAT
CAGAAGCAGGCACTGGGCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAA
GCAGAGCAGCAAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCC
ACTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTC
CTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGA
GGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCACCAGCAC
AGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGTCCCG
GCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAACTTTTCAAGAGTGGATCA
TCTCCATCGACACCTCCGGACCCACACTGGAGAGAAACCCTTITCAGTGCAGGATATGTAT
GCGGAATTTTTCCCGGAGGGAACATTTGTCCGGACATCTCAAGACACATACCGGGGGAGG
CGGTAGTCAGAAGCCTTTCCAATGCCGGATTTGCATGAGGAACTTCTCCCAAAGTTCCAG
CCTCGTCCGCCATCTTCGCACACATACAGGCGAGAAGCCATTCCAGTGTAGGATCTGCAT
GCGCAATTTTAGCCGCAAGGAGCGATTGGCAACCCACCTCAAGACGCATACAGGTAGTCA
GAAGCCTTTTCAGTGCAGGATCTGCATGAGGAATTTTAGTGTCGCACATAACCTCACAAG
GCATCTGCGCACGCATACTGGAGAGAAGCCCTTTCAGTGTAGGATTT GTATGCGGAACTT
CAGCATTAGTCATAACCTGGCAAGGCATCTCAAAACTCATTTGCGCGGGTCTAGCCCCAA
GAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGA
GAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATTCAAGGACGTGTTCGTGGACTTCAC
CCGGGAGGAGTGGAAGCTGCTGGACACAGCCCAGCAGATCGTGTACAGGAACGTGATGCT
GGAGAACTATAAGAATCTGGTGTCTCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCT
GCGGCTGGAGAAGGGAGAGGAGCCCTGGCTGGTGTAGTCTAGAAATCAACCTCTGGATTA
CAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTITGCTCCTTTTACGCTATGTGG
ATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTC
CTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGT GGCCCGTTGTCAGGCA
ACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCAC
CACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACT
CATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTC
CGTGGTGTTGTCGGGGARAATCATCGTCCTTITCCTTGGCTGCTCGCCTGTGTTGCCACCTG
GATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCC
TTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGAC
GAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAARNAAARAA
AAAAARAAAARAAAARPAAARAAAAARARAARAARARAACTAGTGGCGCCTGATGCGGTATTTTCT
CCTTACGCATCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAA
ACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCC
CCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAG
GAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAG
GACAGCAAGGGGGAGGATT GGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCT
ATGGCTTCTGAGGCGGAAAGAACCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAG
GCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCG
TTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAAT
CAGGGGATAACGCAGGAAAGAACATGT GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTA
AAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAA
ATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTC
CCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGT
CCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCA
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GTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCG
ACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTAT
CGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTA
CAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCT
GCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAAC
AAACCACCGCTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAG
GATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACT
CACGTTAAGGGATTTTGGT CATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAA
ATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTT
ACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTITCGTTCATCCATAG
TTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCA
GTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACC
AGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGT
CTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACG
TTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCA
GCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGG
TTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCA
TGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTG
TGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCT
CTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCA
TCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCA
GTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCG
TTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACAC
GGAAATGTTGAATACTCATACTCTTCCTTTITTCAATATTATTGAAGCATTTATCAGGGTT
ATTGTCTCATGAGCGGATACATATTTGAATGTATT TAGAAAAATAAACAAATAGGGGTTC
CGCGCACATTTCCCCGAAAAGTGCCACCTGA
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CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTG
CTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAA
GAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATAGTAAT CAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC
CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGG
GACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGT
ATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAG
AGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAAGGAGACCCAAGC
TACCGGTGCCACCATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCG
CAAGGTCAATCACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGA
GAAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTC
TATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTC
CGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCC
CTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCG
GCTGTTCTTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAG
ACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACAT
CTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACA
CAGAGCCAGGTATTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGT
GAATGACAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCC
CGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTGTTCGG
CTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAAGGCAGCGGCTGCT
GGGCAGATCTTGGAGCGTGCCCGTGAT CAGGCACCTGTTCGCCCCTCTGAAGGAGTATTT
TGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGGCCCCTCTTTCAGCTCCGG
ATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGA
GGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTC
TCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGA
GGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGACGATGA
CGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAA
TCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCAC
CAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTCG
CAGCGGACTGCTGCAGCGGAGAAGGAAGT GGAGAT CCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGT
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GAGGGTGCTGAGCCTGTTCGAGGATAT CAAGAAGGAGCTGACATCCCTGGGCTTTCTGGA
GTCCGGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAA
GGATGTGGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGC
AAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAAT CTGGTGCT
GAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCC
AGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCAT
CAGAAGCAGGCACTGGGCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAA
GCAGAGCAGCAAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCC
ACTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTC
CTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGA
GGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCACCAGCAC
AGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGTCCCG
GCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAACTTTTCACGCAAGCACCA
CCTTGGGAGACATACCAGAACCCACACTGGAGAGAAACCCTTTCAGTGCAGGATATGTAT
GCGGAATTTTTCCCGACGGGAACACCTCACGATTCATTTGCGGACACATACCGGGGGAGG
CGGTAGTCAGAAGCCTTTCCAATGCCGGATTTGCATGAGGAACTTCTCCCAGAGCTCATC
TCTCGTGCGGCACCTGCGGACACATACAGGCGAGAAGCCATTCCAGTIGTAGGATCTGCAT
GCGCAATTTTAGCCGGAAGGAGCGATTGGCGACGCACCTGAAAACGCATACAGGTAGTCA
GAAGCCTTTTCAGTGCAGGATCTGCATGAGGAATTTTAGTGTAGCCCACAACCTGACTAG
GCATTTGAGGACGCATACT GGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTT
CAGCATTTCTCACAATCTCGCGCGACATTTGAAAACTCATTTGCGCGGGTCTAGCCCCAA
GAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGA
GAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATTCAAGGACGTGTTCGTGGACTTCAC
CCGGGAGGAGTGGAAGCTGCTGGACACAGCCCAGCAGATCGTGTACAGGAACGTGATGCT
GGAGAACTATAAGAATCTGGTGTCTCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCT
GCGGCTGGAGAAGGGAGAGGAGCCCTGGCTGGTGTAGTCTAGAAATCAACCTCTGGATTA
CAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTITGCTCCTTTTACGCTATGTGG
ATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTC
CTCCTTGTATAAATCCTGGTTGCTGTCTCITTATGAGGAGTTGTGGCCCGTTGTCAGGCA
ACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCAC
CACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACT
CATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTC
CGTGGTGTTGTCGGGGARAATCAT CGTCCTTITCCTTGGCTGCTCGCCTGTGTTGCCACCTG
GATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCC
TTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGAC
GAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAARNAAARAA
AAAAARAAAARAAAARAAARAARAAARNARNARAAPAAACTAGTGGCGCCTGATGCGGTATTTTCT
CCTTACGCATCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAA
ACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCC
CCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAG
GAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAG
GACAGCAAGGGGGAGGATT GGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCT
ATGGCTTCTGAGGCGGAAAGAACCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAG
GCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCG
TTCGGCTGCGGCGAGCGGCTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAAT
CAGGGGATAACGCAGGAAAGAACATGT GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTA
AAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAA
ATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTC
CCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGT
CCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCA
GTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCG
ACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTAT
CGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTA
CAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCT
GCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAAC
AAACCACCGCTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAG
GATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACT
CACGTTAAGGGATTTTGGT CATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAA
ATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTT
ACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTITCGTTCATCCATAG
TTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCA
GTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACC
AGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGT
CTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACG
TTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCA
GCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGG
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TTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCA
TGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTG
TGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCT
CTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCA
TCATTGGAAAACGTTCTTCGGGGCGAAAACT CTCAAGGATCTTACCGCTGTTGAGATCCA
GTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCG
TTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACAC
GGAAATGTTGAATACTCATACTCTTCCTTTITTCAATATTATTGAAGCATTTATCAGGGTT
ATTGTCTCATGAGCGGATACATATTTGAATGTATT TAGAAAAATAAACAAATAGGGGTTC
CGCGCACATTTCCCCGAAAAGTGCCACCTGA

1245

Plasmid for

fusion protein
with mRNAOO39

CGTCGATCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTG
CTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGA
GTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAA
GAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCG
TTGACATTGATTATTGACTAGTTATTAATAGTAAT CAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC
CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGG
GACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTICAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGT
ATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATA
GCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAG
AGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAAGGAGACCCAAGC
TACCGGTGCCACCATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCG
CAAGGTCAATCACGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGA
GAAGAGGAAGCCAATCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGT
GCTGAAGGATCTGGGCATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTC
TATCACCGTGGGCATGGTGCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTC
CGTGACACAGAAGCACATCCAGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCC
CTGTAATGACCTGTCCATCGTGAACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCG
GCTGTTCTTTGAGTTTTATAGACTGCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAG
ACCATTCTTTTGGCTGTTCGAGAATGTGGTGGCTATGGGCGTGAGCGATAAGAGGGACAT
CTCCAGGTTTCTGGAGTCTAACCCCGTGATGATCGATGCAAAGGAGGTGTCCGCCGCACA
CAGAGCCAGGTATTTCTGGGGCAATCTGCCAGGAATGAACAGGCCACTGGCAAGCACCGT
GAATGACAAGCTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGGATCGCCAAGTTTTCCAA
GGTGCGCACAATCACCACACGGAGCAATTCCATCAAGCAGGGCAAGGATCAGCACTTCCC
CGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTACCGAGATGGAGAGAGTGTTCGG
CTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGCTGGCAAGGCAGCGGCTGCT
GGGCAGATCTTGGAGCGTGCCCGTGAT CAGGCACCTGTTCGCCCCTCTGAAGGAGTATTT
TGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGGCCCCTCTTTCAGCTCCGG
ATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCCCCGCCCTGGACCCCGA
GGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCCTCTAGCGTGTC
TCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCGGAACATCGA
GGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGTTCGAGGG
AGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGACGATGA
CGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTGCGGCAA
TCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCAC
CAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTCG
CAGCGGACTGCTGCAGCGGAGAAGGAAGT GGAGAT CCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGT
GAGGGTGCTGAGCCTGTTCGAGGATAT CAAGAAGGAGCTGACATCCCTGGGCTTTCTGGA
GTCCGGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAA
GGATGTGGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACA
CACATGCGACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGC
AAGGCCAAAGCCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAAT CTGGTGCT
GAACAAGGAGGATCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCC
AGACGTGCACGGCGGCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCAT
CAGAAGCAGGCACTGGGCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAA
GCAGAGCAGCAAGCTGGCCGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCC
ACTGCGGGAGTACTTCAAGTATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTC
CTCTGGCGCCCCACCACCTAGCGGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGA
GGGCACCAGCGAGTCCGCCACACCAGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGA
GGGCTCTGCCCCAGGCTCTCCTGCAGGCAGCCCTACCTCCACCGAAGAGGGCACCAGCAC
AGAGCCTTCTGAGGGCAGCGCCCCAGGCACCTCTACAGAGCCAAGCGAGCTCGAGTCCCG
GCCAGGGGAACGGCCCTTCCAGTGTCGGATCTGCATGAGAAACTTTTCACGAGTCGATCA
CCTCCACCGCCACCTGCGAACCCACACTGGAGAGAAACCCTTTCAGTGCAGGATAT GTAT
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GCGGAATTTTTCCAGGTCCGACCACCTCAGCTTGCACTTGAAGACACATACCGGGGGAGG
CGGTAGTCAGAAGCCTTTCCAATGCCGGATTTGCATGAGGAACTTCTCCCAATCTAGTTC
ATTGGTACGACATCTTAGGACACATACAGGCGAGAAGCCATTCCAGTGTAGGATCTGCAT
GCGCAATTTTAGCCGAAAAGAGCGGCTGGCGACCCACTTGAAAACGCATACAGGTAGTCA
GAAGCCTTTTCAGTGCAGGATCTGCATGAGGAATTTTAGTGTAGCGCATAACTTGACACG
GCACTTGCGCACGCATACT GGAGAGAAGCCCTTTCAGTGTAGGATTTGTATGCGGAACTT
CAGCATTTCCCATAATCTGGCGCGGCACCTGAAGACTCATTTGCGCGGGTCTAGCCCCAA
GAAGAAGAGAAAGGTGGGAGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGA
GAGCGCCACCCCTGAGTCCCGGACCCTGGTGACATTCAAGGACGTGTTCGTGGACTTCAC
CCGGGAGGAGTGGAAGCTGCTGGACACAGCCCAGCAGATCGTGTACAGGAACGTGATGCT
GGAGAACTATAAGAATCTGGTGTCTCTGGGCTACCAGCTGACAAAGCCAGATGTGATCCT
GCGGCTGGAGAAGGGAGAGGAGCCCTGGCTGGTGTAGTCTAGAAATCAACCTCTGGATTA
CAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTITGCTCCTTTTACGCTATGTGG
ATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTC
CTCCTTGTATAAATCCTGGTTGCTGTCTCITTATGAGGAGTTGTGGCCCGTTGTCAGGCA
ACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCAC
CACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACT
CATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTC
CGTGGTIGTTGCTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTG
GATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCC
TTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGAC
GAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGTTAATTAAAAAAAAAAAARNAAARAA
AAAAARAAAARAAAARAAARAARAAARNARNARAAPAAACTAGTGGCGCCTGATGCGGTATTTTCT
CCTTACGCATCTGTGCGGTATTTCACACCGCATAATCCAGCACAGTGGCGGCCCGTTTAA
ACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCC
CCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAG
GAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAG
GACAGCAAGGGGGAGGATT GGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCT
ATGGCTTCTGAGGCGGAAAGAACCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAG
GCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCG
TTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAAT
CAGGGGATAACGCAGGAAAGAACATGT GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTA
AAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAA
ATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTC
CCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGT
CCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCA
GTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCG
ACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTAT
CGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTA
CAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCT
GCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAAC
AAACCACCGCTGGTAGCGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAG
GATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACT
CACGTTAAGGGATTTTGGT CATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAA
ATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTT
ACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTITCGTTCATCCATAG
TTGCCTGACTCCCCGTCGCT GTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCA
GTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACC
AGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGT
CTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACG
TTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCA
GCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGG
TTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCA
TGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTG
TGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCT
CTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCA
TCATTGGAAAACGTTCTTCGGGGCGAAAACT CTCAAGGATCTTACCGCTGTTGAGATCCA
GTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCG
TTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACAC
GGAAATGTTGAATACTCATACTCTTCCTTTITTCAATATTATTGAAGCATTTATCAGGGTT
ATTGTCTCATGAGCGGATACATATTTGAATGTATT TAGAAAAATAAACAAATAGGGGTTC
CGCGCACATTTCCCCGAAAAGTGCCACCTGA
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CLAIMS

1. A method of modifyingan 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 treatingan 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,
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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 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.

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.
The method of any one of claims 1-4, wherein the HBV genome is a covalently closed
circular DNA (cccDNA) or an HBV integrated DNA.
The method of any one 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.
The method of any one of claims 1-6, wherein the HBV genome comprises a sequence with
at least 80% identity to an HBV genome sequence provided herein.
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.
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The method of any one of claims 1-6, wherein the first target region of the HBV genome is
located in a CpG island.
The method of any one of claims 1-6, wherein the first target region of the HBV genome is

located in a promotor.

. The method of any one 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 precure mRNA, a preS mRNA, a SmRNA, and a X mRNA.

The method of any one of claims 1-11, wherein the first DNA binding domain comprisesa
CRISPR-Cas protein.

The method of claim 12, wherein the epigenetic editing system further comprisesa 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 14 and/or 15.

The method of any one 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.
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 any one of claims 1-17, wherein the transcriptional repressor domain

comprises ZIM3.

. The method of any one of claims 1-18, wherein the first DNMT domain isa DNMT3 A

domain ora DNMT3L domain.

. The method of claim 19, wherein the first DNMT domain comprises a sequence of a DNMT

domain provided herein.

The method of any one 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 any one 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
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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).

The method of claim 25, wherein the fusion protein comprises a sequence of a fusion protein
provided herein.

The method of any one 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 domainbindsa second target region of the HBV genome.

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.

The method of claim 27, wherein the second target region of the HBV genome is located in a
CpGisland.

The method of claim 27, wherein the second target region of the HBV genome is located in a
promotor.

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 precure mRNA, a preS mRNA, a SmRNA, and a X mRNA.

The method of any one of claims 27-3 1, wherein the second DNA binding domain comprises
a CRISPR-Cas protein.

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.

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 14 and/or 15.

. The method of any one of claims 27-3 1, wherein the second DNA binding domain comprises

a zinc-finger protein.

The method of claim 35, wherein the zinc-finger protein comprisesa 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 claim 35 or 36, wherein the zinc-finger protein comprises a sequence of a
zinc finger motif provided in Table 1.

The method of any one 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,
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wherein the first fusion protein comprisesthe 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.
The method of claim 38, wherein the first fusion protein comprises a sequence of a fusion
protein provided herein.
The method of claim 38, wherein the second fusion protein comprises a sequence of a fusion
protein provided herein.
The method of any one 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.
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.
The method of claim 41, wherein the third target region of the HBV genome is located in a
CpGisland.
The method of claim 41, wherein the third target region of the HBV genome is located in a
promotor.
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 precure mRNA, a preS mRNA, a SmRNA, and a X mRNA.
The method of any one of claims 41-45, wherein the third DNA binding domain comprises a
CRISPR-Cas protein.
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.
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 14 and/or 15.
The method of any one of claims 41-45, wherein the third DNA binding domain comprises a
zinc-finger protein.
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.
The method of claim 49 or 50, wherein the zinc-finger protein comprises a sequence of a
zinc finger motif provided in Table 1.
The method of any one 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 claim 52, wherein the second DNMT domain is a DNMT3 A domain ora
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

(c) 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 any one of claims 56-58, wherein the HBV genome comprises
HBYV genotype A, HBV genotype B, HBV genotype C, HBV genotype D, HBV genotype E,
HBYV genotype F, HBV genotype G or HBV genotype H.

60. The epigenetic system of any one 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 any one of claims 56-60, 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.

62. The epigenetic system of any one of claims 56-60, wherein the target region of the HBV
genome is located in a CpG island.

63. The epigenetic system of any one of claims 56-60, wherein the target region of the HBV
genome is located in a promotor.

64. The epigenetic system of any one 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
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the group consisting of a pgRNA, a precure mRNA, a preS mRNA, a SmRNA, and a X
mRNA.

The epigenetic system of claims 56-64, wherein the DNA binding domain comprises a
CRISPR-Cas protein.

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.

The epigenetic system of claim 66, wherein the gRNA comprises a sequence selected from a
gRNA sequence provided herein, e.g., in Table 14 and/or 15.

The epigenetic system of any one of claims 56-64, wherein the DNA binding domain
comprises a zinc-finger protein.

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.

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.

. The epigenetic system of any one of claims 56-70, wherein the transcriptional repressor

domain comprises a sequence of a transcriptional repressor provided herein.

The epigenetic system of any one of claims 56-71, wherein the first DNMT domain is a
DNMT3A domain or a DNMT3L domain.

The epigenetic system of claim 72, wherein the DNMT domain comprises a sequence of a
DNMT domain provided herein.

The epigenetic system of any one of claims 56-73, wherein the fusion protein further

comprises a second DNMT domain.

. The epigenetic system of claim 74, wherein the second DNMT domain is a DNMT3 A

domain ora DNMT3L domain.

. The epigenetic system of any one of claims 56-75, wherein the fusion protein further

comprises a nuclear localization sequence (NLS).

The epigenetic system of claim 76, wherein the fusion protein comprises a sequence of a
fusion protein provided 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 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.

The epigenetic system of claim 78 or 79, wherein the HBV genome is a covalently closed
circular DNA (cccDNA) or an HBV integrated DNA.

The epigenetic system of any one of claims 78-80, wherein the HBV genome comprises
HBYV genotype A, HBV genotype B, HBV genotype C, HBV genotype D, HBV genotype E,
HBYV genotype F, HBV genotype G or HBV genotype H.

The epigenetic system of any one of claims 78-81, wherein the HBV genome comprises a
sequence with at least 80% identity to an HBV genome provided herein.

The epigenetic system of any one 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.

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.

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.

. 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.

. 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 precure mRNA, a
preSmRNA, a S mRNA, and a X mRNA.

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.

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.
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90. The epigenetic system of claim 89, wherein the first BRNA comprisesa sequence selected
from a gRNA sequence provided herein, e.g., provided in Table 14 and/or 15, the second
gRNA comprises a sequence selected from a gRNA sequence provided herein, e.g., provided
in Table 14 and/or 15, and/or the third gRNA comprises a sequence selected from a gRNA
sequence provided herein, e.g., provided in Table 14 and/or 15.

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 any one of claims 78-93, wherein the transcriptional repressor
domain comprises ZIM3.

95. The epigenetic system of any one 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 isa DNMT3 A
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 any one of claim 78-98, wherein the first fusion protein comprises
a sequence of a fusion protein provided herein.

100. The epigenetic system of any one of claims 78-99, wherein the second fusion protein
comprises a sequence of a fusion protein provided herein.

101. The epigenetic system of any one of claims 83-99, wherein the third fusion protein
comprises a sequence of a fusion protein provided herein.

102. The method of any one of claims 1-55, wherein the epigenetic editing system comprises
anucleic acid sequence provided in Table 20.

103. A method of treatingan 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
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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.

104. 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.

105. The method of claim 103 or 104, wherein the first DNA binding domain comprises a
CRISPR-Cas protein.

106. The method of claim 105, 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.

107. The method of claim 106, wherein the gRNA comprises a sequence selected from a
gRNA provided herein, e.g., in Table 14 and/or 15.

108. The method of claim 103 or 104, wherein the first DNA binding domain comprises a

zinc-finger protein.
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109. The method of claim 108, 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.

110. The method of claim 108 or 109, wherein the zinc-finger protein comprises a sequence
of any of the zinc finger epigenetic repressors provided herein.

111. The method of any one of claims 103-110, wherein the transcriptional repressor domain
comprises ZIM3.

112.  The method of any one of claims 103-111, wherein the first DNMT domainis a
DNMT3A domain or a DNMT3L domain.

113. The method of claim 112, wherein the first DNMT domain comprises a sequence of a
DNMT domain provided herein.

114.  The method of any one of claims 103-113, wherein the epigenetic editing system further
comprises a second DNMT domain or a nucleic acid encoding thereof.

115. The method of claim 114, wherein the second DNMT domain is a DNMT3 A domain or
a DNMT3L domain.

116. The method of claim 115, wherein the second DNMT domain comprises a sequence of a
DNMT domain provided herein.

117. The method of any one of claims 114-116, 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.

118. The method of claim 117, wherein the fusion protein further comprises a nuclear
localization sequence (NLS).

119. The method of claim 118, wherein the fusion protein comprises a sequence of a fusion
protein provided herein.

120. The method of any one of claims 103-119, wherein the first DNA binding domain binds
a target region of a HBV gene or genome encoding or controlling expression of an S-
antigen.

121. A method 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,
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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.
122.  The method of any one of claims 103-121 wherein the epigenetic editing sy stem

comprises a nucleic acid sequence provided in Table 20.
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