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COMPOSITIONS AND METHODS FOR EPIGENETIC REGULATION
OF PCSK9 EXPRESSION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional
Application No. 63/488,736, filed March 6, 2023, entitled “COMPOSITIONS AND
METHODS FOR EPIGENETIC REGULATION OF PCSK9 EXPRESSION,” the entire

disclosure of which is hereby incorporated by reference in its entirety.

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING
[0002] The contents of the electronic sequence listing (C169870005WO01-SEQ-AXW .xml;
Size: 1,866,473 bytes; and Date of Creation: March 6, 2024) is herein incorporated by

reference in its entirety.

BACKGROUND
[0003] Genome editing has been considered a promising therapeutic approach for the
treatment of genetic disease for over a decade. However, manipulation on the DNA level
using traditional genetic editors remains risky given the potential for undesired double-strand
DNA breaks, heterogenous repair (including large and small insertions and deletions at the
intended site), and toxicity. In contrast, targeted epigenetic modification offers the potential
to alter gene expression without leading to double-strand break-induced genotoxicity.
[0004] One promising candidate for epigenetic silencing is the proprotein convertase
subtilisin/kexin type 9 (PCSK9) gene. PCSK9 is a key target in the treatment of heart
disease, the leading cause of mortality worldwide ((Berberich et al., Nature Rev Cardiol.
(2019) 16(1):9-20). The human PCSK9 gene, located on chromosome 1, has approximately
94% and 80% homology with its cynomolgus and mouse counterparts, respectively. The
gene has CpG islands in the promoter region and is distal from other genes and cis-regulatory
features. The PCSKO9 protein is produced predominantly by the liver.
[0005] In humans, PCSK9 plays a key role in regulating the circulating level of low-density
lipoprotein (LDL) particles as a result of its binding to the LDL receptor (LDLR). LDLR
reduces the circulating concentration of LDL particles by mediating their endocytosis and
degradation in the cell. In the absence of PCSKO9, or if the interaction of PCSK9 with LDLR
is blocked, the rate of recycling of LDLR to the cell surface is increased and recycled LDLR

proteins continue to remove LDL particles from the extracellular fluid (Tombling et al.,
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Atherosclerosis (2021) 330:52-60). By contrast, when the endocytosed LDLR is bound to
PCSK9, LDLR is degraded along with its passenger LDL particle. Clinical and genetic

studies have established that circulating LDL causes atherosclerotic cardiovascular disease
(Ference et al., Eur Heart J (2017) 38:2459-72). In addition, loss-of-function mutations in
PCSK9 are associated with low LDL levels (Zhao et al., Am J Hum Genet. (2006) 79(3):514-

23). Genetic or pharmacologic reduction of PCSK9 decreases cardiovascular events (Ference

etal, N Engl J Med. (2016) 375(22):2144-53; Sabatine et al., N Engl J Med. (2017)
376(18):1713-22). Lowering PCSK9 expression can help to increase the recycling of LDLR,
which would lead to lower blood LDL particle concentrations.

[0006] In view of the critical role of PCSK9 in the pathogenesis of hypercholesterolemia
and cardiovascular disease, there is a need for new and improved therapies that target the

expression of PCSK9.

SUMMARY

[0007] The present disclosure provides systems and compositions for epigenetic
modification (“epigenetic editors” or “epigenetic editing systems” herein), and methods of
using the same to generate epigenetic modification at PCSK9, including in host cells and
organisms.
[0008] In some aspects, the present disclosure provides a system for repressing
transcription of a human PCSK9 gene in a human cell, optionally a human hepatocyte,
comprising
a) one or more fusion proteins that collectively comprise

a DNA methyltransferase (DNMT) domain and/or a domain that recruits a DNMT,
optionally wherein the DNMT domain and/or the recruiter domain comprise a DNMT3A
domain and/or a DNMT3L domain, and optionally wherein the recruited DNMT is
DNMT3A, and

a transcriptional repressor domain,
each domain being linked to a DNA-binding domain that binds to a target region in the
human PCSK9 gene; or
b) one or more nucleic acid molecules encoding the one or more fusion proteins.
[0009] In some embodiments, the DNA-binding domain binds to a target sequence in
SEQ ID NO: 1488 or 1489. In certain embodiments, the DNA-binding domain targets the
fusion protein(s) to one or more sequences in the PCSK9 gene selected from SEQ ID NOs:

700-747 and 1036-1261.
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[0010] In some embodiments, the DNA-binding domain comprises a dead CRISPR Cas
(dCas) domain, a ZFP domain, or a TALE domain. For example, the DNA-binding domain
may comprise a dCas9 domain, and the system may further comprise (i) one or more guide
RNAs (e.g., comprising any one of SEQ ID NOs: 1262-1487), or (ii) nucleic acid molecules
coding for the one or more guide RNAs. In certain embodiments, the dCas domain
comprises a dCas9 sequence, such as a sequence with at least 90% identity to SEQ ID NO: 12
or 13.

[0011] In some embodiments, the fusion protein comprises a dead CRISPR Cas (dCas)
domain and the system comprises one or more PCSK9-binding guide RNAs (gRNAs)
provided herein. In some embodiments, the system comprises a single gRNA. In some
embodiments, the system comprises 2 gRNAs. In some embodiments, the system comprises
3 gRNAs. In some embodiments, the system comprises 4 gRNAs. In some embodiments,
the system comprises 5 or more gRNAs. In some embodiments, the system comprises a
gRNA selected from the gRNAs provided in Table 2. In some embodiments, the system
comprises a gRNA selected from the gRNAs provided in Table 7. In some embodiments, the
system comprises a gRNA selected from the gRNAs provided in Table 8. In some
embodiments, the system comprises a SgRNA selected from the gRNAs provided in Table
10. In some embodiments, the system comprises a gRNA selected from the gRNAs provided
in Table 12.

[0012] In some embodiments, the system comprises a gRNA comprising the gRNA
Targeting Sequence of gRNAOO9 of Table 10, or a gRNA binding the same target domain
sequence as gRNAO09. In some embodiments, the system comprises a gRNA comprising the
gRNA Targeting Sequence of gRNAQO3 of Table 10, or a gRNA binding the same target
domain sequence as gRNAQOO3. In some embodiments, the system comprises a gRNA
comprising the gRNA Targeting Sequence of gRNAQ93 of Table 10, or a gRNA binding the
same target domain sequence as gRNAQ93. In some embodiments, the system comprises a
gRNA comprising the gRNA Targeting Sequence of gRNAO11 of Table 10, or a gRNA
binding the same target domain sequence as gRNAQO11. In some embodiments, the system
comprises a gRNA comprising the gRNA Targeting Sequence of gRNAOO7 of Table 10, or a
gRNA binding the same target domain sequence as gRNAOO7. In some embodiments, the
system comprises a gRNA comprising the gRNA Targeting Sequence of gRNAQ77 of Table
10, or a gRNA binding the same target domain sequence as gRNAOQ77. In some
embodiments, the system comprises a gRNA comprising the gRNA Targeting Sequence of
gRNA113 of Table 10, or a gRNA binding the same target domain sequence as gRNA113. In
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some embodiments, the system comprises a gRNA comprising the gRNA Targeting
Sequence of gRNAOO4 of Table 10, or a gRNA binding the same target domain sequence as
gRNAQ004. In some embodiments, the system comprises a gRNA comprising the gRNA
Targeting Sequence of gRNAQOS of Table 10, or a gRNA binding the same target domain
sequence as gRNAQOS. In some embodiments, the system comprises a gRNA comprising the
gRNA Targeting Sequence of gRNAQO12 of Table 10, or a gRNA binding the same target
domain sequence as gRNAO12. In some embodiments, the system comprises a gRNA
comprising the gRNA Targeting Sequence of gRNA111 of Table 10, or a gRNA binding the
same target domain sequence as gRNA111. In some embodiments, the system comprises a
gRNA comprising the gRNA Targeting Sequence of gRNAOO5 of Table 10, or a gRNA
binding the same target domain sequence as gRNAQOOS5. In some embodiments, the system
comprises a gRNA comprising the gRNA Targeting Sequence of gRNAQ13 of Table 10, or a
gRNA binding the same target domain sequence as gRNAQO13.

[0013] In some embodiments, the system comprises gRNA g041 as provided in Table 12,
or a gRNA binding the target domain sequence of g041. In some embodiments, the system
comprises gRNA g049 as provided in Table 12, or a gRNA binding the target domain
sequence of g049. In some embodiments, the system comprises gRNA g056 as provided in
Table 12, or a gRNA binding the target domain sequence of g056. In some embodiments, the
fusion protein comprises a fusion protein disclosed in Example 12. In some embodiments,
the system comprises a fusion protein as provided in Example 12, and a gRNA as provided in
Table 10. In some embodiments, the system comprises a fusion protein as provided in
Example 12, and a gRNA as provided in Table 12.

[0014] In some embodiments, the system comprises Fusion Protein 9, variant 1,
(Example 12) and gRNA g041. In some embodiments, the system comprises Fusion Protein 9
variant 2 (Example 12) and gRNA g041. In some embodiments, the system comprises Fusion
Protein 10 (Example 12) and gRNA g041. In some embodiments, the system comprises
Fusion Protein 11 (Example 12) and gRNA g041. In some embodiments, the system
comprises Fusion Protein 12 (Example 12) and gRNA g041. In some embodiments, the
system comprises Fusion Protein 13 (Example 12) and gRNA g041. In some embodiments,
the system comprises Fusion Protein 14 (Example 12) and gRNA g041. In some
embodiments, the system comprises Fusion Protein 15 (Example 12) and gRNA g041. In
some embodiments, the system comprises Fusion Protein 9 variant 1 (Example 12) and
gRNA 2049. In some embodiments, the system comprises Fusion Protein 9 variant 2

(Example 12) and gRNA g049. In some embodiments, the system comprises Fusion Protein
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10 (Example 12) and gRNA g049. In some embodiments, the system comprises Fusion
Protein 11 (Example 12) and gRNA g049. In some embodiments, the system comprises
Fusion Protein 12 (Example 12) and gRNA g049. In some embodiments, the system
comprises Fusion Protein 13 (Example 12) and gRNA g049. In some embodiments, the
system comprises Fusion Protein 14 (Example 12) and gRNA g049. In some embodiments,
the system comprises Fusion Protein 15 (Example 12) and gRNA g049. In some
embodiments, the system comprises Fusion Protein 9 variant 1 (Example 12) and gRNAs
2041 and g049. In some embodiments, the system comprises Fusion Protein 9 variant 2
(Example 12) and gRNAs g041 and g049. In some embodiments, the system comprises
Fusion Protein 10 (Example 12) and gRNAs g041 and g049. In some embodiments, the
system comprises Fusion Protein 11 (Example 12) and gRNAs g041 and g049. In some
embodiments, the system comprises Fusion Protein 12 (Example 12) and gRNAs g041 and
2049. In some embodiments, the system comprises Fusion Protein 13 (Example 12) and
gRNAs g041 and g049. In some embodiments, the system comprises Fusion Protein 14
(Example 12) and gRNAs g041 and g049. In some embodiments, the system comprises
Fusion Protein 15 (Example 12) and gRNAs g041 and g049.

[0015] In some embodiments, the DNA-binding domain comprises a ZFP domain that
targets a nucleotide sequence selected from SEQ ID NOs: 700-747. In certain embodiments,
the ZFP domain comprises, in order, the F1-F6 amino acid sequences of any one of ZF001
through ZF048 as shown in Table 1.

[0016] In some embodiments, the DNMT3A domain comprises a sequence with at least
90% identity to SEQ ID NO: 574 or 575.

[0017] The DNMT3L domain may comprise, €.g., a sequence with at least 90% identity
to a sequence selected from SEQ ID NOs: 578-581. In some embodiments, the DNMT3L
domain comprises a sequence with at least 90% identity to a sequence selected from SEQ ID
NOs: 582-603. In some embodiments, the DNMT3L domain comprises a sequence with at
least 90% identity to a sequence selected from SEQ ID NOs: 601-603.

[0018] In some embodiments, the transcriptional repressor domain comprises a sequence
with at least 90% identity to a sequence selected from SEQ ID NOs: 33-570. In certain
embodiments, the transcriptional repressor domain is a KRAB domain derived from KOX1,
ZIM3, ZFP28, or ZN627. The KRAB domain may comprise, €.g., a sequence with at least
90% identity to a sequence selected from SEQ ID NOs: 89, 116, 245, and 255. In some
embodiments, the transcriptional repressor domain comprises a fusion of the N- and C-

terminal regions of ZIM3 and KOX1 KRAB, and optionally comprises the amino acid
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sequence of SEQ ID NO: 571 or 572. In certain embodiments, the transcriptional repressor
domain is derived from KAP1, MECP2, HP1a/CBXS5, HP1b, CBX8, CDYL2, TOX, TOX3,
TOX4, EED, EZH2, RBBP4, RCOR1, or SCML2.
[0019] In some embodiments, the system comprises
a) a fusion protein comprising the DNMT3A domain, the DNMT3L domain, the
transcriptional repressor domain, and the DNA-binding domain,

optionally wherein one or both of the DNMT3A domain and the DNMT3L domain
are human, and

optionally wherein the DNA-binding domain is a dead CRISPR Cas domain or a ZFP

domain; or
b) a nucleic acid molecule encoding the fusion protein.
[0020] In certain embodiments, the fusion protein comprises, from N-terminus to C-

terminus, the DNMT3A domain, a first peptide linker, the DNMT3L domain, a second
peptide linker, the DNA-binding domain, a third peptide linker, and the transcriptional
repressor domain. For example, the fusion protein may comprise, from N-terminus to C-
terminus, the DNMT3A domain, the first peptide linker, the DNMT3L domain, the second
peptide linker, a first nuclear localization signal (NLS), the DNA-binding domain, a second
NLS, the third peptide linker, and the transcriptional repressor domain. The fusion protein
may comprise, from N-terminus to C-terminus, a first NLS, the DNMT3A domain, the first
peptide linker, the DNMT3L domain, the second peptide linker, the DNA-binding domain,
the third peptide linker, the transcriptional repressor domain, and a second NLS. The fusion
protein may comprise, from N-terminus to C-terminus, first and second NLSs, the DNMT3A
domain, the first peptide linker, the DNMT3L domain, the second peptide linker, the DNA-
binding domain, the third peptide linker, the transcriptional repressor domain, and third and
fourth NLSs. In particular embodiments, the transcriptional repressor domain is a KRAB
domain, such as a human KOX1, ZFP28, ZN627, or ZIM3 KRAB domain. In particular
embodiments, one or both of the second and third peptide linkers are XTEN linkers, which
may be selected from XTENS8O (e.g., SEQ ID NO: 643) and XTEN16 (e.g., SEQ ID NO:
638), e.g., wherein the second peptide linker is XTENS8O0, and the third peptide linker is
XTENI16.

[0021] In some embodiments, the fusion protein may comprise, from N-terminus to C-
terminus, a human DNMT3A domain, a first peptide linker, a human DNMT3L domain, an
XTENSO peptide linker, a first NLS, a dSpCas9 domain, a second NLS, an XTEN16 peptide
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linker, and a human KOX1 KRAB domain. In certain embodiments, the fusion protein
comprises SEQ ID NO: 658 or a sequence at least 90% identical thereto.

[0022] In some embodiments, the fusion protein comprises, from N-terminus to C-
terminus, a human DNMT3A domain, a first peptide linker, a human DNMT3L domain, an
XTENSO peptide linker, a first NLS, a ZFP domain, a second NLS, an XTEN16 linker, and a
human KOX1 KRAB domain. In certain embodiments, the fusion protein comprises SEQ ID
NO: 659 or a sequence at least 90% identical thereto, optionally wherein the ZFP comprises,
in order, the F1-F6 amino acid sequences of any one of ZF001 through ZF048 as shown in
Table 1.

[0023] In some embodiments, the fusion protein comprises, from N-terminus to C-
terminus, first and second NLSs, a human DNMT3A domain, a first peptide linker, a human
DNMT3L domain, an XTENS8O peptide linker, a dSpCas9 domain, an XTEN16 peptide
linker, a human KOX1 KRAB domain, and third and fourth NLSs. In particular
embodiments, the fusion protein may comprise the amino acid sequence of SEQ ID NO: 660
or a sequence at least 90% identical thereto.

[0024] In some embodiments, the fusion protein comprises, from N-terminus to C-
terminus, first and second NLSs, a human DNMT3A domain, a first peptide linker, a human
DNMT3L domain, an XTENS8O peptide linker, a ZFP domain, an XTEN16 peptide linker, a
human KOX1 KRAB domain, and third and fourth NLSs.

[0025] In some embodiments, the fusion protein comprises, from N-terminus to C-
terminus, first and second NLSs, a human DNMT3A domain, a first peptide linker, a human
DNMT3L domain, an XTENS80 peptide linker, a dSpCas9 domain, an XTEN16 peptide
linker, a human ZFP28 KRAB domain, and third and fourth NLSs. In particular
embodiments, the fusion protein may comprise the amino acid sequence of SEQ ID NO: 661
or a sequence at least 90% identical thereto.

[0026] In some embodiments, the fusion protein comprises, from N-terminus to C-
terminus, first and second NLSs, a human DNMT3A domain, a first peptide linker, a human
DNMT3L domain, an XTENS8O peptide linker, a ZFP domain, an XTEN16 peptide linker, a
human ZFP28 KRAB domain, and third and fourth NLSs.

[0027] In some embodiments, the fusion protein comprises, from N-terminus to C-
terminus, first and second NLSs, a human DNMT3A domain, a first peptide linker, a human
DNMT3L domain, an XTENSO peptide linker, a dSpCas9 domain, an XTEN16 peptide
linker, a human ZN627 KRAB domain, and third and fourth NLSs. In particular
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embodiments, the fusion protein may comprise the amino acid sequence of SEQ ID NO: 662
or a sequence at least 90% identical thereto.
[0028] In some embodiments, the fusion protein comprises, from N-terminus to C-
terminus, first and second NLSs, a human DNMT3A domain, a first peptide linker, a human
DNMT3L domain, an XTENSO peptide linker, a ZFP domain, an XTEN16 peptide linker, a
human ZN627 KRAB domain, and third and fourth NLSs.
[0029] In some embodiments, the fusion protein comprises, from N-terminus to C-
terminus, first and second NLSs, a human DNMT3A domain, a first peptide linker, a human
DNMT3L domain, an XTENS8O peptide linker, a dSpCas9 domain, an XTEN16 peptide
linker, a human ZIM3 KRAB domain, and third and fourth NLSs. In particular
embodiments, the fusion protein may comprise the amino acid sequence of SEQ ID NO: 663
or a sequence at least 90% identical thereto.
[0030] In some embodiments, the fusion protein comprises, from N-terminus to C-
terminus, first and second NLSs, a human DNMT3A domain, a first peptide linker, a human
DNMT3L domain, an XTENS8O peptide linker, a ZFP domain, an XTEN16 peptide linker, a
human ZIM3 KRAB domain, and third and fourth NLSs.
[0031] In some embodiments, at least one of the NLSs in a fusion protein described
herein is an SV40 NLS (e.g., SEQ ID NO: 644).
[0032] In some embodiments, the system comprises:
a) a first fusion protein comprising a first DNA-binding domain and comprising or
recruiting the DNMT3A domain,

a second fusion protein comprising a second DNA-binding domain and comprising or
recruiting the DNMT3L domain, and

a third fusion protein comprising a third DNA-binding domain and comprising or
recruiting the transcriptional repressor domain; or
b) one or more nucleic acid molecules encoding the fusion proteins.
[0033] The present disclosure also provides a human cell comprising a system described
herein, or progeny of the cell. In some embodiments, the cell is a hepatocyte.
[0034] The present disclosure also provides a pharmaceutical composition comprising a
system described herein and a pharmaceutically acceptable excipient.
[0035] The present disclosure also provides a method of treating a patient in need thereof,
comprising administering a system or pharmaceutical composition described herein to the
patient (e.g., intravenously). In some embodiments, the patient has heart disease; has

elevated low-density lipoprotein cholesterol (LDL-C) or hypercholesterolemia; is at risk of
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developing myocardial infarction, stroke, or unstable angina; and/or has primary
hyperlipidemia (e.g., heterozygous familial hypercholesterolemia (HeFH), or homozygous
familial hypercholesterolemia (HoFH)).

[0036] The present disclosure also provides a system or pharmaceutical composition
described herein for use in treating a patient in need thereof, e.g., in a method described
herein.

[0037] The present disclosure also provides use of a system described herein in the
manufacture of a medicament for treating a patient in need thereof, e.g., in a method
described herein.

[0038] The present disclosure also provides articles and kits comprising the systems
described herein.

[0039] Other features, objectives, and advantages of the disclosed methods and
compositions are apparent in the detailed description that follows. It should be understood,
however, that the detailed description, while indicating embodiments and embodiments of the
disclosed methods and compositions, is given by way of illustration only, not limitation.
Various changes and modifications within the scope of the disclosure will become apparent

to those skilled in the art from the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0040] FIG. 1 is a diagram showing the predicted binding position of ZF proteins and
computationally designed gRNAs on the PCSK9 gene.
[0041] FIG. 2 is a scatter plot showing the relative PCSK9 expression (y-axis) at day 7 in
cells treated with CRISPR-off (DNMT3A-3L-dCas9-KRAB). The genomic distance from
the gRNA target site to the PCSK9 TSS is shown on the x-axis.
[0042] FIG. 3 is a diagram showing the overlap of the top 40 gRNAs with the PCSK9
gene.
[0043] FIG. 4A is a bar graph showing the level of secreted PCSK9 at day 7 and day 28
following treatment with the indicated gRNA. Dashed line shows silencing achieved by
wildtype (WT) Cas9.
[0044] FIG. 4B is a scatter plot showing the correlation of PCSK9 mRNA expression and
PCSKO protein secretion in cells following treatment with gRNAs. CRISPRi (dCas9-KRAB)
represents a dCas9-KRAB fusion protein.
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[0045] FIG. 5 is a line graph showing the silencing of PCSK9 following treatment with
CRISPRi (dCas9-KRAB), CRISPR-off (DNMT3A-3L-dCas9-KRAB) and the indicated
gRNAs.

[0046] FIG. 6 is a bar graph showing PCSK9 secretion in cells treated with CRISPRoff
and simvastatin, compared to cells treated with the CRISPRoff system alone.

[0047] FIG. 7 is a bar graph showing the reduction of PCSK9 secretion in Huh7
hepatoma cells treated with CRISPRoff and the given gRNA.

[0048] FIG. 8 is a scatter plot showing the activity and toxicity of 247 PCSK9-targeting
ZF proteins. Relative PCSK9 expression is shown on the x-axis and corresponding cell
counts relative to the pUC and off-target controls are shown on the y-axis. The diagonal line
represents a 1:1 correlation between relative PCSK9 expression and cell count.

[0049] FIG. 9 is a scatter plot showing relative PCSK9 expression (y-axis) by cells
treated with a ZF-off (DNMT3A-3L-ZF-KRAB) construct and the corresponding targeted
genomic distance relative to the PCSK9 transcription start site (TSS) (x-axis).

[0050] FIG. 10 is a diagram showing the entire human PCSK9 gene locus flanked with
35.5 kb and 7 kb of upstream and downstream genomic regions (67.5 kb), respectively, that
was introduced into and expressed in a transgenic mouse. This transgenic mouse line
expresses human PCSK9 under the control of its own (human) endogenous promoter.
[0051] FIG. 11A shows schematic illustrations of fusion protein constructs with variant
NLS configurations. FIG. 11B shows schematic illustrations of additional fusion protein
constructs with variant KRAB domains.

[0052] FIGs. 12A-12B are graphs showing the percentage of PCSK9 protein levels
measured after treatment with fusion protein constructs with various NLS placements in
HelLa cells using 6.25 ng RNA (FIG. 12A) or 2.5ng RNA (FIG. 12B). Human and murine
DNMT3L sequences are indicated as h3L and m3L, respectively.

[0053] FIG. 13 is a graph showing that constructs with 2X NLSs are 3X more efficient
than CRISPR-off in silencing mPcsk9 in Hepal-6 cells.

[0054] FIG. 14A is a graph showing that constructs with 2X NLSs are more efficient
than CRISPR-off in silencing mPcsk9 in Huh7 cells. FIGs. 14B-14C are graphs showing
that constructs with 2X NLSs are also more efficient than CRISPR-off in silencing mPcsk9 in
Huh7 cells at different doses both at day 5 (FIG. 14B) and day 15 (FIG. 14C).

[0055] FIG. 15 is a graph showing that, in Huh7 cells, in a CRISPR-off-like format in
which dCas9 is replaced with a zinc finger, 2X NLS offers improvements across multiple

ZFs.
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[0056] FIG. 16 is a set of graphs showing that methylation of the CTLA4 promoter with
a bacterial DNMT protein can induce epigenetic silencing of the locus.

[0057] FIG. 17 is a set of graphs showing methylation profiles at the VIM3 locus of cells
treated with different constructs carrying bacterial DNA methyltransferases fused to dCas9,
day 30. Samples treated with M. Sssl are methylated by 20%.

[0058] FIG. 18 is a set of graphs showing methylation profiles by hybridization capture
at the CLTA locus of cells comparing M. SssI to murine DNMT3A/3L in dCas9 fusions, day
29.

[0059] FIGs. 19A-19D are a set of graphs showing alternative KRAB domains tested for
epi-silencing activity against CRISPR-off when using 0.5 ng effector DNA using CLTA-GFP
as a marker (FIG. 19A), 3 ng effector DNA using GFP as a marker (FIG. 19B), and 0.5 ng
effector DNA using GFP as a marker (FIG. 19C). FIG. 19D shows results after 30 days
using varying nanogram amounts of effector DNA.

[0060] FIGs. 20A-20B are diagrams showing the experimental timeline (FIG. 20A) and
experimental design (FIG. 20B) used for testing PCSK9 silencing in transgenic mice
expressing human PCSK9 (hPCSK9) as described in Example 11.

[0061] FIGs. 21A and 21B are a set of graphs showing silencing of PCSK9 in transgenic
mice expressing human PCSK9 as measured over 42 days (FIG. 21A) and 84 days (FIG.
21B). As described in Example 11, human PCSK9 levels in mouse blood are measured by
ELISA at the time points indicated.

[0062] FIG. 22 is a diagram showing the experimental timeline for performing a dose-
response experiment examining PCSK9 silencing in transgenic mice expressing human
PCSK9 as described in Example 11.

[0063] FIGs. 23A-23B are a set of graphs showing the results of dose-response
experiments examining PCSK9 silencing in transgenic mice expressing human PCSK9.
Constructs tested include CRISPR-Off (FIG. 23A), and ZF-Off (FIG. 23B) constructs.
[0064] FIG. 24 shows the results for a partial hepatectomy (PHx) experiment
demonstrating the durability of epigenetic silencing of PCSK?9 in mice, as described in
Example 17.

[0065] FIG. 25 shows that multiple effectors showed good specificity in Huh-7 cells.
Huh-7 cells were treated with different repressor fusion proteins (fusion protein 11 and 13,
respectively, and PCSK9-targeting guide RNAO41 Differential gene expression was assessed
by RNAseq of treated and untreated cells and values were visualized in volcano plots. No

significant off-target effects were detected.
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[0066] FIGs. 26A-26C show the top 5 guides that displayed robust PCSK9 silencing in
PXB cells. Fresh human hepatocytes were isolated from PXB mouse model mice. Long-term
stability and functionality of hepatocytes, as well as robust PCSK9 secretion was confirmed.
Cells were treated with epigenetic repressor PLA2628 (Fusion Protein 12 as provided in
Example 12) and controls as indicated in the Figure legend and PCSK9 secretion was
measured and plotted against a negative control (PLA2628 plus non-PCSK9-targeting
gRNA). Specificity assays were performed via RNAseq at day 14 post-delivery for all
gRNAs. Volcano plots for two exemplary RNAs assessed are shown on the right (volcano
plots for the others not shown). No significant off-target effects were observed for any of the
tested gRNAs.

[0067] FIG. 27 shows observed levels of secreted PCSK9 measured on Day 14 in PXB cells.

DETAILED DESCRIPTION
[0068] The present disclosure provides epigenetic editors for regulating expression of the
PCSK9 gene. By altering expression of PCSK9, the systems, compositions and methods
described herein may be used for treating conditions such as hypercholesterolemia (e.g.,
heterozygous familial hypercholesterolemia (HeFH), homozygous familial
hypercholesterolemia (HoFH), familial hypercholesterolemia (HF), or established
atherosclerotic cardiovascular disease (ASCVD)), or renal insufficiency (RI). Unless
otherwise stated, “PCSK9” refers herein to human PCSK9. A human PCSK9 gene sequence
can be found at Ensembl Accession No. ENSG00000169174. The present epigenetic editors
have several advantages compared to other genome engineering methods, including
reversibility, decreased risk of translocation, and durable, inheritable silencing.
[0069] In some embodiments, the region of the human PCSK9 gene targeted for
epigenetic regulation is about 2 kb long, and is approximately +/- 1 kb of the PCSK9 TSS. In
certain embodiments, the region has the nucleotide sequence of SEQ ID NO: 1488. In some
embodiments, the targeted PCSK9 region is about 1069 bps long, and is approximately +/-
500 bps of the PCSK9 TSS. In certain embodiments, the region targeted has the nucleotide
sequence of SEQ ID NO: 1489. The TSS of PCSKY is at #chr1:55039548 of Genome
GRCh38.
[0070] 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
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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.
[0071] 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. In some embodiments,
expression of the target gene is reduced or silenced for at least 1 week, at least 2 weeks, at
least 3 weeks, at least 4 weeks, at least 5 weeks, at least 6 weeks, at least 7 weeks, at least 2
months, at least 3 months, at least 4 months, at least 5 months, at least 6 months, at least 1
year, at least 2 years, or for the entire lifetime of the cell or the subject carrying the cell, as
compared to the level of expression in the absence of the epigenetic editor. The epigenetic
modification may be inherited by the progeny of the host cells into which the epigenetic
editor was introduced.

[0072] 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.

1. DNA-Binding Domains

[0073] 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
or close to the PCSK9 gene locus. A DNA-binding domain as described herein may be, e.g.,
a polynucleotide guided DNA-binding domain, a zinc finger protein (ZFP) domain, a
transcription activator like effector (TALE) domain, a meganuclease DNA-binding domain,
and the like. Examples of DNA-binding domains can be found in U.S. Patent 11,162,114,
which is incorporated by refence herein in its entirety.

[0074] In some embodiments, a DNA-binding domain described herein is encoded by its
native coding sequence. In other embodiments, the DNA-binding domain is encoded by a

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

A. Polynucleotide Guided DNA-Binding Domains
[0075] 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 the
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PCSK9 gene locus. In certain embodiments, the protein domain may be derived from a
CRISPR-associated nuclease, such as a Class I or I CRISPR-associated nuclease. In some
embodiments, the protein domain may be derived from a Cas nuclease such as a Type 11,
Type IIA, Type 1IB, Type IIC, Type V, or Type VI Cas nuclease. In certain embodiments,
the protein domain may be derived from a Class II Cas nuclease selected from Casl, Cas1B,
Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8, Cas9, Cas10, Casl4a, Cas14b, Casldc, CasX,
CasY, CasPhi, C2c4, C2c8, C2c9, C2c10, Csyl, Csy2, Csy3, Csel, Cse2, Cscl, Csc2, Csa$s,
Csn2, Csm2, Csm3, Csm4, Csm5, Csm6, Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, Csbl, Csb2,
Csb3, Csx17, Csx14, Csx10, Csx16, CsaX, Csx3, Csx1, Csx1S, Csfl, Csf2, CsO, Csf4, and
homologues and modified versions thereof. “Derived from” is used to mean that the protein
domain comprises the full polypeptide sequence 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).

[0076] In some embodiments, the CRISPR-associated protein domain may be a Cas9
domain described herein. Cas9 may, for example, refer to a polypeptide with at least about
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99%, or 100% sequence identity
and/or sequence similarity to a wildtype Cas9 polypeptide described herein. In some
embodiments, said wildtype polypeptide is Cas9 from Streptococcus pyogenes (NCBI Ref.
No. NC_002737.2 (SEQ ID NO: 1)) and/or UniProt Ref. No. Q99ZW2 (SEQ ID NO: 2). In
some embodiments, said wildtype polypeptide is Cas9 from Staphylococcus aureus (SEQ ID
NO: 3). In some embodiments, the CRISPR-associated protein domain is a Cpf1l domain or
protein, or a polypeptide with at least about 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% sequence identity and/or sequence similarity to a wildtype Cpf1
polypeptide described herein (e.g., Cpfl from Franscisella novicida (UniProt Ref. No.
U2UMQ6 or SEQ ID NO: 4). In certain embodiments, the CRISPR-associated protein
domain may be a modified form of the wildtype protein comprising one or more amino acid
residue changes such as a deletion, an insertion, or a substitution; a fusion or chimera; or any
combination thereof.

[0077] 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
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proteobacterium, Neisseria meningitidis, Campylobacter jejuni, Pasteurella multocida,
Fibrobacter succinogene, Rhodospirillum rubrum, Nocardiopsis dassonvillei, Streptomyces
pristinaespiralis, Streptomyces 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, Polaromonas naphthalenivorans, Polaromonas 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, Anabaena variabilis, Nodularia spumigena,
Nostoc sp., Arthrospira maxima, Arthrospira platensis, Arthrospira sp., Lyngbya sp.,
Microcoleus chthonoplastes, Oscillatoria sp., Petrotoga mobilis, Thermosipho africanus,
Streptococcus pasteurianus, Neisseria cinerea, Campylobacter lari, Parvibaculum
lavamentivorans, Corynebacterium 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.

[0078] In some embodiments, the Cas9 domain is from Streptococcus pyogenes
(SpCas9). In some embodiments, the Cas9 domain is from Staphylococcus aureus (SaCas9).
[0079] Other Cas domains are also contemplated for use in the epigenetic editors herein.
These include, for example, those from CasX (Cas12E) (e.g., SEQ ID NO: 5), CasY (Cas12d)
(e.g., SEQ ID NO: 6), Case (CasPhi) (e.g., SEQ ID NO: 7), Cas12f1 (Cas14a) (e.g., SEQ ID
NO: 8), Cas12f2 (Cas14b) (e.g., SEQ ID NO: 9), Cas12f3 (Casl4c) (e.g., SEQ ID NO: 10),
and C2c8 (e.g., SEQ ID NO: 11).

[0080] For epigenetic editing, the nuclease-derived protein domain (e.g., a Cas9 or Cpfl
domain) may have reduced or no nuclease activity through mutations such that the protein
domain does not cleave DNA or has reduced DNA-cleaving activity while retaining the
ability to complex with the guide nucleic acid sequence (e.g., guide RNA) and the target
DNA. For example, the nuclease activity may be reduced by at least 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 10%, 15%, 80%. 85%, 90%, 95%, or 99% compared to the wildtype

domain. In some embodiments, a CRISPR-associated protein domain described herein is
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catalytically inactive (“dead”). Examples of such domains include, for example, dCas9
(“dead” Cas9), dCpfl, 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 RuvC1) and
H840A (in HNH) completely inactivate the nuclease activity of SpCas9. SaCas9, similarly,
may be inactivated by the mutations D10A and N580A. In some embodiments, the dCas9
comprises at least one mutation in the HNH subdomain and/or the RuvC1 subdomain that
reduces or abrogates nuclease activity. In some embodiments, the dCas9 only comprises a
RuvC1 subdomain, or only comprises an HNH subdomain. It is to be understood that any
mutation that inactivates the RuvC1 and/or the HNH domain may be included in a dCas9
herein, e.g., insertion, deletion, or single or multiple amino acid substitution in the RuvCl1
domain and/or the HNH domain.

[0081] In some embodiments, a dCas9 protein herein comprises a mutation at position(s)
corresponding to position D10 (e.g., DI0A), 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).

[0082] In some embodiments, a dCas9 protein as described herein comprises a mutation
at position(s) corresponding to position D10 (e.g., D10A), N580 (e.g., NS80A), or both, of a
wildtype SaCas9 sequence (e.g., SEQ ID NO: 3). In particular embodiments, the dCas9
comprises the amino acid sequence of dSaCas9 (D10A and N580A) (SEQ ID NO.: 13).
[0083] 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).

[0084] A dCpf1 protein domain may comprise one, two, or more mutations as compared
to wildtype Cpfl that reduce or abrogate its nuclease activity. The Cpfl protein has a RuvC-

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

[0085] 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),
dLbCpfl (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),
dRRAsCpfl (e.g., SEQ ID NO: 24), dCasX (e.g., SEQ ID NO: 25), and dCasPhi (e.g., SEQ
ID NO: 26).

[0086] 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.

[0087] A CRISPR-associated protein domain described herein may recognize a
protospacer adjacent motif (PAM) sequence in 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 but is not part of the target sequence. The CRISPR-associated protein domain may
either recognize a naturally occurring or canonical PAM sequence or may have altered PAM
specificity. CRISPR-associated protein domains that bind to non-canonical PAM sequences
have been described in the art. For example, Cas9 domains that bind non-canonical PAM
sequences have been described in Kleinstiver et al., Nature (2015) 523(7561):481-5 and
Kleinstiver et al., Nat Biotechnol. (2015) 33:1293-8. Such Cas9 domains may include, for
example, those from “VRER” SpCas9, “EQR” SpCas9, “VQR” SpCas9, “SpG Cas9,”
“SpRYCas9,” and “KKH” SaCas9. Nuclease inactive versions of these Cas9 domains are

also contemplated, such as nuclease inactive VRER SpCas9 (e.g., SEQ ID NO: 27), nuclease
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inactive EQR SpCas9 (e.g., SEQ ID NO: 28), nuclease inactive VQR SpCas9 (e.g., SEQ ID
NO: 29), nuclease inactive SpG Cas9 (e.g., SEQ ID NO: 30), nuclease inactive SpRY Cas9
(e.g., SEQ ID NO: 31), and nuclease inactive KKH SaCas9 (e.g., SEQ ID NO: 32). Another
example is the Cas9 of Francisella novicida engineered to recognize 5°-YG-3" (where “Y” is
a pyrimidine).

[0088] 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.

[0089] Guide RNAs that can be used in conjunction with the CRISPR-associated protein

domains herein are further described in Section 1I below.

B. Zinc Finger Protein Domains
[0090] 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 (BBa)-protein fold stabilized by a zinc ion. A ZF binds from
two to four base pairs of nucleotides, typically three or four base pairs (contiguous or
noncontiguous). Each ZF typically comprises approximately 30 amino acids. ZFP domains
may contain multiple ZFs that make tandem contacts with their target nucleic acid sequence.
A tandem array of ZFs may be engineered to generate artificial ZFPs that bind desired
nucleic acid targets. ZFPs may be rationally designed by using databases comprising triplet
(or quadruplet) nucleotide sequences and individual ZF amino acid sequences, in which each
triplet or quadruplet nucleotide sequence is associated with one or more amino acid
sequences of ZFs that bind the particular triplet or quadruplet sequence. See, e.g., U.S.
Patents 6,453,242, 6,534,261, and 8,772,453.
[0091] 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)24-Cys-(X)12-His-(X)3-5-His- (SEQ ID NO: 657),
where X is any independently chosen amino acid. In some embodiments, a ZFP domain
herein may comprise a ZF array comprising sequential C2H2-ZFs each contacting three or
more sequential nucleotides.
[0092] A ZFP domain of an epigenetic editor described herein may include 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, or more ZFs. The ZFP domain may include an array of two-finger or

three-finger units, e.g., 3, 4, 5, 6, 7, 8, 9 or 10 or more units, wherein each unit binds a subsite
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in the target sequence. In some embodiments, a ZFP domain comprising at least three ZFs
recognizes a target DNA sequence of 9 or 10 nucleotides. In some embodiments, a ZFP
domain comprising at least four ZFs recognizes a target DNA sequence of 12 to 14
nucleotides. In some embodiments, a ZFP domain comprising at least six ZFs recognizes a
target DNA sequence of 18 to 21 nucleotides.

[0093] In some embodiments, ZFs in a ZFP domain described herein are connected via
peptide linkers. The peptide linkers may be, e.g., 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, or more amino acids in length. In some embodiments, a linker comprises
5 or more amino acids. In some embodiments, a linker comprises 7-17 amino acids. The
linker may be flexible or rigid.

[0094] In some embodiments a zinc finger array may have the sequence:

SRPGERPFQCRICMRNFE SXXXXXXXHXXTHTGEKPFQCRICMRNE SXXXXXXXHXXT
H[linker] FOCRICMRNF SXXXXXXXHXXTHTGEKPFQCRICMRNEF SXXXXXXXHX
XTH[linker] PFQCRICMRNF SXXXXXXXHXXTHTGEKPFQCRICMRNEF SXXXXXX
XHXXTHLRGS (SEQ ID NO: 650),

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: 651);
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: 652); 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.

[0095] ZFP domains herein may contain arrays of two or more adjacent ZFs that are
directly adjacent to one another (e.g., separated by a short (canonical) linker sequence), or are
separated by longer, flexible or structured polypeptide sequences. In some embodiments,
directly adjacent fingers bind to contiguous nucleic acid sequences, i.e., to adjacent
trinucleotides/triplets. In some embodiments, adjacent fingers cross-bind between each
other’s respective target triplets, which may help to strengthen or enhance the recognition of
the target sequence, and leads to the binding of overlapping sequences. In some
embodiments, distant ZFs within the ZFP domain may recognize (or bind to) non-contiguous

nucleotide sequences.
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[0096] The amino acid sequences of the ZF DNA-recognition helices of exemplary ZFP
domains herein, and their PCSK9 target sequences, are shown below in Table 1, where

numbers within the parentheses denote SEQ ID NOs:

Table 1. ZF Sequences of Exemplary ZFP Domains Targeting PCSK9

ZF No. | DNA Target F1 F2 F3 F4 F5 Fé6
7ZF001 cc?ggﬁgﬁ” DHSSLKR | QSPHLQR | YKHVLVN | QMSNLDR | QAETLKR | RNYDLGI
(700) (748) (749) (750) (751) (752) (753)
ZF002 GGgigggﬁGA OSTTLKR | QAHGLTA | DAANLRR | RRDNLLR | RNTHLAR | EAHHLSR
(701) (754) (755) (756) (757) (758) (759)
ZF003 GGgfgfgﬁiGA QSTTLKR | GAHGLAG | DOTNLRR | RQDNLQR | KGDHLRR | EAHHLSR
(702) (760) (761) (762) (763) (764) (765)
ZE004 GAégigggéCT RTDTLAR | RKTALNR | RNESLKV | VKNTLTR | RREHLVR | ISHNLAR
(703) (766) (767) (768) (769) (770) (771)
ZF005 GAégigggéCT RRLTLDR | RRDLLEN | RNESLKV | VGASLKR | RREHLVR | LEHNLGR
(704) (772) (773) (774) (775) (776) (7177)
7ZF006 GAégfgggffT RNHTLOR | RREVLEN | RHESLIV | VGASLKR | KKDHLHR | LMHNLTR
(705) (778) (779) (780) (781) (782) (783)
ZF007 Gcﬁggém KRERLER | QKGNLVV | QKTHLAV | QGGHLKR | QRPHLTN | QAATLQR
(706) (784) (785) (786) (787) (788) (789)
ZF008 GGZ;gggigéGc RSQTLAQ | QSTTLKR | LRDSLKR | LGHTLNR | DPSVLTR | QNSHLRR
(707) (720) (791) (792) (793) (794) (795)
ZF009 GA;E?;EZCQGG ORGNLAR | VSNTLTR | QRPHLTN | QAATLOR | RRQHLEL | DRGNLTR
(708) (796) (797) (798) (799) (800) (801)
7ZF010 GG?gﬁigégTG QSAHLKR | QDVSLVR | RKQHLQL | DRGNLTR | RDDNLQR | RMEHLPR
(709) (802) (803) (804) (805) (806) (807)
ZFO11 GGgigigzéiGA QSTTLKR | QPHGLGA | LVENLRR | RVENLHR | RREHLVR | LSQGLAR
(710) (808) (809) (810) (811) (812) (813)
ZF012 GGE?E?EZ&‘;GA QSTTLKR | QAHGLTA | DGSNLAR | RRDNLLR | RREHLVR | VDHHLRR
(711) (814) (815) (816) (817) (818) (819)
7ZF013 TGggiggggGA RKQHLQL | DRGNLTR | RPDNLVR | RIDKLGG | EAHHLSR | QGRSLRA
(712) (820) (821) (822) (823) (824) (825)
ZF014 GTgfﬁggGG EAHHLSR | QPHGLRA | LKEHLTR | MGHHLKR | QRGNLLR | RPDALPR
(713) (826) (827) (828) (829) (830) (831)
ZF015 GC?EE??@?GG RRQHLQY | LKEHLTR | SKQKLQV | QQTNLTR | RREVLEN | RPDGLAR
(714) (832) (833) (834) (835) (836) (837)
7ZF016 GCCT;g(T;gCT;é?GG RRQHLTL | DNSHLOR | LPHHLQR | QSNNLTR | RNFILQOR | RKDDLKR
(715) (838) (839) (840) (841) (842) (843)
ZF017 Gcggggggg% ROEHLVR | EGGNLMR | RPDNLVR | RIDKLGG | RRDDLTR | RKDLLHR
(716) (844) (845) (846) (847) (848) (849)
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ZF No. | DNA Target F1 F2 F3 F4 F5 Fo
ZFOl 8 Gcgg;ggggGA RREHLVR DMGNLGR RDDNLQR RMEHLPR RKEDLAR | RLDMLAR
(717) (850) (851) (852) (853) (854) (855)
7ZF019 TAggg?gggGA RREHLVR EHRGLKR RGDNLGR RSDHLSL QQAHLVR | RDDNLRT
(718) (856) (857) (858) (859) (860) (861)
ZF020 GGgggggggee DDANLRR | RREVLEN | LKEHLTR | DPSNLRR | DSSVLRR | ENSKLNR
(719) (862) (863) (864) (865) (866) (867)
ZF021 GGgggggggee DRANLRR | RPDALSR | LKEHLTR | DPSNLRR | DSSVLRR | ENSKLNR
(720) (868) (869) (870) (871) (872) (873)
ZF022 GT;gzéggz;Gc LSQTLKR | RTDTLAR | QMETLKR | QGGTLRR | HKSSLTR | DRTPLOR
(721) (874) (875) (876) (877) (878) (879)
7ZF023 GAggiggg(T;CT RTDTLAR RKTALNR RNESLKV VKNTLTR RREHLVR | LTHNLRR
(722) (880) (881) (882) (883) (884) (885)
ZF024 TcggiggigAG RLDNLDR | RADNLRR | SHWKLHT | EKGHLNR | RREVLEN | RADGLOL
(723) (886) (887) (888) (889) (890) (891)
7ZF025 GG?E?;E?;TG QSPHLKR | QSTSLOR | RKQHLTL | DRGNLTR | RPHNLLR | RREHLVR
(724) (892) (893) (894) (895) (896) (897)
ZF026 GGigzéigégTG QQAHLVR | QAETLKR | RKQHLTL | DRGNLTR | RNTNLTR | RREHLVR
(725) (898) (899) (900) (901) (902) (903)
7ZF027 GcgggggggGA RREHLVR DPSNLQR RNTNLTR RREHLVR RTDTLAR | RVDDLGR
(726) (904) (905) (906) (907) (908) (909)
ZF028 Giiiii;igfc QSHSLKS | ESGHLKR | DLSTLRR | QONEHLKV | RPENLNR | RRDNLNR
(727) (910) (911) (912) (913) (914) (915)
ZF029 GGTTT%TAGC%GCTCGC ERRGLDR DRGNLTR LSQTLNR IKHHLGR RNFILQR | ERHQLVR
(728) (916) (917) (918) (919) (920) (921)
7ZF030 TCATG%AA%CTCGTAGG QREHLVT RIDNLGR RMSNLVR RNESLKV RADNLGR | ARNTLKG
(729) (922) (923) (924) (925) (926) (927)
ZF031 Géiiii;iifc QSHSLKS | EKSHLTR | DSPTLRR | QKVHLQV | RAENLAR | RRDNLLR
(730) (928) (929) (930) (931) (932) (933)
7ZF032 sz;(ﬁ;ic@c(;iGG HKSSLTR | RPDNLPR | QGTHLRN | RTHHLIT | TPSKLDR | RODNLGR
(731) (934) (935) (936) (937) (938) (939)
7ZF033 GCAA(;GC;GAACGGGGACCG ERAKLIR DPSNLRR RODNLGR DQGNLGR QSAHLKR | QDVSLVR
(732) (940) (941) (942) (943) (944) (945)
7ZF034 GCAAG%C;ACC;%ACCG TPSKLDR LAENLRR RODNLGR DGGNLGR QSPHLKR | QSTSLQR
(733) (946) (947) (948) (949) (950) (951)
ZF035 Giiigiiii?G TPSKLDR | DSSNLRR | RQDNLGR | EGGNLMR | QQAHLVR | QAETLKR
(734) (952) (953) (954) (955) (956) (957)
7ZF036 TGGGT%ii%%PfT ORPHLTN | QAATLQR | RKECLVV | QNPHLLR | QSAHLKR | RSDHLSL
(735 (958) (959) (960) (961) (962) (963)
ZF037 GTGT C%CCZEGGGCCCGG DPSVLTR | EHRGLKR | VPSKLKR | RDDTLVR | QKETLNR | VRSSLRR
(736) (964) (965) (966) (967) (968) (969)
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ZF No. | DNA Target F1 F2 F3 4 F5 Fe
ZF038 GTGTCGGCCACGGGCCCGG DPSVLTR | EHRGLKR | KTDHLAR | DKAHLVR | QKETLNR | VRSSLRR
(737) (970) (971) (972) (973) (974) (975)
7ZF039 G(;TG%TGTCTGiiGG RADNLGR | KQVTLRN | KHSNLTR | RREHLVR | VKSSLTR | VSNSLNR
(738) (976) (977) (978) (979) (980) (981)
7ZF040 GCATGGGTGTCTGC;%GG RDDNLQR | KNVTLTN | QSAHLKR | RSDHLSIL | VKSSLTR | VSNSLNR
(739) (982) (983) (984) (985) (986) (987)
ZF041 GZPE;GGZ%%CTCCGG DPSVLKR | RTEHLAR | QSPHLKR | DQTTLRR | KHSNLTR | QMETLKR
(740) (988) (989) (990) (991) (992) (993)
ZF042 T?GGGGCACGGGM?CG ONONLAR | DKSVLAR | RDDNLOR | KNVTLTN | QSAHLKR | RSDHLSL
(741) (994) (995) (996) (997) (998) (999)
7F043 GCGCﬁGGTGGG?GGG KHSNLTR | RREHLTI | KKDHLHR | QTTTLKR | EEHHLTR | REDVLGR
(742) (1000) (1001) (1002) (1003) (1004) (1005)
ZF044 GCGCE%TG%TAZGG KHSNLTR | RREHLTI | KKDHLHR | QTTTLKR | EAHHLSR | RTDDLGR
(743) (1006) (1007) (1008) (1009) (1010) (1011)
ZF045 GG&%cCTT%%iAG LRQTLAR | VAHSLKR | DRSVLVR | QNSHLRR | VKHSLOR | QTTHLSR
(744) (1012) (1013) (1014) (1015) (1016) (1017)
7ZF046 GCC?(?E;GGG;GGGTG QSAHLKR | QMSHLKR | RGNHLRR | LKEHLTR | RNEHLKV | QSTTLKR
(745) (1018) | (1019) | (1020) (1021) | (1022) | (1023)
ZF047 Ggégéggiggc; RKPHLDN | RPDVLMR | RDDNLOR | RMEHLPR | HOSSLTR | VSNSLAR
(746) (1024) (1025) (1026) (1027) (1028) (1029)
7ZF048 Ggégégéiggc; RNIHLQT | RKDTLAR | RADNLGR | RMEHLPR | HQSSLTR | VSNSLAR
(747) (1030) | (1031) | (1032) (1033) | (1034) | (1035)

[0097] In some embodiments, the ZFP domain of the present epigenetic editor binds to a
target sequence selected from any one of SEQ ID NOs: 700-747. In further embodiments,
the ZFP domain comprises, in order, the F1-F6 amino acid sequences of any one of ZF001-
ZF048 as shown in Table 1. The F1-F6 amino acid sequences may be placed within the ZF
framework sequence of SEQ ID NO: 650, or within any other ZF framework known in the

art.

C. TALEs
[0098] 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
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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; Liet
al., Nucl Acids Res. (2010) 39(1):359-72; and Moscou et al., Science (2009) 326(5959):1501.

D. Other DNA-Binding Domains
[0099] Other DNA-binding domains are contemplated for the epigenetic editors
described herein. In some embodiments, the DNA-binding domain comprises an argonaute
protein domain, e.g., from Natronobacterium gregoryi (NgAgo). NgAgo is a ssDNA-guided
endonuclease that is guided to its target site by 5' phosphorylated ssDNA (gDNA), where it
produces double-strand breaks. In contrast to Cas9, the NgAgo-gDNA system does not
require a protospacer-adjacent motif (PAM). Thus, using a nuclease inactive NgAgo
(dNgAgo) can greatly expand the bases that may be targeted. The characterization and use of
NgAgo have been described, e.g., in Gao et al., Nat Biotechnol. (2016) 34(7):768-73; Swarts
et al., Nature (2014) 507(7491):258-61; and Swarts et al., Nucl Acids Res. (2015)
43(10):5120-9.
[0100] 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

[0101] Epigenetic editors described herein that comprise a polynucleotide guided DNA-
binding domain may also include a guide polynucleotide that is capable of forming a complex
with the DNA-binding domain. The guide polynucleotide may comprise RNA, DNA, or a
mixture of both. For example, where the polynucleotide guided DNA-binding domain is a
CRISPR-associated protein domain, the guide polynucleotide may be a guide RNA (gRNA).
A “guide RNA” or “gRNA” refers to a nucleic acid that is able to hybridize to a target
sequence and direct binding of the CRISPR-Cas complex to the target sequence. Methods of
using guide polynucleotide sequences with programmable DNA-binding proteins (e.g.,
CRISPR-associated protein domains) for site-specific DNA targeting (e.g., to modify a
genome) are known in the art.

[0102] 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”), €.g., to a nucleic acid sequence comprised in
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a genomic target site; and 2) a nucleotide sequence that binds a polynucleotide guided DNA-
binding domain (e.g., a CRISPR-Cas protein domain). The nucleotide sequence in 1) may
comprise a targeting sequence that is 100% complementary to a genomic nucleic acid
sequence, ¢.g., a nucleic acid sequence comprised in a genomic target site, and thus may
hybridize to the target nucleic acid sequence. The nucleotide sequence in 1) may be referred
to as, e.g., a crispr RNA, or crRNA. The nucleotide sequence in 2) may be referred to as a
scaffold sequence of a guide nucleic acid, e.g., a tracrRNA, or an activating region of a guide
nucleic acid, and may comprise a stem-loop structure. Parts 1) and 2) as described above
may be fused to form one single guide (e.g., a single guide RNA, or sgRNA), or may be on
two separate nucleic acid molecules. In some embodiments, a guide polynucleotide
comprises parts 1) and 2) connected by a linker. In some embodiments, a guide
polynucleotide comprises parts 1) and 2) connected by a non-nucleic acid linker, for example,
a peptide linker or a chemical linker.

[0103] 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.

{51041 A gRNA as provided herein typically comprises a targeting domain and a binding
domain. The targeting domain (also termed “targeting sequence”) may comprise a nucleic
acid sequence that binds to a target site, e.g., to a genomic nucleic acid molecule within a
cell. The target site may be a double-stranded DNA sequence comprising a PAM sequence
as well as the target sequence, which is located on the same strand as, and directly adjacent
to, the PAM sequence. The targeting domain of the gRNA may comprise an RNA sequence
that corresponds to the target sequence, i.e., it resembles the sequence of the target domain,
sometimes with one or more mismatches, but typically comprising an RNA sequence instead
of a DNA sequence. The targeting domain of the gRNA thus may base pair (in full or partial
complementarity) with the sequence of the double-stranded target site that is complementary
to the target sequence, and thus with the strand complementary to the strand that comprises
the PAM sequence. It will be understood that the targeting domain of the gRNA typically

does not include a sequence that resembles the PAM sequence. It will further be understood

24



10

15

20

25

30

35

WO 2024/186896 PCT/US2024/018670

that the location of the PAM may be 5° 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 Cas12a nucleases. For an illustration of the
location of the PAM and the mechanism of gRNA binding to a target site, see, e.g., Figure 1
of Vanegas et al., Fungal Biol Biotechnol. (2019) 6:6, which is incorporated by reference
herein. For additional illustration and description of the mechanism of gRNA targeting of an
RNA-guided nuclease to a target site, see Fu et al., Nat Biotechnol (2014) 32(3):279-84 and
Sternberg et al., Nature (2014) 507(7490):62-7, each incorporated herein by reference.
[0105] In some embodiments, the targeting domain sequence comprises between 17 and
30 nucleotides and corresponds fully to the target sequence (i.e., without any mismatch
nucleotides). In some embodiments, however, the targeting domain sequence may comprise
one or more, but typically not more than 4, mismatches, e.g., 1, 2, 3, or 4 mismatches. As the
targeting domain is part of gRNA, which is an RNA molecule, it will typically comprise
ribonucleotides, while the DNA targeting domain will comprise deoxyribonucleotides.
10106} An exemplary illustration of a Cas9 target site, comprising a 22 nucleotide target
domain, and an NGG PAM sequence, as well as of a gRNA comprising a targeting domain
that fully corresponds to the target sequence (and thus base pairs with full complementarity
with the DNA strand complementary to the strand comprising the target sequence and PAM)

is provided below:

[ target domain (DNA) 1[ PAM ]

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

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

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) 1[ binding domain ]

16107} 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) 1
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)
T O O O
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) 1
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(6108} While not wishing to be bound by theory, at least in some embodiments, it is
believed that the length and complementarity of the targeting domain with the target
sequence contributes to specificity of the interaction of the gRNA/Cas9 molecule complex
with a target nucleic acid. In some embodiments, the targeting domain of a gRNA provided
herein is 5 to 50 nucleotides in length. In some embodiments, the targeting domain is 15 to
25 nucleotides in length. In some embodiments, the targeting domain is 18 to 22 nucleotides
in length. In some embodiments, the targeting domain is 19-21 nucleotides in length. In
some embodiments, the targeting domain is 15 nucleotides in length. In some embodiments,
the targeting domain is 16 nucleotides in length. In some embodiments, the targeting domain
is 17 nucleotides in length. In some embodiments, the targeting domain is 18 nucleotides in
length. In some embodiments, the targeting domain is 19 nucleotides in length. In some
embodiments, the targeting domain is 20 nucleotides in length. In some embodiments, the
targeting domain is 21 nucleotides in length. In some embodiments, the targeting domain is
22 nucleotides in length. In some embodiments, the targeting domain is 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 targeting domain comprises 2 mismatches relative to the target sequence. In some
embodiments, the target domain comprises 3 mismatches relative to the target sequence.
[0109] Methods for designing, selecting, and validating gRNAs are described herein and
known in the art. Software tools can be used to optimize the gRNAs corresponding to a
target DNA sequence, e.g., to minimize total off-target activity across the genome. For
example, DNA sequence searching algorithms can be used to identify a target sequence in
crRNAs of a gRNA for use with Cas9. Exemplary gRNA design tools include the ones
described in Bae et al., Bioinformatics (2014) 30:1473-5.

[0110] Guide polynucleotides (e.g., gRNAs) described herein may be of various lengths.
In some embodiments, the length of the spacer or targeting sequence depends on the
CRISPR-associated protein component of the epigenetic editor system used. For example,
Cas proteins from different bacterial species have varying optimal targeting sequence lengths.
Accordingly, the spacer sequence may comprise, e.g., 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44, 45, 46, 47, 48, 49, 50, or more than 50 nucleotides in length. In some
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embodiments, the spacer comprises 10-24, 11-20, 11-16, 18-24, 19-21, or 20 nucleotides in
length. In some embodiments, a guide polynucleotide (e.g., gRNA) is from 15-100 (e.g., 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42,43, 44, 45, 46, 47, 48, 49, or 50) nucleotides in length and comprises a spacer
sequence of at least 10 (e.g., 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50) contiguous
nucleotides complementary to the target sequence. In some embodiments, a guide
polynucleotide described herein may be truncated, e.g., by 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 40,
50 or more nucleotides.

[0111] In certain embodiments, the 3’ end of the PCSK9 target sequence is immediately
adjacent to a PAM sequence (e.g., a canonical PAM sequence such as NGG for SpCas9).
The degree of complementarity between the targeting sequence of the guide polynucleotide
(e.g., the spacer sequence of a gRNA) and the target sequence may be at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%. In particular embodiments, the
targeting and the target 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.

[0112] A guide polynucleotide (e.g., gRNA) may be modified with, for example,
chemical alterations and synthetic modifications. A modified gRNA, for instance, can
include an alteration or replacement of one or both of the non-linking phosphate oxygens
and/or of one or more of the linking phosphate oxygens in the phosphodiester backbone
linkage, an alteration of the ribose sugar (e.g., of the 2’ hydroxyl on the ribose sugar), an
alteration of the phosphate moiety, modification or replacement of a naturally occurring
nucleobase, modification or replacement of the ribose-phosphate backbone, modification of
the 3’ end and/or 5° end of the oligonucleotide, replacement of a terminal phosphate group or
conjugation of a moiety, cap, or linker, or any combination thereof.

[0113] In some embodiments, one or more ribose groups of the gRNA may be modified.
Examples of chemical modifications to the ribose group include, but are not limited to, 2’-O-
methyl (2°-OMe), 2’-fluoro (2’-F), 2’-deoxy, 2°-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.
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[0114] In some embodiments, one or more phosphate groups of the gRNA may be
chemically modified. Examples of chemical modifications to a phosphate group include, but
are not limited to, a phosphorothioate (PS), phosphonoacetate (PACE), thiophosphonoacetate
(thioPACE), amide, triazole, phosphonate, and phosphotriester modification. In some
embodiments, a guide polynucleotide described herein may comprise one, two, three, or more
PS linkages at or near the 5° end and/or the 3’ end; the PS linkages may be contiguous or
noncontiguous.

[0115] In some embodiments, the gRNA herein comprises a mixture of ribonucleotides
and deoxyribonucleotides and/or one or more PS linkages.

[0116] In some embodiments, one or more nucleobases of the gRNA may be chemically
modified. Examples of chemically modified nucleobases include, but are not limited to, 2-
thiouridine, 4-thiouridine, N6-methyladenosine, pseudouridine, 2,6-diaminopurine, inosine,
thymidine, 5-methylcytosine, 5-substituted pyrimidine, isoguanine, isocytosine, and
nucleobases with halogenated aromatic groups. Chemical modifications can be made in the
spacer region, the tracr RNA region, the stem loop, or any combination thereof.

[0117] Table 2 below lists exemplary gRNA target sequences for epigenetic modification
of human PCSK9, as well as the coordinates of the start and end positions of the targeted site
on human chromosome 1 (SEQ: SEQ ID NO). The Table also shows the distance from the
start coordinate to the TSS coordinate of the PCSK9 gene.

Table 2. Exemplary Target Sequences of gRNAs Targeting PCSK9

Chr. 1 gRNA Target Sequence TSS
gRNA No. Strand START END (DNA, 5’ to g’) SEQ Distance
gRNAO001 + 55039960 | 55039979 | GGTGCTAGCCTTGCGTTCCG | 1036 431
gRNA002 + 55039991 | 55040010 | CTGGCCGAAGCACCCGAGCA | 1037 462
gRNA003 - 55039529 | 55039548 | TGCGGAAACCTTCTAGGGTG | 1038 0
gRNA004 - 55039528 | 55039547 | GCGGAAACCTTCTAGGGTGT | 1039 -1
gRNAO00S + 55039518 | 55039537 | TCAAGCACCCACACCCTAGA | 1040 -11
gRNA006 - 55039514 | 55039533 | GGGTGTGGGTGCTTGACGCC | 1041 -15
gRNAOO7 - 55039513 | 55039532 | GGTGTGGGTGCTTGACGCCT | 1042 -16
gRNAO008 - 55039512 | 55039531 | GTGTGGGTGCTTGACGCCTG | 1043 -17
gRNAO009 - 55039610 | 55039629 | ACTGCCTGGCTCACTCCTCC | 1044 81
gRNAO10 - 55039481 | 55039500 | TCACGCCACCAGAGCCCCAT | 1045 -48
gRNAO11 + 55039473 | 55039492 | ATCGTCCGATGGGGCTCTGG | 1046 -56
gRNAO12 + 55039470 | 55039489 | AGGATCGTCCGATGGGGCTC | 1047 -59
gRNAO13 + 55039464 | 55039483 | TCAGATAGGATCGTCCGATG | 1048 -65
gRNAO14 + 55039669 | 55039688 | GCGGCTCCCAGCTCCCAGCC | 1049 140
gRNAO15 - 55039678 | 55039697 | CGGAATCCTGGCTGGGAGCT | 1050 149
gRNAO16 - 55039679 | 55039698 | GCGGAATCCTGGCTGGGAGC | 1051 150
gRNAO17 - 55039685 | 55039704 | GGGCGCGCGGAATCCTGGCT | 1052 156
gRNAO18 - 55039686 | 55039705 | GGGGCGCGCGGAATCCTGGC | 1053 157
gRNAO19 + 55038610 | 55038629 | TGAGGTCTTTGCAAACAAAG | 1054 -919
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Chr. 1 gRNA Target Sequence TSS
gRNA No. Strand START END (DNA, 5’ to 3°) SEQ Distance
gRNA020 + 55038654 | 55038673 | CCAGCACCTAGATTCAGAGC | 1055 -875
gRNAO21 - 55038657 | 55038676 | CCTGCTCTGAATCTAGGTGC | 1056 -872
gRNA022 - 55038731 | 55038750 | TCGATACTGGGAAGAAACAA | 1057 -798
gRNA023 - 55038743 | 55038762 | CTGGAAGGGCTGTCGATACT | 1058 -786
gRNA024 - 55038744 | 55038763 | TCTGGAAGGGCTGTCGATAC | 1059 -785
gRNA025 - 55038757 | 55038776 | GAGGCTTGCTCTTTCTGGAA | 1060 =772
gRNAO026 - 55038758 | 55038777 | TGAGGCTTGCTCTTTCTGGA | 1061 -771
gRNA027 - 55038762 | 55038781 | GACATGAGGCTTGCTCTTTC | 1062 -767
gRNA028 - 55038776 | 55038795 | TGTACATGTGGCATGACATG | 1063 -753
gRNA029 + 55038781 | 55038800 | CATGCCACATGTACAATCTG | 1064 -748
gRNA030 + 55038786 | 55038805 | CACATGTACAATCTGAGGCC | 1065 -743
gRNAO31 - 55038788 | 55038807 | CIGGCCTCAGATTGTACATG | 1066 -741
gRNA032 - 55038807 | 55038826 | AAAAGGGGAAAGAGAGCTCC | 1067 =722
gRNAO033 - 55038822 | 55038841 | CCAGGCAGGAGGATGAAARAG | 1068 -707
gRNAO034 - 55038823 | 55038842 | ACCAGGCAGGAGGATGAAAA | 1069 -706
gRNAO035 - 55038824 | 55038843 | TACCAGGCAGGAGGATGAAA | 1070 -705
gRNAO036 + 55038830 | 55038849 | CCTCCTGCCTGGTACACAAT | 1071 -699
gRNAO037 - 55038833 | 55038852 | CCTATTGTGTACCAGGCAGG | 1072 -696
gRNAO38 - 55038836 | 55038855 | ACACCTATTGTGTACCAGGC | 1073 -693
gRNAO039 + 55038840 | 55038859 | GGTACACAATAGGTGTTTAC | 1074 -689
gRNA040 - 55038840 | 55038859 | GTAAACACCTATTGIGTACC | 1075 -689
gRNAO41 + 55038870 | 55038889 | TCCAGTTGATTTCTTGAACA | 1076 -659
gRNA042 - 55038874 | 55038893 | ACCATGTTCAAGAAATCAAC | 1077 -655
gRNA043 + 55038881 | 55038900 | TCTTGAACATGGTGTGTAAA | 1078 -648
gRNA044 + 55038906 | 55038925 | TCTTTGCAAATTGAATCTTC | 1079 -623
gRNAO45 - 55038970 | 55038989 | AGTTTGCAAAGACGTCATAT | 1080 -559
gRNA046 - 55038998 | 55039017 | GATTTATACTACAAAGATTC | 1081 -531
gRNA047 + 55039075 | 55039094 | AGTTGGTAAGGTCAGTGTGC | 1082 -454
gRNA048 + 55039076 | 55039095 | GTTGGTAAGGTCAGTGTGCA | 1083 -453
gRNA049 + 55039093 | 55039112 | GCAGGGTGCATAAAGGGCAG | 1084 -436
gRNAO050 + 55039097 | 55039116 | GGTGCATAAAGGGCAGAGGC | 1085 -432
gRNAO51 + 55039100 | 55039119 | GCATARAGGGCAGAGGCCGG | 1086 -429
gRNA052 + 55039137 | 55039156 | TTTAGAAGGCTGCCAGGTTA | 1087 -392
gRNAO53 - 55039163 | 55039182 | GCCCACCGAATTCTTTCCAC | 1088 -366
gRNA054 + 55039167 | 55039186 | ARAGAATTCGGTGGGCAGCG | 1089 -362
gRNAOS55 - 55039196 | 55039215 | CTTCTGAATCAATCCTACTG | 1090 -333
gRNAO56 + 55039221 | 55039240 | CTGGTCAGCAGGAGACAAGG | 1091 -308
gRNAO057 + 55039202 | 55039221 | GATTGATTCAGAAGTCTCAC | 1092 -327
gRNAO58 + 55039210 | 55039229 | CAGAAGTCTCACTGGTCAGC | 1093 -319
gRNAO059 + 55039218 | 55039237 | TCACTGGTCAGCAGGAGACA | 1094 -311
gRNA060 + 55039228 | 55039247 | GCAGGAGACAAGGTGGACCC | 1095 -301
gRNAOG61 + 55039242 | 55039261 | GGACCCAGGAAACACTGAAA | 1096 -287
gRNAO0G2 + 55039245 | 55039264 | CCCAGGAAACACTGAAAAGG | 1097 -284
gRNA063 + 55039246 | 55039265 | CCAGGAAACACTGAAAAGGT | 1098 -283
gRNA064 + 55039251 | 55039270 | AAACACTGAAAAGGTGGGCC | 1099 -278
gRNAO065 + 55039281 | 55039300 | TGGAGTCTGGCATCCCACGC | 1100 -248
gRNAO066 + 55039282 | 55039301 | GGAGTCTGGCATCCCACGCA | 1101 -247
gRNAOG7 + 55039312 | 55039331 | CGGGAGAGGAGGAGCCCCTA | 1102 -217
gRNAOGS + 55039318 | 55039337 | AGGAGGAGCCCCTAGGGCGC | 1103 211
gRNAO0G9 - 55039329 | 55039348 | AAGGCAGGCCGGCGCCCTAG | 1104 -200
gRNAO70 - 55039330 | 55039349 | GAAGGCAGGCCGGCGCCCTA | 1105 -199
gRNAO71 - 55039331 | 55039350 | GGARAGGCAGGCCGGCGCCCT | 1106 -198
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gRNAO72 - 55039340 | 55039359 | AACTGGGCTGGAAGGCAGGC | 1107 -189
gRNAO073 + 55039340 | 55039359 | GCCTGCCTTCCAGCCCAGTT | 1108 -189
gRNAO74 - 55039344 | 55039363 | TCCTAACTGGGCTGGAAGGC | 1109 -185
gRNAOQ75 + 55039346 | 55039365 | CTTCCAGCCCAGTTAGGATT | 1110 -183
gRNAO76 + 55039347 | 55039366 | TTCCAGCCCAGTTAGGATTT | 1111 -182
gRNAQ77 - 55039348 | 55039367 | CAAATCCTAACTGGGCTGGA | 1112 -181
gRNAO78 - 55039352 | 55039371 | CTCCCAAATCCTAACTGGGC | 1113 -177
gRNAO79 - 55039356 | 55039375 | AAAACTCCCAAATCCTAACT | 1114 -173
gRNAO0SO - 55039357 | 55039376 | AAAAACTCCCAAATCCTAAC | 1115 -172
gRNAOS1 - 55039384 | 55039403 | AGCGTCAGATTACGCGCAGA | 1116 -145
gRNAO0S2 - 55039385 | 55039404 | CAGCGTCAGATTACGCGCAG | 1117 -144
gRNAO083 + 55039387 | 55039406 | GCGCGTAATCTGACGCTGTT | 1118 -142
gRNA084 + 55039388 | 55039407 | CGCGTAATCTGACGCTGTTT | 1119 -141
gRNAOS8S + 55039389 | 55039408 | GCGTAATCTGACGCTGTITTG | 1120 -140
gRNAO086 + 55039392 | 55039411 | TAATCTGACGCTGTTTGGGG | 1121 -137
gRNAO087 + 55039393 | 55039412 | AATCTGACGCTGTTTGGGGA | 1122 -136
gRNAOZS + 55039398 | 55039417 | GACGCTGTTTGGGGAGGGCG | 1123 -131
gRNA089 + 55039422 | 55039441 | CGAAACCTGATCCTCCAGTC | 1124 -107
gRNA090 + 55039423 | 55039442 | GAAACCTGATCCTCCAGTCC | 1125 -106
gRNAQ91 + 55039424 | 55039443 | AAACCTGATCCTCCAGTCCG | 1126 -105
gRNAQ92 - 55039424 | 55039443 | CGGACTGGAGGATCAGGTTT | 1127 -105
gRNA093 + 55039425 | 55039444 | AACCTGATCCTCCAGTCCGG | 1128 -104
gRNA094 - 55039430 | 55039449 | AACCCCCGGACTGGAGGATC | 1129 -99
gRNA095 - 55039436 | 55039455 | TAACGGAACCCCCGGACTGG | 1130 -93
gRNA096 - 55039439 | 55039458 | CATTAACGGAACCCCCGGAC | 1131 -90
gRNAQ97 - 55039444 | 55039463 | TTAAACATTAACGGAACCCC | 1132 -85
gRNA098 + 55039450 | 55039469 | CCGTTAATGTTTAATCAGAT | 1133 -719
gRNA099 - 55039453 | 55039472 | CCTATCTGATTAAACATTAA | 1134 -76
gRNA100 + 55039462 | 55039481 | AATCAGATAGGATCGTCCGA | 1135 -67
gRNA101 + 55039463 | 55039482 | ATCAGATAGGATCGTICCGAT | 1136 -66
gRNA102 + 55039493 | 55039512 | TGGCGTGATCTGCGCGCCCC | 1137 -36
gRNA103 - 55039534 | 55039553 | GTCGCTGCGGAAACCTTCTA | 1138 5
gRNA104 - 55039535 | 55039554 | CGTCGCTGCGGAAACCTTCT | 1139 6
gRNA105 + 55039538 | 55039557 | AGGTTTCCGCAGCGACGTCG | 1140 9
gRNA106 + 55039547 | 55039566 | CAGCGACGTCGAGGCGCTCA | 1141 18
gRNA107 - 55039547 | 55039566 | TGAGCGCCTCGACGTCGCTG | 1142 18
gRNA108 + 55039554 | 55039573 | GTCGAGGCGCTCATGGTTGC | 1143 25
gRNA109 + 55039557 | 55039576 | GAGGCGCTCATGGTTGCAGG | 1144 28
gRNA110 + 55039558 | 55039577 | AGGCGCTCATGGTTGCAGGC | 1145 29
gRNAI11 + 55039592 | 55039611 | AGTTCAGGGTCTGAGCCTGG | 1146 63
gRNA112 + 55039577 | 55039596 | CGGGCGCCGCCGTTCAGTTC | 1147 48
gRNAI113 + 55039578 | 55039597 | GGGCGCCGCCGTTCAGTTCA | 1148 49
gRNA114 - 55039586 | 55039605 | TCAGACCCTGAACTGAACGG | 1149 57
gRNA115 - 55039589 | 55039608 | GGCTCAGACCCTGAACTGAA | 1150 60
gRNA116 + 55039589 | 55039608 | TTCAGTTCAGGGTCTGAGCC | 1151 60
gRNA117 + 55039603 | 55039622 | TGAGCCTGGAGGAGTGAGCC | 1152 74
gRNA118 + 55039615 | 55039634 | AGTGAGCCAGGCAGTGAGAC | 1153 86
gRNA119 + 55039620 | 55039639 | GCCAGGCAGTGAGACTGGCT | 1154 91
gRNA120 + 55039621 | 55039640 | CCAGGCAGTGAGACTGGCTC | 1155 92
gRNA121 - 55039624 | 55039643 | CCCGAGCCAGTCTCACTGCC | 1156 95
gRNA122 + 55039624 | 55039643 | GGCAGTGAGACTGGCTCGGG | 1157 95
gRNA123 + 55039625 | 55039644 | GCAGTGAGACTGGCTCGGGC | 1158 96
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gRNA124 + 55039629 | 55039648 | TGAGACTGGCTCGGGCGGGC | 1159 100
gRNAI125 + 55039630 | 55039649 | GAGACTGGCTCGGGCGGGCC | 1160 101
gRNA126 + 55039650 | 55039669 | GGGACGCGTCGTTGCAGCAG | 1161 121
gRNA127 - 55039651 | 55039670 | GCTGCTGCAACGACGCGTCC | 1162 122
gRNA128 - 55039690 | 55039709 | TGAAGGGGCGCGCGGAATCC | 1163 161
gRNA129 - 55039698 | 55039717 | AGGGCGCGTGAAGGGGCGCG | 1164 169
gRNA130 - 55039705 | 55039724 | CAGGAGCAGGGCGCGTGAAG | 1165 176
gRNA131 - 55039706 | 55039725 | TCAGGAGCAGGGCGCGTGAA | 1166 177
gRNA132 - 55039707 | 55039726 | TTCAGGAGCAGGGCGCGTGA | 1167 178
gRNA133 - 55039717 | 55039736 | GGAGCTGAAGTTCAGGAGCA | 1168 188
gRNA134 - 55039718 | 55039737 | AGGAGCTGAAGTTCAGGAGC | 1169 189
gRNA135 - 55039724 | 55039743 | CTGTGCAGGAGCTGAAGTTC | 1170 195
gRNA136 + 55039738 | 55039757 | GCACAGTCCTCCCCACCGCA | 1171 209
gRNA137 - 55039738 | 55039757 | TGCGGTGGGGAGGACTGTGC | 1172 209
gRNA138 + 55039745 | 55039764 | CCTCCCCACCGCAAGGCTCA | 1173 216
gRNA139 - 55039748 | 55039767 | CCTTGAGCCTTGCGGTGGGG | 1174 219
gRNA140 - 55039751 | 55039770 | GCGCCTTGAGCCTTGCGGTG | 1175 222
gRNA141 - 55039752 | 55039771 | GGCGCCTTGAGCCTTGCGGT | 1176 223
gRNA142 - 55039753 | 55039772 | CGGCGCCTTGAGCCTTGCGG | 1177 224
gRNA143 + 55039754 | 55039773 | CGCAAGGCTCAAGGCGCCGC | 1178 225
gRNA144 + 55039759 | 55039778 | GGCTCAAGGCGCCGCCGGCG | 1179 230
gRNA145 - 55039776 | 55039795 | AGGCCGTGCGCGGTCCACGC | 1180 247
gRNA146 + 55039778 | 55039797 | GTGGACCGCGCACGGCCTCT | 1181 249
gRNA147 - 55039786 | 55039805 | GGAGACCTAGAGGCCGTGCG | 1182 257
gRNA148 + 55039810 | 55039829 | CAGGACAGCAACCTCTCCCC | 1183 281
gRNA149 + 55039839 | 55039858 | TGGGCACCGTCAGCTCCAGG | 1184 310
gRNA150 + 55039845 | 55039864 | CCGTCAGCTCCAGGCGGTCC | 1185 316
gRNA151 - 55039848 | 55039867 | CCAGGACCGCCTGGAGCTGA | 1186 319
gRNA152 + 55039848 | 55039867 | TCAGCTCCAGGCGGTCCTGG | 1187 319
gRNA153 - 55039857 | 55039876 | CAGCGGCCACCAGGACCGCC | 1188 328
gRNA154 + 55039895 | 55039914 | CTGCTGCTCCTGGGTCCCGC | 1189 366
gRNA155 - 55039906 | 55039925 | CACGGGCGCCCGCGGGACCC | 1190 377
gRNA156 + 55039909 | 55039928 | TCCCGCGGGCGCCCGTGCGC | 1191 380
gRNA157 + 55039912 | 55039931 | CGCGGGCGCCCGTGCGCAGG | 1192 383
gRNA158 - 55039913 | 55039932 | TCCTGCGCACGGGCGCCCGC | 1193 384
gRNA159 - 55039914 | 55039933 | CTCCTGCGCACGGGCGCCCG | 1194 385
gRNA160 + 55039918 | 55039937 | CGCCCGTGCGCAGGAGGACG | 1195 389
gRNA161 + 55039922 | 55039941 | CGTGCGCAGGAGGACGAGGA | 1196 393
gRNA162 - 55039923 | 55039942 | GTCCTCGTCCTCCTGCGCAC | 1197 394
gRNA163 - 55039924 | 55039943 | CGTCCTCGTCCTCCTGCGCA | 1198 395
gRNA164 + 55039933 | 55039952 | GGACGAGGACGGCGACTACG | 1199 404
gRNA165 + 55039939 | 55039958 | GGACGGCGACTACGAGGAGC | 1200 410
gRNA166 + 55039963 | 55039982 | GCTAGCCTTGCGTTCCGAGG | 1201 434
gRNA167 + 55039967 | 55039986 | GCCTTGCGTTCCGAGGAGGA | 1202 438
gRNA168 - 55039971 | 55039990 | GCCGTCCTCCTCGGAACGCA | 1203 442
gRNA169 + 55039972 | 55039991 | GCGTTCCGAGGAGGACGGCC | 1204 443
gRNA170 - 55039980 | 55039999 | TTCGGCCAGGCCGTCCTCCT | 1205 451
gRNA171 - 55039993 | 55040012 | CGTGCTCGGGTGCTTCGGCC | 1206 464
gRNA172 - 55040006 | 55040025 | GTGGCTGTGGTTCCGTGCTC | 1207 477
gRNA173 - 55040007 | 55040026 | GGTGGCTGTGGTTCCGTGCT | 1208 478
gRNA174 - 55040019 | 55040038 | GCAGCGGTGGAAGGTGGCTG | 1209 490
gRNA175 + 55040023 | 55040042 | CACCTTCCACCGCTGCGCCA | 1210 494
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gRNA176 - 55040025 | 55040044 | CTTGGCGCAGCGGTGGAAGG | 1211 496
gRNA177 - 55040028 | 55040047 | CACCTTGGCGCAGCGGTGGA | 1212 499
gRNA178 + 55040028 | 55040047 | TCCACCGCTGCGCCAAGGTG | 1213 499
gRNA179 + 55040029 | 55040048 | CCACCGCTGCGCCAAGGTGC | 1214 500
gRNA180 - 55040032 | 55040051 | CCCGCACCTTGGCGCAGCGG | 1215 503
gRNA181 + 55040070 | 55040089 | GGGCGAACCCGCAGCCGGGA | 1216 541
gRNA182 - 55040070 | 55040089 | TCCCGGCTGCGGGTTCGCCC | 1217 541
gRNA183 - 55040080 | 55040099 | CACCGCACCGTICCCGGCTGC | 1218 551
gRNA184 - 55040081 | 55040100 | GCACCGCACCGTCCCGGCTG | 1219 552
gRNA185 - 55040087 | 55040106 | GAAACAGCACCGCACCGTCC | 1220 558
gRNA186 + 55040091 | 55040110 | GGTGCGGTGCTGTTTCCTCT | 1221 562
gRNA187 + 55040092 | 55040111 | GTGCGGTGCTGTTTCCTCTC | 1222 563
gRNA188 - 55040109 | 55040128 | GGGGGAAACTGAGGCCCGAG | 1223 580
gRNA189 + 55040119 | 55040138 | AGTTTCCCCCCATGTAAGAG | 1224 590
gRNA190 + 55040125 | 55040144 | CCCCCATGTAAGAGAGGAAG | 1225 596
gRNA191 - 55040127 | 55040146 | CACTTCCTCTCTTACATGGG | 1226 598
gRNA192 - 55040128 | 55040147 | CCACTTCCTCTCTTACATGG | 1227 599
gRNA193 + 55040133 | 55040152 | TAAGAGAGGAAGTGGAGTGC | 1228 604
gRNA194 + 55040155 | 55040174 | GTCGCCGAGGGCTCTTCGCT | 1229 626
gRNA195 - 55040162 | 55040181 | CGTGCCAAGCGAAGAGCCCT | 1230 633
gRNA196 + 55040166 | 55040185 | CTCTTCGCTTGGCACGATCT | 1231 637
gRNA197 + 55040167 | 55040186 | TCTTCGCTTGGCACGATCTT | 1232 638
gRNA198 + 55040168 | 55040187 | CTTCGCTTGGCACGATCTTG | 1233 639
gRNA199 + 55040176 | 55040195 | GGCACGATCTTGGGGACTGC | 1234 647
gRNA200 + 55040181 | 55040200 | GATCTTGGGGACTGCAGGCA | 1235 652
gRNA201 + 55040184 | 55040203 | CTTGGGGACTGCAGGCAAGG | 1236 655
gRNA202 + 55040189 | 55040208 | GGACTGCAGGCAAGGCGGCG | 1237 660
gRNA203 + 55040190 | 55040209 | GACTGCAGGCAAGGCGGCGG | 1238 661
gRNA204 + 55040193 | 55040212 | TGCAGGCAAGGCGGCGGGGG | 1239 664
gRNA205 + 55040197 | 55040216 | GGCAAGGCGGCGGGGGAGGA | 1240 668
gRNA206 + 55040198 | 55040217 | GCAAGGCGGCGGGGGAGGAC | 1241 669
gRNA207 + 55040223 | 55040242 | GTGGGGAGCACGGTGGAGAG | 1242 694
gRNA208 + 55040224 | 55040243 | TGGGGAGCACGGTGGAGAGC | 1243 695
gRNA209 + 55040225 | 55040244 | GGGGAGCACGGTGGAGAGCG | 1244 696
gRNA210 + 55040229 | 55040248 | AGCACGGTGGAGAGCGGGGA | 1245 700
gRNA211 + 55040233 | 55040252 | CGGTGGAGAGCGGGGACGGC | 1246 704
gRNA212 + 55040277 | 55040296 | CGTGCGGCTGCGCTATTCAG | 1247 748
gRNA213 + 55040278 | 55040297 | GTGCGGCTGCGCTATTCAGT | 1248 749
gRNA214 + 55040282 | 55040301 | GGCTGCGCTATTCAGTGGGA | 1249 753
gRNA215 + 55040289 | 55040308 | CTATTCAGTGGGAAGGTTCG | 1250 760
gRNA216 + 55040290 | 55040309 | TATTCAGTGGGAAGGTTCGC | 1251 761
gRNA217 + 55040291 | 55040310 | ATTCAGTGGGAAGGTTCGCG | 1252 762
gRNA218 + 55040295 | 55040314 | AGTGGGAAGGTTCGCGGGGT | 1253 766
gRNA219 + 55040296 | 55040315 | GTGGGAAGGTTCGCGGGGTT | 1254 767
gRNA220 + 55040337 | 55040356 | AGGGCGAGCAGAGCACTGCC | 1255 808
gRNA221 + 55040382 | 55040401 | TTTCTGCCTCGCCGCGGCAC | 1256 853
gRNA222 + 55040385 | 55040404 | CTGCCTCGCCGCGGCACAGG | 1257 856
gRNA223 + 55040386 | 55040405 | TGCCTCGCCGCGGCACAGGT | 1258 857
gRNA224 - 55040391 | 55040410 | CACCCACCTGTGCCGCGGCG | 1259 862
gRNA225 - 55040396 | 55040415 | TCCTTCACCCACCTGTGCCG | 1260 867
gRNA226 + 55040405 | 55040424 | TGGGTGAAGGAGTGAATGCC | 1261 876
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[0118] In some embodiments, the gRNA herein does not comprise the sequence
CCCGCACCUUGGCGCAGCGG (SEQ ID NO: 1490).

[0119] 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
633 | UGAAARAGUGGCACCGAGUCGGUGCUUUUUUU
GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUG
654 | GCACCGAGUCGGUGCUUUY
GUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGUUAUCAACU
655 | UGAAAAAGUGGCACCGAGUCGGUGCUUUUUT
GUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGUUAUCAACU
656 | yGAAARAGUGGCACCGAGUCGGUGCUUUUUUU

[0120] In some embodiments, the gRNA herein is provided to the cell directly (e.g.,
through an RNP complex together with the CRISPR-associated protein domain). In some
embodiments, the gRNA is provided to the cell through an expression vector (e.g., a plasmid
vector or a viral vector) introduced into the cell, where the cell then expresses the gRNA
from the expression vector. Methods of introducing gRNAs and expression vectors into cells

are well known in the art.

II1. Effector Domains

[0121] 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 a target gene such as PCSK9, e.g., by repressing transcription or by
modifying or remodeling chromatin. Such effector domains are also referred to herein as

89 e

“repression domains,” “repressor domains,” or “epigenetic repressor 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.
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[0122] 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.

[0123] 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.

[0124] 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.

[0125] An effector domain may be a full-length protein or a fragment thereof that retains
the epigenetic effector function (a “functional domain”). Functional domains that are capable
of modulating (e.g., repressing) gene expression can be derived from a larger protein. For
example, functional domains that can reduce target gene expression may be identified based
on sequences of repressor proteins. Amino acid sequences of gene expression-modulating
proteins may be obtained from available genome browsers, such as the UCSD genome
browser or Ensembl genome browser. Protein annotation databases such as UniProt or Pfam
can be used to identify functional domains within the full protein sequence. As a starting
point, the largest sequence, encompassing all regions identified by different databases, may
be tested for gene expression modulation activity. Various truncations then may be tested to
identify the minimal functional unit.

[0126] 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.
[0127] In some embodiments, an effector domain described herein may comprise a fusion
of two or more effector domains (e.g., KOX1 KRAB and ZIM3). The effector domain may,
for example, comprise a fusion of 2, 3, 4, 5, 6,7, 8,9, or 10 effector domains, such as effector
domains described herein. In certain embodiments, an effector domain comprises a fusion of
a truncated form of an effector domain and a second effector domain. In certain
embodiments, an effector domain comprises a fusion of the truncated forms of two effector

domains (e.g., fusions of the N- and C-terminal portions of the two effector domains).
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[0128] In some embodiments, an epigenetic editor described herein may comprise 1
effector domain, 2 effector domains, 3 effector domains, 4 effector domains, 5 effector
domains, 6 effector domains, 7 effector domains, 8 effector domains, 9 effector domains, 10
effector domains, or more. In certain embodiments, the epigenetic editor comprises one or
more fusion proteins (e.g., one, two, or three fusion proteins), each with one or more effector
domains (e.g., one, two, or three effector domains) linked to a DNA-binding domain. In
some embodiments, the effector domains may induce a combination of epigenetic
modifications, e.g., transcription repression and DNA methylation, DNA methylation and
histone deacetylation, DNA methylation and histone demethylation, DNA methylation and
histone methylation, DNA methylation and histone phosphorylation, DNA methylation and
histone ubiquitylation, DNA methylation, and histone SUMOylation.

[0129] In certain embodiments, an effector domain described herein (e.g., DNMT3A
and/or DNMT?3L) is encoded by a nucleotide sequence as found in the native genome (e.g.,
human or murine) for that effector domain. In other embodiments, an effector domain
described herein is encoded by a nucleotide sequence that has been codon-optimized for
optimal expression in human cells.

[0130] Effector domains described herein may include, for example, transcriptional

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

A. Transcriptional Repressors
[0131] 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) repressor domain, a Repressor Element
Silencing Transcription Factor (REST) repressor domain, a KRAB-associated protein 1
(KAP1) domain, a MAD domain, a FKHR (forkhead in rhabdosarcoma gene) repressor
domain, an EGR-1 (early growth response gene product-1) repressor domain, an ets2
repressor factor repressor domain (ERD), a MAD smSIN3 interaction domain (SID), a
WRPW motif of the hairy-related basic helix-loop-helix (bHLH) repressor proteins, an HP1
alpha chromo-shadow repressor domain, an HP1 beta repressor 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 SETDB1 protein, or a NuRD protein domain.
[0132] 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
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approximately 400 human ZFP-based transcription factors. Descriptions of KRAB domains
may be found, for example, in Ecco et al., Development (2017) 144(15):2719-29 and Lambert
etal., Cell (2018) 172:650-65.

[0133] In certain embodiments, the effector domain comprises a repressor 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 repressor domain
(e.g., KRAB) derived from ZIM3, ZNF436, ZNF257, ZNF675, ZNF490, ZNF320, ZNF331,
ZNF816, ZNF680, ZNF41, ZNF189, ZNF528, ZNF543, ZNF554, ZNF140, ZNF610,
ZNF264, ZNF350, ZNF8, ZNF582, ZNF30, ZNF324, ZNF98, ZNF669, ZNF677, ZNF596,
ZNF214, ZNF37, ZNF34, ZNF250, ZNF547, ZNF273, ZNF354, ZFP82, ZNF224, ZNF33,
ZNF45, ZNF175, ZNF595, ZNF184, ZNF419, ZFP28-1, ZFP28-2, ZNF18, ZNF213,
ZNF394, ZFP1, ZFP14, ZNF416, ZNF557, ZNF566, ZNF729, ZIM2, ZNF254, ZNF764,
ZNF785, or any combination thereof. For example, the repressor domain may be a KRAB
domain derived from KOX1, ZIM3, ZFP28, or ZN627. In particular embodiments, the
repressor 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.

[0134] Sequences of exemplary effector domains that may reduce or silence target gene
expression, or protein sequences that contain them, are provided in Table 4 below (SEQ:
SEQ ID NO). Further examples of repressors and transcriptional repressor domains can be
found, e.g., in PCT Patent Publication WO 2021/226077 and Tycko et al., Cell (2020)

183(7):2020-35, each of which is incorporated herein by reference in its entirety.

Table 4. Exemplary Effector Domains That May Reduce or Silence Gene Expression

Protein SEQ Protein SEQ

ZIM3 33 ZN440_HUMAN 299
ZNF436 34 ZN583_HUMAN 300
ZNF257 35 ZN441_HUMAN 301
ZNF675 36 ZNF43_HUMAN 302
ZNF490 37 CBX5_HUMAN 303
ZNF320 38 ZN589 HUMAN 304
ZNF331 39 ZNF10_HUMAN 305
ZNF816 40 ZN563_HUMAN 306
ZNF680 41 ZN561_HUMAN 307
ZNF41 42 ZN136_HUMAN 308
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Protein SEQ
ZNF189 43
ZNF528 44
ZNF543 45
ZNF554 46
ZNF140 47
ZNF610 48
ZNF264 49
ZNF350 50
ZNF8 51
ZNF582 52
ZNF30 53
ZNF324 54
ZNF98 55
ZNF669 56
ZNF677 57
ZNF596 58
ZNF214 59
ZNF37A 60
ZNF34 61
ZNF250 62
ZNF547 63
ZNF273 64
ZNF354A 65
ZFP82 66
ZNF224 67
ZNF33A 68
ZNF45 69
ZNF175 70
ZNF595 71
ZNF184 72
ZNF419 73
ZFP28-1 74
ZFP28-2 75
ZNF18 76
ZNF213 77
ZNF394 78
ZFP1 79
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Protein SEQ
ZN630_HUMAN 309
ZN527_HUMAN 310
ZN333_HUMAN 311
7324B_HUMAN 312
ZN786_HUMAN 313
ZN709_HUMAN 314
ZN792_HUMAN 315
ZN599_HUMAN 316
ZN613_HUMAN 317
ZF69B_HUMAN 318
ZN799_HUMAN 319
ZN569_HUMAN 320
ZN564_HUMAN 321
ZN546_HUMAN 322
ZFP92_HUMAN 323
YAF2_HUMAN 324
ZN723_HUMAN 325
ZNF34_HUMAN 326
ZN439_HUMAN 327
ZFP57_HUMAN 328
ZNF19_HUMAN 329
ZN404_HUMAN 330
ZN274_HUMAN 331
CBX3_HUMAN 332
ZNF30_HUMAN 333
ZN250_HUMAN 334
ZN570_HUMAN 335
ZN675_HUMAN 336
ZN695_HUMAN 337
ZN548_HUMAN 338
ZN132_HUMAN 339
ZN738_HUMAN 340
ZN420_HUMAN 341
ZN626_HUMAN 342
ZN559_HUMAN 343
ZN460_HUMAN 344
ZN268_HUMAN 345




WO 2024/186896

Protein SEQ
ZFP14 80
ZNF416 81
ZNF557 82
ZNF566 83
ZNF729 84
ZIM2 85
ZNF254 86
ZNF764 87
ZNF785 88
ZNF10 (KOX1) 89
CBXS (chromoshadow domain) 920
RYBP (YAF2_RYBP 91
component of PRC1)
YAF2 (YAF2_RYBP 92
component of PRC1)

MGA (component of PRC1.6) 93
CBX1 (chromoshadow) 94
SCMH1 (SAM_1/SPM) 95
MPPS8 (Chromodomain) 96

SUMO3 (Rad60-SLD) 97
HERC2 (Cyt-b5) 98
BIN1 (SH3_9) 99
PCGF2 (RING finger protein 100
domain)
TOX (HMG box) 101
FOXA1 (HNF3A C-terminal 102
domain)
FOXA2 (HNF3B C-terminal 103
domain)
IRF2BP1 (IRF-2BP1_2 N- 104
terminal domain)
IRF2BP2 (IRF-2BP1_2 N- 105
terminal domain)
IRF2BPL IRF-2BP1_2 N- 106
terminal domain
HOXA13 (homeodomain) 107
HOXB13 (homeodomain) 108
HOXC13 (homeodomain) 109
HOXA11 (homeodomain) 110
HOXC11 (homeodomain) 111
112

HOXC10 (homeodomain)
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Protein SEQ
ZN304_HUMAN 346
ZIM2_ HUMAN 347
ZN605_HUMAN 348
7ZN844 HUMAN 349

SUMO5_HUMAN 350
ZN101_HUMAN 351
ZN783_HUMAN 352
7ZN417_HUMAN 353
ZN182 HUMAN 354
ZN823 HUMAN 355
ZN177_HUMAN 356
ZN197_HUMAN 357
ZN717_HUMAN 358
ZN669 HUMAN 359
ZN256_ HUMAN 360
ZN251_HUMAN 361
CBX4_HUMAN 362
PCGF2_ HUMAN 363
CDY2_HUMAN 364
CDYL2_HUMAN 365
HERC2_HUMAN 366
ZN562_HUMAN 367
ZN461_HUMAN 368
7324A_ HUMAN 369
ZN766_ HUMAN 370
D2 HUMAN 37
TOX_HUMAN 372
ZN274_HUMAN 373
SCMH1_HUMAN 374
ZN214_HUMAN 375
CBX7_HUMAN 376
ID1_HUMAN 377
CREM_HUMAN 378
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HOXA10 (homeodomain) 113 SCX_HUMAN 379
HOXB9 (homeodomain) 114 ASCL1_HUMAN 380
HOXA9 (homeodomain) 115 ZN764_HUMAN 381
ZFP28_HUMAN 116 SCML2_HUMAN 382
ZN334_HUMAN 117 TWST1_HUMAN 383
ZN568_HUMAN 118 CREBI_HUMAN 384
ZN37A_HUMAN 119 TERF1_HUMAN 385
ZN181_HUMAN 120 ID3_HUMAN 386
ZN510_HUMAN 121 CBX8_HUMAN 387
ZN862_HUMAN 122 CBX4_HUMAN 388
ZN140_HUMAN 123 GSX1_HUMAN 389
ZN208_HUMAN 124 NKX22_HUMAN 390
ZN248_HUMAN 125 ATF1_HUMAN 391
ZN571_HUMAN 126 TWST2_HUMAN 392
ZN699_HUMAN 127 ZNF17_HUMAN 393
ZN726_HUMAN 128 TOX3_HUMAN 394
ZIK1_HUMAN 129 TOX4_HUMAN 395
ZNF2_HUMAN 130 ZMYM3_HUMAN 396
Z705F_HUMAN 131 I2BP1_HUMAN 397
ZNF14_HUMAN 132 RHXF1_HUMAN 398
ZN471_HUMAN 133 SSX2_HUMAN 399
ZN624_HUMAN 134 I2BPL_HUMAN 400
ZNF84_HUMAN 135 ZN680_HUMAN 401
ZNF7_HUMAN 136 CBX1_HUMAN 402
ZN891_HUMAN 137 TRI6S_HUMAN 403
ZN337_HUMAN 138 HXA13_HUMAN 404
Z705G_HUMAN 139 PHC3_HUMAN 405
ZN529_HUMAN 140 TCF24_HUMAN 406
ZN729_HUMAN 141 CBX3_HUMAN 407
ZN419_HUMAN 142 HXB13_HUMAN 408
Z705A_HUMAN 143 HEY1_HUMAN 409
ZNF45_HUMAN 144 PHC2_HUMAN 410
ZN302_HUMAN 145 ZNF81_HUMAN 411
ZN486_HUMAN 146 FIGLA_HUMAN 412
ZN621_HUMAN 147 SAM11_HUMAN 413
ZN688_HUMAN 148 KMT2B_HUMAN 414
ZN33A_HUMAN 149 HEY2_HUMAN 415
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SEQ

ZN554_HUMAN

150

ZN878_HUMAN

151

ZNT772_HUMAN

152

ZN224_HUMAN

153

ZN184_HUMAN

154

ZN544_HUMAN

155

ZNF57_HUMAN

156

ZN283_HUMAN

157

ZN549_HUMAN

158

ZN211_HUMAN

159

ZN615_HUMAN

160

ZN253_HUMAN

161

ZN226_HUMAN

162

ZNT730_HUMAN

163

Z585A_HUMAN

164

ZN732_HUMAN

165

ZN681_HUMAN

166

ZN667_HUMAN

167

ZN649_HUMAN

168

ZN470_HUMAN

169

ZN484_HUMAN

170

ZN431_HUMAN

171

ZN382_HUMAN

172

ZN254_HUMAN

173

ZN124_HUMAN

174

ZN607_HUMAN

175

ZN317_HUMAN

176

ZN620_HUMAN

177

ZN141_HUMAN

178

ZN584_HUMAN

179

ZN540_HUMAN

180

ZN75D_HUMAN

181

ZN555_HUMAN

182

ZN658_HUMAN

183

ZN684_HUMAN

184

RBAK_HUMAN

185

ZN829_HUMAN

186
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Protein SEQ
JDP2_HUMAN 416
HXC13_HUMAN 417
ASCL4_HUMAN 418
HHEX_HUMAN 419
HERC2_HUMAN 420
GSX2_HUMAN 421
BINI_HUMAN 422
ETV7_HUMAN 423
ASCL3_HUMAN 424
PHC1_HUMAN 425
OTP_HUMAN 426
I2BP2_HUMAN 427
VGLL2_HUMAN 428
HXA11_HUMAN 429
PDLI4_HUMAN 430
ASCL2_HUMAN 431
CDX4_HUMAN 432
ZN860_HUMAN 433
LMBL4_HUMAN 434
PDIP3_HUMAN 435
NKX25_HUMAN 436
CEBPB_HUMAN 437
ISLI_HUMAN 438
CDX2_HUMAN 439
PROP1_HUMAN 440
SIN3B_HUMAN 441
SMBT1_HUMAN 442
HXC11_HUMAN 443
HXC10_HUMAN 444
PRS6A_HUMAN 445
VSX1_HUMAN 446
NKX23_HUMAN 447
MTG16_HUMAN 448
HMX3_HUMAN 449
HMX1_HUMAN 450
KIF22_ HUMAN 451
CSTF2_HUMAN 452




WO 2024/186896 PCT/US2024/018670

Protein SEQ Protein SEQ
ZN582_HUMAN 187 CEBPE_HUMAN 453
ZN112_HUMAN 188 DLX2_HUMAN 454
ZN716_HUMAN 189 ZMYM3_HUMAN 455
HKR1_HUMAN 190 PPARG_HUMAN 456
ZN350_HUMAN 191 PRIC1_HUMAN 457
ZN480_HUMAN 192 UNC4_HUMAN 458
ZN416_HUMAN 193 BARX2_HUMAN 459
ZNF92_HUMAN 194 ALX3_HUMAN 460
ZN100_HUMAN 195 TCF15_HUMAN 461
ZN736_HUMAN 196 TERA_HUMAN 462
ZNF74_HUMAN 197 VSX2_HUMAN 463
CBX1_HUMAN 198 HXD12_HUMAN 464
ZN443_HUMAN 199 CDX1_HUMAN 465
ZN195_HUMAN 200 TCF23_HUMAN 466
ZN530_HUMAN 201 ALX1_HUMAN 467
ZN782_HUMAN 202 HXA10_HUMAN 468
ZN791_HUMAN 203 RX_HUMAN 469
ZN331_HUMAN 204 CXXC5_HUMAN 470
7354C_HUMAN 205 SCMLI_HUMAN 471
ZN157_HUMAN 206 NFIL3_HUMAN 472
ZN727_HUMAN 207 DLX6_HUMAN 473
ZN550_HUMAN 208 MTG8_HUMAN 474
ZN793_HUMAN 209 CBX8_HUMAN 475
ZN235_HUMAN 210 CEBPD_HUMAN 476
ZNF8_HUMAN 211 SEC13_HUMAN 477
ZN724_HUMAN 212 FIP1_HUMAN 478
ZN573_HUMAN 213 ALX4_HUMAN 479
ZN577_HUMAN 214 LHX3_HUMAN 480
ZN789_HUMAN 215 PRIC2_HUMAN 481
ZN718_HUMAN 216 MAGI3_HUMAN 482
ZN300_HUMAN 217 NELL1_HUMAN 483
ZN383_HUMAN 218 PRRX1_HUMAN 484
ZN429 HUMAN 219 MTG8R_HUMAN 485
ZN677_HUMAN 220 RAX2_HUMAN 486
ZN850_HUMAN 221 DLX3_HUMAN 487
ZN454_HUMAN 222 DLX1_HUMAN 488
ZN257_HUMAN 223 NKX26_HUMAN 489
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ZN264_HUMAN 224
ZFP82_HUMAN 225
ZFP14_HUMAN 226
ZN485_HUMAN 227
ZN737_HUMAN 228
ZNF44_HUMAN 229
ZN596_HUMAN 230
ZN565_HUMAN 231
ZN543_HUMAN 232
ZFP69_HUMAN 233
SUMOI1_HUMAN 234
ZNF12_HUMAN 235
ZN169_HUMAN 236
ZN433_HUMAN 237
SUMO3_HUMAN 238
ZNF98_HUMAN 239
ZN175_HUMAN 240
ZN347_HUMAN 241
ZNF25_HUMAN 242
ZN519_HUMAN 243
Z585B_HUMAN 244

ZIM3_HUMAN 245
ZN517_HUMAN 246
ZN846_HUMAN 247
ZN230_HUMAN 248
ZNF66_HUMAN 249

ZFP1_HUMAN 250
ZN713_HUMAN 251
ZN816_HUMAN 252
ZN426_HUMAN 253
ZN674_HUMAN 254
ZN627_HUMAN 255
ZNF20_HUMAN 256
Z587B_HUMAN 257
ZN316_HUMAN 258
ZN233_HUMAN 259
ZN611_HUMAN 260
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Protein SEQ
NABI_HUMAN 490
SAMD7_HUMAN 491
PITX3_HUMAN 492
WDR5_HUMAN 493
MEOX2_HUMAN 494
NAB2_HUMAN 495
DHX8_HUMAN 496
FOXA2_HUMAN 497
CBX6_HUMAN 498
EMX2_HUMAN 499
CPSF6_HUMAN 500
HXC12_HUMAN 501
KDM4B_HUMAN 502
LMBL3_HUMAN 503
PHX2A_HUMAN 504
EMXI1_HUMAN 505
NC2B_HUMAN 506
DLX4_HUMAN 507
SRY_HUMAN 508
ZN777_HUMAN 509
NELL1_HUMAN 510
ZN398_HUMAN 511
GATA3_HUMAN 512
BSH_HUMAN 513
SF3B4_HUMAN 514
TEAD1_HUMAN 515
TEAD3_HUMAN 516
RGAP1_HUMAN 517
PHF1_HUMAN 518
FOXA1_HUMAN 519
GATA2_HUMAN 520
FOXO03_HUMAN 521
ZN212_HUMAN 522
IRX4_HUMAN 523
ZBED6_HUMAN 524
LHX4_HUMAN 525
SIN3A_HUMAN 526
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SEQ

ZN556_HUMAN

261

ZN234_HUMAN 262
ZN560_HUMAN 263
ZNF77_HUMAN 264
ZN682_HUMAN 265
ZN614_HUMAN 266
ZN785_HUMAN 267
ZN445_HUMAN 268
ZFP30_HUMAN 269
ZN225_HUMAN 270
ZN551_HUMAN 271
ZN610_HUMAN 272
ZN528_HUMAN 273
ZN284_HUMAN 274
ZN418_HUMAN 275
MPP8_HUMAN 276
ZN490_HUMAN 277
ZN805_HUMAN 278
Z780B_HUMAN 279
ZN763_HUMAN 280
ZN285_HUMAN 281
ZNF85_HUMAN 282
ZN223_HUMAN 283
ZNF90_HUMAN 284
ZN557_HUMAN 285
ZN425_HUMAN 286
ZN229_HUMAN 287
ZN606_HUMAN 288
ZN155_HUMAN 289
ZN222_HUMAN 290
7ZN442_HUMAN 291
ZNF91_HUMAN 292
ZN135_HUMAN 293
ZN778_HUMAN 294
RYBP_HUMAN 295
ZN534_HUMAN 296
ZN586_HUMAN 297
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Protein SEQ
RBBP7_HUMAN 527
NKX61_HUMAN 528
TRI6S_HUMAN 529
R51A1_HUMAN 530
MB3L1_HUMAN 531

DLX5_HUMAN 532
NOTC1_HUMAN 533
TERF2_HUMAN 534
7ZN282_HUMAN 535
RGS12_HUMAN 536
ZN840_HUMAN 537
SPI2B_HUMAN_1 538
PAX7_HUMAN 539
NKX62_HUMAN 540
ASXL2_HUMAN 541
FOXO1_HUMAN 542
GATA3_HUMAN 543
GATA1_HUMAN 544
ZMYM5_HUMAN 545
ZN783_HUMAN 546
SPI2B_HUMAN_2 547
LRP1_HUMAN 548
MIXL1_HUMAN 549
SGTI_HUMAN 550
LMCDI_HUMAN 551
CEBPA_HUMAN 552
GATA2_HUMAN 553
SOX14_HUMAN 554
WTIP_HUMAN 555
PRP19_HUMAN 556
CBX6_HUMAN 557
NKX11_HUMAN 558
RBBP4_HUMAN 559
DMRT2_HUMAN 560
SMCA2_HUMAN 561
ZNF10_HUMAN 562
EED_HUMAN 563




10

15

20

25

30

WO 2024/186896 PCT/US2024/018670

Protein SEQ Protein SEQ

7ZN567_HUMAN 298 RCOR1_HUMAN 564

[0135] A functional analog of any one of the above-listed proteins, i.e., a molecule
having the same or substantially the same biological function (e.g., retaining 70% or more,
80% or more, 90% or more, 95% or more, or 98% or more) of the protein’s transcription
factor function) is encompassed by the present disclosure. For example, the functional
analog may be an isoform or a variant of the above-listed protein, e.g., containing a portion of
the above protein with or without additional amino acid residues and/or containing mutations
relative to the above protein. In some embodiments, the functional analog has a sequence
identity that is at least 75, 80, 85, 90, 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.
[0136] In certain embodiments, an epigenetic editor described herein comprises a KRAB
domain derived from KOX1, ZIM3, ZFP28, or ZN627, and/or an effector domain derived
from KAP1, MECP2, HP1a, HP1b, CBX8, CDYL2, TOX, TOX3, TOX4, EED, EZH2,
RBBP4, RCORI, or SCML2, optionally wherein the parental protein is a human protein. In
particular embodiments, an epigenetic editor described herein comprises a domain derived
from KOX1, ZIM3, ZFP28, and/or ZN627, optionally wherein the parental protein is a
human protein. In certain embodiments, the epigenetic editor may comprise a KRAB domain
derived from KOX1 (ZNF10), e.g., a human KOX1. In certain embodiments, the epigenetic
editor may comprise a KRAB domain derived from ZIM3 (ZNF657 or ZNF264), e.g., a
human ZIM3. In certain embodiments, the epigenetic editor may comprise a KRAB domain
derived from ZFP28, e.g., a human ZFP28. In certain embodiments, the epigenetic editor
may comprise a KRAB domain derived from ZN627, e.g., a human ZN627. In certain
embodiments, an epigenetic editor described herein may comprise a CDYL2, e.g., a human
CDYL2, and/or a TOX domain (e.g., a human TOX domain) in combination with a KOX1
KRAB domain (e.g., a human KOX1 KRAB domain).

[0137] In certain embodiments, an epigenetic effector described herein comprises a
repressor domain derived from KOX1/ZNF10 (SEQ ID NO: 89). For example, the repressor
domain may comprise the sequence of SEQ ID NO: 89, or a sequence at least 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, or 99% identical to SEQ ID NO:
89.

[0138] In certain embodiments, an epigenetic effector described herein comprises a

repressor domain derived from KOX1/ZNF10, as shown in Table 5 below:
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Table 5. Exemplary Effector Domains Derived from KOX1/ZNF10

Protein Protein Sequence
KOX1/ZNF10 KRAB 1 SEQ ID NO: 565
KOX1/ZNF10 KRAB 2 SEQ ID NO: 566
KOX1/ZNF10 KRAB 3 SEQ ID NO: 567
KOX1/ZNF10 (aa 11-72) SEQ ID NO: 568
KOX1/ZNF10 (aa 11-108) SEQ ID NO: 569
KOX1/ZNF10 variant SEQ ID NO: 570
KOX1 KRAB-ZIM3 chimera SEQ ID NO: 571
ZIM3-KOX1 KRAB chimera SEQ ID NO: 572

[0139] In particular embodiments, the repressor domain may comprise the amino acid
sequence of SEQ ID NO: 565, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 565.

[0140] In particular embodiments, the repressor domain may comprise the amino acid
sequence of SEQ ID NO: 566, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 566.

[0141] In particular embodiments, the repressor domain may comprise the amino acid
sequence of SEQ ID NO: 567, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 567.

[0142] In particular embodiments, the repressor domain may comprise the amino acid
sequence of SEQ ID NO: 568, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 568.

[0143] In particular embodiments, the repressor domain may comprise the amino acid
sequence of SEQ ID NO: 569, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 569.

[0144] In particular embodiments, the repressor domain may comprise the amino acid
sequence of SEQ ID NO: 570, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 570.

[0145] In particular embodiments, the repressor domain may comprise the amino acid
sequence of SEQ ID NO: 571, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 571.

[0146] In particular embodiments, the repressor domain may comprise the amino acid
sequence of SEQ ID NO: 572, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 572.
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B. DNA Methyltransferases
[0147] 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).
[0148] An effector domain described herein may be, e.g., a DNA methyltransferase
(DNMT) or a catalytic domain thereof, or may be capable of recruiting a DNA
methyltransferase. DNMTs encompass enzymes that catalyze the transfer of a methyl group
to a DNA nucleotide, such as canonical cytosine-5 DNMTSs 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
examples of such a DNMT is DNMT3L. See, e.g., Lyko, Nat Review (2018) 19:81-92.
Unless otherwise indicated, a DNMT domain may refer to a polypeptide domain derived
from a catalytically active DNMT (e.g., DNMT1, DNMT3A, and DNMT3B) or from a
catalytically inactive DNMT (e.g., DNMT3L). A DNMT may repress expression of the
target gene through the recruitment of repressive regulatory proteins. In some embodiments,
the methylation is at a CG (or CpG) dinucleotide sequence. In some embodiments, the
methylation is at a CHG or CHH sequence, where H is any one of A, T, or C.
[0149] In some embodiments, a DNMT described herein can be an animal DNMT (e.g., a
mammalian DNMT), a plant DNMT, a fungal DNMT, or a bacterial DNMT. A bacterial
DNMT can be obtained from a bacterial species (e.g., a coccus bacterium, bacillus bacterium,
spiral bacterium, or an intracellular, gram-positive, or gram-negative bacterium. In certain
embodiments, the bacterial species is Mycoplasmatales bacterium, Mycoplasma marinum, or
Spiroplasma chinense. In certain embodiments, the bacterial species is not M. penetrans, S.
monbiae, H. parainfluenzae, A. luteus, H. aegyptius, H. haemolyticus, Moraxella, E. coli, T.
aquaticus, C. crescentus, or C. difficile. In certain embodiments, an epigenetic editor
described herein comprises a DNMT domain comprising SEQ ID NO: 601, or a sequence at
least 75%, 80%, 85%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical
to SEQ ID NO: 601. In certain embodiments, an epigenetic editor described herein
comprises a DNMT domain comprising SEQ ID NO: 602, or a sequence at least 75%, 80%,
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85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO:
602. In certain embodiments, an epigenetic editor described herein comprises a DNMT
domain comprising SEQ ID NO: 603, or a sequence at least 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 91%, 98%. or 99% identical to SEQ ID NO: 603.

[0150] In certain embodiments, DNMTs in the epigenetic editors described herein may
include, e.g., DNMT1, DNMT3A, DNMT3B, and/or DNMT3C. In some embodiments, the
DNMT is a mammalian (e.g., human or murine) DNMT. In particular embodiments, the
DNMT is DNMT3A (e.g., human DNMT3A). In certain embodiments, an epigenetic editor
described herein comprises a DNMT3A domain comprising SEQ ID NO: 574, or a sequence
at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to SEQ ID NO: 574. In certain embodiments, an epigenetic editor described herein
comprises a DNMT3A domain comprising SEQ ID NO: 575, or a sequence at least 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID
NO: 575. In some embodiments, the DNMT3A domain may have, e.g., a mutation at
position H739 (such as H739A or H739E), R771 (such as R771L) and/or R836 (such as
R836A or R836Q), or any combination thereof (numbering according to SEQ ID NO: 574).
[0151] In some embodiments, an effector domain described herein may be a DNMT-like
domain. As used herein a “DNMT-like domain” is a regulatory factor of DNMT 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: 578, or a
sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identical to SEQ ID NO: 578. In certain embodiments, an epigenetic editor herein
comprises a DNMT3L domain comprising SEQ ID NO: 579, or a sequence at least 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%., or 99% identical to SEQ ID
NO: 579. In certain embodiments, an epigenetic editor described herein comprises a
DNMT3L domain comprising SEQ ID NO: 580, or a sequence at least 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%., or 99% identical to SEQ ID NO: 580. In
certain embodiments, an epigenetic editor described herein comprises a DNMT3L domain
comprising SEQ ID NO: 581, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 581. In some embodiments,
the DNMT3L domain may have, e.g., a mutation corresponding to that at position D226
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(such as D226V), Q268 (such as Q268K), or both (numbering according to SEQ ID NO:
578).

[0152] In certain embodiments, an epigenetic editor herein may comprise comprising
both DNMT and DNMT-like effector domains. For example, the epigenetic editor may
comprise a DNMT3A-3L domain, wherein DNMT3A and DNMT3L may be covalently
linked. In other embodiments, an epigenetic editor described herein may comprise an
effector domain that comprises only a DNMT3A domain (e.g., human DNMT3A), or only a
DNMT-like domain (e.g., DNMT3L, which may be human or mouse DNMT3L).

[0153] Table 6 below provides exemplary DNMTs that may be part of an epigenetic
effector domain described herein, or from which an effector domain of an epigenetic editor

described herein may be derived.

Table 6. Exemplary DNMT Sequences

Protein Name Species Target Protein Sequence
DNMT1 Human SmC SEQ ID NO: 573
DNMT3A (h3A) Human SmC SEQ ID NO: 574
DNMT3A

(catalytic domain) Human SmC SEQ ID NO: 575
(h3As)

DNMT3B Human SmC SEQ ID NO: 576
DNMT3C Mouse SmC SEQ ID NO: 577
DNMTS3L (h3L) Human SmC SEQ ID NO: 578
DNMT3L

(catalytic domain) | Human SmC SEQ ID NO: 579
(h3Ls)

DNMT3L (m3L) Mouse SmC SEQ ID NO: 580
DNMT3L

(catalytic domain) Mouse SmC SEQ ID NO: 581
(m3Ls)

DNMT3L Ailuropoda melanoleuca SmC SEQ ID NO: 582
DNMT3L _ .
(catalytic domain) Ailuropoda melanoleuca SmC SEQ ID NO: 583
DNMT?3L Carlito syrichta SmC SEQ ID NO: 584
DNMT3L . . .
(catalytic domain) Carlito syrichta SmC SEQ ID NO: 585
DNMT3L Meriones unguiculatus SmC SEQ ID NO: 586
DNMT3L ) ) .
(catalytic domain) Meriones unguiculatus SmC SEQ ID NO: 587
DNMT3L Ochotona princeps SmC SEQ ID NO: 588
DNMT3L . .
(catalytic domain) Ochotona princeps SmC SEQ ID NO: 589
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Protein Name Species Target Protein Sequence
DNMT3L Neosciurus carolinensis SmC SEQ ID NO: 590
DNMT?L . Neosciurus carolinensis SmC SEQ ID NO: 591
(catalytic domain)
DNMT3L Bison bison SmC SEQ ID NO: 592
DNMTSL | Bison bison 5mC SEQ ID NO: 593
(catalytic domain)
DNMT3L Equus przewalskii SmC SEQ ID NO: 594
DNMT3L .. .
(catalytic domain) Equus przewalskii SmC SEQ ID NO: 595
DNMT3L Mus caroli SmC SEQ ID NO: 596
DNMT3L . .
(catalytic domain) Mus caroli SmC SEQ ID NO: 597
DNMT3L Pan troglodytes SmC SEQ ID NO: 598
DNMT3L .
(catalytic domain) Pan troglodytes SmC SEQ ID NO: 599
TRDMT1 )

PN i : .
(DNMT2) Human tRNA Sm( SEQ ID NO: 600
DNA cytosine Mycoplasmatales . .
methyltransferase bacterium i SEQID NO: 601
DNA cytosine . .
methyliransferase Mycoplasma marinum Sm SEQ ID NO: 602
DNA (cytosine-5-)- ) . . .
methyltransferase Spiroplasma chinense SmC SEQ ID NO: 603
M.Mpel Mycoplasma penetrans SmC SEQ ID NO: 604
M.Sssl Spiroplasma monobiae SmC SEQ ID NO: 605
M.Hpall Haemophilus 5mC (CCGG) | SEQ ID NO: 606

parainfluenzae

M.Alul Arthrobacter luteus SmC (AGCT) | SEQ ID NO: 607
M.Haelll Haemophilus aegyptius SmC (GGCC) | SEQID NO: 608
M.Hhal Haemophilus haemolyticus | SmC (GCGC) | SEQ ID NO: 609
M.Mspl Moraxella SmC (CCGG) | SEQID NO: 610
Mascl Ascobolus SmC SEQ ID NO: 611
MET1 Arabidopsis SmC SEQ ID NO: 612
Masc2 Ascobolus SmC SEQ ID NO: 613
Dim-2 Neurospora SmC SEQ ID NO: 614
dDnmt2 Drosophila SmC SEQ ID NO: 615
Pmtl S. pombe SmC SEQ ID NO: 616
DRM1 Arabidopsis SmC SEQ ID NO: 617
DRM?2 Arabidopsis SmC SEQ ID NO: 618
CMT1 Arabidopsis SmC SEQID NO: 619
CMT2 Arabidopsis SmC SEQ ID NO: 620
CMT3 Arabidopsis SmC SEQID NO: 621
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Protein Name Species Target Protein Sequence
Rid Neurospora SmC SEQ ID NO: 622
hsdM gene bacteria (E. coli, strain 12) | mGA SEQ ID NO: 623
hsdS gene bacteria (E. coli, strain 12) | mOA SEQ ID NO: 624
M. Tagl f;;g;fi g)T hermus m6A SEQ ID NO: 625
M.EcoDam E. coli mbA SEQ ID NO: 626
M.CoerMI Caulobacter crescentus moA SEQ ID NO: 627
CamA Clostridioides difficile mbA SEQ ID NO: 628

[0154] A functional analog of any one of the above-listed proteins, i.e., a molecule
having the same or substantially the same biological function (e.g., retaining 70% or more,
80% or more, 90% or more, 95% or more, or 98% or more) of the protein’s DNA methylation
function or recruiting function) is encompassed by the present disclosure. For example, the
functional analog may be an isoform or a variant of the above-listed protein, e.g., containing
a portion of the above protein with or without additional amino acid residues and/or
containing mutations relative to the above protein. In some embodiments, the functional
analog has a sequence identity that is at least 75, 80, 85, 90, 95, 98, or 99% to one of the
sequences listed in Table 6. In some embodiments, the effector domain herein comprises
only the functional domain (or functional analog thereof), e.g., the catalytic domain or
recruiting domain, of an above-listed protein. In some embodiments, the effector domain
herein comprises one or more epigenetic effector domains selected from Table 6, or
functional homologs, orthologs, or variants thereof.

[0155] As used herein, a DNMT domain (e.g., a DNMT3A domain or a DNMT3L
domain) refers to a protein domain that is identical to the parental protein (e.g., a human or
murine DNMT3A or DNMT3L) or a functional analog thereof (e.g., having a functional
fragment, such as a catalytic fragment or recruiting fragment, of the parental protein; and/or
having mutations that improve the activity of the DNMT protein).

[0156] An epigenetic editor herein may effect methylation at, e.g., 1,2,3,4,5,6,7, 8,9,
10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500,
600, 700, 800, 900, or 1000 or more CpG dinucleotide sequences in the target gene or
chromosome. The CpG dinucleotide sequences may be located within or near the target gene
in CpG islands, or may be located in a region that is not a CpG island. A CpG island
generally refers to a nucleic acid sequence or chromosome region that comprises a high
frequency of CpG dinucleotides. For example, a CpG island may comprise at least 50% GC
content. The CpG island may have a high observed-to-expected CpG ratio, for example, an
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observed-to-expected CpG ratio of at least 60%. As used herein, an observed-to-expected
CpG ratio is determined by Number of CpG * (sequence length) / (Number of C * Number of
G). In some embodiments, the CpG island has an observed-to-expected CpG ratio of at least
60%, 70%, 80%, 90% or more. A CpG island may be a sequence or region of, e.g., at least
200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, or 800 nucleotides. In some
embodiments, only 1, or less than 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 30, 40, or 50 CpG dinucleotides are methylated by the epigenetic editor.

[0157] In some embodiments, an epigenetic editor herein effects methylation at a
hypomethylated nucleic acid sequence, i.e., a sequence that may lack methyl groups on the 5-
methyl cytosine nucleotides (e.g., in CpG) as compared to a standard control.
Hypomethylation may occur, for example, in aging cells or in cancer (e.g., early stages of
neoplasia) relative to a younger cell or non-cancer cell, respectively.

[0158] In some embodiments, an epigenetic editor described herein induces methylation
at a hypermethylated nucleic acid sequence.

[0159] In some embodiments, methylation may be introduced by the epigenetic editor at
a site other than a CpG dinucleotide. For example, the target gene sequence may be
methylated at the C nucleotide of CpA, CpT, or CpC sequences. In some embodiments, an
epigenetic editor comprises a DNMT3A domain and effects methylation at CpG, CpA, CpT,
CpC sequences, or any combination thereof. In some embodiments, an epigenetic editor
comprises a DNMT3A domain that lacks a regulatory subdomain and only maintains a
catalytic domain. In some embodiments, the epigenetic editor comprising a DNMT3A
catalytic domain effects methylation exclusively at CpG sequences. In some embodiments,
an epigenetic editor comprising a DNMT3A domain that comprises a mutation, e.g. a R§36A
or R836Q mutation (numbering according to SEQ ID NO: 574), has higher methylation
activity at CpA, CpC, and/or CpT sequences as compared to an epigenetic editor comprising

a wildtype DNMT3A domain.

C. Histone Modifiers
[0160] 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
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expression, DNA replication, DNA repair, and the like, which occur on chromosomal DNA.
Post-translational modification of histones is an epigenetic regulatory mechanism and is
considered essential for the genetic regulation of eukaryotic cells. Recent studies have
revealed that chromatin remodeling factors such as SWI/SNF, RSC, NURF, NRD, and the
like, which facilitate transcription factor access to DNA by modifying the nucleosome
structure; histone acetyltransferases (HATs) that regulate the acetylation state of histones;
and histone deacetylases (HDACs), act as important regulators.

[0161] 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 histones and
DNA, thus opening the chromosomes for transcription factors to bind and initiate
transcription. Acetylation of K14 and K9 lysines of histone H3 by histone acetyltransferase
enzymes may be linked to transcriptional competence in humans. Lysine acetylation may
directly or indirectly create binding sites for chromatin-modifying enzymes that regulate
transcriptional activation. On the other hand, histone methylation of lysine 9 of histone H3
may be associated with heterochromatin, or transcriptionally silent chromatin.

[0162] 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.

[0163] In some embodiments, the effector domain comprises a histone deacetylase
protein domain. In certain embodiments, the effector domain comprises a HDAC family
protein domain, for example, a HDAC1, HDAC3, HDACS, HDAC7, or HDACY 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
[0164] In some embodiments, the effector domain comprises a tripartite motif containing
protein (TRIM28, TIF1-beta, or KAP1). In certain embodiments, the effector domain

comprises one or more KAP1 proteins. A KAP1 protein in an epigenetic editor herein may
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form a complex with one or more other effector domains of the epigenetic editor or one or
more proteins involved in modulation of gene expression in a cellular environment. For
example, KAP1 may be recruited by a KRAB domain of a transcriptional repressor. A KAP1
protein domain may interact with or recruit one or more protein complexes that reduces or
silences gene expression. In some embodiments, KAP1 interacts with or recruits a histone
deacetylase protein, a histone-lysine methyltransferase protein, a chromatin remodeling
protein, and/or a heterochromatin protein. For example, a KAP1 protein domain may interact
with or recruit a heterochromatin protein 1 (HP1) protein, a SETDB1 protein, an HDAC
protein, and/or a NuRD protein complex component. In some embodiments, a KAP1 protein
domain interacts with or recruits a ZFP90 protein (e.g., isoform 2 of ZFP90), and/or a FOXP3
protein. An exemplary KAP1 amino acid sequence is shown in SEQ ID NO: 629.

[0165] In some embodiments, the effector domain comprises a protein domain that
interacts with or is recruited by one or more DNA epigenetic marks. For example, the
effector domain may comprise a methyl CpG binding protein 2 (MECP2) protein that
interacts with methylated DNA nucleotides in the target gene (which may or may not be at a
CpG island of the target gene). An 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: 630.
[0166] Also contemplated as effector domains for the epigenetic editors described herein
are, e.g., a chromoshadow domain, a ubiquitin-2 like Rad60 SUMO-like (Rad60-
SLD/SUMO) domain, a chromatin organization modifier domain (Chromo) domain, a
Yaf2/RYBP C-terminal binding motif domain (YAF2_RYBP), a CBX family C-terminal
motif domain (CBX7_C), a zinc finger C3HC4 type (RING finger) domain (ZF-C3HC4_2), a
cytochrome b5 domain (Cyt-b5), a helix-loop-helix domain (HLH), a helix-hairpin-helix
motif domain (e.g., HHH_3), a high mobility group box domain (HMG-box), a basic leucine
zipper domain (e.g., bZIP_1 or bZIP_2), a Myb_DNA-binding domain, a homeodomain, a
MYM-type zinc finger with FCS sequence domain (ZF-FCS), an interferon regulatory factor
2-binding protein zinc finger domain (IRF-2BP1_2), an SSX repressor domain (SSXRD), a
B-box-type zinc finger domain (ZF-B_box), a CXXC zinc finger domain (ZF-CXXC), a
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regulator of chromosome condensation 1 domain (RCC1), an SRC homology 3 domain
(SH3_9), a sterile alpha motif domain (SAM_1), a sterile alpha motif domain (SAM_2), a
sterile alpha motif/Pointed domain (SAM_PNT), a Vestigial/Tondu family domain
(Vg_Tdu), a LIM domain, an RNA recognition motif domain (RRM_1), a paired amphipathic
helix domain (PAH), a proteasomal ATPase OB C-terminal domain (Prot_ATP_ID_OB), a
nervy homology 2 domain (NHR2), a hinge domain of cleavage stimulation factor subunit 2
(CSTF2_hinge), a PPAR gamma N-terminal region domain (PPARgamma_N), a CDC48 N-
terminal domain (CDC48_2), a WD40 repeat domain (WD40), a Fipl motif domain (Fip1), a
PDZ domain (PDZ_6), a Von Willebrand factor type C domain (VWC), a NAB conserved
region 1 domain (NCD1), an S1 RNA-binding domain (S1), an HNF3 C-terminal domain
(HNF_C), a Tudor domain (Tudor_2), a histone-like transcription factor (CBF/NF-Y) and
archaeal histone domain (CBFD_NFYB_HMEF), a zinc finger protein domain (DUF3669), an
EGF-like domain (cEGF), a GATA zinc finger domain (GATA), a TEA/ATTS domain
(TEA), a phorbol esters/diacylglycerol binding domain (C1-1), polycomb-like MTF2 factor 2
domain (Mtf2_C), a transactivation domain of FOXO protein family (FOXO-TAD), a
homeobox KN domain (Homeobox_KN), a BED zinc finger domain (ZF-BED), a zinc finger
of C3HC4-type RING domain (ZF-C3HC4_4), a RADS]1 interacting motif domain
(RADS1_interact), a p55-binding region of a nethyl-CpG-binding domain protein MBD
(MBDa), a Notch domain, a Raf-like Ras-binding domain (RBD), a Spin/Ssty family domain
(Spin-Ssty), a PHD finger domain (PHD_3), a Low-density lipoprotein receptor domain class
A (Ldl_recept_a), a CS domain, a DM DNA-binding domain, and a QLQ domain.

[0167] In some embodiments, the effector domain is a protein domain comprising a
YAF2_RYBP domain or homeodomain or any combination thereof. In certain embodiments,
the homeodomain of the YAF2_RYBP domain is a PRD domain, an NKL domain, a HOXL
domain, or a LIM domain. In particular embodiments, the YAF2_RYBP domain may
comprise a 32 amino acid Yaf2/RYBP C-terminal binding motif domain (32 aa RYBP).
[0168] 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
(MPPS), chromoshadow domain from Chromobox 1 (CBX1), and SAM_1/SPM domain from
Scm Polycomb Group Protein Homolog 1 (SCMH1).

[0169] 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.
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[0170] 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, or a ZNF783 domain.

1V. Epigenetic Editors

[0171] Provided herein are epigenetic editors (i.e., epigenetic editing systems) that direct
epigenetic modification(s) to a target sequence in a gene of interest, e.g., using one or more
DNA-binding domains as described herein and one or more effector domains (e.g., epigenetic
repressor 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.

[0172] 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. As used herein, a “fusion protein” refers to a chimeric protein in which
two or more coding sequences (e.g., for DNA-binding domain(s) and/or effector domain(s))
are covalently or non-covalently joined, directly or indirectly.

[0173] In some embodiments, an epigenetic editor described herein comprises 2, 3, 4, 5,
6,7, 8,9, 10, or more effector (e.g., repression/repressor) 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,
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ZFP28, or ZN627 KRAB) in combination with one or more DNA methylation domains (e.g.,
a DNMT domain) and/or recruiter domain (e.g., a DNMT3L domain). Such an epigenetic
editor may comprise, for instance, a KRAB domain, a DNMT3A domain, and a DNMT3L
domain. In some embodiments, the epigenetic editor further comprises an additional effector
domain (e.g., a KAP1, MECP2, HP1b, CBX8, CDYL2, TOX, TOX3, TOX4, EED, RBBP4,
RCORI1, or SCML2 domain). In some embodiments, the additional effector domain is a
CDYL2, TOX, TOX3, TOX4, or HPla 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
[0174] 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.
[0175] In some embodiments, one or more linkers utilized in an epigenetic editor
provided herein is a peptide linker, i.e., a linker comprising a peptide moiety. A peptide
linker can be any length applicable to the epigenetic editor fusion proteins described herein.
In some embodiments, the linker can comprise a peptide between 1 and 200 (e.g., between 1
and 80) amino acids. In some embodiments, the linker comprises from 1 to 5, 1 to 10, 1 to
20, 1to 30, 1 to 40, 1 to 50, 1 to 60, 1 to 80, 1 to 100, 1 to 150, 1 to 200, 5 to 10, 5 to 20, 5 to
30, 5 to 40, 5 to 60, 5 to 80, 5 to 100, 5 to 150, 5 to 200, 10 to 20, 10 to 30, 10 to 40, 10 to 50,
10 to 60, 10 to 80, 10 to 100, 10 to 150, 10 to 200, 20 to 30, 20 to 40, 20 to 50, 20 to 60, 20 to
80, 20 to 100, 20 to 150, 20 to 200, 30 to 40, 30 to 50, 30 to 60, 30 to 80, 30 to 100, 30 to
150, 30 to 200, 40 to 50, 40 to 60, 40 to 80, 40 to 100, 40 to 150, 40 to 200, 50 to 60 50 to 80,
50 to 100, 50 to 150, 50 to 200, 60 to 80, 60 to 100, 60 to 150, 60 to 200, 80 to 100, 80 to
150, 80 to 200, 100 to 150, 100 to 200, or 150 to 200 amino acids in length. Longer or
shorter linkers are also contemplated. In some embodiments, the peptide linker is 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 25, 40, 45, 50, 55, 60, 65, 70, 75, 80,
85, 90, 95, or 100 amino acids in length. For example, the peptide linker may be 4, 5, 16, 20,
24,27, 32, 40, 64, 92, or 104 amino acids in length. The peptide linker may be a flexible or
rigid linker. In particular embodiments, the peptide linker comprises the amino acid
sequence of any one of SEQ ID NOs: 631-637 and 664-665 or a sequence at least 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, or 99% identical thereto.
[0176] In certain embodiments, the peptide linker is an XTEN linker. Such a linker may
comprise part of the XTEN sequence (Schellenberger et al., Nar Biotechnol (2009)
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27(1):1186-90), an unstructured hydrophilic polypeptide consisting only of residues G, S, P,
T, E, and A. The term “XTEN” as used herein refers to a recombinant peptide or polypeptide
lacking hydrophobic amino acid residues. XTEN linkers typically are unstructured and
comprise a limited set of natural amino acids. Fusion of XTEN to proteins alters its
hydrodynamic properties and reduces the rate of clearance and degradation of the fusion
protein. These XTEN fusion proteins are produced using recombinant technology, without
the need for chemical modifications, and degraded by natural pathways. The XTEN linker
may be, for example, 5, 10, 16, 20, 26, or 80 amino acids in length. In some embodiments,
the XTEN linker is 16 amino acids in length. In some embodiments, the XTEN linker is 80
amino acids in length. In certain embodiments, the XTEN linker may be XTEN10, XTEN16,
XTEN20, or XTEN8O. In certain embodiments, the XTEN linker may comprise the amino
acid sequence of any one of SEQ ID NOs: 638-643 or a sequence at least 75%, 80%, 85%,
90%, %, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical thereto. In particular
embodiments, the XTEN linker comprises the amino acid sequence of SEQ ID NO: 638. In
particular embodiments, the XTEN linker comprises the amino acid sequence of SEQ ID NO:
643.

[0177] 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.
[0178] 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, 5-pentanoic acid, etc.); a monomer,
dimer, or polymer of aminohexanoic acid (Ahx); or a polyethylene glycol moiety (PEG); or
an aryl or heteroaryl moiety. In certain embodiments, the linker may be based on a
carbocyclic moiety (e.g., cyclopentane or cyclohexane) or a phenyl ring. The linker may
include functionalized moieties to facilitate attachment of a nucleophile (e.g., thiol, amino)
from the peptide to the linker. Any electrophile may be used as part of the linker. Exemplary
electrophiles include, but are not limited to, activated esters, activated amides, alkyl halides,

aryl halides, acyl halides, and isothiocyanates.
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[0179] 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: 664), (G)n, and W
linker (SEQ ID NO: 637). In some embodiments, the more rigid linkers are in the form of the
form (EAAAK)n (SEQ ID NO: 665), (SGGS)n (SEQ ID NO: 631), and (XP)n). In the
aforementioned formulae of flexible and rigid linkers, n may be any integer between 1 and
30. In some embodiments,nis 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15. In some
embodiments, the linker comprises a (GGS)n motif, wherein nis 1, 3, or 7. In some
embodiments, the linker comprises a (GGGGS)n motif, wherein n is 4 (SEQ ID NO: 636).
[0180] 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: 644-649. In some embodiments, a linker in an epigenetic editor described herein

comprises an expression tag, e.g., a detectable tag such as a green fluorescent protein.

B. Nuclear Localization Signals
[0181] 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, 5, 6,7, 8, 9, 10, or more 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 (e.g., with the amino acid sequence of SEQ ID NO: 644). The fusion protein may
comprise an NLS at its N-terminus, C-terminus, or both, and/or an NL.S 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).
[0182] In some embodiments, the fusion protein may comprise two NLSs. The fusion
protein may comprise two NLSs at its N-terminus or C-terminus. The fusion protein may
comprise one NLS located at its N-terminus and one NL.S embedded in the middle of the

fusion protein, or one NLS located at its C-terminus and one NLS embedded in the middle of
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the fusion protein. The fusion protein may comprise two NLSs embedded in the middle of
the fusion protein.

[0183] In some embodiments, the fusion protein may comprise four NLSs. The fusion
protein may comprise at least two (e.g., two, three, or four) NLSs at its N-terminus or C-
terminus. The fusion protein may comprise at least one (e.g., one, two, three, or four) NLSs
embedded in the middle of the fusion protein. In particular embodiments, the fusion protein
may comprise two NLSs at its N-terminus and two NLSs at its C-terminus.

[0184] An NLS described herein may be an endogenous NLS sequence. In certain
embodiments, an NLS described herein comprises the amino acid sequence of any one of
SEQ ID NOs: 644-649, or a sequence at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% identical to the selected sequence. In particular embodiments,
the NLS comprises the amino acid sequence of SEQ ID NO: 644. Additional NLSs are
known in the art.

[0185] In some embodiments, an epigenetic editor comprising a fusion protein that
comprises at least one NLS at the N-terminus and at least one NLS at the C-terminus may
increase the efficiency of the epigenetic editor by at least 5%, at least 10%, at least 15%, at
least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 100%, at least 200%, at least 300%, at least 400%, at least 500%, at least
600%, at least 700%, at least 800%, at least 900%, at least 1,000%, at least 5,000%, at least
10,000%, at least 50,000%, at least 100,000%, or more as compared to an epigenetic editor
with a corresponding fusion protein that does not have at least one NLS at the N-terminus and
at least one NLS at the C-terminus.

[0186] In some embodiments, an epigenetic editor comprising a fusion protein that
comprises two NLSs at the N-terminus and two NLSs at the C-terminus may increase the
efficiency of the epigenetic editor by at least 5%, at least 10%, at least 15%, at least 20%, at
least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 100%, at least 200%, at least 300%, at least 400%, at least 500%, at least 600%, at least
700%, at least 800%, at least 900%, at least 1,000%, at least 5,000%, at least 10,000%, at
least 50,000%, at least 100,000%, or more as compared to an epigenetic editor with a
corresponding fusion protein that does not have two NLSs at the N-terminus and two NLSs at

the C-terminus.

C. Tags
[0187] Epigenetic editors provided herein may comprise one or more additional

sequences (“‘tags”) for tracking, detection, and localization of the editors. In some
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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.
[0188] 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
Softag 3), strep-tags, biotin ligase tags, FIAsH tags, V5 tags, and SBP-tags. Additional
suitable sequences will be apparent to those of skill in the art.

D. Fusion Protein Configurations
[0189] A fusion protein of an epigenetic editor described herein may have its components
structured in different configurations. For example, the DNA-binding domain may be at the
C-terminus, the N-terminus, or in between two or more epigenetic effector domains or
additional domains. In some embodiments, the DNA-binding domain is at the C-terminus of
the epigenetic editor. In some embodiments, the DNA-binding domain is at the N-terminus
of the epigenetic editor. In some embodiments, the DNA-binding domain is linked to one or
more nuclear localization signals. In some embodiments, the DNA-binding domain is
flanked by an epigenetic effector domain and/or an additional domain on both sides. In some
embodiments, where “DBD” indicates DNA-binding domain and “ED” indicates effector
domain, the epigenetic editor comprises the configuration of:

- N’J-[ED1]-[DBD]-[ED2]-[C’

- N’]-[ED1]-[DBD]-[ED2]-[ED3]-[C’

- N’]-[ED1]-[ED2]-[DBD]-[ED3]-[C’

or

- N’]-[ED1]-[ED2]-DBD]-[ED3]-[ED4]-[C".
[0190] 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. The DBD, DNMT domain, and repressor domain may be in any configuration,

e.g., with any of said domains at the N-terminus, at the C-terminus, or in the middle of the
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fusion protein. In some embodiments, the epigenetic editor comprises a fusion protein with
the configuration of:

N’]-[DNMT domain]-[DBD]-[repressor domain]-[C’

N’]-[repressor domain]-[DBD]-[DNMT domain]-[C’

N’]-[DNMT domain]-[repressor domain]- [DBD]-[C’

or

N’]-[repressor domain]-[DNMT domain]- [DBD]-[C’.
[0191] 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 some embodiments, the DNMT domain may comprise
any one of the domains in Table 6, or any combinations or homologs thereof. In particular
embodiments, the DNMT domain comprises DNMT3A or a truncated version thereof,
DNMTS3L or a truncated version thereof, or both. In particular embodiments, the DBD is a
catalytically inactive polynucleotide guided DNA-binding domain (e.g., a dCas9) or a ZFP
domain. In certain embodiments, the repressor domain comprises any one of the domains
shown in Table 4 or 5, or any combinations or homologs thereof. For example, the repressor
domain may be a KRAB domain. In certain embodiments, the repressor domain is a ZFP28,
ZN627, KAP1, MeCP2, HP1b, CBXS, CDYL2, TOX, Tox3, Tox4, EED, RBBP4, RCOR1,
or SCML2 domain, or a fusion of two of said domains (e.g., a fusion of the N- and C-terminal
regions of ZIM3 and KOX1 KRAB). In particular embodiments, the repressor domain is a
KRAB domain from ZFP28, ZN627, ZIM3, or KOX1.
[0192] In some embodiments, the epigenetic editor comprises a configuration selected
from

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

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

N’]-[repressor]-[DBD]-[DNMT3A]-[C’

N’]-[DNMT3A]-[DBD]-[repressor]-[C’

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

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

N’]-[DNMT3A]-[DBD]-[C’

N’]-[DBD]-[DNMT3A]-[C’

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

wherein [DNMT3A-DNMT3L] indicates that the DNMT3A and DNMT3L domains are

directly fused via a peptide bond, and wherein the connecting structure ]-[ is any one of the

linkers as described herein, a detectable tag, an affinity domain, a peptide bond, a nuclear
localization signal, a promoter, and/or a regulatory sequence. The DBD, repressor,

DNMT3A, and DNMT3L domains may be any as described herein, in any combination. For

example, the DNMT3A and DNMT3L domains may be selected from those in Table 6. In

particular embodiments, the DBD is a CRISPR-associated protein domain (e.g., dCas9) or a

ZFP domain; the repressor domain is a KRAB domain derived from KOX1, ZIM3, ZFP28, or

ZN627; the DNMT3A domain is a human DNMT3A domain; and the DNMT3L domain is a

human or mouse DNMT3L domain; any combination of these components is also

contemplated by the present disclosure.

[0193] 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]- [SETDBI1]- [C’
N’]-[SETDB1]-[DBD]-[DNMT3A]-[DNMT3L]-[C
N’]-[SETDB1]-[DBD]-[DNMT3A]-[C’

wherein [DNMT3A-DNMT3L] indicates that the DNMT3A and DNMT3L domains are

directly fused via a peptide bond, and wherein the connecting structure ]-[ is any one of the

linkers as described herein, a detectable tag, an affinity domain, a peptide bond, a nuclear
localization signal, a promoter, and/or a regulatory sequence. The DBD, SETDBI,

DNMT3A, and DNMT3L domains may be any as described herein, in any combination. In

particular embodiments, the DBD is a CRISPR-associated protein domain (e.g., dCas9) or a

ZFP domain; the SETDB1 domain is derived from human SETDB1, ZIM3, ZFP28, or

ZN627; the DNMT3A domain is a human DNMT3A domain; and the DNMT3L domain is a

human or mouse DNMT3L domain; any combination of these components is also

contemplated by the present disclosure.

[0194] Particular constructs contemplated herein include:
DNMT3A-DNMT3L-XTENSO-NLS-dCas9-NLS-XTEN16-KOX1 KRAB
(Configuration 1),

DNMT3A-DNMT3L-XTENS80O-NLS-ZFP domain-NLS-XTEN16-KOX1 KRAB
(Configuration 2),
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NLS-DNMT3A-DNMT3L-XTEN80-dCas9-XTEN16-KOX1 KRAB-NLS
(Configuration 3),
NLS-DNMT3A-DNMT3L-XTENSO-ZFP domain-XTEN16-KOX1 KRAB-NLS
(Configuration 4),
NLS-NLS-DNMT3A-DNMT3L-XTEN80-dCas9-XTEN16-KOX1 KRAB-NLS-NLS
(Configuration 5), and
NLS-NLS-DNMT3A-DNMT3L-XTENSO-ZFP domain-XTEN16-KOX1 KRAB-
NLS-NLS (Configuration 6).
The DNMT3L and DNMT3A may be derived from human parental proteins, mouse parental
proteins, or any combination thereof. In certain embodiments, the DNMT3L and DNMT3A
are derived from mouse and human parental proteins, respectively (mDNMT3L and
hDNMT?3A). In certain embodiments, the DNMT3L and DNMT?3A are both derived from
human parental proteins (h(DNMT3L and hDNMT3A). In some embodiments, the dCas9 is
dSpCas9. In some embodiments, the KOX1 is human KOX1. Also contemplated is any of
Configurations 1-6 wherein the KOX1 KRAB domain is replaced by a ZFP28, ZN627, or
7ZIM3 KRAB domain. In some embodiments, the ZFP28, ZN627, and ZIM3 are human
ZFP28, ZN627, and ZIM3, respectively. In particular embodiments, the fusion construct may
have the configuration:
NLS-NLS-hDNMT3A-hDNMT3L-XTEN8S0-dCas9-XTEN16-KOX1 KRAB-NLS-
NLS (Configuration 7),
NLS-NLS-DNMT3A-DNMT3L-XTENSO-ZFP domain-XTEN16-KOX1 KRAB-
NLS-NLS (Configuration 8),
NLS-NLS-hDNMT3A-hDNMT3L-XTEN8O-dCas9-XTEN16-ZFP28 KRAB-NLS-
NLS (Configuration 9),
NLS-NLS-DNMT3A-DNMT3L-XTENSO-ZFP domain-XTEN16-ZFP28 KRAB-
NLS-NLS (Configuration 10),
NLS-NLS-hDNMT3A-hDNMT3L-XTEN80-dCas9-XTEN16-ZN627 KRAB-NLS-
NLS (Configuration 11),
NLS-NLS-DNMT3A-DNMT3L-XTENSO-ZFP domain-XTEN16-ZN627 KRAB-
NLS-NLS (Configuration 12),
NLS-NLS-hDNMT3A-hDNMT3L-XTEN80-dCas9-XTEN16-ZIM3 KRAB-NLS-
NLS (Configuration 13), or
NLS-NLS-DNMT3A-DNMT3L-XTENSO-ZFP domain-XTEN16-ZIM3 KRAB-
NLS-NLS (Configuration 14).
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[0195] In particular embodiments, a fusion construct described herein may have
Configuration 1 and comprise SEQ ID NO: 658, 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: 658
below, the XTEN linkers are underlined, the W linker is bolded, underlined, and italicized,
the NLS sequences are bolded, the DNMT3A sequence is ifalicized, the DNMT3L sequence
is underlined and italicized, the dCas9 domain is bolded and italicized, and the KOX1 KRAB

domain is underlined and bolded:

10

15

20

25

40

45

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCE
DSITVGMVRHQOGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLY
EGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMID
AKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSN
SIKQGKDQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSV
PVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAW
KRQPVRVLSLFRNIDKVLKSLGFLESGSGSGGGTLKYVEDVTNVVRRDVEKWGPFDL
VYGSTQPLGSSCDRCPGWYMFQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQET
TTRFLQTEAVTLQODVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLOAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAGSPTSTEEGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEPKK
KRKVYMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALL
FDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEE
DKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRG
HFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLE
NLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLA
QIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKA
LVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKF IKPILEKMDGTEELLVKLN
REDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYY
VGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVL
PKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLK
EDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLT
LTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLSRKLINGIRDKQSGKTI
LDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKG
ILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
OILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDD
SIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGG
LSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVS
DFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKM
IAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGR
DFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFD
SPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNP IDFLEAKGYKEVKK
DLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSP
EDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKP IREQA
ENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLS
OLGGDPKKKRKVSGSETPGTSESATPESTGRTLVTFKDVFVDF TREEWKLLDTAQQT
VYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP (SEQ ID NO: 658)

64



WO 2024/186896 PCT/US2024/018670

[0196] In particular embodiments, a fusion construct described herein may comprise the
sequence provided below (SEQ ID NO: 1495), 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: 1495
below, the XTEN linkers are underlined, the W linker is bolded, underlined, and italicized,
the NLS sequences are bolded, the DNMT3A sequence is ifalicized, the DNMT3L sequence
is underlined and italicized, the dCas9 domain is bolded and italicized, and the KOX1 KRAB

domain is underlined and bolded:
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45

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCE
DSITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLY
EGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRELESNPVMID
AKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIARFSKVRTITTRSN
SIKQGKDQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSV
PVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMNPLEMFETVPVW
RRQPVRVLSLFEDIKKELTSLGFLESGSDPGQLKHVVDVIDTVRKDVEEWGPFDLVY
GATPPLGHTCDRPPSWYLFQFHRLLQYARPKPGSPRPFFWMFVDNLVLNKEDLDVAS
RFLEMEPVTIPDVHGGSLONAVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSSKLA
AKWPTKLVEKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPSGGSPAGSPTSTEEGTS
ESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEP SEPKKK
RKVYMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLF
DSGETAEATRLKRTARRRYTRREKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEED
KKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGH
FLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLEN
LIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQ
IGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLKAL
VROQOLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNR
EDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLP
KHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKE
DYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTL
TLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTIL
DFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGOGDSLHEHIANLAGSPAIKKGTI
LOTVKVVDELVKVMGRHKPENIVIEMARENQTTOQKGOKNSRERMKRIEEGIKELGSQ
ILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDS
IDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGL
SELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSD
FREKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMI
AKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRD
FATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDS
PTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKD
LIIKLPKYSLFELENGRKRMLASAGELOKGNELALPSKYVNFLYLASHYEKLKGSPE
DNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAE
NITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTRKEVLDATLIHQSITGLYETRIDLSQ
LGGDPKKKRKVSGSETPGTSESATPESTGRTLVTFKDVFVDFTREEWKLLDTAQQIV
YRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP (SEQ ID NO: 1495)
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[0197] In particular embodiments, a fusion construct described herein may have
Configuration 2 and comprise SEQ ID NO: 659, 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: 659
below, the XTEN linkers are underlined, the W linker is bolded, underlined, and italicized,

the NLS sequences are bolded and underlined, the DNMT3A sequence is italicized, the
DNMTS3L 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.

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCE
DSITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLY
EGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISREFLESNPVMID
AKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSN
SIKQGKDQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSV
PVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAW
KRQPVRVLSLFRNIDKVLKSLGFLESGSGSGGGTLKYVEDVTNVVRRDVEKWGPFDL
VYGSTQPLGSSCDRCPGWYMFQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQET
TTRFLOQTEAVILQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAGSPTSTEEGT
SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEP SEPKK
KRKVYSRPGERPFQCRICMRNF SXXXXXXXHXXTHTGEKPFQCRICMRNF SXXXXXX
XHXXTH[1linker] PFQCRICMRNF SXXXXXXXHXXTHTGEKPFQCRICMRNF SXXX
XXXXHXXTH[linker] PFQCRICMRNF SXXXXXXXHXXTHTGEKPFQCRICMRNF'S
XXXXXXXHXXTHLRGSPKKKRKVSGSETPGTSESATPESTGRTLVTFKDVEFVDFTRE
EWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP (SEQ ID
NO: 659)

In certain embodiments, the six “XXXXXXX" regions in SEQ ID NO: 659 comprise, in
order, the F1-F6 amino acid sequences shown in Table 1 for any one of ZF001-ZF048.
[linker] represents a linker sequence. In some embodiments, one or both linker sequences
may be TGSQKP (SEQ ID NO: 651). In some embodiments, one or both linker sequences
may be TGGGGSQKP (SEQ ID NO: 652). In some embodiments, one linker sequence may
have the amino acid sequence of SEQ ID NO: 651 and the other linker sequence may have
the amino acid sequence of SEQ ID NO: 652.

[0198] In particular embodiments, a fusion construct described herein may comprise the
sequence provided below (SEQ ID NO: 1496), 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: 1496
below, the XTEN linkers are underlined, the W linker is bolded, underlined, and italicized,

the NLS sequences are bolded and underlined, the DNMT3A sequence is italicized, the
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DNMTS3L 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.

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCE
DSITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLY
EGTGRLFFEFYRLLHDARPRKEGDDRPFFWLFENVVAMGVSDKRDISRELESNPVMID
AKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSN
SIKQGKDQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSV
PVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMNPLEMEFETVPVW
RRQOQPVRVLSLFEDIKKELTSLGFLESGSDPGQLKHVVDVIDTVRKDVEEWGPFDLVY
GATPPLGHTCDRPPSWYLFQFHRLLQYARPKPGSPRPFFWMFVDNLVLNKEDLDVAS
RFLEMEPVITIPDVHGGSLONAVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSSKLA
AKWPTKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPSGGSPAGSPTSTEEGTS
ESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEP SEPKKK
RKVYSRPGERPFQCRICMRNF SXXXXXXXHXXTHTGEKPFQCRICMRNF SXXXXXXX
HXXTH[linker] PFQCRICMRNF SXXXXXXXHXXTHTGEKPFQCRICMRNF SXXXX
XXXHXXTH[linker] PFQCRICMRNF SXXXXXXXHXXTHTGEKPFQCRICMRNFSX
XXXXXXHXXTHLRGSPKKKRKVSGSETPGTSESATPESTGRTLVTFKDVEVDFTREE
WKLLDTAQOIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP (SEQ ID NO:
1496)

[0199] In certain embodiments, the six “XXXXXXX” regions in SEQ ID NO: 1496
comprise, in order, the F1-F6 amino acid sequences shown in Table 1 for any one of ZF001-
ZF048. [linker] represents a linker sequence. In some embodiments, one or both linker
sequences may be TGSQKP (SEQ ID NO: 651). In some embodiments, one or both linker
sequences may be TGGGGSQKP (SEQ ID NO: 652). In some embodiments, one linker
sequence may have the amino acid sequence of SEQ ID NO: 651 and the other linker
sequence may have the amino acid sequence of SEQ ID NO: 652.

[0200] In some embodiments, the fusion protein may further comprise a Dnmt3A ADD
domain, e.g., downstream of the Dnmt3A domain sequence disclosed in SEQ ID Nos 658,
659, 1495, or 1496 disclosed above. In some embodiments, the ADD sequence is situated
between the Dnmt3A and the Dnmt3L sequence of the fusion protein. In some embodiments,
the ADD sequence is at the C-terminal end of the Dnmt3A domain. In some embodiments,
the Dnmt3A sequence and the ADD sequence are separated by a linker, e.g., a linker
disclosed herein. In some embodiments, the ADD sequence and the Dnmt3L sequence are
separated by a linker, e.g., a linker disclosed herein. In some embodiments, the ADD domain

comprises the sequence:
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MAATPALDPEAEPSMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDICICCG
SLOVHTQHPLFEGGICAPCKDKFLDALFLYDDDGYQSYCSICCSGETLLICGNPDCT
RCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGLLORRRKWRSQLKAFYDRE
SENPLEMFETVPVWRRQPVRVLSLFEDIKKELTSLGEFLESGSDPGQLKHVVDVTDTV
RKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLOYARPKPGSPRPEFFWMEV
DNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIPAIRSRHWALVSEEE
LSLLAQNKQSSKLAAKWPTKLVKNCFLPLREYFKYFSTELTSSL (SEQ ID
NO:1497) .
[0201] In particular embodiments, a fusion construct described herein may have
Configuration 7 and comprise SEQ ID NO: 660, or a sequence at least 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical thereto.
[0202] In particular embodiments, a fusion construct described herein may have
Configuration 9 and comprise SEQ ID NO: 661, or a sequence at least 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical thereto.
[0203] In particular embodiments, a fusion construct described herein may have
Configuration 11 and comprise SEQ ID NO: 662, or a sequence at least 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98 %, or 99% identical thereto.
[0204] In particular embodiments, a fusion construct described herein may have
Configuration 13 and comprise SEQ ID NO: 663, or a sequence at least 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical thereto.
[0205] In some embodiments, a fusion construct described herein (e.g., the fusion
construct of any one of Configurations 1-14) is within an expression construct that comprises
a WPRE sequence, a polyadenylation site, or both. In certain embodiments, the WPRE
sequence is in a 3’ noncoding region. In certain embodiments, the WPRE sequence is
upstream from a poly-adenylation site. In particular embodiments, the expression construct
comprises the fusion construct (e.g., of any one of Configurations 1-14) and a WPRE
sequence in a 3’ noncoding region upstream from a polyadenylation site.
[0206] In some embodiments, a fusion construct described herein may have the sequence
of any one of Fusion Proteins 1-12 as shown in Example 12.
[0207] Multiple fusion proteins 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
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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

[0208] An epigenetic editor herein may be directed to a target sequence in PCSK9 to
effect epigenetic modification of the PCSK9 gene. As used herein, a “target sequence,” a
“target site,” or a “target region” is a nucleic acid sequence present in a gene of interest; 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.

[0209] The target sequence may be in any part of a target gene. In some embodiments,
the target sequence is part of or near a noncoding sequence of the gene. In some
embodiments, the target sequence is part of an exon of the gene. In some embodiments, the
target sequence is part of or near a transcriptional regulatory sequence of the gene, such as a
promoter or an enhancer. In some embodiments, the target sequence is adjacent to, overlaps
with, or encompasses a CpG island. In certain embodiments, the target sequence is within
about 3000, 2900, 2800, 2700, 2600, 2500, 2400, 2300, 2200, 2100, 2000, 1900, 1800, 1700,
1600, 1500, 1400, 1300, 1200, 1100, 1000, 900, 800, 700, 600, 500, 400, 300, 200, or 100
base pairs (bp) flanking a PCSK9 TSS. In certain embodiments, the target sequence is within
500 bp flanking the PCSK9 TSS. In certain embodiments, the target sequence is within 1000
bp flanking the PCSK9 TSS.

[0210] In some embodiments, the target sequence may hybridize to a guide
polynucleotide sequence (e.g., gRNA) complexed with a fusion protein comprising a
polynucleotide guided DNA-binding domain (e.g., a CRISPR protein such as dCas9) and
effector domain(s). The guide polynucleotide sequence may be designed to have
complementarity to the target sequence, or identity to the opposing strand of the target
sequence. In some embodiments, the guide polynucleotide comprises a spacer sequence that
is about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical to a
protospacer sequence in the target sequence. In particular embodiments, the guide
polynucleotide comprises a spacer sequence that is 100% identical to a protospacer sequence

in the target sequence.
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[0211]

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.

[0212]

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.

[0213]

A target sequence described herein may be specific to one copy of a target gene,

or may be specific to one allele of a target gene. Accordingly, the epigenetic modification

and modulation of expression thereof may be specific to one copy or one allele of the target

gene. For example, an epigenetic editor may repress expression of a specific copy harboring

a target sequence recognized by the DNA-binding domain (e.g., a copy associated with a

disease or condition, or that harbors a mutation associated with a disease or condition).

[0214]

In some embodiments, the target PCSK9 genomic region may fall within the

sequence shown below (chr1:55038548-55040548), with or without the terminal A:

TACCTCATGGAGTCACTGTCAACCCACTGGTTIGCACTGTCTTIGTGCACTGGCTICTC
TGGAGTGAGGTCTITGCAAACAAAGTGGAAAGAGCATCAACTTTIGGACTCCAGCACC
TAGATTCAGAGCAGGCCATTTCACTCGGAATCTGCTGTGCATCTGCAAGGGAGGATC
ATAAATTCGCCTTTGTITTCTITCCCAGTATCGACAGCCCTTCCAGAAAGAGCAAGCCT
CATGTCATGCCACATGTACAATCTGAGGCCAGGAGCTCTCTTTCCCCTTTTCATCCT
CCTGCCTGGTACACAATAGGTGTTTACTGGATGCTTGTCCAGTTGATTTCTTGAACA
TGGIGTGTAAAAGGAATCITTGCAAATTGAATCTITCTGGAAAGCTGAGCTTGTGCCT
ACCATAGAATTCTGAATGTACCTATATGACGTICTTTIGCAAACTTAAAACCTGAATCT
TTGTAGTATAAATCCCTTGAAATGCATGTAGGCTGGACATCAAAAGCAAGCAATCTC
TTCAAGGAGCAGCTAGTTGGTAAGGTCAGTGTGCAGGGTGCATAAAGGGCAGAGGCC
GGAGGGGGTCCAGGCTAAGTTTAGAAGGCTGCCAGGTTAAGGCCAGTGGAAAGAATT
CGGTGGGCAGCGAGGAGTCCACAGTAGGATTGATTCAGAAGTCTCACTGGTCAGCAG
GAGACAAGGTGGACCCAGGAAACACTGAAAAGGTGGGCCCGGCAGAACTTGGAGTICT
GGCATCCCACGCAGGGTGAGAGGCGGGAGAGGAGGAGCCCCTAGGGCGCCGGCCTGL
CTTCCAGCCCAGTTAGGATTTGGGAGTTTITTTCTITCCCTICTGCGCGTAATCTGACGC
TGTTTGGGGAGGGCGAGGCCGAAACCTGATCCTCCAGTCCGGGGGTTCCGTTAATGT
TTAATCAGATAGGATCGTCCGATGGGGCTCTGGTGGCGTGATCTGCGCGCCCCAGGC
GTCAAGCACCCACACCCTAGAAGGTTTCCGCAGCGACGTICGAGGCGCTCATGGTTIGC
AGGCGGGCGCCGCCGTTCAGTTCAGGGTCTGAGCCTGGAGGAGTGAGCCAGGCAGTG
AGACTGGCTCGGGCGGGCCGGGACGCGTCGTTGCAGCAGCGGCTCCCAGCTCCCAGC
CAGGATTCCGCGCGCCCCTTCACGCGCCCTGCTCCTGAACTTCAGCTCCTGCACAGT
CCTCCCCACCGCAAGGCTCAAGGCGCCGCCGGCGTGGACCGCGCACGGCCTCTAGGT
CTCCTCGCCAGGACAGCAACCTCTICCCCTGGCCCTCATGGGCACCGTCAGCTCCAGG
CGGTICCTGGTGGCCGCTGCCACTGCTGCTIGCTGCTGCTGCTGCTCCTGGGTCCCGLCG
GGCGCCCGTIGCGCAGGAGGACGAGGACGGCGACTACGAGGAGCTGGTGCTAGCCTTG
CGTTCCGAGGAGGACGGCCTGGCCGAAGCACCCGAGCACGGAACCACAGCCACCTTC
CACCGCTGCGCCAAGGTGCGGGTGTAGGGATGGGAGGCCGGGGCGAACCCGCAGCCG
GGACGGTGCGGTGCTGTITTCCTCTICGGGCCTCAGTITTCCCCCCATGTAAGAGAGGAA
GTGGAGTGCAGGTCGCCGAGGGCTICTTCGCTTGGCACGATCTTGGGGACTGCAGGCA
AGGCGGCGGGGGAGGACGGGTAGTGGGGAGCACGGTGGAGAGCGGGGACGGCCGGCT
CTTTGGGGACTTGCTGGGGCGTGCGGCTGCGCTATTCAGTGGGAAGGTTCGCGGGGT
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[0215]

TGGGAGACCCGGAGGCCGAGGAAGGGCGAGCAGAGCACTGCCAGGATATCCTGCCCA
GATTTCCCAGTTTCTGCCICGCCGCGGCACAGGTGGGTGAAGGAGTGAATGCCTGGA
ACGTACTGGGAACTGCACCAGGCACAGAGAAAGCGGGCTTGCCATTATAGTGGGTTIC
CGATTTGGTITTGGAAAACATGGGCAGCGGAGGGTGGAGGGCCTGGAGAGAAGGCCCT
ACCCGA (SEQ ID NO: 1488)

In some embodiments, the target sequence may be GRCh38 Chr1:55039228-

55040296, as shown below:

GCAGGAGACAAGGTGGACCCAGGAAACACTGAAAAGGTGGGCCCGGCAGAACTTGGA
GTCTGGCATCCCACGCAGGGTGAGAGGCGGGAGAGGAGGAGCCCCTAGGGCGCCGGC
CTGCCTTCCAGCCCAGTTAGGATTTGGGAGTTTTITTCTTCCCTCTGCGCGTAATCTG
ACGCTGTTTGGGGAGGGCGAGGCCGAAACCTGATCCTCCAGTCCGGGGGTTCCGTTA
ATGTTTAATCAGATAGGATCGTCCGATGGGGCTCTGGTGGCGTGATCTGCGCGCCCC
AGGCGTCAAGCACCCACACCCTAGAAGGTTITCCGCAGCGACGTCGAGGCGCTCATGG
TTGCAGGCGGGCGCCGCCGTTCAGTTCAGGGTCTGAGCCTGGAGGAGTGAGCCAGGC
AGTGAGACTGGCTCGGGCGGGCCGGGACGCGTCGTTGCAGCAGCGGCTCCCAGCTCC
CAGCCAGGATTCCGCGCGCCCCTTCACGCGCCCTGCTCCTGAACTTCAGCTCCTGCA
CAGICCTCCCCACCGCAAGGCTCAAGGCGCCGCCGGCGTGGACCGCGCACGGCCTICT
AGGTCTCCTCGCCAGGACAGCAACCTCTCCCCTGGCCCTCATGGGCACCGTCAGCTC
CAGGCGGTCCTGGTIGGCCGCTGCCACTGCTGCTGCTGCTGCTGCTGCTCCTGGGTCC
CGCGGGCGCCCGTGCGCAGGAGGACGAGGACGGCGACTACGAGGAGCTGGTGCTAGC
CTTGCGTTCCGAGGAGGACGGCCTGGCCGAAGCACCCGAGCACGGAACCACAGCCAC
CTTCCACCGCTGCGCCAAGGTGCGGGTGTAGGGATGGGAGGCCGGGGCGAACCCGCA
GCCGGGACGGTGCGGTGCTIGTTTCCTCTCGGGCCTCAGTTITCCCCCCATGTAAGAGA
GGAAGTGGAGTGCAGGTCGCCGAGGGCTCTTCGCTTGGCACGATCTTGGGGACTGCA
GGCAAGGCGGCGGGGGAGGACGGGTAGTGGGGAGCACGGTGGAGAGCGGGGACGGCC
GGCICTTTGGGGACTTGCTGGGGCGTGCGGCTGCGCTATTCAG (SEQ ID NO:
1489)

VI. Epigenetic Modifications

[0216]

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 modification is at a specific allele of the target gene. Accordingly, the

epigenetic modification may result in modulated (e.g., reduced) expression of one copy of a

target gene harboring a specific allele, and not the other copy of the target gene. In some

embodiments, the specific allele is associated with a disease, condition, or disorder.

[0217]

In some embodiments, the epigenetic modification reduces or abolishes

transcription of the target gene harboring the target sequence. In some embodiments, the

epigenetic modification reduces or abolishes transcription of a copy of the target gene
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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 PCSK9 gene may be epigenetically modified
in vitro, ex vivo, or in vivo.

[0218] The effector domain of an epigenetic editor described herein may alter (e.g.,
deposit or remove) a chemical modification at a nucleotide of the target gene or at a histone
associated with the target gene. The chemical modification may be altered at a single
nucleotide or a single histone, or may be altered at 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900,
1000, 1500, 2000, 2500, 3000 or more nucleotides.

[0219] In some embodiments, an effector domain of an epigenetic editor described herein
may alter a CpG dinucleotide within the target gene. In some embodiments, all CpG
dinucleotides within 2000, 1500, 1000, 500, or 200 bps flanking a target sequence (e.g., in an
alteration site as described herein) are altered according to a modification type described
herein, as compared to the original state of the gene or the gene in a comparable cell not
contacted with the epigenetic editor. In some embodiments, at least 1,2,3,4,5,6,7, 8,9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200,
250, 300, 350, 400, 450, 500, 550, 600, 650, 700 or more of the CpG dinucleotides are altered
as compared to the original state of the gene or the gene in a comparable cell not contacted
with the epigenetic editor. In some embodiments, at least 5%, 6%, 7%, 8%, 9%, 10%, 15%,
20%, 25%, 30%, 35%, 40%., 45%, 50%, 55%, 60%, 65%, 70%, 75%., 80%., 85%, 90%, 95%,
96%, 97%, 98%, or 99% of the CpG dinucleotides are altered as compared to the original
state of the gene or the gene in a comparable cell not contacted with the epigenetic editor. In
some embodiments, one single CpG dinucleotide is altered, as compared to the original state
of the gene or the gene in a comparable cell not contacted with the epigenetic editor.

[0220] An effector domain of an epigenetic editor described herein may alter a histone
modification state of a histone associated with or bound to the target gene. For example, an
effector domain may deposit a modification on one or more lysine residues of histone tails of
histones associated with the target gene. In some embodiments, the effector domain may
result in deacetylation of one or more histone tails of histones associated with the target gene,
thereby reducing or silencing expression of the target gene. In some embodiments, the

histone modification state is a methylation state. For example, the effector domain may result
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in a H3K9, H3K27 or H4K20 methylation (e.g. one or more of a H3K9me2, H3K9me3,
H3K27me2, H3K27me3, and H4K20me3 methylation) at one or more histone tails associated
with the target gene, thereby reducing or silencing expression of the target gene.

[0221] In some embodiments, all histone tails of histones bound to DNA nucleotides
within 2000, 1500, 1000, 500, or 200 bps flanking the target sequence are altered according
to a modification type as described herein, as compared to the original state of the
chromosome or the chromosome in a comparable cell not contacted with the epigenetic
editor. In some embodiments, atleast 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120 or
more histone tails of the bound histones are altered as compared to the original state of the
chromosome or the chromosome in a comparable cell not contacted with the epigenetic
editor. In some embodiments, at least 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, T5%, 80%, 85%, 90%, 95%, 96%., 97%, 98%,
or 99% of histone tails of the bound histones are altered as compared to the original state of
the chromosome or the chromosome in a comparable cell not contacted with the epigenetic
editor. For example, one single histone tail of the bound histones may be altered as compared
to the original state of the chromosome or the chromosome in a comparable cell not contacted
with the epigenetic editor. As another example, one single bound histone octamer may be
altered as compared to the original state of the chromosome or the chromosome in a
comparable cell not contacted with the epigenetic editor.

[0222] 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. As used herein,
“flanking” refers to nucleotide positions 5’ to the 5’ end of and 3’ to the 3’ end of a particular
sequence, €.g. a target sequence.

[0223] In some embodiments, an effector domain mediates or induces a chemical
modification change of a nucleotide or a histone tail bound to a nucleotide distant from a

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

[0224] In some embodiments, an epigenetic editor described herein reduces expression of
a target gene by at least about 20%, at least about 30%, at least about 40%, at least about
50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, at least
about 95%, at least about 99%, or more, as measured by transcription of the target gene in a
cell, a tissue, or a subject as compared to a control cell, control tissue, or a control subject
(e.g., in the absence of the epigenetic editor). In some embodiments, the epigenetic editors
described herein reduces expression of a copy of target gene by at least about 20%, at least
about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at
least about 80%, at least about 90%, at least about 95%, at least about 99%, 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, at least 8-fold, at least 9-
fold, at least 10-fold, at least 11-fold, at least 12-fold, at least 13-fold, at least 14-fold, at least
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15-fold, at least 20-fold, at least 25-fold, at least 30-fold, at least 35-fold, at least 40-fold, at
least 45-fold, at least 50-fold, at least 60-fold, at least 70-fold, at least 80-fold, at least 90-
fold, or at least 100 fold in a cell, a tissue, or a subject as compared to a control cell, control
tissue, or a control subject.

[0225] Modulation of target gene expression can be assayed by determining any
parameter that is indirectly or directly affected by the expression of the target gene. Such
parameters include, e.g., changes in RNA or protein levels; changes in protein activity;
changes in product levels; changes in downstream gene expression; changes in transcription
or activity of reporter genes such as, for example, luciferase, CAT, beta-galactosidase, or
GFP; changes in signal transduction; changes in phosphorylation and dephosphorylation;
changes in receptor-ligand interactions; changes in concentrations of second messengers such
as, for example, cGMP, cAMP, IP3, and Ca2*; changes in cell growth; changes in
neovascularization; and/or changes in any functional effect of gene expression.
Measurements can be made in vitro, in vivo, and/or ex vivo, and can be made by
conventional methods, e.g., measurement of RNA or protein levels, measurement of RNA
stability, and/or identification of downstream or reporter gene expression. Readout can be by
way of, for example, chemiluminescence, fluorescence, colorimetric reactions, antibody
binding, inducible markers, ligand binding assays, changes in intracellular second messengers
such as cGMP and inositol triphosphate (IP3), changes in intracellular calcium levels;
cytokine release, and the like.

[0226] 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.

[0227] 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.,
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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 carrying the reporter system may be transfected with DNA, mRNA, or

vectors encoding the epigenetic editor targeting the reporter gene.

VII. Pharmaceutical Compositions

[0228] In one aspect, the present disclosure provides 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). A pharmaceutical composition may also
comprise cells that have undergone epigenetic modification(s) mediated or induced by an
epigenetic editor provided herein.

[0229] 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.

[0230] The term “excipient” is used herein to describe any ingredient other than the
compound(s) of the present disclosure. The choice of excipient(s) will to a large extent
depend on factors such as the particular mode of administration, the effect of the excipient on
solubility and stability, and the nature of the dosage form. As used herein, “pharmaceutically
acceptable excipient” includes any and all solvents, dispersion media, coatings, antibacterial
and antifungal agents, isotonic and absorption delaying agents, and the like that are
physiologically compatible. Some examples of pharmaceutically acceptable excipients are
water, saline, phosphate buffered saline, dextrose, glycerol, ethanol and the like, as well as
combinations thereof. In many cases, it will be preferable to include isotonic agents, for
example, sugars, polyalcohols such as mannitol, sorbitol, or sodium chloride in the

composition. Additional examples of pharmaceutically acceptable substances are wetting
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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.
[0231] 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.

VIII. Delivery Methods

[0232] In some embodiments, the epigenetic editor or its component(s) are introduced to
target cells in the form of nucleic acid molecule(s) encoding the epigenetic editor or its
component(s); accordingly, the pharmaceutical compositions herein comprise the nucleic acid
molecule(s). Such nucleic acid molecule(s) may be, for example, DNA, RNA or mRNA,
and/or modified nucleic acid sequence(s) (e.g., with chemical modifications, a 5° cap, or one
or more 3’ modifications). In some embodiments, the nucleic acid molecule(s) may be
delivered as naked DNA or RNA, for instance by means of transfection or electroporation, or
can be conjugated to molecules (e.g., N-acetylgalactosamine) promoting uptake by target
cells. In some embodiments, the nucleic acid molecule(s) may be in nucleic acid expression
vector(s), which may include expression control sequences such as promoters, enhancers,
transcription signal sequences, transcription termination sequences, introns, polyadenylation
signals, Kozak consensus sequences, internal ribosome entry 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.

[0233] Examples of vectors include, but are not limited to, plasmid vectors; viral vectors
based on vaccinia virus, poliovirus, adenovirus, adeno-associated virus, SV40, herpes
simplex virus, human immunodeficiency virus, retrovirus (e.g., Murine Leukemia Virus, or
spleen necrosis virus, vectors derived from retroviruses such as Rous Sarcoma Virus, Harvey
Sarcoma Virus, avian leukosis virus, a lentivirus, human immunodeficiency virus,
myeloproliferative sarcoma virus, and mammary tumor virus); and other recombinant
vectors. In certain embodiments, the vector is a plasmid or a viral vector. Viral particles or
virus-like particles (VLPs) may also be used to deliver nucleic acid molecule(s) encoding

epigenetic editors or component(s) thereof as described herein. For example, “empty” viral
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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.
[0234] 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, AAVT,
AAVSE, AAV9, 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).

[0235] 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
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.

[0236] Any AAYV serotype, e.g., human AAV serotype, can be used for an AAV vector as
described herein, including, but not limited to, AAV serotype 1 (AAV1), AAV serotype 2
(AAV2), AAV serotype 3 (AAV3), AAV serotype 4 (AAV4), AAV serotype 5 (AAVS),
AAYV serotype 6 (AAV6), AAV serotype 7 (AAVT), AAV serotype 8 (AAVE), AAV
serotype 9 (AAV9), AAV serotype 10 (AAV10), and AAV serotype 11 (AAV11), as well as
variants thercof. In some embodiments, an AAYV variant has at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% amino acid sequence identity to a wildtype AAV. In
certain embodiments, the AAV variant may be engineered such that its capsid proteins have
reduced immunogenicity or enhanced transduction ability in humans. In some instances, one
or more regions of at least two different AAV serotype viruses are shuffled and reassembled
to generate a chimeric variant. For example, a chimeric AAV may comprise inverted
terminal repeats (ITRs) that are of a heterologous serotype compared to the serotype of the
capsid. The resulting chimeric AAV can have a different antigenic reactivity or recognition
compared to its parental serotypes. In some embodiments, a chimeric variant of an AAV
includes amino acid sequences from 2, 3, 4, 5, or more different AAV serotypes.

[0237] Non-viral systems are also contemplated for delivery as described herein. Non-
viral systems include, but are not limited to, nucleic acid transfection methods including
electroporation, sonoporation, calcium phosphate transfection, microinjection, DNA

biolistics, transfection through heat shock, compacted DNA-mediated transfection,
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lipofection, cationic agent-mediated transfection, and transfection with liposomes,
immunoliposomes, exosomes, 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.

[0238] 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.

[0239] 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 for at least 1, 2, 3, 4,5, 6,7, 8,9, 10. 11, or 12 weeks
ormore; or3,4,5,6,7,8,9, 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.

IX. Therapeutic Uses of Epigenetic Editors

[0240] 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 effect 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.

[0241] In some embodiments, a subject is administered a system for modulating (e.g.,
repressing) expression of PCSK9, wherein the system comprises (1) the fusion protein(s) and,

where relevant, guide polynucleotide(s) of an epigenetic editor as described herein, or (2)
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nucleic acid molecules encoding said fusion protein(s) and, where relevant, guide
polynucleotide(s).

[0242] “Treat”, “treating” and “treatment” refer to a method of alleviating or abrogating a
biological disorder and/or at least one of its attendant symptoms. As used herein, to
“alleviate” a disease, disorder or condition means reducing the severity and/or occurrence
frequency of the symptoms of the disease, disorder, or condition. Further, references herein
to “treatment” include references to curative, palliative and prophylactic treatment. In some
embodiments, as compared with an equivalent untreated control, alleviating a symptom may
involve reduction of the symptom by at least 3%, 5%, 10%, 20%, 40%, 50%, 60%, 80%,
90%, 95%, 98%, 99%, 99.5%, 99.9%, or 100% as measured by any standard technique.
[0243] 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 ape and monkey species.

[0244] In some embodiments, the human patient has a condition selected from
hypercholesterolemia (e.g., familial hypercholesterolemia such as heterozygous familial
hypercholesterolemia (HeFH) or homozygous familial hypercholesterolemia (HoFH), or
established atherosclerotic cardiovascular disease (ASCVD)) or renal insufficiency (RI).
[0245] In some embodiments, a patient to be treated with an epigenetic editor of the
present disclosure has received prior treatment for the condition to be treated (e.g.,
hypercholesterolemia (such as HeFH, HoFH, HF, or established ASCVD) or RI). In other
embodiments, the patient has not received such prior treatment. In some embodiments, the
patient has failed on a prior treatment for the condition (e.g., a prior hypercholesterolemia
treatment).

[0246] An epigenetic editor of the present disclosure may be administered in a
therapeutically effective amount to a patient with a condition described herein.
“Therapeutically effective amount,” as used herein, refers to an amount of the therapeutic
agent being administered that will relieve to some extent one or more of the symptoms of the
disorder being treated, and/or result in clinical endpoint(s) desired by healthcare
professionals. An effective amount for therapy may be measured by its ability to stabilize
disease progression and/or ameliorate symptoms in a patient, and preferably to reverse
disease progression. The ability of an epigenetic editor of the present disclosure to reduce or
silence PCSK9 expression may be evaluated by in vitro assays, e.g., as described herein, as
well as in suitable animal models that are predictive of the efficacy in humans. Suitable

dosage regimens will be selected in order to provide an optimum therapeutic response in each
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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.
[0247] An epigenetic editor of the present disclosure may be administered without
additional therapeutic treatments, i.e., as a stand-alone therapy (monotherapy). Alternatively,
treatment with an epigenetic editor of the present disclosure may include at least one
additional therapeutic treatment (combination therapy). In some embodiments, the additional
therapeutic agent is any known in the art to treat hypercholesterolemia or RI. Therapeutic
agents include, but are not limited to, statins, fibrates, HMG-CoA reductase inhibitors, niacin,
bile acid modulators or sequestrants, cholesterol absorption inhibitors or modulators, CETP
inhibitors, MTTP inhibitors, and PPAR agonists.

[0248] 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., subcutaneously, intradermally, intratumorally,
intranodally, intramuscularly, intravenously, intralymphatically, or intraperitoneally. In
particular embodiments, a pharmaceutical composition of the present disclosure is

administered intravenously to the subject.

X. Definitions

[0249] The term “nucleic acid” as used herein refers to any oligonucleotide or
polynucleotide containing nucleotides (e.g., deoxyribonucleotides or ribonucleotides) in
either single- or double-strand form, and includes DNA and RNA. “Nucleotides” contain a
sugar deoxyribose (DNA) or ribose (RNA), a base, and a phosphate group, and are linked
together through the phosphate groups. “Bases” include purines and pyrimidines, which
include natural compounds such as adenine, thymine, guanine, cytosine, uracil, inosine, and
natural analogs; as well as synthetic derivatives of purines and pyrimidines, which include,
but are not limited to, modified versions which place new reactive groups such as amines,
alcohols, thiols, carboxylates, alkylhalides, etc. Nucleic acids may contain known nucleotide
analogs and/or modified backbone residues or linkages, which may be synthetic, naturally
occurring, and non-naturally occurring. Such nucleotide analogs, modified residues, and
modified linkages are well known in the art, and may provide a nucleic acid molecule with
enhanced cellular uptake, reduced immunogenicity, and/or increased stability in the presence
of nucleases.

[0250] As used herein, an “isolated” or “purified” nucleic acid molecule is a nucleic acid

molecule that exists apart from its native environment. For example, an “isolated” or
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“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.

[0251] It will be understood that in addition to the specific proteins and nucleic acid
molecules mentioned herein, the present disclosure also contemplates the use of variants,
derivatives, homologs, and fragments thereof. A variant of any given sequence may have the
specific sequence of residues (whether amino acid or nucleic acid residues) modified in such
a manner that the polypeptide or polynucleotide in question substantially retains at least one
of its endogenous functions. A variant sequence can be obtained by addition, deletion,
substitution, modification, replacement and/or variation of at least one residue present in the
naturally-occurring sequence (in some embodiments, no more than 1, 2, 3,4, 5,6, 7, 8, 9, 10,
15, or 20 residues). For specific proteins described herein (e.g., KRAB, dCas9, DNMT3A,
and DNMT3L proteins described herein), the present disclosure also contemplates any of the
protein’s naturally occurring forms, or variants or homologs that retain at least one of its
endogenous functions (e.g., at least 50%, 60%, 70%, 80%, 90%, 85%, 96%, 97%, 98%, or
99% of its function as compared to the specific protein described).

[0252] Some exemplary fusion proteins embraced by the present disclosure are provided
herein. It will be appreciated by the skilled artisan, that these exemplary proteins are non-
limiting examples and that additional proteins are within the scope of the present disclosure.
For example, where fusion exemplary proteins comprising a specific domain, e.g., a
mammalian DNMT3A, DNMT3L and/or KRAB domain, such as a human or mouse
DNMT3A, DNMT3L and/or KRAB domain, are provided, the skilled artisan will be able to
ascertain that, in some embodiments, fusion proteins with the same configuration, but with
one or more of the mammalian domains substituted for a homologous domain from another
mammal, e.g., one or more mouse domains substituted for one or more human domains, are
also embraced by the present disclosure. For example, where an exemplary fusion protein is
provided that comprises a mouse DNMT3L domain, a fusion protein of the same architecture
but with the mouse DNMT3L substituted for a human DNMT3L domain is also embraced.
[0253] As used herein, a homologue of any polypeptide or nucleic acid sequence
contemplated herein includes sequences having a certain homology with the wildtype amino
acid and nucleic sequence. A homologous sequence may include a sequence, e.g. an amino
acid sequence which may be at least 50%, 55%, 65%, 75%, 85%, 90%, 91%, 92%< 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to the subject sequence. The term “percent
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identical” in the context of amino acid or nucleotide sequences refers to the percent of
residues in two sequences that are the same when aligned for maximum correspondence. In
some embodiments, the length of a reference sequence aligned for comparison purposes is at
least 30%, (e.g., at least 40, 50, 60, 70, 80, or 90%, or 100%) of the reference sequence.
Sequence identity may be measured using sequence analysis software (for example, Sequence
Analysis Software Package of the Genetics Computer Group, University of Wisconsin
Biotechnology Center, 1710 University Avenue, Madison, Wis. 53705, BLAST, BESTFIT,
GAP, or PILEUP/PRETTYBOX programs). Such software matches identical or similar
sequences by assigning degrees of homology to various substitutions, deletions, and/or other
modifications. In an exemplary approach to determining the degree of identity, a BLAST
program may be used, with a probability score between e-3 and e-100 indicating a closely
related sequence.

[0254]  The percent identity of two nucleotide or polypeptide sequences is determined by,
e.g., BLAST® using default parameters (available at the U.S. National Library of Medicine’s
National Center for Biotechnology Information website). In some embodiments, the length
of a reference sequence aligned for comparison purposes is at least 30%, (e.g., at least 40, 50,
60, 70, 80, or 90%) of the reference sequence.

[0255] It will be understood that the numbering of the specific positions or residues in
polypeptide sequences depends on the particular protein and numbering scheme used.
Numbering might be different, e.g., in precursors of a mature protein and the mature protein
itself, and differences in sequences from species to species may affect numbering. One of
skill in the art will be able to identify the respective residue in any homologous protein and in
the respective encoding nucleic acid by methods well known in the art, e.g., by sequence
alignment and determination of homologous residues.

[0256] The term “modulate” or “alter” refers to a change in the quantity, degree, or extent
of a function. For example, an epigenetic editor as described herein may modulate the
activity of a promoter sequence by binding to a motif within the promoter, thereby inducing,
enhancing, or suppressing transcription of a gene operatively linked to the promoter
sequence. As other examples, an epigenetic editor as described herein may block RNA
polymerase from transcribing 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
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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%, 10%, 15%, 80%. 85%, 90%, 91%, 92%, 93%, 94%, 95%. 96%. 97 %,
98%, or 99% less than that of a control, or may be, e.g., at least 1.5-fold, 2-fold, 3-fold, 4-
fold, 5-fold, or 10-fold less than that of a control.

[0257] The term “about” or “approximately” means within an acceptable error range for
the particular value as determined by one of ordinary skill in the art, which will depend in
part on how the value is measured or determined, e.g., the limitations of the measurement
system. For example, “about” can mean within one or more than one standard deviation, per
the practice in the given value. Where particular values are described in the application and
claims, unless otherwise stated, the term “about” should be assumed to mean an acceptable
error range for the particular value.

[0258] Ranges provided herein are understood to be shorthand for all of the values within
the range. For example, a range of 1 to 50 is understood to include any number, combination
of numbers, or sub-range from the group consisting of 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50, as well as all intervening decimal values
between the aforementioned integers such as, for example, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8,
and 1.9. With respect to sub-ranges, “nested sub-ranges” that extend from either end point of
the range are specifically contemplated. For example, a nested sub-range of an exemplary
range of 1 to 50 may comprise 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.

[0259] 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

EEINTS

“has,” “having,” “comprises,” or “comprising,” will be understood to imply the inclusion of a
stated integer or group of integers but not the exclusion of any other integer or group of
integers. Unless otherwise indicated, the recitation of a listing of elements herein includes

any of the elements singly or in any combination. The recitation of an embodiment herein
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includes that embodiment as a single embodiment, or in combination with any other
embodiment(s) herein. All publications, patents, patent applications, and other references
mentioned herein are incorporated by reference in their entirety. To the extent that references
incorporated by reference contradict the disclosure contained in the specification, the
specification is intended to supersede and/or take precedence over any such contradictory
material. Although a number of documents are cited herein, this citation does not constitute
an admission that any of these documents forms part of the common general knowledge in
the art.

[0260] According to the present disclosure, back-references in the dependent claims are
meant as short-hand writing for a direct and unambiguous disclosure of each and every
combination of claims that is indicated by the back-reference. Further, headers herein are
created for ease of organization and are not intended to limit the scope of the claimed
methods and compositions in any manner.

[0261] Some protein sequences, e.g., some fusion protein sequences, provided herein
include a peptide tag, e.g., a His6 tag, or a DYKDDDDK (SEQ ID NO: 1528) tag, which are
useful for detection and/or purification of tagged proteins, but do not affect protein function.
These peptide tags, and additional suitable peptide tags, are well known to those of skill in
the art. It will be apparent to the person of skill in the art that the disclosed tags can be
substituted for other suitable peptide tags, and that fusion proteins of the same or highly
similar sequence, but not including such peptide tags, e.g., from which the peptide tag has
been cleaved or which are created without a peptide tag, are suitable for carrying out
embodiments of the present disclosure as well.

[0262] 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.

EXAMPLES
Example 1: Fusion Protein Design and Synthesis
[0263] Fusion proteins comprising dCas9, DNMT3A, DNMT3L, and KOX1 KRAB
(“CRISPR-off”) were designed and constructed. From N terminus to C terminus, the proteins
have the domains DNMT3A-linker-DNMT3L-XTEN80-NLS-dSpCas9- NLS-XTEN16-
KOX1 KRAB (SEQ ID NOs: 658 and 1495). The CRISPR-off plasmid construct has been
described in Nuiiez (Nuiiez et al., Cell (2021) 184(9):2503-19) and was ordered from Twist

Biosciences.
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[0264] ZF fusion proteins (“ZF-off”’) comprising DNMT3A, 3L, and KOX1 KRAB were
also constructed. The constructs have the general structure DNMT3A-linker-DNMT3L-
XTENSO-NLS-ZFP domain-NLS-XTEN16-KOX1Krab (SEQ ID NOs: 659 and 1496).

Example 2: Selection of Target PCSK9 Sequences for gRNA Epigenetic Silencing
[0265] gRNAs targeting +/- 1 kb from the PCSK9 TSS were computationally designed
using the Benchling gRNA platform (Benchling (2021), retrieved from benchling.com) for
human (GRCh38), mouse (mm10) and Macaca fascicularis (5.0) PCSK9. gRNAs containing
poly-TTTT sequences were first discarded. We performed gRNA off-target analysis using
CasOFFinder (Bae et al., Bioinformatics (2014) 30(10):1473-5). gRNAs were discarded if
they matched to multiple locations across the respective genome build for each independent
species.

[0266] A cross-reactivity sequence analysis was performed on human PCSK9 gRNAs in
order to annotate sequence mismatches with Macaca or mouse gRNA sequences. In
particular, gRNA sequence alignments were performed to identify the degree of DNA
similarity at each nucleotide, including the annotation of guides that contain up to zero, one,
or two nucleotide mismatches. A final set of 226 gRNA sequences was selected for the

PCSK9 primary screen in HeLa cells.

Example 3: Selection of ZF Target Sites and Design of ZF Proteins for Epigenetic
Silencing

[0267] A library of two-finger ZFPs (2F units), each recognizing 6 bp DNA sites, was
used to design larger six-finger ZFP arrays targeting 18 bp DNA binding sites. The source of
the 2F units was a set of three-finger zinc finger proteins that had been selected to bind
specific target sites using a bacterial-2-hybrid (B2H) selection system (Hurt et al., PNAS
(2003) 100:12271-6; Maeder et al., Mol Cell (2008) 31(2):294-301). A list of targetable
DNA sites was created by generating all possible triplet combinations of 6 bp binding sites
represented in the library and allowing either O or 1 bp between the 6 bp target sites. To
identify zinc finger target sites within PCSK9, the sequence +/- 1kb from TSS (human
(GRCh38)) was interrogated against this list. For each identified ZF target site, multiple ZF
proteins could be designed. Design of the six recognition helices used to generate the full
proteins was performed by selecting two-finger units and taking into account a number of
factors such as known binding preferences of zinc finger proteins, the frequency with which

amino acids in positions —1, 2, 3 and 6 had been selected in the B2H selection system to bind
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the desired target base, avoidance of amino acids in positions —1, 2, 3 and 6 that had been
selected to bind multiple different bases in the B2H, and maintaining context dependencies
by matching flanking bases where possible. The full ZF sequence is derived from the
naturally occurring Zif268 protein and selected recognition helices were maintained in the
sequence context in which they were selected in the B2H (either fingers 1-2 or fingers 2-3
from Zif268). Two-finger units were joined by the linker TGSQKP (SEQ ID NO: 651)
where 6 bp binding sites were contiguous and by the linker TGGGGSQKP (SEQ ID NO:
652) where 1 bp separated the 6 bp binding sites. A final set of 209 ZFPs targeted to 49
distinct binding sites were selected for the PCSK9 primary screen in HeLa cells.

[0268] FIG. 1 shows the overlap of the gRNAs and zinc finger proteins mapped to the
PCSK9 target region.

Example 4: Guide RNA Screening in HeLa Cells

[0269] A primary screen of gRNAs targeting PCSK9 was performed in HeLa cells.
gRNA sequences were ordered from Twist Biosciences as DNA fragments with a u6
promoter sequence preceding the gRNA coding sequence.

[0270] HeLa cells were transfected with gRNA and CRISPR-off in DNA format. Six 96-
well plates (Sigma-Aldrich Catalog No. M2936) were seeded with 12,000 HeLa cells per
well (ATCC Catalog No. CCL-2) in standard culture media containing DMEM (Thermo
Fisher Catalog No. 11-965-092) supplemented with 10% Fetal Bovine Serum (Thermo Fisher
Catalog No. A4766 ) v/v, 1x GlutaMAX™ (Thermo Fisher Catalog No. 35050061) and 1x
Penicillin-Streptomycin (Thermo Fisher Catalog No. 15140122). Following plating, cells
were allowed to grow for 24 hours in an incubator at 37° C with 5% COa. 25 ng of each
gRNA fragment and 50 ng of the CRISPR-off (SEQ ID NO: 658) plasmid were resuspended
in DPBS buffer (Thermo Fisher Catalog No. 14190144) to a concentration of 7.5 ng/uL.
Additionally, 10 ng of EFla:PuromycinResistance plasmid was also added to the transfection
mix to achieve a total payload of 85 ng of DNA. Transfection mixtures were created by
adding the resuspended DNA components to Mirus® TransIT®-LT1 transfection reagent
(Mirus Catalog No. MIR2300) following the manufacturer’s instructions. 10 pL of each of
the transfection mixtures was added in duplicate across a total of six screening plates. The
positive controls used were CRISPRi (dCas9-KRAB) with two gRNAs targeting sites
proximal to the TSS. The two CRISPRIi positive control gRNAs used were gRNA004 and
gRNAOQOS as annotated in the table of gRNA sequences. These control conditions are

referred to as “CRISPRi-1" and “CRISPRi-2” respectively in the primary screen data tables.
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The negative controls were CRISPR-off without gRNA, CRISPR-off with a non-PCSK9
locus (CD151)-targeting gRNA, and empty vector (pUC19; NEB Catalog No. N3041S).
[0271] 24 hours following transfection, a puromycin resistance selection was performed.
The cell media was aspirated completely and all wells were washed 3x with DPBS buffer
(Thermo Fisher Catalog No. 14190144) and 200 pL of 1 pg/uL puromycin was added to all
screening plate wells.

[0272] 48 hours following transfection, the cells were passaged. The cell media was
completely aspirated and all wells were washed 3x with DPBS buffer (Thermo Fisher
Catalog No. 14190144). Cells were enzymatically lifted by adding 25 pL of Trypsin-EDTA
(0.25%) (Thermo Fisher Catalog No. 25200056) for five minutes in a 37° C incubator.
Trypsinized cells were resuspended 1:8 in fresh standard culture media and re-plated at a
ratio of 1:4 72 hours after the media was changed.

[0273] In order to measure the level of secreted PCSK9 protein, media was harvested 24
hours after the media change and the cell plates were assayed for relative cell counts using
the Promega Cell Titer Glo™ protocol (Catalog No. G7570) according to manufacturer’s
recommendations. PCSKO9 protein levels were assessed using the LEGEND MAX™ Human
PCSKO9 ELISA Kit from BioLegend (Catalog No. 443107). Harvested media was plated and
all subsequent steps were performed exactly according to manufacturer’s recommendations.
Final plate reads at 450 nm were performed on the Perkin Elmer® VICTOR® Nivo™ F
instrument. GraphPad Prism software was used to fit a function to the standard curves and
interpolate unknowns. PCSK9 ELISA results were normalized by Cell Titer Glo® assay
(Promega Catalog No. G7571) results in order to correct for any well-to-well cell number
variability.

[0274] Over 200 gRNAs were tested, of which 40 were identified as being top sequences
(FIG. 2; top sequences designated as darker circles). The sequences and efficacies of the
tested gRNAs are shown in Table 7 (SEQ: SEQ ID NO). The relative PCSK9 secretion (“%
Control PCSK9”) represents the averaged PCSKO protein levels of the treated samples
expressed as a percent of the average across all non-targeting gRNA (CD151) negative
control conditions. Robust silencing of PCSK9 (30-40% of negative control levels) was
observed in cells treated with a number of gRNA candidate treatments. The top 40 gRNAs
with the best PCSK9 protein knockdown were selected to be ordered as sgRNAs for further

follow-up studies.
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Table 7. Targeting Sequences of Tested gRNAs

GRCh38 %
Ofléliﬁdl:g;n SEQ Targeting Sequence "TPS‘; sequence start Control
coordinate PCSK9
CD151
eRNA N/A N/A N/A N/A 100
no gRNA N/A N/A N/A N/A 72.51
pUC N/A N/A N/A N/A 119.55
CRISPRi-1 N/A N/A N/A N/A 86.89
CRISPRi-2 N/A N/A N/A N/A 64.09
gRNA0O1 1262 | GGUGCUAGCCUUGCGUUCCG 431 55039960 43.85
gRNA002 1263 | CUGGCCGAAGCACCCGAGCA 462 55039991 74.87
gRNA003 1264 | UGCGGAAACCUUCUAGGGUG 0 55039529 27.33
gRNA004 1265 | GCGGAAACCUUCUAGGGUGU -1 55039528 34.93
gRNAO00S 1266 | UCAAGCACCCACACCCUAGA -11 55039518 41.44
gRNA006 1267 | GGGUGUGGGUGCUUGACGCC -15 55039514 4241
gRNA007 1268 | GGUGUGGGUGCUUGACGCCU -16 55039513 31.11
gRNA008 1269 | GUGUGGGUGCUUGACGCCUG -17 55039512 36.13
2gRNA009 1270 | ACUGCCUGGCUCACUCCUCC 81 55039610 21.34
gRNAO010 1271 | UCACGCCACCAGAGCCCCAU -48 55039481 52.20
gRNAO11 1272 | AUCGUCCGAUGGGGCUCUGG -56 55039473 31.00
gRNAO012 1273 | AGGAUCGUCCGAUGGGGCUC -59 55039470 38.05
gRNAO13 1274 | UCAGAUAGGAUCGUCCGAUG -65 55039464 41.70
gRNAO14 1275 | GCGGCUCCCAGCUCCCAGCC 140 55039669 85.56
gRNAO1S 1276 | CGGAAUCCUGGCUGGGAGCU 149 55039678 4348
gRNAO16 1277 | GCGGAAUCCUGGCUGGGAGC 150 55039679 75.20
gRNAO17 1278 | GGGCGCGCGGAAUCCUGGCU 156 55039685 53.76
¢RNAO18 1279 | GGGGCGCGCGGAAUCCUGGC 157 55039686 56.46
gRNAO19 1280 | UGAGGUCUUUGCAAACAAAG -919 55038610 76.59
gRNA020 1281 | CCAGCACCUAGAUUCAGAGC -875 55038654 60.05
gRNAQ21 1282 | CCUGCUCUGAAUCUAGGUGC -872 55038657 56.48
gRNAQ22 1283 | UCGAUACUGGGAAGAAACAA -798 55038731 67.82
gRNA023 1284 | CUGGAAGGGCUGUCGAUACU -786 55038743 59.17
gRNA024 1285 | UCUGGAAGGGCUGUCGAUAC -785 55038744 63.62
gRNA025 1286 | GAGGCUUGCUCUUUCUGGAA 772 55038757 5891
gRNA026 1287 | UGAGGCUUGCUCUUUCUGGA 771 55038758 74.33
gRNA027 1288 | GACAUGAGGCUUGCUCUUUC 767 55038762 87.93
gRNA028 1289 | UGUACAUGUGGCAUGACAUG -753 55038776 68.47
gRNA029 1290 | CAUGCCACAUGUACAAUCUG 748 55038781 88.26
gRNAO030 1291 | CACAUGUACAAUCUGAGGCC -743 55038786 79.41
gRNAO031 1292 | CUGGCCUCAGAUUGUACAUG 741 55038788 106.36
gRNA032 1293 | ABAAGGGGAAAGAGAGCUCC 722 55038807 91.18
gRNA033 1294 | CCAGGCAGGAGGAUGAAAAG -707 55038822 89.34
gRNAQ34 1295 | ACCAGGCAGGAGGAUGAAAA -706 55038823 79.11
gRNA035 1296 | UACCAGGCAGGAGGAUGAAA | -705 55038824 82.01
gRNAO036 1297 | CCUCCUGCCUGGUACACAAU -699 55038830 69.28
gRNA037 1298 | CCUAUUGUGUACCAGGCAGG -696 55038833 82.57
gRNA038 1299 | ACACCUAUUGUGUACCAGGC -693 55038836 58.95
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gRNA039 1300 | GGUACACAAUAGGUGUUUAC -689 55038840 81.55
gRNA040 1301 | GUAAACACCUAUUGUGUACC -689 55038840 89.49
gRNA041 1302 | UCCAGUUGAUUUCUUGAACA -659 55038870 69.65
gRNA042 1303 | ACCAUGUUCAAGAAAUCAAC -655 55038874 73.51
gRNA043 1304 | UCUUGAACAUGGUGUGUAAA -648 55038881 86.96
gRNA044 1305 | UCUUUGCAAAUUGAAUCUUC -623 55038906 80.70
gRNA045 1306 | AGUUUGCAAAGACGUCAUAU -559 55038970 85.13
gRNA046 1307 | GAUUUAUACUACAAAGAUUC -531 55038998 74.88
gRNA047 1308 | AGUUGGUAAGGUCAGUGUGC -454 55039075 66.05
gRNA048 1309 | GUUGGUAAGGUCAGUGUGCA -453 55039076 60.64
gRNA049 1310 | GCAGGGUGCAUAAAGGGCAG -436 55039093 60.72
2gRNAOS50 1311 | GGUGCAUAAAGGGCAGAGGC -432 55039097 92.12
gRNAO51 1312 | GCAUAAAGGGCAGAGGCCGG -429 55039100 53.71
gRNA052 1313 | UUUAGAAGGCUGCCAGGUUA -392 55039137 56.64
gRNAO053 1314 | GCCCACCGAAUUCUUUCCAC -366 55039163 62.84
gRNAQ54 1315 | AAAGAAUUCGGUGGGCAGCG -362 55039167 78.78
gRNA055 1316 | CUUCUGAAUCAAUCCUACUG -333 55039196 52.04
gRNAO056 1317 | CUGGUCAGCAGGAGACAAGG -328 55039200 90.01
gRNA057 1318 | GAUUGAUUCAGAAGUCUCAC -327 55039202 64.68
gRNAOSS 1319 | CAGAAGUCUCACUGGUCAGC -319 55039210 101.68
gRNA059 1320 | UCACUGGUCAGCAGGAGACA -311 55039218 75.12
gRNA060 1321 | GCAGGAGACAAGGUGGACCC -301 55039228 43.48
gRNAQO61 1322 | GGACCCAGGAAACACUGAAA -287 55039242 50.45
gRNA062 1323 | CCCAGGAAACACUGAAAAGG -284 55039245 104.49
gRNA063 1324 | CCAGGAAACACUGAAAAGGU -283 55039246 74.99
gRNA064 1325 | AAACACUGAAAAGGUGGGCC 278 55039251 78.05
gRNA065 1326 | UGGAGUCUGGCAUCCCACGC -248 55039281 86.50
gRNA066 1327 | GGAGUCUGGCAUCCCACGCA 247 55039282 64.96
gRNA067 1328 | CGGGAGAGGAGGAGCCCCUA 217 55039312 51.16
gRNA06S 1329 | AGGAGGAGCCCCUAGGGCGC 211 55039318 49.85
gRNA069 1330 | AAGGCAGGCCGGCGCCCUAG -200 55039329 57.25
gRNAQ70 1331 | GAAGGCAGGCCGGCGCCCUA -199 55039330 71.39
gRNAO071 1332 | GGAAGGCAGGCCGGCGCCCU -198 55039331 55.58
gRNA072 1333 | AACUGGGCUGGAAGGCAGGC -189 55039340 81.36
gRNA073 1334 | GCCUGCCUUCCAGCCCAGUU -189 55039340 68.77
gRNA(O74 1335 | UCCUAACUGGGCUGGAAGGC -185 55039344 67.81
gRNAQ75 1336 | CUUCCAGCCCAGUUAGGAUU -183 55039346 58.27
2gRNA076 1337 | UUCCAGCCCAGUUAGGAUUU -182 55039347 53.06
gRNAQ77 1338 | CAAAUCCUAACUGGGCUGGA -181 55039348 31.55
2gRNAQ78 1339 | CUCCCAAAUCCUAACUGGGC -177 55039352 52.30
gRNA079 1340 | AARAACUCCCAAAUCCUAACU -173 55039356 52.38
2gRNAOSO 1341 | AAAAACUCCCAAAUCCUAAC -172 55039357 67.62
gRNAQS1 1342 | AGCGUCAGAUUACGCGCAGA -145 55039384 58.52
gRNAO0S2 1343 | CAGCGUCAGAUUACGCGCAG -144 55039385 76.23
gRNA0S3 1344 | GCGCGUAAUCUGACGCUGUU -142 55039387 73.94
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gRNA084 1345 | CGCGUAAUCUGACGCUGUUU -141 55039388 71.95
gRNAO08S 1346 | GCGUAAUCUGACGCUGUUUG -140 55039389 77.63
2gRNA086 1347 | UAAUCUGACGCUGUUUGGGG -137 55039392 70.70
gRNAQ87 1348 | AAUCUGACGCUGUUUGGGGA -136 55039393 48.40
2gRNAO8SS 1349 | GACGCUGUUUGGGGAGGGCG -131 55039398 64.83
gRNA089 1350 | CGAAACCUGAUCCUCCAGUC -107 55039422 56.51
gRNAQ090 1351 | GAAACCUGAUCCUCCAGUCC -106 55039423 45.68
gRNAQ91 1352 | AAACCUGAUCCUCCAGUCCG -105 55039424 50.44
gRNA092 1353 | CGGACUGGAGGAUCAGGUUU -105 55039424 30.88
gRNAQ093 1354 | AACCUGAUCCUCCAGUCCGG -104 55039425 29.56
gRNAQ9%4 1355 | AACCCCCGGACUGGAGGAUC -99 55039430 33.66
gRNA095 1356 | UAACGGAACCCCCGGACUGG -93 55039436 35.57
gRNA096 1357 | CAUUAACGGAACCCCCGGAC -90 55039439 30.87
gRNAQ097 1358 | UUAAACAUUAACGGAACCCC -85 55039444 58.22
gRNAQ98 1359 | CCGUUAAUGUUUAAUCAGAU -79 55039450 58.99
gRNA099 1360 | CCUAUCUGAUUAAACAUUAA -76 55039453 45.83
gRNA100 1361 | AAUCAGAUAGGAUCGUCCGA -67 55039462 47.05
gRNA101 1362 | AUCAGAUAGGAUCGUCCGAU -66 55039463 57.76
gRNA102 1363 | UGGCGUGAUCUGCGCGCCCC 36 55039493 41.66
gRNA103 1364 | GUCGCUGCGGAAACCUUCUA 5 55039534 52.14
gRNA104 1365 | CGUCGCUGCGGAAACCUUCU 6 55039535 54.97
gRNAI105 1366 | AGGUUUCCGCAGCGACGUCG 9 55039538 61.69
gRNA106 1367 | CAGCGACGUCGAGGCGCUCA 18 55039547 54.52
gRNA107 1368 | UGAGCGCCUCGACGUCGCUG 18 55039547 35.11
gRNAI108 1369 | GUCGAGGCGCUCAUGGUUGC 25 55039554 25.10
gRNA109 1370 | GAGGCGCUCAUGGUUGCAGG 28 55039557 43.19
gRNA110 1371 | AGGCGCUCAUGGUUGCAGGC 29 55039558 29.00
gRNATI11 1372 | AGUUCAGGGUCUGAGCCUGG 43 55039571 39.04
gRNAI112 1373 | CGGGCGCCGCCGUUCAGUUC 48 55039577 45.13
gRNAI13 1374 | GGGCGCCGCCGUUCAGUUCA 49 55039578 32.30
gRNAI114 1375 | UCAGACCCUGAACUGAACGG 57 355039586 55.05
gRNAI115 1376 | GGCUCAGACCCUGAACUGAA 60 55039589 48.59
2gRNA116 1377 | UUCAGUUCAGGGUCUGAGCC 60 55039589 57.38
gRNA117 1378 | UGAGCCUGGAGGAGUGAGCC 74 55039603 45.58
gRNAIT18 1379 | AGUGAGCCAGGCAGUGAGAC 86 55039615 46.98
gRNAI19 1380 | GCCAGGCAGUGAGACUGGCU 91 55039620 62.91
gRNA120 1381 | CCAGGCAGUGAGACUGGCUC 92 55039621 54.17
gRNAI121 1382 | CCCGAGCCAGUCUCACUGCC 95 55039624 48.29
gRNA122 1383 | GGCAGUGAGACUGGCUCGGG 95 55039624 34.80
gRNA123 1384 | GCAGUGAGACUGGCUCGGGC 96 55039625 53.96
gRNA124 1385 | UGAGACUGGCUCGGGCGGGC 100 55039629 59.99
gRNAI125 1386 | GAGACUGGCUCGGGCGGGCC 101 55039630 34.59
gRNA126 1387 | GGGACGCGUCGUUGCAGCAG 121 55039650 38.46
gRNA127 1388 | GCUGCUGCAACGACGCGUCC 122 55039651 44.41
gRNAI28 1389 | UGAAGGGGCGCGCGGAAUCC 161 55039690 28.00
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gRNA129 1390 | AGGGCGCGUGAAGGGGCGCG 169 55039698 64.66
gRNA130 1391 | CAGGAGCAGGGCGCGUGAAG 176 55039705 52.46
gRNA131 1392 | UCAGGAGCAGGGCGCGUGAA 177 55039706 61.68
gRNA132 1393 | UUCAGGAGCAGGGCGCGUGA 178 55039707 48.06
gRNA133 1394 | GGAGCUGAAGUUCAGGAGCA 188 55039717 62.68
gRNA134 1395 | AGGAGCUGAAGUUCAGGAGC 189 55039718 66.77
gRNA135 1396 | CUGUGCAGGAGCUGAAGUUC 195 55039724 47.35
gRNA136 1397 | GCACAGUCCUCCCCACCGCA 209 55039738 40.95
gRNA137 1398 | UGCGGUGGGGAGGACUGUGC 209 55039738 51.32
gRNA138 1399 | CCUCCCCACCGCAAGGCUCA 216 55039745 76.44
gRNA139 1400 | CCUUGAGCCUUGCGGUGGGG 219 55039748 71.95
gRNA140 1401 | GCGCCUUGAGCCUUGCGGUG 222 55039751 63.12
gRNA141 1402 | GGCGCCUUGAGCCUUGCGGU 223 55039752 64.08
gRNA142 1403 | CGGCGCCUUGAGCCUUGCGG 224 55039753 68.16
gRNA143 1404 | CGCAAGGCUCAAGGCGCCGC 225 55039754 58.50
gRNA144 1405 | GGCUCAAGGCGCCGCCGGCG 230 55039759 41.31
gRNA145 1406 | AGGCCGUGCGCGGUCCACGC 247 55039776 46.31
gRNA146 1407 | GUGGACCGCGCACGGCCUCU 249 55039778 52.25
gRNA147 1408 | GGAGACCUAGAGGCCGUGCG 257 55039786 62.38
gRNA148 1409 | CAGGACAGCAACCUCUCCCC 281 55039810 59.44
gRNA149 1410 | UGGGCACCGUCAGCUCCAGG 310 55039839 54.56
gRNA150 1411 | CCGUCAGCUCCAGGCGGUCC 316 55039845 47.26
gRNAI1S51 1412 | CCAGGACCGCCUGGAGCUGA 319 55039848 71.17
gRNA152 1413 | UCAGCUCCAGGCGGUCCUGG 319 55039848 46.68
gRNA153 1414 | CAGCGGCCACCAGGACCGCC 328 55039857 67.26
gRNA154 1415 | CUGCUGCUCCUGGGUCCCGC 366 55039895 54.47
gRNAISS 1416 | CACGGGCGCCCGCGGGACCC 377 55039906 48.18
gRNA156 1417 | UCCCGCGGGCGCCCGUGCGEC 380 55039909 53.18
gRNA157 1418 | CGCGGGCGCCCGUGCGCAGG 383 55039912 61.58
gRNAISS 1419 | UCCUGCGCACGGGCGCCCGC 384 55039913 67.30
gRNA159 1420 | CUCCUGCGCACGGGCGCCCG 385 55039914 48.64
gRNA160 1421 | CGCCCGUGCGCAGGAGGACG 389 55039918 84.11
gRNAI161 1422 | CGUGCGCAGGAGGACGAGGA 393 55039922 86.55
gRNA162 1423 | GUCCUCGUCCUCCUGCGCAC 394 55039923 54.45
gRNA163 1424 | CGUCCUCGUCCUCCUGCGCA 395 55039924 80.30
gRNA164 1425 | GGACGAGGACGGCGACUACG 404 55039933 69.15
gRNA165 1426 | GGACGGCGACUACGAGGAGC 410 55039939 62.54
gRNA166 1427 | GCUAGCCUUGCGUUCCGAGG 434 55039963 60.30
gRNA167 1428 | GCCUUGCGUUCCGAGGAGGA 438 55039967 57.71
gRNA168 1429 | GCCGUCCUCCUCGGAACGCA 442 55039971 62.04
gRNA169 1430 | GCGUUCCGAGGAGGACGGCC 443 55039972 79.68
gRNA170 1431 | UUCGGCCAGGCCGUCCUCCU 451 55039980 40.06
gRNA171 1432 | CGUGCUCGGGUGCUUCGGCC 464 55039993 59.35
gRNA172 1433 | GUGGCUGUGGUUCCGUGCUC 477 55040006 4591
gRNA173 1434 | GGUGGCUGUGGUUCCGUGCU 478 55040007 70.81
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gRNA174 1435 | GCAGCGGUGGAAGGUGGCUG 490 55040019 72.70
gRNAI75 1436 | CACCUUCCACCGCUGCGCCA 494 55040023 86.51
gRNA176 1437 | CUUGGCGCAGCGGUGGAAGG 496 55040025 76.28
gRNA177 1438 | CACCUUGGCGCAGCGGUGGA 499 55040028 66.94
gRNA178 1439 | UCCACCGCUGCGCCAAGGUG 499 55040028 48.71
gRNA179 1440 | CCACCGCUGCGCCAAGGUGC 500 55040029 60.24
gRNA180 1441 | CCCGCACCUUGGCGCAGCGG 503 55040032 44.64
gRNA181 1442 | GGGCGAACCCGCAGCCGGGA 541 55040070 46.89
gRNA182 1443 | UCCCGGCUGCGGGUUCGCCC 541 55040070 57.20
gRNAI183 1444 | CACCGCACCGUCCCGGCUGC 551 55040080 76.92
gRNA184 1445 GCACCGCACCGUCCCGGCUG 552 55040081 85.00
gRNAI8S 1446 | GAAACAGCACCGCACCGUCC 558 55040087 75.31
gRNA186 1447 | GGUGCGGUGCUGUUUCCUCU 562 55040091 51.49
gRNA187 1448 | GUGCGGUGCUGUUUCCUCUC 563 55040092 57.43
gRNA188 1449 | GGGGGAAACUGAGGCCCGAG 577 55040105 55.16
gRNA189 1450 | AGUUUCCCCCCAUGUAAGAG 590 55040119 4591
gRNA190 1451 | CCCCCAUGUAAGAGAGGAAG 596 55040125 63.89
gRNA191 1452 | CACUUCCUCUCUUACAUGGG 598 55040127 63.57
gRNA192 1453 | CCACUUCCUCUCUUACAUGG 599 55040128 66.47
gRNA193 1454 | UAAGAGAGGAAGUGGAGUGC 604 55040133 63.94
gRNA19%4 1455 | GUCGCCGAGGGCUCUUCGCU 626 55040155 55.19
gRNA195 1456 | CGUGCCAAGCGAAGAGCCCU 633 55040162 66.66
gRNA196 1457 | CUCUUCGCUUGGCACGAUCU 637 55040166 57.10
gRNA197 1458 | UCUUCGCUUGGCACGAUCUU 638 55040167 4424
gRNAI198 1459 | CUUCGCUUGGCACGAUCUUG 639 55040168 50.40
gRNA199 1460 | GGCACGAUCUUGGGGACUGC 647 55040176 73.29
gRNA200 1461 | GAUCUUGGGGACUGCAGGCA 652 55040181 56.39
gRNA201 1462 | CUUGGGGACUGCAGGCAAGG 655 55040184 66.89
gRNA202 1463 | GGACUGCAGGCAAGGCGGCG 660 55040189 61.44
gRNA203 1464 | GACUGCAGGCAAGGCGGCGG 661 55040190 49.55
gRNA204 1465 | UGCAGGCAAGGCGGCGGGGG 664 55040193 41.85
gRNA205 1466 | GGCAAGGCGGCGGGGGAGGA 668 55040197 95.50
2gRNA206 1467 | GCAAGGCGGCGGGGGAGGAC 669 55040198 120.71
gRNA207 1468 | GUGGGGAGCACGGUGGAGAG 694 55040223 73.17
2gRNA208 1469 | UGGGGAGCACGGUGGAGAGC 695 55040224 61.04
gRNA209 1470 | GGGGAGCACGGUGGAGAGCG 696 55040225 79.49
gRNA210 1471 | AGCACGGUGGAGAGCGGGGA 700 55040229 42.81
gRNA211 1472 | CGGUGGAGAGCGGGGACGGC 704 55040233 79.46
gRNA212 1473 | CGUGCGGCUGCGCUAUUCAG 748 55040277 39.48
gRNA213 1474 | GUGCGGCUGCGCUAUUCAGU 749 55040278 56.25
gRNA214 1475 | GGCUGCGCUAUUCAGUGGGA 753 55040282 8251
gRNA215 1476 | CUAUUCAGUGGGAAGGUUCG 760 55040289 77.53
gRNA216 1477 | UAUUCAGUGGGAAGGUUCGC 761 55040290 71.30
gRNA217 1478 | AUUCAGUGGGAAGGUUCGCG 762 55040291 68.82
gRNA218 1479 | AGUGGGAAGGUUCGCGGGGU 766 55040295 73.55
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gRNA219 1480 GUGGGAAGGUUCGCGGGGUU 767 55040296 66.13
gRNA220 1481 | AGGGCGAGCAGAGCACUGCC 808 55040337 68.85
gRNA221 1482 | UUUCUGCCUCGCCGCGGCAC 853 55040382 65.59
gRNA222 1483 CUGCCUCGCCGCGGCACAGG 856 55040385 76.58
gRNA223 1484 | UGCCUCGCCGCGGCACAGGU 857 55040386 75.75
gRNA224 1485 | CACCCACCUGUGCCGCGGCG 862 55040391 81.79
gRNA225 1486 | UCCUUCACCCACCUGUGCCG 867 55040396 70.86
gRNA226 1487 UGGGUGAAGGAGUGAAUGCC 876 55040405 57.69

[0275] Best-performing gRNAs were found to closely align to the PCSK9 gene
transcription start site (FIG. 3).

[0276] Following this primary screen, a secondary screen was performed with the top 40
gRNAs in RNA form. The top 40 guides were chemically synthesized and co-transfected
with in vitro transcribed mRNA encoding the CRISPR-off, CRISPRi or WT Cas9 constructs.
Secreted PCSKO9 levels were measured 7 and 28 days after transfection.

[0277] To generate in vitro transcribed CRISPR-off, CRISPRi and WT Cas9 effector
mRNA, plasmid constructs encoding these proteins were linearized using Mfel restriction
enzyme from NEB® (Catalog No. R3589S). 1 ug of linearized template was used to set up in
vitro transcription reactions using T7 mScript™ Standard mRNA Production System from
CellScript (Catalog No. C-MSC100625) according to manufacturer’s instructions. The
resulting RNA had a Cap 1 structure on the 5° end and was 3’ polyadenlylated. The
transcribed RNA was purified using the RNeasy® Mini Kit from Qiagen (Catalog No.
74104).

[0278] End-modified sgRNAs purified using standard desalting were obtained from
Integrated DNA Technologies. The three nucleotides at the 5° end and the three nucleotides
at the 3’ end of each guide were 2°-O-methyl modified. The three internucleoside linkages at
the 3’ end and the three internucleoside linkages at the 5° end were phosphorothioate
internucleoside linkages (Table 8; SEQ: SEQ ID NO). In the Table, mX (i.e., mA, mC, mG,
or mU) represents a 2’-O-methyl modified ribonucleoside, rX (i.e., rA, rC, rG, or rU)
indicates a natural ribonucleoside, and * indicates a phosphorothioate linkage. All

internucleoside linkages that are not phosphorothioate linkages are phosphate linkages.
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Table 8. Targeting Sequences of Top 40 gRNAs from Secondary HeLa Cell Screen

gRNA
No.

SEQ

Targeting
Sequence

Modified
gRNA No.

Full Modified RNA
Targeting Sequence

gRNA
009

1270

ACUGCCUGGCU
CACUCCUCC

modRNAO09

mA*mC*mU*rGrCrCrUrGrGrCrUrCr
ArCrUrCrCrUrCrCrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUrArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
108

1369

GUCGAGGCGCU
CAUGGUUGC

modRNA108

mG*FmU*mC*rGrArGrGrCrGrCrUrCr
ArUrGrGrUrUrGrCrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUrArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
003

1264

UGCGGAAACCU
UCUAGGGUG

modRNA003

mU*mG*mC*rGrGrArArArCrCrUrUr
CrUrArGrGrGrUrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUrArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
128

1389

UGAAGGGGCGC
GCGGAAUCC

modRNA128

mU*mG*mA*rArGrGrGrGrCrGrCrGr
CrGrGrArArUrCrCrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUrArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
110

1371

AGGCGCUCAUG
GUUGCAGGC

modRNA110

mA*mG*mG*rCrGrCrUrCrArUrGrGr
UrUrGrCrArGrGrCrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUrArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
093

1354

AACCUGAUCCU
CCAGUCCGG

modRNA093

mA*mA*mC*rCrUrGrArUrCrCrUrCr
CrArGrUrCrCrGrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU
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gRNA
No.

SEQ

Targeting
Sequence

Modified
gRNA No.

Full Modified RNA
Targeting Sequence

gRNA
096

1357

CAUUAACGGAA
CCCCCGGAC

modRNA096

mC*mA*mU*rUrArArCrGrGrArArCr
CrCrCrCrGrGrArCrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUrArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
092

1353

CGGACUGGAGG
AUCAGGUUU

modRNA092

mC*mG*mG*rArCrUrGrGrArGrGrAr
UrCrArGrGrUrUrUrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
011

1272

AUCGUCCGAUG
GGGCUCUGG

modRNAO11

mA*mU*mC*rGrUrCrCrGrArUrGrGr
GrGrCrUrCrUrGrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
007

1268

GGUGUGGGUGC
UUGACGCCU

modRNAO0O7

mG*mG*mU*rGrUrGrGrGrUrGrCrUr
UrGrArCrGrCrCrUrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
077

1338

CAAAUCCUAAC
UGGGCUGGA

modRNAO77

mC*mA*mA*rArUrCrCrUrArArCrUr
GrGrGrCrUrGrGrArGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
113

1374

GGGCGCCGCCG
UUCAGUUCA

modRNA113

mG*mG*mG*rCrGrCrCrGrCrCrGrUr
UrCrArGrUrUrCrArGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU
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gRNA
No.

SEQ

Targeting
Sequence

Modified
gRNA No.

Full Modified RNA
Targeting Sequence

gRNA
094

1355

AACCCCCGGAC
UGGAGGAUC

modRNA094

mA*mA*mC*rCrCrCrCrGrGrArCrUr

GrGrArGrGrArUrCrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUrArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
125

1386

GAGACUGGCUC
GGGCGGGCC

modRNA125

mG*mA*mG*rArCrUrGrGrCrUrCrGr
GrGrCrGrGrGrCrCrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
122

1383

GGCAGUGAGAC
UGGCUCGGG

modRNA122

mG*mG*mC*rArGrUrGrArGrArCrUr
GrGrCrUrCrGrGrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
004

1265

GCGGAAACCUU
CUAGGGUGU

modRNA004

mG*mC*mG*rGrArArArCrCrUrUrCr
UrArGrGrGrUrGrUrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
107

1368

UGAGCGCCUCG
ACGUCGCUG

modRNA107

mU*mG*mA*rGrCrGrCrCrUrCrGrAr
CrGrUrCrGrCrUrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
095

1356

UAACGGAACCC
CCGGACUGG

modRNAQ095

mU*mA*mA*rCrGrGrArArCrCrCrCr
CrGrGrArCrUrGrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU
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gRNA
No.

SEQ

Targeting
Sequence

Modified
gRNA No.

Full Modified RNA
Targeting Sequence

gRNA
008

1269

GUGUGGGUGCU
UGACGCCUG

modRNAOOS

mGH*mU*mG*rUrGrGrGrUrGrCrUrUr
GrArCrGrCrCrUrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUrArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
012

1273

AGGAUCGUCCG
AUGGGGCUC

modRNAO12

mA*mG*mG*rArUrCrGrUrCrCrGrAr
UrGrGrGrGrCrUrCrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
126

1387

GGGACGCGUCG
UUGCAGCAG

modRNA126

mG*mG*mG*rArCrGrCrGrUrCrGrUr
UrGrCrArGrCrArGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
111

1372

AGUUCAGGGUC
UGAGCCUGG

modRNA111

mA*mG*mU*rUrCrArGrGrGrUrCrUr
GrArGrCrCrUrGrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
212

1473

CGUGCGGCUGC
GCUAUUCAG

modRNA212

mC*mG*mU*rGrCrGrGrCrUrGrCrGr
CrUrArUrUrCrArGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
170

1431

UUCGGCCAGGC
cGuccuccu

modRNA170

mU*mU*mC*rGrGrCrCrArGrGrCrCr
GrUrCrCrUrCrCrUrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU
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gRNA
No.

SEQ

Targeting
Sequence

Modified
gRNA No.

Full Modified RNA
Targeting Sequence

gRNA
136

1397

GCACAGUCCUC
CCCACCGCA

modRNA136

mG*mC*mA*rCrArGrUrCrCrUrCrCr
CrCrArCrCrGrCrArGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUrArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
144

1405

GGCUCAAGGCG
CCGCCGGCG

modRNA144

mG*mG*mC*rUrCrArArGrGrCrGrCr
CrGrCrCrGrGrCrGrGrUrUrUr ArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
005

1266

UCAAGCACCCA
CACCCUAGA

modRNAOOS5

mU*mC*mA*rArGrCrArCrCrCrArCr
ArCrCrCrUrArGrArGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
102

1363

UGGCGUGAUCU
GCGCGCCCC

modRNA102

mU*mG*mG*rCrGrUrGrArUrCrUrGr
CrGrCrGrCrCrCrCrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
013

1274

UCAGAUAGGAU
CGUCCGAUG

modRNAO13

mU*mC*mA*rGrArUrArGrGrArUrCr
GrUrCrCrGrArUrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
204

1465

UGCAGGCAAGG
CGGCGGGGG

modRNA204

mU*mG*mC*rArGrGrCrArArGrGrCr
GrGrCrGrGrGrGrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU
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gRNA
No.

SEQ

Targeting
Sequence

Modified
gRNA No.

Full Modified RNA
Targeting Sequence

gRNA
006

1267

GGGUGUGGGUG
CUUGACGCC

modRNA006

mG*mG*mG*rUrGrUrGrGrGrUrGrCr
UrUrGrArCrGrCrCrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUrArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
210

1471

AGCACGGUGGA
GAGCGGGGA

modRNA210

mA*mG*mC*rArCrGrGrUrGrGrArGr
ArGrCrGrGrGrGrArGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
109

1370

GAGGCGCUCAU
GGUUGCAGG

modRNA109

mG*mA*mG*rGrCrGrCrUrCrArUrGr
GrUrUrGrCrArGrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
060

1321

GCAGGAGACAA
GGUGGACCC

modRNA060

mG*mC*mA*rGrGrArGrArCrArArGr
GrUrGrGrArCrCrCrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
015

1276

CGGAAUCCUGG
CUGGGAGCU

modRNAO15

mC*mG*mG*rArArUrCrCrUrGrGrCr
UrGrGrGrArGrCrUrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

gRNA
001

1262

GGUGCUAGCCU
UGCGUUCCG

modRNAOO1

mG*mG*mU*rGrCrUrArGrCrCrUrUr
GrCrGrUrUrCrCrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
ArGrCrArUrArGrCrArArGrUrUrUrAr
ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU
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gRNA
No.

Targeting Modified Full Modified RNA

SEQ Sequence gRNA No. Targeting Sequence

mU*mC*mU*rUrCrGrCrUrUrGrGrCr
ArCrGrArUrCrUrUrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
gRNA 1458 UCUUCGCUUGG modRNA197 ArGrCrArUrArGrCrArArGrUrUrUrAr
197 CACGAUCUU ArArUrArArGrGrCrUrArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr

GrUrGrCrUrUrU*mU*mU*mU

mG*mC*mU*rGrCrUrGrCrArArCrGr
ArCrGrCrGrUrCrCrGrUrUrUr ArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
gRNA 1388 GCUGCUGCAAC modRNA127 ArGrCrArUrArGrCrArArGrUrUrUrAr
127 GACGCGUCC ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr
GrUrGrCrUrUrU*mU*mU*mU

mC*mC*mC*rGrCrArCrCrUrUrGrGr
CrGrCrArGrCrGrGrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
gRNA 1441 CCCGCACCUUG modRNA180 ArGrCrArUrArGrCrArArGrUrUrUrAr
180 GCGCAGCGG ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr

GrUrGrCrUrUrU*mU*mU*mU

mC*mG*mG*rGrCrGrCrCrGrCrCrGr
UrUrCrArGrUrUrCrGrUrUrUrArArGr
ArGrCrUrArArGrCrUrGrGrArArArCr
gRNA 1373 CGGGCGCCGCC modRNA112 ArGrCrArUrArGrCrArArGrUrUrUrAr
112 GUUCAGUUC ArArUrArArGrGrCrUr ArGrUrCrCrGr
UrUrArUrCrArArCrUrUrGrArArArAr
ArGrUrGrGrCrArCrCrGrArGrUrCrGr

GrUrGrCrUrUrU*mU*mU*mU

[0279] HelLa cells were reverse transfected with 25 ng effector and 12.5 ng sgRNA in a
96 well plate format using TransIT®-X2 transfection reagent from Mirus (Catalog No.
MIR6003). Conditioned media was harvested every week for up to four weeks and used to
measure secreted PCSK9 levels using LEGEND MAX™ Human PCSK9 ELISA Kit from
BioLegend (Catalog No. 443107). ELISA data were normalized for cell numbers using the
CellTiter-Glo® kit from Promega (Catalog No. G7571). While PCSKY silencing was
transient with CRISPRi (dCas9-KRAB), and returned to baseline by day 28, several sgRNAs
co-transfected with CRISPR-off (DNMT3A-3L-dCas9-KRAB) construct showed robust and
durable silencing (FIG. 4A). 16 out of the 40 guides tested with CRISPR-off showed
silencing efficiency greater than WT Cas9 (Table 9).
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Table 9. Relative PCSK9 Expression in HeLa Cells Treated with
Modified gRNAs and CRISPR-off

Condition Dzszgeigcg‘;;“r"‘
Negative Controls
Transfection reagent only 100
CRISPRi IVT + modRNA0O09 108.1
CRISPRi IVT + modRNA004 88.1
Positive Control
WT Cas9 IVT + modRNA180 10.5
Experimental Conditions (CRISPR-off and indicated modified gRNA)
modRNA009 5.7
modRNA108 12.9
modRNAOO3 7.5
modRNA128 16.2
modRNAT110 5.7
modRNA093 11.7
modRNA096 20.7
modRNA092 12.7
modRNAO11 9.6
modRNAOO7 11.6
modRNAO77 4.2
modRNA113 4.7
modRNA(094 12.0
modRNA125 67.4
modRNA122 9.5
modRNAQ04 1.0
modRNA107 7.7
modRNAQ95 30.5
modRNAQOOS 4.7
modRNAQO12 6.0
modRNA126 6.1
modRNA111 4.0
modRNA212 25.7
modRNA170 14.8
modRNA136 17.2
modRNA144 35.0
modRNAQ00S 7.9
modRNA102 25.7
modRNAO13 5.2
modRNA204 64.4
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modRNAO06 36.6
modRNA210 30.0
modRNA109 253
modRNAO60 333
modRNAO15 194
modRNAOO1 18.2
modRNA197 451
modRNA127 134
modRNA180 30.2
modRNA112 6.1

[0280] At the two-week time point, RNA was extracted using Quick-RNA 96 Kit from
Zymo Research (Cat# R1053). qPCR was performed using gScript XL'T One-Step RT-qPCR
ToughMix from Quantabio (Cat# 95134-500) and TagMan assays (PCSK9:
Hs00545399_m1, PPIA: Hs99999904_m1). PCSK9 levels were normalized with PPIA.
Relative quantification was done using delta-delta Ct method.

[0281] Suppression of PCSK9 secretion was found to correlate with mRNA silencing at
day 14 (FIG. 4B).

[0282] modRNAQ004 and modRNA111 were tested in HeLa cells for suppressing PCSK9
secretion over 60 days (FIG. 5). WT Cas9 was co-transfected with modRNA180 as a
positive control. Cells were treated with 25 ng of the effector and 12.5 ng of the gRNA.
modRNAQO04 and modRNA111 were shown to mediate durable silencing of PCSKY,
comparable to what was achieved by WT Cas9 in HeLa cells via gene editing.

[0283] Furthermore, results suggest that epigenetic silencing is maintained in HeLa cells
treated with simvastatin. Statin treatment is known to increase PCSK9 secretion via a
transcriptional mechanism. In epigenetically silenced HeLa cells, statin treatment was shown

to not increase PCSK9 secretion (FIG. 6).

Example 5: Guide RNA Assays in Huh7 Hepatoma Cell Line

[0284] The Huh7 hepatoma cell line is amenable to high-throughput screening and
transfection. The top 13 guides from the HeLa screen that had either perfect homology or a
single mismatch with the cynomolgus PCSK9 gene were tested in Huh7 hepatoma cell line.
Epigenetic silencing with the CRISPR-off construct was shown to be stable over seven days
(FIG. 7).

[0285] Subsequently, specificity of fusion protein 11 and 13 with PCSK9-targeting
gRNA 041(see Table 12) was measured in Huh7 cells. Differential gene expression was
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assessed by RNAseq of treated and untreated cells. Values were visualized in volcano plots

(FIG. 25). No significant off-target effects were detected.

Example 6: Guide RNA Assays in Primary Human and Cynomolgus Hepatocytes
[0286] Primary human and cynomolgus HepatoPac® cultures from BioIVT are used to
test the efficacy of the gRNAs in primary hepatocytes. HepatoPac® cultures are maintained
according to manufacturer recommendations. Briefly, HepatoPac® maintenance media is
thawed and made up within 30 minutes of cells arrival. Upon media change, cells are
allowed to acclimate for two days in 37°C, 10% COz incubator. On the second day after
receipt, CRISPR-off + sgRNA, GFP-mRNA and WT CRISPR Cas9 are administered to the
primary cultures in various concentrations using standard proceduresMedia is changed every
other day for a duration of up to four weeks to assess durability and/or inheritability of
silencing. PCSK9Y silencing will be assessed every seven days by ELISA to measure secreted
PCSKO levels in the media. PCSK9 concentration will be controlled to total hepatocytes
using a human albumin ELISA (Thermo Fisher®). Data is then presented as total PCSK9
secretion as percent of GFP-mRNA negative control. Specificity may be assessed by
isolating the primary human and cynomolgus hepatocytes from the mouse fibroblast feeder
layer using a magnetic bead based antibody approach (Miltenyi Biotec). Following
separation of primary hepatocytes from the feeder layer, cells are processed for RNAseq
evaluation and genome-wide bisulfite sequencing.

[0287] The top 13 gRNAs in RNA format are selected to be tested in primary human
hepatocytes (PHH). The top gRNAs are selected based on (i) PCSK9 silencing efficiency
and durability in HeLa cells (ii) whether they have a perfect alignment with the human
PCSK9 gene and up to one mismatch with the non-human primate PCSK9 gene.
Combinations of gRNAs are also tested to determine their efficacy and durability. The
negative controls are CRISPR-off only, gRNA Fragment Only (modRNAQQ3), and CRISPRIi
only. The positive control is CRISPRi co-transfected with modRNAQOO4 (Table 10; SEQ:
SEQ ID NO; NHP: non-human primate). All tested gRNAs are predicted to bind to both

human and non-human primate PCSK9.

Table 10. gRNAs Being Screened in Primary Human Hepatocytes

gRNA . TSS Modified Match to
No. | SEQ | gRNA Targeting Sequence | ;o | RNA No. NHP
gRNA009 | 1270 | ACUGCCUGGCUCACUCCUCC 81 modRNA009 Exact
gRNAOO3 | 1264 | UGCGGAAACCUUCUAGGGUG 0 modRNAQ03 Exact
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gRNAQ93 | 1354 | AACCUGAUCCUCCAGUCCGG -104 modRNAQ93 Exact
gRNAO11 | 1272 | AUCGUCCGAUGGGGCUCUGG -56 modRNAO11 Exact
gRNAQ007 | 1268 | GGUGUGGGUGCUUGACGCCU -16 modRNAOO7 Exact
gRNAO77 | 1338 | CAAAUCCUAACUGGGCUGGA -181 modRNAOQ77 | 1 mismatch
gRNA113 | 1374 | GGGCGCCGCCGUUCAGUUCA 49 modRNA113 | 1 mismatch
gRNA004 | 1265 | GCGGAAACCUUCUAGGGUGU -1 modRNA004 Exact
gRNAQO8 | 1269 | GUGUGGGUGCUUGACGCCUG -17 modRNAQO8 Exact
gRNAO12 | 1273 | AGGAUCGUCCGAUGGGGCUC -59 modRNAO12 Exact
gRNA111 | 1372 | AGUUCAGGGUCUGAGCCUGG 43 modRNA111 | 1 mismatch
gRNAOQ05 | 1266 | UCAAGCACCCACACCCUAGA -11 modRNAQ0S Exact
gRNAO13 | 1274 | UCAGAUAGGAUCGUCCGAUG -65 modRNAO13 Exact

[0288] Robust PCSK9 silencing is observed. For some gRNAs, >70% reduction in

secreted PCSK9 at day 7 is observed (depending on transfection efficiency).

Example 7: ZF Assays in HeLa Cells
[0289] A total of 209 zinc finger proteins (architecture as shown in SEQ ID NO: 659)
were designed from the ZF library to 49 PCSK9 target sites (selected from GRCh38
chromosome 1 between 55038548 to 55040548). The target sites had no other exact matches
in the human genome (GRCh38).
[0290] Hel a cells were transfected with ZF-off constructs in DNA format. Six 96-well
plates (Sigma-Aldrich Catalog No. M2936) were seeded with 12,000 HeLa cells per well
(ATCC Catalog No. CCL-2) in standard culture media containing DMEM (Thermo Fisher
Catalog No. 11-965-092) supplemented with 10% Fetal Bovine Serum (Thermo Fisher
Catalog No. A4766) v/v, 1x GlutaMAX™ (Thermo Fisher Catalog No. 35050061) and 1x
Penicillin-Streptomycin (Thermo Fisher Catalog No. 15140122). Following plating, cells
were allowed to grow for 24 hours in a 37° C incubator at 5% CO2. 10 ng of the ZF-off
plasmid was resuspended in DPBS buffer (Thermo Fisher Catalog No. 14190144) to a
concentration of 7.5 ng/uL.. In addition, 10 ng of EFla:PuromycinResistance plasmid and 65
ng of empty vector (pUC19) were also added to the transfection mix to achieve a total
payload of 85 ng of DNA. Transfection mixtures were created by adding resuspended DNA
in serum-free OPTI-MEM media (Thermo Fisher® Catalog No. 31985062) and adding
Mirus® TransIT®-LT1 transfection reagent (MIR2300) following the manufacturer’s
instructions. 10 pL of transfection mixtures were added in duplicate across a total of six
screening plates. The positive control was CRISPR-off (SEQ ID NO: 658) with a high
performing gRNA (gRNA009). Negative controls were ZF-off with a non-PCSK9 locus
target (CLTA) and empty vector (pUC19; NEB Catalog No. N3041S).
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[0291] The ZF screen yielded hits with activity comparable to CRISPR (FIG. 8). The
candidates with high silencing efficiency are taken forward to follow-up experiments. FIG. 9
shows the ZF screening results by distance to TSS. In total, 209 ZFs were screened, with

their PCSK9 knockdown activity relative to the negative control shown in Table 11 below.

Table 11. ZF-off Construct Activity

ZF No. % Control ZF No. % Control ZF No. % Control
ZF028 37.43 ZF071 66.51 ZF141 104.50
ZF001 35.90 ZF072 62.59 ZF142 71.70
ZF047 32.08 ZF073 69.50 ZF143 49.70
ZF048 15.19 ZF074 55.74 ZF144 44.01
ZF029 40.42 ZF075 51.58 ZF145 60.80
ZF030 7.74 ZF076 58.82 ZF146 42.85
ZF031 29.80 ZF077 49.52 ZF147 58.42
ZF032 40.65 ZF078 52.50 ZF148 70.50
ZF033 30.71 ZF079 66.30 ZF149 95.42
ZF034 31.95 ZF080 51.52 ZF150 74.00
ZF035 38.29 ZF081 140.85 ZF151 61.01
ZF002 33.02 ZF082 105.84 ZF152 52.34
ZF003 29.17 ZF083 72.30 ZF153 80.11
ZF004 35.39 ZF084 95.05 ZF154 79.46
ZF005 37.90 ZF085 44,18 ZF155 50.09
ZF006 37.47 ZF086 88.95 ZF156 46.99
ZF036 35.19 ZF087 44.87 ZF157 89.03
ZF037 28.76 ZF088 56.44 ZF158 99.89
ZF038 21.11 ZF089 116.41 ZF159 101.66
ZF039 9.35 ZF090 51.30 ZF160 119.21
ZF040 5.20 ZF091 57.46 ZF161 49.64
ZF041 30.50 ZF092 46.82 ZF162 68.98
ZF007 36.13 ZF093 44.03 ZF163 89.71
ZF008 34,72 ZF094 65.55 ZF164 103.15
ZF009 28.91 ZF095 56.92 ZF165 48.37
ZF010 33.58 ZF096 93.13 ZF166 81.13
ZF011 41.01 ZF097 57.08 ZF167 67.29
ZF012 19.39 ZF098 57.03 ZF168 50.88
ZF013 40.46 ZF099 59.36 ZF169 77.25
ZF014 33.06 ZF100 95.34 ZF170 108.08
ZF015 22.48 ZF101 57.13 ZF171 57.10
ZF016 34.09 ZF102 145.81 ZF172 53.73
ZF017 24.71 ZF103 63.08 ZF173 62.61
ZF018 24.84 ZF104 50.06 ZF174 71.84
ZF019 14.70 ZF105 72.80 ZF175 68.12
ZF020 33.15 ZF106 75.56 ZF176 51.52
ZF021 33.87 ZF107 56.29 ZF177 48.59
ZF022 29.02 ZF108 103.79 ZF178 71.10
ZF023 30.45 ZF109 60.41 ZF179 53.08
ZF024 12.55 ZF110 53.71 ZF180 54.56
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ZF No. % Control ZF No. % Control ZF No. % Control
ZF042 41.13 ZF111 69.30 ZF181 78.86
ZF025 39.37 ZF112 94.36 ZF182 70.20
ZF026 28.27 ZF113 57.16 ZF183 69.07
ZF043 40.92 ZF114 51.72 ZF184 49.73
ZF044 37.27 ZF115 78.55 ZF185 69.04
ZF045 39.72 ZF116 76.55 ZF186 57.09
ZF027 38.67 ZF117 66.49 ZF187 64.90
ZF046 36.12 ZF118 60.58 ZF188 59.91
ZF049 43.53 ZF119 78.70 ZF189 59.92
ZF050 44.02 ZF120 63.82 ZF190 79.85
ZF051 46.90 ZF121 117.94 ZF191 71.95
ZF052 45.89 ZF122 82.54 ZF192 78.47
ZF053 42.71 ZF123 84.94 ZF193 74.79
ZF054 44,31 ZF124 71.86 ZF194 67.87
ZF055 44.57 ZF125 76.73 ZF195 83.86
ZF056 44.82 ZF126 119.64 ZF196 67.71
ZF057 46.52 ZF127 144.15 ZF197 64.36
ZF058 46.61 ZF128 66.74 ZF198 62.06
ZF059 47.62 ZF129 86.03 ZF199 59.08
ZF060 44.75 ZF130 103.82 ZF200 53.09
ZF061 59.99 ZF131 116.46 ZF201 57.39
ZF062 48.69 ZF132 130.63 ZF202 63.53
ZF063 50.63 ZF133 100.63 ZF203 69.94
ZF064 54.60 ZF134 42.35 ZF204 67.61
ZF065 54.25 ZF135 61.14 ZF205 58.51
ZF066 54.95 ZF136 47.14 ZF206 77.67
ZF067 69.99 ZF137 101.88 ZF207 72.94
ZF068 54.64 ZF138 99,22 ZF208 55.34
ZF069 55.99 ZF139 69.52 ZF209 64.42
ZF070 61.26 ZF140 48.41

[0292] Several ZF-off constructs were shown to be more effective at silencing PCSK9
than WTCas9 and CRISPR-off in combination with gRNAQO3. The target sites and ZF
sequences (F1 through F6) of the ZFP domains in these ZF-off constructs are as shown in

Table 1.

Example 8: Full Specificity Screen of Constructs in Primary Human Hepatocytes
[0293] The specificity of CRISPR-off and ZF-off constructs for silencing PCSK9 is
tested in primary human hepatocytes. The readouts to assess specificity are RN Aseq,
methylation array and whole genome bisulfite sequencing assays. Genome-wide expression
and methylation changes after epigenetic editing compared to negative controls will be

profiled.
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[0294] Specificity of 5 gRNAs were tested in PXB cells. Fresh human hepatocytes were
isolated from PXB mouse model mice (FIG. 26A). Long-term stability and functionality of
hepatocytes as well as robust PCSK9 secretion was confirmed. Cells were treated with the
epigenetic repressor PLA2628 (Fusion protein 12 in Example 12) or controls. PCSK9
secretion was measured and plotted as a percent of secreted PCSK9 produced by a negative
control (PLA2628 with a non-PCSK9-targeting gRNA (“off target”) (time course shown in
FIG. 26B; Day 14 levels shown in FIG. 27). Specificity of constructs was tested by RNAseq
at day 14 post-delivery for all gRNAs. Volcano plots for two exemplary RNAs assessed
(RNAO41 and RNA049, sequences shown in Table 12) are shown in FIG. 26C. No
significant off-target effects were observed for any of the 5 tested gRNAs.

Example 9: CpG Methylation Patterns

[0295] The CpG methylation patterns in human hepatocytes (e.g., primary cells or cell
lines) treated with CRISPR-off or ZF-off are investigated. Hybrid capture assay is performed
on bisulfite treated DNA to investigate methylation patterns at CpG sites that are induced by
CRISPR-Off or ZF-Off at the 1kb region around the PCSK9 TSS.

[0296] Whole liver hybrid capture assays were performed after partial hepatectomy (d90)
in mice treated with CRISPR-off (gRNA 041 and 049) or ZF-off (ZFP152) constructs, and
compared to untreated or vehicle-only treated control mice as described in more detail below.
Methylation was surveyed over a ~5kb genomic region including the PCSK9 promoter
region. Low levels of CpG methylation were observed in untreated and vehicle-only treated
control mice, while significant levels of CpG methylation were observed in CRISPR-Off and
ZF-Off treated mice (data not shown).

Example 10: Stable PCSK9 Silencing via Epigenetic Editing in Mice with Wildtype
PCSK9

[0297] The ability of CRISPR-off and ZF-off constructs to mediate epigenetic silencing
of endogenous PCSK9 in vivo is tested. Constructs are delivered using a single IV
administration of mRNA (and, for CRISPR-off silencing, gRNA). Silencing is tested in
wildtype mice over a period of two to six months. The readout is serum PCSK9 levels and
serum cholesterol levels. A subset of each cohort is selected for liver hematoxylin and eosin
(H&E) stain RNAseq and analysis. For several constructs, robust, stable, and inheritable

PCSK9 silencing is observed.
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Example 11: Stable PCSK?9 Silencing via Epigenetic Editing in Mice Expressing
Transgenic Human PCSK9

[0298] Three different mouse strains expressing transgenic human PCSK9 are available
to be used: hPCSK9-Tg (mPCSK9+/-) heterozygous mouse, hPCSK9-Tg (mPCSK9+/+)
homozygous mouse, and hPCSK9-Tg (mPCSK9-/-) mouse. The hPCSK9-Tg (mPCSK9-/-)
mouse line available for use is C57BL/6J-Pcsk9-/- Tg(RP11-55M23-Absl), which expresses
human PCSK9 under the control of its own promoter (FIG. 10). See, e.g., Weider et al., J
Biol Chem (2016) 291(32):16659-71.

[0299] CRISPR-off and ZF-off constructs were tested in hPCSK9-Tg (mPCSK9-/-)
mice, which express APCSK9. Constructs used were CRISPR/wtCas9 (SEQ ID NO: 2) with
gRNA 2079; CRISPRi (NLS-NLS-dCas9-NLS-KOX1KRAB-NLS-NLS) with gRNA g041;
CRISPR-OFF PLA2628 (Fusion Protein 12 as provided in Example 12 herein (SEQ ID NO:
1519) with gRNA g056; CRISPR-OFF PLA2628 with gRNAs g041 and g049; CRISPR-
OFF PLA1489 (Fusion Protein 11 as provided in Example 12 herein (SEQ ID NO: 1517)
with gRNAs g041 and g049; and ZF-OFF ZFP152ADD as shown below:

[0300]  ZFP152ADD (NLS-NLS-Dnmt3A-ADD-hDnmt3L-ZF-ZNF627KRAB-NLS-
NLS):
MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLG
IQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIV
NPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPV
MIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSI
KOGKDQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLF
APLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMAATIPALDPEAEPSMDVILVGSSEL
SSSVSPGTGRDLIAYEVKANQRNIEDICICCGSLQVHTQHPLFEGGICAPCKDKFLDALEFLY
DDDGYQSYCSICCSGETLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSS
RSGLLORRRKWRSQLKAFYDRESENPLEMFETVPVWRROQPVRVLSLFEDIKKELTSLGFLES
GSDPGQLKHVVDVITDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLOQYARPK
PGSPRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIPAIRSRHW
ALVSEEELSLLAQNKQSSKLAAKWPTKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPS
GGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPG
TSTEPSELSRPGERPFQCRICMRNEFSTPSKLDRHTRTHTGEKPFQCRICMRNFSLAENLRRH
LRTHTGSQKPFQCRICMRNFSRODNLGRHLRTHTGEKPFQCRICMRNEF SDGGNLGRHLKTHT
GGGGSQKPFQCRICMRNEFSQSPHLKRHLRTHTGEKPFQCRICMRNEFSQSTSLOQRHLKTHLRG
SSGSETPGTSESATPESTGDSVAFEDVAVNFTLEEWALLDPSQKNLYRDVMRETFRNLASVG
KOWEDOQNIEDPFKIPRRNISHIPERLCESKEGGQGEESADYKDDDDKAPKKKRKVPKKKRKV
(SEQ ID NO: 1527)

[0301] Constructs were delivered via single IV administration of epigenetic silencers
(FIG.20B); 3 mg/kg of the formulation was given to each mouse. Guide RNAs selected for
use are shown in Table 12. Efficacy of PCSK9 silencing was measured over 42 (FIG. 21A)
and 84 days (FIG. 21B) post-1V administration by serum ELISA for human PCSK9. Mice

treated with constructs which did not show durable silencing of PCSK9 were sacrificed at 6
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weeks. Durable silencing was observed with PLA2628used with gRNAs g041 and g049,
PLA1489 used with gRNAs g041 and g049, and ZFP152ADD.

Table 12: Guide RNAs tested in Transgenic Mice

CUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAG
UCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCG
GUGCUUUUUU

Name Guide RNA sequence SEQ ID| Target domain Sequence | SEQID
NO: NO:
5041 [ACUGCCUGGCUCACUCCUCCGUUUAAGAGCUAAG | 1491 [ACTGCCTGGCTCACTCCTCC| 1044
CUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAG
UCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCG
GUGCUUUUUU
049 |AUCGUCCGAUGGGGCUCUGGGUUUAAGAGCUAAG | 1492 |ATCGTCCGATGGGGCTCTGG| 1046
CUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAG
UCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCG
GUGCUUUUUU
5056 |GCGGAAACCUUCUAGGGUGUGUUUAAGAGCUAAG | 1493 |GCGGAAACCTTCTAGGGTGT| 1039
CUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAG
UCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCG
GUGCUUUUUU
5079 [CCCGCACCUUGGCGCAGCGGGUUUAAGAGCURAG | 1494 |[CCCGCACCTTGGCGCAGCGG| 1215

[0302] In a further experiment, g041 and g49 were synthesized with the following
chemical modification patterns (where ‘m’ indicates a ribonucleotide modified with 2°-OMe;
‘r’ indicates an unmodified ribonucleotide, and **’ indicates a phosphorothioate linkage):
[0303] MA*mC*mU*rGrCrCrUrGrGrCrUrCrArCrUrCrCrUrCrCrGrUrUrUrUrArGrArG
mCmUmAMGMAMAMAMUMAMGmMCrArArGrUrUrArArArArUrArArGrGrCrUrArGrUrC
rCrGrUrUrArUrCrAmAmCmUmUmGmAmAMAMAMAMGMUmGrGmCmAmMCmCmGm
AmGMUmCmGmGmMUmGmMCmU*mU*mU*mU (mg041, SEQ ID NO: 1528)

[0304] mA*mU*mC*rGrUrCrCrGrArUrGrGrGrGrCrUrCrUrGrGrGrUrUrUrUrArGrAr
GmCmUmAMGmMAMAMAMUMAMGmMCrArArGrUrUrArArArArUrArArGrGrCrUrArGrUr
CrCrGrUrUrArUrCrAmAmMCmUmUmGmAmMAMAMAMAMGMUMGrGmCmAmCmCmGm
AmGMUmMCmGmGMUmGMCmU*mU*mU*mU (mg049, SEQ ID NO:1529)

[0305] Modified guide RNAs were tested in hPCSK9-Tg (mPCSK9-/-) mice, which
express hPCSK9. Guides were administered individually (mg041 or mg049) or together
(mg041 and mg049) with an mRNA construct encoding the following epigenetic repressor
protein:

[0306] MPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKP IRVLSLFDGIATGLLVLKDLGTI
QVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGL
YEGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRA
RYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKF SKVRTITTRSNSIKQGKDQHFPVEFMNEKEDIL
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WCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFES
SGLVPLSLRGSHMAATIPALDPEAEPSMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDICICC
GSLOQVHTQHPLFEGGICAPCKDKFLDALFLYDDDGYQSYCSICCSGETLLICGNPDCTRCYCFECVDS
LVGPGTSGKVHAMSNWVCYLCLPSSRSGLLQRRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRV
LSLFEDIKKELTSLGFLESGSDPGQLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYL
FOQFHRLLOYARPKPGSPRPFEFWMEVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIP
ATIRSRHWALVSEEELSLLAQNKQSSKLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPP
SGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEP
SELEDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLK
RTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYP
TIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPT
NASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLTIALSLGLTPNFKSNFDLAEDAKLQLSKD
TYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKA
LVROQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETT
TPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLS
GEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKITKDKDFLDN
EENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGK
TILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVD
ELVKVMGRHKPENIVIEMARENQTTQKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYL
YYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKN
YWROQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKL
IREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYD
VRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRK
VLSMPQVNIVKKTEVQTGGEF SKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAY SVLVVAKVEKGK
SKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI IKLPKYSLFELENGRKRMLASAGELQ
KGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYIDETITEQISEFSKRVILADANLDK
VLSAYNKHRDKPIREQAENITHLF TLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDSPKKKRKVGVDGSSGSETPGTSESATPESTGMNNSQGRVTFEDVTVNFTQGEWQRLN
PEQRNLYRDVMLENYSNLVSVGQGETTKPDVILRLEQGKEPWLEEEEVLGSGRAEKNGDIGGQIWKPK
DVKESLSAPKKKRKVPKKKRKV (SEQ ID NO: 1530)

[0307] Constructs and guide RNAs were delivered via single administration of epigenetic
repressor mRNA and gRNA in a 1:1 ratio at 0.375mg/kg to each mouse. Efficacy of PCSK9
silencing was measured at 7 days and 14 days post- administration by plasma ELISA for
human PCSK9. End-modified guides of the respective same sequence (having the three 5°-
terminal and the three 3’-terminal nucleotides modified with 2’-OMe and phosphorothioate
linkages) were used as positive controls. Durable silencing of PCSK9 was observed for all
guides, and silencing was observed to be equivalent between the end-modified control guide
RNAs and the tested modified guide RNAs at both time points. tested at both time points,

similar to the silencing levels.

Example 12: Fusion proteins with Variant NLS Configurations
[0308] Several improved fusion protein constructs were developed using variant nuclear

localization sequence (NLS) configurations to have significantly higher epi-silencing activity.
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Several constructs with variant configurations of NLS domains (FIGs. 11A and

11B) were constructed and tested in PCSK9 loci in HeLa cells (FIGs. 12A-12B). The
constructs were additionally tested in PCSK9 loci in Hepal-6 (FIG. 13) and in HuH7 (FIGs.

14A-14C and FIG. 15). Exemplary fusion protein construct amino acid and DNA sequences

are shown below:

Fusion Protein 1
Amino Acid
Sequence

NLS-NLS-3A-3L-
dCas9-KRAB-NLS-
NLS
(SEQ ID NO:
1498)

MPKKKRKVPKKKRKVNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDGIATGLLVLKDLGIQVD
RYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTIQKHIQEWGPFDLVIGGSPCNDLSIVNPAR
KGLYEGTGRLFFEFYRLLHDARPKEGDDRPFEFWLFENVVAMGVSDKRDISRELESNPVMIDA
KEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLK
EYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHNPLEMEFETVPVWRRQPVRVLSLFEDIKKE
LTSLGFLESGSDPGQLKHVVDVIDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFH
RLLQYARPKPGSPRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSN
IPATRSRHWALVSEEELSLLAQNKQSSKLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGG
PSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTST
EPSEGSAPGTSTEPSEMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKN
LIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVE
EDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLI
EGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGE
KKNGLFGNLIALSLGLTPNFKSNEDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAK
NLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSK
NGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGE
LHATLRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEE
VVDKGASAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSG
EQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDK
DFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLKRRRYTGWGRLSRKL
INGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOQKNSRERMKRIEEGIKE
LGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSTI
DNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKA
GFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVR
EINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFF
YSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEV
QTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKE
LLGITIMERSSFEKNPIDFLEAKGYKEVKKDLITIKLPKYSLEELENGRKRMLASAGELQKGN
ELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADAN
LDKVLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLI
HOSITGLYETRIDLSQLGGDSGSETPGTSESATPESTGRTLVTFKDVEVDF TREEWKLLDTA
QQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPPKKKRKVPKKKRKV

Fusion Protein 1
DNA Sequence
(SEQ ID NO:
1499)

ATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTCAACCATGATCAAGAATT
CGACCCACCTAAAGTCTACCCACCTGTGCCCGCCGAAAAAAGGAAACCCATAAGGGTGCTGT
CACTCTTTGATGGCATCGCCACTGGTCTCCTGGTTCTTAAGGATCTGGGAATTCAGGTCGAT
CGGTACATTGCTAGCGAGGTTTGTGAGGATAGTATTACAGTGGGTATGGTGCGCCACCAGGG
AAAGATCATGTATGTTGGTGACGTTAGGAGCGTCACCCAGAAACATATCCAGGAGTGGGGAC
CCTTTGATTTGGTGATCGGAGGTAGTCCCTGCAATGACCTTTCCATCGTGAATCCAGCCAGG
AAAGGGCTGTATGAAGGGACTGGTAGGCTCTTTTTCGAGTTTTATCGCCTGCTTCACGACGC
TAGACCTAAGGAAGGTGACGATAGGCCTTTCTTTTIGGCTTTTTGAGAACGTCGTGGCAATGG
GAGTCTCCGACAAAAGGGACATTTCTCGCTTTCTGGAATCTAACCCCGTTATGATCGATGCC
AAGGAAGTTTCTGCCGCTCACAGGGCAAGGTACTTCTGGGGCAATCTGCCCGGAATGAATCG
CCCACTGGCCAGTACCGTGAATGACAAACTGGAGCTGCAGGAGTGCCTGGAGCACGGAAGAA
TCGCAAAGTTTTCTAAAGTCAGGACCATTACCACTCGCAGTAACTCCATAAAACAGGGTAAG
GACCAGCATTTTCCCGTICTTCATGAATGAAAAGGAAGATATTCTGTGGTGCACTGAAATGGA
GAGAGTTTTCGGGTTTCCCGTGCACTATACCGATGTTTCCAACATGTCCCGCCTTGCAAGAC
AAAGGCTTTTGGGCCGCTCTTGGTCTGTGCCAGTGATCCGGCACTTGTTTGCTCCCCTCAAA
GAGTACTTCGCTTGCGTCAGTTCCGGAAATTCAAACGCTAACTCTCGGGGTCCATCTTTCTC
CAGTGGTCTCGTGCCACTGTCTCTCCGGGGCTCTCACAATCCCCTGGAGATGTTTGAGACAG
TGCCAGTCTGGCGGAGGCAGCCCGTTCGCGTTCTCTCTCTGTTCGAAGATATTAAAAAGGAA
CTCACCTCCCTTGGGTTCCTGGAGAGCGGGAGCGACCCCGGACAGCTTAAGCACGTGGTCGA
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CGTGACTGACACCGTCCGCAAAGACGTGGAGGAATGGGGCCCCTTCGATCTGGTCTATGGGG
CAACCCCTCCCCTTGGGCATACATGTGATCGGCCTCCATCCTGGTACCTGTTCCAGTTTCAC
AGACTCCTGCAGTATGCCAGGCCAAAGCCAGGGAGCCCAAGGCCCTTTTTCTGGATGTTCGT
CGACAACCTGGTCCTGAACAAAGAAGATCTCGACGTTGCTAGTCGCTTTCTCGAAATGGAGC
CCGTGACCATTCCCGACGTGCATGGCGGTTCCCTCCAGAATGCAGTCAGGGTTTGGAGCAAT
ATCCCTGCCATCAGGTCAAGGCACTGGGCACTGGTTTCAGAGGAAGAGCTGTCCCTCCTTGC
CCAGAACAAGCAGTCATCCAAACTGGCAGCCAAGTGGCCAACTAAGCTGGTCAAGAACTGCT
TTCTTCCCCTCAGAGAATATTTTAAGTATTTCAGTACTGAACTGACTAGCAGTCTGGGAGGG
CCGAGCTCTGGCGCACCCCCACCAAGTGGAGGGTCTCCTGCCGGGTCCCCAACATCTACTGA
AGAAGGCACCAGCGAATCCGCAACGCCCGAGTCAGGCCCTGGTACCTCCACAGAACCATCTG
AAGGTAGTGCGCCTGGTTCCCCAGCTGGAAGCCCTACTTCCACCGAAGAAGGCACGTCAACC
GAACCAAGTGAAGGATCTGCCCCTGGGACCAGCACTGAACCATCTGAGATGGACAAGAAGTA
CAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACA
AGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAAC
CTGATCGGCGCCCTGCTGTTCGACAGCGGAGAAACAGCCGAGGCCACCCGGCTGAAGAGAAC
CGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCA
ACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAA
GAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCA
CGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCG
ACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATC
GAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGAC
CTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCC
TGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAG
AAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAA
GAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACG
ACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAG
AACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGC
CCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCTGCTGA
AAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAG
AACGGCTACGCCGGCTACATCGATGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAA
GCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACC
TGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAG
CTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAA
GATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACA
GCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAA
GTGGTGGACAAGGGCGCCAGCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAA
CCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTACA
ACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGC
GAGCAGAAAAAAGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCA
GCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGG
AAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAG
GACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGACCCTGACACT
GTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACA
AAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTG
ATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGG
CTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACA
TCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCC
GGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAA
AGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCA
CCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAG
CTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCT
GTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACC
GGCTGTCCGACTACGATGTGGACGCTATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATC
GATAACAAAGTGCTGACTCGGAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGA
AGAGGTCGTGAAGAAGATGAAGAACTACTGGCGCCAGCTGCTGAATGCCAAGCTGATTACCC
AGAGGAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCC
GGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCT
GGACTCCCGGATGAACACTAAGTACGACGAGAACGACAAACTGATCCGGGAAGTGAAAGTGA
TCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGC
GAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCT
GATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACG
TGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTC
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TACAGCAACATCATGAACTTITTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAA
GCGGCCTCTGATCGAGACAAACGGCGAAACAGGCGAGATCGTGTGGGATAAGGGCCGGGACT
TTGCCACCGTGCGGAAAGTGCTGTCTATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTG
CAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAACAGCGACAAGCTGATCGC
CAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATT
CTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAG
CTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGA
AGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGT
TCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAAC
GAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCT
GAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAACACTACC
TGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAAT
CTGGACAAGGTGCTGAGCGCCTACAACAAGCACAGAGACAAGCCTATCAGAGAGCAGGCCGA
GAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTG
ACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATC
CACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACAG
CGGAAGTGAGACCCCAGGTACATCCGAATCAGCAACGCCTGAAAGCACCGGTCGGACACTGG
TGACCTTCAAGGATGTATTTGTGGACTTCACCAGGGAGGAGTGGAAGCTGCTGGACACTGCT
CAGCAGATCGTGTACAGAAATGTGATGCTGGAGAACTATAAGAACCTGGTTTCCTTGGGTTA
TCAGCTTACTAAGCCAGATGTGATCCTCCGGTTGGAGAAGGGAGAAGAGCCCCCAAAAAAGA
AGAGAAAGGTACCGAAGAAAAAAAGAAAGGTC

Fusion Protein 2
Amino Acid
Sequence

3A-3L-NLS-dCas9-
NLS-KRAB
(SEQ ID NO:
1500)

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDGIATGLLVLKDLGIQVDRYIASEVCEDSITV
GMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEF
YRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDQHFPVEFMNEKEDI
LWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGNSNAN
SRGPSFSSGLVPLSLRGSHNPLEMFETVPVWRRQPVRVLSLFEDIKKELTSLGFLESGSDPG
QLKHVVDVTIDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLQYARPKPGSPR
PEFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIPATIRSRHWALVSE
EELSLLAQNKQSSKLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPSGGSPA
GSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEP
SEPKKKRKVMDKKYSIGLAIGTINSVGWAVITDEYKVP SKKFKVLGNTDRHS IKKNLIGALLF
DSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHER
HPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPD
NSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEG
NLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLF LAAKNLSDATIL
LSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYI
DGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRR
QEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGAS
AQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIV
DLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDREFNASLGTYHDLLKI IKDKDFLDNEE
NEDILEDIVLTLTLFEDREMIEERLKTYAHLEFDDKVMKQLKRRRYTGWGRLSRKLINGIRDK
QSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKK
GILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOQKNSRERMKRIEEGIKELGSQILK
EHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTR
SDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEF IKRQL
VETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHH
AHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNE
FKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSK
ESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIM
ERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSK
YVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA
YNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGL
YETRIDLSQLGGDPKKKRKVSGSETPGTSESATPESTGRTLVIFKDVEVDF TREEWKLLDTA
QQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP

Fusion Protein 2
DNA Sequence
(SEQ ID NO:
1501)

ATGAACCACGACCAGGAATTTGACCCTCCAAAGGTTTACCCACCTGTCCCAGCTGAGAAGAG
GAAGCCCATCCGGGTGCTGTCTCTCTTTGATGGAATCGCTACAGGGCTCCTGGTGCTGAAGG
ACTTGGGCATTCAGGTGGACCGCTACATTGCCTCGGAGGTGTGTGAGGACTCCATCACGGTG
GGCATGGTGCGGCACCAGGGGAAGATCATGTACGTCGGGGACGTCCGCAGCGTCACACAGAA
GCATATCCAGGAGTGGGGCCCATTCGATCTGGTGATTGGGGGCAGTCCCTGCAATGACCTCT
CCATCGTCAACCCTGCTCGCAAGGGCCTCTACGAGGGCACTGGCCGGCTCTTCTTTGAGTTC
TACCGCCTCCTGCATGATGCGCGGCCCAAGGAGGGAGATGATCGCCCCTTCTTCTGGCTCTT
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TGAGAATGTGGTGGCCATGGGCGTTAGTGACAAGAGGGACATCTCGCGATTTCTCGAGTCCA
ACCCTGTGATGATTGATGCCAAAGAAGTGTCAGCTGCACACAGGGCCCGCTACTTCTGGGGT
AACCTTCCCGGTATGAACAGGCCGTTGGCATCCACTGTGAATGATAAGCTGGAGCTGCAGGA
GIGTICTGGAGCATGGCAGGATAGCCAAGTTCAGCAAAGTGAGGACCATTACTACGAGGTCAA
ACTCCATAAAGCAGGGCAAAGACCAGCATTTTCCTGTCTTCATGAATGAGAAAGAGGACATC
TTATGGTGCACTGAAATGGAAAGGGTATTTGGTTTCCCAGTCCACTATACTGACGTCTCCAA
CATGAGCCGCTTGGCGAGGCAGAGACTGCTGGGCCGGTCATGGAGCGTGCCAGTCATCCGCC
ACCTCTTCGCTCCGCTGAAGGAGTATTTTGCGTGTGTGTCTAGCGGCAATAGTAACGCTAAC
AGCCGCGGGCCGAGCTTCAGCAGCGGCCTGGTGCCGTTAAGCTTGCGCGGCAGCCATAATCC
CCTTGAGATGTTCGAAACCGTGCCTGTGTGGAGGAGACAGCCAGTCCGGGTGCTGTCCCTTT
TTGAAGACATCAAGAAAGAGCTGACGAGTTTGGGCTTTTTGGAAAGTGGTTCTGACCCGGGA
CAACTGAAGCATGTGGTTGATGTCACAGACACAGTGAGGAAGGATGTGGAGGAGTGGGGACC
CTTCGATCTTGTGTACGGCGCCACACCTCCCCTGGGCCACACCTGTGACCGTCCTCCCAGCT
GGTACCTGTTCCAGTTCCACCGGCTCCTGCAGTACGCACGGCCCAAGCCAGGCAGCCCCAGG
CCCTTICTTCTGGATGTTCGTGGACAATCTGGTGCTGAACAAGGAAGACCTGGACGTCGCATC
TCGCTTCCTGGAGATGGAGCCAGTCACCATCCCAGATGTCCACGGCGGATCCTTGCAGAATG
CTGTCCGCGTGTGGAGCAACATCCCAGCCATAAGGAGCAGGCACTGGGCTCTGGTTTCGGAA
GAAGAATTGTCCCTGCTGGCCCAGAACAAGCAGAGCTCGAAGCTCGCGGCCAAGTGGCCCAC
CAAGCTGGTGAAGAACTGCTITTCTCCCCCTAAGAGAATATTTCAAGTATTTTTCAACAGAAC
TCACTTCCTCTTTAGGAGGGCCGAGCTCTGGCGCACCCCCACCAAGTGGAGGGTCTCCTGCC
GGGTCCCCAACATCTACTGAAGAAGGCACCAGCGAATCCGCAACGCCCGAGTCAGGCCCTGG
TACCTCCACAGAACCATCTGAAGGTAGTGCGCCTGGTTCCCCAGCTGGAAGCCCTACTTCCA
CCGAAGAAGGCACGTCAACCGAACCAAGTGAAGGATCTGCCCCTGGGACCAGCACTGAACCA
TCTGAGCCAAAAAAGAAGAGAAAGGTAATGGACAAGAAGTACAGCATCGGCCTGGCCATCGG
CACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCA
AGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGCGCCCTGCTGTTC
GACAGCGGAGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAG
ACGGAAGAACCGGATCTIGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACG
ACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGG
CACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTA
CCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGG
CCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGAC
AACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGA
AAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGA
GCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGC
AACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGA
GGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCCC
AGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTG
CTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGAT
CAAGAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGC
TGCCTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATC
GATGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGA
CGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCT
TCGACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGG
CAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTT
CCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCA
GAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCCAGC
GCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCT
GCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTACAACGAGCTGACCAAAGTGAAAT
ACGTGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAAGCCATCGTG
GACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAA
GAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCC
TGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAA
AACGAGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGAT
CGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGC
GGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAG
CAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCAT
GCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCG
GCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAG
GGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGGCACAAGCC
CGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACA
GCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAA
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GAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAA
TGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTGG
ACGCTATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGATAACAAAGTGCTGACTCGG
AGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAA
GAACTACTGGCGCCAGCTGCTGAATGCCAAGCTGATTACCCAGAGGAAGTTCGACAATCTGA
CCAAGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTG
GTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAA
GTACGACGAGAACGACAAACTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGG
TGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCAC
GCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCT
GGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGA
GCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTT
TTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAA
CGGCGAAACAGGCGAGATCGTGTGGGATAAGGGCCGGGACTTTGCCACCGTGCGGAAAGTGC
TGTCTATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAA
GAGTCTATCCTGCCCAAGAGGAACAGCGACAAGCTGATCGCCAGAAAGAAGGACTGGGACCC
TAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAG
TGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATG
GAAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGT
GAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGA
AGAGAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAA
TATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAA
TGAGCAGAAACAGCTGTTTGTGGAACAGCACAAACACTACCTGGACGAGATCATCGAGCAGA
TCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGACAAGGTGCTGAGCGCC
TACAACAAGCACAGAGACAAGCCTATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTAC
CCTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGA
GGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTG
TACGAGACACGGATCGACCTGTICTCAGCTGGGAGGCGACCCAAAAAAGAAGAGAAAGGTAAG
CGGAAGTGAGACCCCAGGTACATCCGAATCAGCAACGCCTGAAAGCACCGGTCGGACACTGG
TGACCTTCAAGGATGTATTTGTGGACTTCACCAGGGAGGAGTGGAAGCTGCTGGACACTGCT
CAGCAGATCGTGTACAGAAATGTGATGCTGGAGAACTATAAGAACCTGGTTTCCTTGGGTTA
TCAGCTTACTAAGCCAGATGTGATCCTCCGGTTGGAGAAGGGAGAAGAGCCC

Fusion Protein 3
Amino Acid
Sequence

3A-ADD-m3A/3L-
NLS-dCas9-NLS-
KRAB
(SEQ ID NO:
1502)

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCEDSITV
GMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEF
YRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDQHFPVFMNEKEDI
LWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGNSNAN
SRGPSEFSSGLVPLSLRGSHMEVKVNRRSIEDICLCCGTLQVYTRHPLFEGGLCAPCKDKFELE
SLFLYDDDGHQSYCTICCSGGTLFICESPDCTRCYCFECVDILVGPGTSERINAMACWVCEL
CLPFSRSGLLOQRRKRWRHQLKAFHDQEGAGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSL
GFLESGSGSGGGTLKYVEDVTINVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYMFQFHRTI
LOYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVTLOQDVRGRDYQNAMRVWSNIP
GLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSS
GAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVMDKKYSIGLAIGINSVGWAVITDEYKVP SKKEFKVLGNTDRHS
IKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEES
FLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRG
HFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENP INASGVDAKAILSARLSKSRRLENLIAQ
LPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLF
LAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFF
DQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQT
HLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPW
NFEEVVDKGASAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPA
FLSGEQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKI
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRL
SRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHI
ANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEE
GIKELGSQILKEHPVENTQLONEKLYLYYLQONGRDMYVDQELDINRLSDYDVDAIVPQSFLK
DDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSE
LDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDEFRKDFQF
YKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATA
KYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVK
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KTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLK
SVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGEL
QKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVIL
ADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLD
ATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPESTGRTLVIFKDVEVDF
TREEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP

Fusion Protein 3
DNA Sequence
(SEQ ID NO:
1503)

ATGAACCATGACCAGGAATTTGACCCCCCAAAGGTTTACCCACCTGTGCCAGCTGAGAAGAG
GAAGCCCATCCGCGTGCTGTCTCTCTTTGATGGGATTGCTACAGGGCTCCTGGTGCTGAAGG
ACCTGGGCATCCAAGTGGACCGCTACATTGCCTCCGAGGTGTGTGAGGACTCCATCACGGTG
GGCATGGTGCGGCACCAGGGAAAGATCATGTACGTCGGGGACGTCCGCAGCGTCACACAGAA
GCATATCCAGGAGTGGGGCCCATTCGACCTGGTGATTGGAGGCAGTCCCTGCAATGACCTCT
CCATTGTCAACCCTGCCCGCAAGGGACTTTATGAGGGTACTGGCCGCCTCTTCTTTGAGTTC
TACCGCCTCCTGCATGATGCGCGGCCCAAGGAGGGAGATGATCGCCCCTTCTTCTGGCTCTT
TGAGAATGTGGTGGCCATGGGCGTTAGTGACAAGAGGGACATCTCGCGATTTCTTGAGTCTA
ACCCCGTGATGATTGACGCCAAAGAAGTGTCTGCTGCACACAGGGCCCGTTACTTCTGGGGT
AACCTTCCTGGCATGAACAGGCCTTTGGCATCCACTGTGAATGATAAGCTGGAGCTGCAAGA
GIGTICTGGAGCACGGCAGAATAGCCAAGTTCAGCAAAGTGAGGACCATTACCACCAGGTCAA
ACTCTATAAAGCAGGGCAAAGACCAGCATTTCCCCGTCTTCATGAACGAGAAGGAGGACATC
CTGTGGTGCACTGAAATGGAAAGGGTGTTTGGCTTCCCCGTCCACTACACAGACGTCTCCAA
CATGAGCCGCTTGGCGAGGCAGAGACTGCTGGGCCGATCGTGGAGCGTGCCGGTCATCCGCC
ACCTCTTCGCTCCGCTGAAGGAATATTTTGCTTGTGTGTCTAGCGGCAATAGTAACGCTAAC
AGCCGCGGGCCGAGCTTCAGCAGCGGCCTGGTGCCGTTAAGCTTGCGCGGCAGCCATATGGA
AGTCAAAGTGAACCGACGGAGCATTGAAGACATCTGCCTCTGCTGTGGAACTCTCCAGGTGT
ACACTCGGCACCCCTTGTTTGAGGGAGGGTTATGTGCCCCATGTAAGGATAAGTTCCTGGAG
TCCCTCTITCCTGTATGATGATGATGGACACCAGAGTTACTGCACCATCTGCTGTTCCGGGGG
TACCCTGTTCATCTIGTGAGAGCCCCGACTGTACCAGATGCTACTGTTTCGAGTGTGTGGACA
TCCTGGTGGGCCCCGGGACCTCAGAGAGGATCAATGCCATGGCCTGCTGGGTTTGCTTCCTG
TGCCTGCCCTTCTCACGGAGTGGACTGCTGCAGAGGCGCAAGAGGTGGCGGCACCAGCTGAA
GGCCTTCCATGATCAAGAGGGAGCGGGCCCTATGGAGATATACAAGACAGTGTCTGCATGGA
AGAGACAGCCAGTGCGGGTACTGAGCCTCTTCAGAAACATCGACAAGGTACTAAAGAGTTTG
GGCTTCTTGGAAAGCGGTTCTGGTTCTGGGGGAGGAACGCTGAAGTACGTGGAAGATGTCAC
AAATGTCGTGAGGAGAGACGTGGAGAAATGGGGCCCCTTTGACCTGGTGTACGGCTCGACGC
AGCCCCTAGGCAGCTCTTGTGATCGCTGTCCCGGCTGGTACATGTTCCAGTTCCACCGGATC
CTGCAGTATGCGCTGCCTCGCCAGGAGAGTCAGCGGCCCTTCTTCTGGATATTCATGGACAA
TCTGCTGCTGACTGAGGATGACCAAGAGACAACTACCCGCTTCCTTCAGACAGAGGCTGTGA
CCCTCCAGGATGTCCGTGGCAGAGACTACCAGAATGCTATGCGGGTGTGGAGCAACATTCCA
GGGCTGAAGAGCAAGCATGCGCCCCTGACCCCAAAGGAAGAAGAGTATCTGCAAGCCCAAGT
CAGAAGCAGGAGCAAGCTGGACGCCCCGAAAGTTGACCTCCTGGTGAAGAACTGCCTTCTCC
CGCTGAGAGAGTACTTCAAGTATTTITTCTCAAAACTCACTTCCTCTTGGAGGGCCGAGCTCT
GGCGCACCCCCACCAAGTGGAGGGTCTCCTGCCGGGTCCCCAACATCTACTGAAGAAGGCAC
CAGCGAATCCGCAACGCCCGAGTCAGGCCCTGGTACCTCCACAGAACCATCTGAAGGTAGTG
CGCCTGGTTCCCCAGCTGGAAGCCCTACTTCCACCGAAGAAGGCACGTCAACCGAACCAAGT
GAAGGATCTGCCCCTGGGACCAGCACTGAACCATCTGAGCCAAAAAAGAAGAGAAAGGTAAT
GGACAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCA
CCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGC
ATCAAGAAGAACCTGATCGGCGCCCTGCTGTTCGACAGCGGAGAAACAGCCGAGGCCACCCG
GCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAG
AGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCC
TTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGA
GGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCA
CCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGC
CACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCA
GCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACG
CCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAG
CTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGGCCTGAC
CCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACA
CCTACGACGACGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTT
CTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGA
GATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACC
TGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTTC
GACCAGAGCAAGAACGGCTACGCCGGCTACATCGATGGCGGAGCCAGCCAGGAAGAGTTCTA
CAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGA
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ACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAGATC
CACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGA
CAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGG
CCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGG
AACTTCGAGGAAGTGGTGGACAAGGGCGCCAGCGCCCAGAGCTTCATCGAGCGGATGACCAA
CTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACT
TCACCGTIGTACAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCC
TTCCTGAGCGGCGAGCAGAAAAAAGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGT
GACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAA
TCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATT
ATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCT
GACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACC
TGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTG
AGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCT
GAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCT
TTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATT
GCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGA
CGAGCTCGTGAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAG
AGAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAG
GGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCA
GAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAAC
TGGACATCAACCGGCTGTCCGACTACGATGTGGACGCTATCGTGCCTCAGAGCTTTCTGAAG
GACGACTCCATCGATAACAAAGTGCTGACTCGGAGCGACAAGAACCGGGGCAAGAGCGACAA
CGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGCCAGCTGCTGAATGCCA
AGCTGATTACCCAGAGGAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAA
CTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGT
GGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAACGACAAACTGATCCGGG
AAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTT
TACAAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGT
GGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACA
AGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCC
AAGTACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGG
CGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACAGGCGAGATCGTGTGGGATA
AGGGCCGGGACTTTGCCACCGTGCGGAAAGTGCTGTCTATGCCCCAAGTGAATATCGTGAAA
AAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAACAGCGA
CAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCA
CCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAG
AGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCAT
CGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTA
AGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTG
CAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCA
CTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGC
ACAAACACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTG
GCCGACGCTAATCTGGACAAGGTGCTGAGCGCCTACAACAAGCACAGAGACAAGCCTATCAG
AGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCT
TCAAGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGAC
GCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCT
GGGAGGCGACCCAAAAAAGAAGAGAAAGGTAAGCGGAAGTGAGACCCCAGGTACATCCGAAT
CAGCAACGCCTGAAAGCACCGGTCGGACACTGGTGACCTTCAAGGATGTATTTGTGGACTTC
ACCAGGGAGGAGTGGAAGCTGCTGGACACTGCTCAGCAGATCGTGTACAGAAATGTGATGCT
GGAGAACTATAAGAACCTGGTTTCCTTGGGTTATCAGCTTACTAAGCCAGATGTGATCCTCC
GGTTGGAGAAGGGAGAAGAGCCC

Fusion Protein 4
Amino Acid
Sequence

3A-ADD-h3L-NLS-
dCas9-NLS-KRAB
(SEQ ID NO:
1504)

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDGIATGLLVLKDLGIQVDRYIASEVCEDSITV
GMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEF
YRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDQHFPVEFMNEKEDI
LWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGNSNAN
SRGPSFSSGLVPLSLRGSHMEVKANQRNIEDICICCGSLQVHTQHPLFEGGICAPCKDKELD
ALFLYDDDGYQSYCSICCSGETLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYL
CLPSSRSGLLOQRRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRVLSLFEDIKKELTSL
GFLESGSDPGQLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCDRPP SWYLFQFHRLLQ
YARPKPGSPRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIPAT
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RSRHWALVSEEELSLLAQNKQSSKLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGGPSSG
APPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSE
GSAPGTSTEPSEPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVP SKKFKVLGNTDRHST
KKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSEFFHRLEESE
LVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGH
FLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQL
PGEKKNGLEFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLEL
AAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFD
QSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTEDNGSIPHQTIH
LGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWN
FEEVVDKGASAQSFIERMTINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAF
LSGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDREFNASLGTYHDLLKITI
KDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLS
RKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHTIA
NLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEG
IKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFELKD
DSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSEL
DKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFY
KVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAK
YFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKK
TEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKGKSKKLKS
VKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQ
KGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILA
DANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDA
TLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPESTGRTLVIFKDVEVDET
REEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP

Fusion Protein 4
DNA Sequence
(SEQ ID NO:
1505)

ATGAACCATGATCAAGAATTCGACCCACCTAAAGTCTACCCACCTGTGCCCGCCGAAAAAAG
GAAACCCATAAGGGTGCTGTCACTCTTTGATGGCATCGCCACTGGTCTCCTGGTTCTTAAGG
ATCTGGGAATTCAGGTCGATCGGTACATTGCTAGCGAGGTTTGTGAGGATAGTATTACAGTG
GGTATGGTGCGCCACCAGGGAAAGATCATGTATGTTGGTGACGTTAGGAGCGTCACCCAGAA
ACATATCCAGGAGTGGGGACCCTTTGATTTGGTGATCGGAGGTAGTCCCTGCAATGACCTTT
CCATCGTGAATCCAGCCAGGAAAGGGCTGTATGAAGGGACTGGTAGGCTCTTTTTCGAGTTT
TATCGCCTGCTTCACGACGCTAGACCTAAGGAAGGTGACGATAGGCCTTTICTTTTGGCTTTT
TGAGAACGTCGTGGCAATGGGAGTCTCCGACAAAAGGGACATTTCTCGCTTTCTGGAATCTA
ACCCCGTTATGATCGATGCCAAGGAAGTTTCTGCCGCTCACAGGGCAAGGTACTTCTGGGGC
AATCTGCCCGGAATGAATCGCCCACTGGCCAGTACCGTGAATGACAAACTGGAGCTGCAGGA
GTGCCTGGAGCACGGAAGAATCGCAAAGTTTTCTAAAGTCAGGACCATTACCACTCGCAGTA
ACTCCATAAAACAGGGTAAGGACCAGCATTTTCCCGTCTTCATGAATGAAAAGGAAGATATT
CIGTGGTGCACTGAAATGGAGAGAGTTTTCGGGTTTCCCGTGCACTATACCGATGTTTCCAA
CATGTCCCGCCTTGCAAGACAAAGGCTTTTGGGCCGCTCTTGGTCTGTGCCAGTGATCCGGC
ACTTGTTTGCTCCCCTCAAAGAGTACTTCGCTTGCGTCAGTTCCGGAAATTCAAACGCTAAC
TCTCGGGGTCCATCTTTCTCCAGTGGTCTCGTGCCACTGTCTCTCCGGGGCTCTCACATGGA
AGTCAAGGCTAACCAGCGAAATATAGAAGACATCTGCATCTGCTGCGGAAGTCTCCAGGTTC
ACACACAGCACCCTCTGTTTGAGGGAGGGATCTGCGCCCCATGTAAGGACAAGTTCCTGGAT
GCCCTICTTCCTGTACGACGATGACGGGTACCAATCCTACTGCTCCATCTGCTGCTCCGGAGA
GACGCTGCTCATCTGCGGAAACCCTGATTGCACCCGATGCTACTGCTTCGAGTGTGTGGATA
GCCTGGTCGGCCCCGGGACCTCGGGGAAGGTGCACGCCATGAGCAACTGGGTGTGCTACCTG
TGCCTGCCGTCCTCCCGAAGCGGGCTGCTGCAGCGTCGGAGGAAGTGGCGCAGCCAGCTCAA
GGCCTTCTACGACCGAGAGTCGGAGAATCCCCTGGAGATGTTTGAGACAGTGCCAGTCTGGC
GGAGGCAGCCCGTTCGCGTTCTCTCTCTGTTCGAAGATATTAAAAAGGAACTCACCTCCCTT
GGGTTCCTGGAGAGCGGGAGCGACCCCGGACAGCTTAAGCACGTGGTCGACGTGACTGACAC
CGTCCGCAAAGACGTGGAGGAATGGGGCCCCTTCGATCTGGTCTATGGGGCAACCCCTCCCC
TTGGGCATACATGTGATCGGCCTCCATCCTGGTACCTGTTCCAGTTTCACAGACTCCTGCAG
TATGCCAGGCCAAAGCCAGGGAGCCCAAGGCCCTTTTTCTGGATGTTCGTCGACAACCTGGT
CCTGAACAAAGAAGATCTCGACGTTGCTAGTCGCTTTCTCGAAATGGAGCCCGTGACCATTC
CCGACGTGCATGGCGGTTCCCTCCAGAATGCAGTCAGGGTTTGGAGCAATATCCCTGCCATC
AGGTCAAGGCACTGGGCACTGGTTTCAGAGGAAGAGCTGTCCCTCCTTGCCCAGAACAAGCA
GTCATCCAAACTGGCAGCCAAGTGGCCAACTAAGCTGGTCAAGAACTGCTTTCTTCCCCTCA
GAGAATATTTTAAGTATTTCAGTACTGAACTGACTAGCAGTCTGGGAGGGCCGAGCTCTGGC
GCACCCCCACCAAGTGGAGGGTCTCCTGCCGGGTCCCCAACATCTACTGAAGAAGGCACCAG
CGAATCCGCAACGCCCGAGTCAGGCCCTGGTACCTCCACAGAACCATCTGAAGGTAGTGCGC
CTGGTTCCCCAGCTGGAAGCCCTACTTCCACCGAAGAAGGCACGTCAACCGAACCAAGTGAA
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GGATCTGCCCCTGGGACCAGCACTGAACCATCTGAGCCAAAAAAGAAGAGAAAGGTAATGGA
CAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCG
ACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATC
AAGAAGAACCTGATCGGCGCCCTGCTGTTCGACAGCGGAGAAACAGCCGAGGCCACCCGGCT
GAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGA
TCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTC
CTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGT
GGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCG
ACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCAC
TTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCT
GGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCA
AGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTG
CCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGGCCTGACCCC
CAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCT
ACGACGACGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTG
GCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGAT
CACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGA
CCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTTCGAC
CAGAGCAAGAACGGCTACGCCGGCTACATCGATGGCGGAGCCAGCCAGGAAGAGTTCTACAA
GTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACA
GAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAGATCCAC
CTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAA
CCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCA
GGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAAC
TTCGAGGAAGTGGTGGACAAGGGCGCCAGCGCCCAGAGCTTCATCGAGCGGATGACCAACTT
CGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCA
CCGTGTACAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTC
CTGAGCGGCGAGCAGAAAAAAGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGAC
CGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCT
CCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATC
AAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGAC
CCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGT
TCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGC
CGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAA
GTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTA
AAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCC
AATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGA
GCTCGTGAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGA
ACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGC
ATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAA
CGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGG
ACATCAACCGGCTGTCCGACTACGATGTGGACGCTATCGTGCCTCAGAGCTTTCTGAAGGAC
GACTCCATCGATAACAAAGTGCTGACTCGGAGCGACAAGAACCGGGGCAAGAGCGACAACGT
GCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGCCAGCTGCTGAATGCCAAGC
TGATTACCCAGAGGAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTG
GATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGC
ACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAACGACAAACTGATCCGGGAAG
TGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTAC
AAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGG
AACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGG
TGTACGACGTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAG
TACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGA
GATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACAGGCGAGATCGTGTGGGATAAGG
GCCGGGACTTTGCCACCGTGCGGAAAGTGCTGTCTATGCCCCAAGTGAATATCGTGAAAAAG
ACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAACAGCGACAA
GCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCG
TGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGT
GTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGA
CTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGT
ACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAG
AAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTA
TGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACA
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AACACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCC
GACGCTAATCTGGACAAGGTGCTGAGCGCCTACAACAAGCACAGAGACAAGCCTATCAGAGA
GCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCA
AGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCC
ACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGGG
AGGCGACCCAAAAAAGAAGAGAAAGGTAAGCGGAAGTGAGACCCCAGGTACATCCGAATCAG
CAACGCCTGAAAGCACCGGTCGGACACTGGTGACCTTCAAGGATGTATTTGTGGACTTCACC
AGGGAGGAGTGGAAGCTGCTGGACACTGCTCAGCAGATCGTGTACAGAAATGTGATGCTGGA
GAACTATAAGAACCTGGTTTCCTTGGGTTATCAGCTTACTAAGCCAGATGTGATCCTCCGGT
TGGAGAAGGGAGAAGAGCCC

Fusion Protein 5
Amino Acid
Sequence

NLS-NLS-3A-3L-
dCas9-KRAB-NLS-
NLS
(SEQ ID NO:
1506)

MPKKKRKVPKKKRKVNHDQEFDPPKVYPPVPAEKRKPIRVLSLEFDGIATGLLVLKDLGIQVD
RYIASEVCEDSITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPFDLVIGGSPCNDLSIVNPAR
KGLYEGTGRLFFEFYRLLHDARPKEGDDRPFEWLFENVVAMGVSDKRDISRELESNPVMIDA
KEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVEGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLK
EYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHNPLEMEFETVPVWRRQPVRVLSLFEDIKKE
LTSLGFLESGSDPGQLKHVVDVIDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFH
RLLOQYARPKPGSPRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSN
IPATRSRHWALVSEEELSLLAQNKQSSKLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGG
PSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTST
EPSEGSAPGTSTEPSEMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKN
LIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVE
EDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLI
EGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGE
KKNGLFGNLIALSLGLTPNFKSNEDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAK
NLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSK
NGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGE
LHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEE
VVDKGASAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSG
EQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDK
DFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLKRRRYTGWGRLSRKL
INGIRDKQSGKTILDFLKSDGEFANRNFMOQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKE
LGSQILKEHPVENTQLONEKLYLYYLQONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSI
DNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKA
GFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVR
EINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFF
YSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEV
QTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKE
LLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGN
ELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADAN
LDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLI
HQOSITGLYETRIDLSQLGGDSGSETPGTSESATPESTGRTLVIFKDVEFVDF TREEWKLLDTA
QQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP SADYKDDDDKAPKKKRKVPKKKRK
\

Fusion Protein 5
DNA Sequence
(SEQ ID NO:
1507)

ATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTCAACCACGACCAGGAATT
CGACCCTCCAAAGGTTTACCCACCTGTCCCAGCTGAGAAGAGGAAGCCCATCCGGGTGCTGT
CTICICTTTGATGGAATCGCTACAGGGCTCCTGGTGCTGAAGGACTTGGGCATTCAGGTGGAC
CGCTACATTGCCTCGGAGGTGTGTGAGGACTCCATCACGGTGGGCATGGTGCGGCACCAGGG
GAAGATCATGTACGTCGGGGACGTCCGCAGCGTCACACAGAAGCATATCCAGGAGTGGGGCC
CATTCGATCTGGTGATTGGGGGCAGTCCCTGCAATGACCTCTCCATCGTCAACCCTGCTCGC
AAGGGCCTCTACGAGGGCACTGGCCGGCTCTTICTTTGAGTTCTACCGCCTCCTGCATGATGC
GCGGCCCAAGGAGGGAGATGATCGCCCCTTCTTCTGGCTCTTTGAGAATGTGGTGGCCATGG
GCGTTAGTGACAAGAGGGACATCTCGCGATTTCTCGAGTCCAACCCTGTGATGATTGATGCC
AAAGAAGTGTCAGCTGCACACAGGGCCCGCTACTTCTGGGGTAACCTTCCCGGTATGAACAG
GCCGTTGGCATCCACTGTGAATGATAAGCTGGAGCTGCAGGAGTGTCTGGAGCATGGCAGGA
TAGCCAAGTTCAGCAAAGTGAGGACCATTACTACGAGGTCAAACTCCATAAAGCAGGGCAAA
GACCAGCATTTTICCTGTICTTCATGAATGAGAAAGAGGACATCTTATGGTGCACTGAAATGGA
AAGGGTATTTGGTTTCCCAGTCCACTATACTGACGTCTCCAACATGAGCCGCTTGGCGAGGC
AGAGACTGCTGGGCCGGTCATGGAGCGTGCCAGTCATCCGCCACCTCTTCGCTCCGCTGAAG
GAGTATTTTGCGTIGTGTGTCTAGCGGCAATAGTAACGCTAACAGCCGCGGGCCGAGCTTCAG
CAGCGGCCTGGTGCCGTTAAGCTTGCGCGGCAGCCATAATCCCCTTGAGATGTTCGAAACCG
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TGCCTGTGTGGAGGAGACAGCCAGTCCGGGTGCTGTCCCTTTITTGAAGACATCAAGAAAGAG
CTGACGAGTTTGGGCTTTTTGGAAAGTGGTTCTGACCCGGGACAACTGAAGCATGTGGTTGA
TGTCACAGACACAGTGAGGAAGGATGTGGAGGAGTGGGGACCCTTCGATCTTGTGTACGGCG
CCACACCTCCCCTGGGCCACACCTGTGACCGTCCTCCCAGCTGGTACCTGTTCCAGTTCCAC
CGGCTCCTGCAGTACGCACGGCCCAAGCCAGGCAGCCCCAGGCCCTTCTTICTGGATGTTCGT
GGACAATCTGGTGCTGAACAAGGAAGACCTGGACGTCGCATCTCGCTTCCTGGAGATGGAGC
CAGTCACCATCCCAGATGTCCACGGCGGATCCTTGCAGAATGCTGTCCGCGTGTGGAGCAAC
ATCCCAGCCATAAGGAGCAGGCACTGGGCTCTGGTTTCGGAAGAAGAATTGTCCCTGCTGGC
CCAGAACAAGCAGAGCTCGAAGCTCGCGGCCAAGTGGCCCACCAAGCTGGTGAAGAACTGCT
TTCTCCCCCTAAGAGAATATTTCAAGTATTTTTCAACAGAACTCACTTCCTCTTTAGGAGGG
CCGAGCTCTGGCGCACCCCCACCAAGTGGAGGGTCTCCTGCCGGGTCCCCAACATCTACTGA
AGAAGGCACCAGCGAATCCGCAACGCCCGAGTCAGGCCCTGGTACCTCCACAGAACCATCTG
AAGGTAGTGCGCCTGGTTCCCCAGCTGGAAGCCCTACTTCCACCGAAGAAGGCACGTCAACC
GAACCAAGTGAAGGATCTGCCCCTGGGACCAGCACTGAACCATCTGAGATGGACAAGAAGTA
CAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACA
AGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAAC
CTGATCGGCGCCCTGCTGTTCGACAGCGGAGAAACAGCCGAGGCCACCCGGCTGAAGAGAAC
CGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCA
ACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAA
GAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCA
CGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCG
ACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATC
GAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGAC
CTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCC
TGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAG
AAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAA
GAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACG
ACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAG
AACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGC
CCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCTGCTGA
AAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAG
AACGGCTACGCCGGCTACATCGATGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAA
GCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACC
TGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAG
CTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAA
GATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACA
GCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAA
GTGGTGGACAAGGGCGCCAGCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAA
CCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTACA
ACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGC
GAGCAGAAAAAAGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCA
GCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGG
AAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAG
GACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGACCCTGACACT
GTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACA
AAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTG
ATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGG
CTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACA
TCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCC
GGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAA
AGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCA
CCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAG
CTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCT
GTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACC
GGCTGTCCGACTACGATGTGGACGCTATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATC
GATAACAAAGTGCTGACTCGGAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGA
AGAGGTCGTGAAGAAGATGAAGAACTACTGGCGCCAGCTGCTGAATGCCAAGCTGATTACCC
AGAGGAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCC
GGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCT
GGACTCCCGGATGAACACTAAGTACGACGAGAACGACAAACTGATCCGGGAAGTGAAAGTGA
TCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGC
GAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCT
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GATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACG
TGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTC
TACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAA
GCGGCCTCTGATCGAGACAAACGGCGAAACAGGCGAGATCGTGTGGGATAAGGGCCGGGACT
TTGCCACCGTGCGGAAAGTGCTGTCTATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTG
CAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAACAGCGACAAGCTGATCGC
CAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATT
CTIGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAG
CTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGA
AGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGT
TCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAAC
GAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCT
GAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAACACTACC
TGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAAT
CTGGACAAGGTGCTGAGCGCCTACAACAAGCACAGAGACAAGCCTATCAGAGAGCAGGCCGA
GAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTG
ACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATC
CACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACAG
CGGAAGTGAGACCCCAGGTACATCCGAATCAGCAACGCCTGAAAGCACCGGTCGGACACTGG
TGACCTTCAAGGATGTATTTIGTGGACTTCACCAGGGAGGAGTGGAAGCTGCTGGACACTGCT
CAGCAGATCGTGTACAGAAATGTGATGCTGGAGAACTATAAGAACCTGGTTTCCTTGGGTTA
TCAGCTTACTAAGCCAGATGTGATCCTCCGGTTGGAGAAGGGAGAAGAGCCCAGCGCTGATT
ACAAAGATGATGACGATAAAGCCCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAG
GTC

Fusion Protein 6
Amino Acid
Sequence

NLS-NLS-3A-3L-
dCas9-KRAB-NLS-
NLS
(SEQ ID NO:
1508)

MPKKKRKVPKKKRKVNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDGIATGLLVLKDLGIQVD
RYIASEVCEDSITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPFDLVIGGSPCNDLSIVNPAR
KGLYEGTGRLFFEFYRLLHDARPKEGDDRPFEFWLFENVVAMGVSDKRDISRELESNPVMIDA
KEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVEGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLK
EYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLEFRNIDK
VLKSLGFLESGSGSGGGTLKYVEDVTINVVRRDVEKWGPFDLVYGSTQPLGS SCDRCPGWYMF
QFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRELOQTEAVTLODVRGRDYQNAMRV
WSNIPGLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPL
GGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
STEPSEGSAPGTSTEPSEMDKKYSIGLAIGTNSVGWAVITDEYKVP SKKFKVLGNTDRHSIK
KNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFEFL
VEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENP INASGVDAKAILSARLSKSRRLENLIAQLP
GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLA
AKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQ
SKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTEDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNE
EEVVDKGASAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIK
DKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSR
KLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIAN
LAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGI
KELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDD
SIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELD
KAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDERKDFQFYK
VREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKY
FEFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKT
EVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSV
KELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQK
GNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILAD
ANLDKVLSAYNKHRDKPIREQAENITHLETLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDAT
LIHQSITGLYETRIDLSQLGGDSGSETPGTSESATPESTGRTLVIFKDVEVDF TREEWKLLD
TAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP SADYKDDDDKAPKKKRKVPKKK
RKV

Fusion Protein 6
DNA Sequence

ATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAACCATGACCAGGA
ATTCGACCCCCCAAAGGTTTACCCACCTGTGCCAGCTGAGAAGAGGAAGCCCATCCGCGTGC
TGTCTCTCTTTGATGGGATTGCTACAGGGCTCCTGGTGCTGAAGGACCTGGGCATCCAAGTG
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(SEQ ID NO: GACCGCTACATTGCCTCCGAGGTGTGTGAGGACTCCATCACGGTGGGCATGGTGCGGCACCA
1509) GGGAAAGATCATGTACGTCGGGGACGTCCGCAGCGTCACACAGAAGCATATCCAGGAGTGGG

GCCCATTCGACCTGGTGATTGGAGGCAGTCCCTGCAATGACCTCTCCATTGTCAACCCTGCC
CGCAAGGGACTTTATGAGGGTACTGGCCGCCTCTTCTTTGAGTTCTACCGCCTCCTGCATGA
TGCGCGGCCCAAGGAGGGAGATGATCGCCCCTTCTTCTGGCTCTTTGAGAATGTGGTGGCCA
TGGGCGTTAGTGACAAGAGGGACATCTCGCGATTTCTTGAGTCTAACCCCGTGATGATTGAC
GCCAAAGAAGTGTCTGCTGCACACAGGGCCCGTTACTTCTGGGGTAACCTTCCTGGCATGAA
CAGGCCTTTGGCATCCACTGTGAATGATAAGCTGGAGCTGCAAGAGTGTCTGGAGCACGGCA
GAATAGCCAAGTTCAGCAAAGTGAGGACCATTACCACCAGGTCAAACTCTATAAAGCAGGGC
AAAGACCAGCATTTCCCCGTCTTCATGAACGAGAAGGAGGACATCCTGTGGTGCACTGAAAT
GGAAAGGGTGTTTGGCTTCCCCGTCCACTACACAGACGTCTCCAACATGAGCCGCTTGGCGA
GGCAGAGACTGCTGGGCCGATCGTGGAGCGTGCCGGTCATCCGCCACCTCTTCGCTCCGCTG
AAGGAATATTTTGCTTGTGTGTCTAGCGGCAATAGTAACGCTAACAGCCGCGGGCCGAGCTT
CAGCAGCGGCCTGGTGCCGTTAAGCTTGCGCGGCAGCCATATGGGCCCTATGGAGATATACA
AGACAGTGTCTGCATGGAAGAGACAGCCAGTGCGGGTACTGAGCCTCTTCAGAAACATCGAC
AAGGTACTAAAGAGTTIGGGCTTCTITGGAAAGCGGTTCTGGTTCTGGGGGAGGAACGCTGAA
GTACGTGGAAGATGTCACAAATGTCGTGAGGAGAGACGTGGAGAAATGGGGCCCCTTTGACC
TGGTGTACGGCTCGACGCAGCCCCTAGGCAGCTCTTGTGATCGCTGTCCCGGCTGGTACATG
TTCCAGTTCCACCGGATCCTGCAGTATGCGCTGCCTCGCCAGGAGAGTCAGCGGCCCTTCTT
CTGGATATTCATGGACAATCTGCTGCTGACTGAGGATGACCAAGAGACAACTACCCGCTTCC
TTCAGACAGAGGCTGTGACCCTCCAGGATGTCCGTGGCAGAGACTACCAGAATGCTATGCGG
GTGTGGAGCAACATTCCAGGGCTGAAGAGCAAGCATGCGCCCCTGACCCCAAAGGAAGAAGA
GTATCTGCAAGCCCAAGTCAGAAGCAGGAGCAAGCTGGACGCCCCGAAAGTTGACCTCCTGG
TGAAGAACTGCCTTCTCCCGCTGAGAGAGTACTTCAAGTATTTTTCTCAAAACTCACTTCCT
CTTGGAGGGCCGAGCTCTGGCGCACCCCCACCAAGTGGAGGGTCTCCTGCCGGGTCCCCAAC
ATCTACTGAAGAAGGCACCAGCGAATCCGCAACGCCCGAGTCAGGCCCTGGTACCTCCACAG
AACCATCTGAAGGTAGTGCGCCTGGTTCCCCAGCTGGAAGCCCTACTTCCACCGAAGAAGGC
ACGTCAACCGAACCAAGTGAAGGATCTGCCCCTGGGACCAGCACTGAACCATCTGAGATGGA
CAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCG
ACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATC
AAGAAGAACCTGATCGGCGCCCTGCTGTTCGACAGCGGAGAAACAGCCGAGGCCACCCGGCT
GAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGA
TCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTC
CTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGT
GGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCG
ACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCAC
TTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCT
GGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCA
AGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTG
CCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGGCCTGACCCC
CAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCT
ACGACGACGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTG
GCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGAT
CACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGA
CCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTTCGAC
CAGAGCAAGAACGGCTACGCCGGCTACATCGATGGCGGAGCCAGCCAGGAAGAGTTCTACAA
GTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACA
GAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAGATCCAC
CTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAA
CCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCA
GGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAAC
TTCGAGGAAGTGGTGGACAAGGGCGCCAGCGCCCAGAGCTTCATCGAGCGGATGACCAACTT
CGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCA
CCGTGTACAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTC
CTGAGCGGCGAGCAGAAAAAAGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGAC
CGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCT
CCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATC
AAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGAC
CCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGT
TCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGC
CGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAA
GTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTA
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AAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCC
AATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGA
GCTCGTGAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGA
ACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGC
ATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAA
CGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGG
ACATCAACCGGCTGTICCGACTACGATGTGGACGCTATCGTGCCTCAGAGCTTTCTGAAGGAC
GACTCCATCGATAACAAAGTGCTGACTCGGAGCGACAAGAACCGGGGCAAGAGCGACAACGT
GCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGCCAGCTGCTGAATGCCAAGC
TGATTACCCAGAGGAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTG
GATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGC
ACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAACGACAAACTGATCCGGGAAG
TGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTAC
AAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGG
AACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGG
TGTACGACGTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAG
TACTTICTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGA
GATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACAGGCGAGATCGTGTGGGATAAGG
GCCGGGACTTTGCCACCGTGCGGAAAGTGCTGTCTATGCCCCAAGTGAATATCGTGAAAAAG
ACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAACAGCGACAA
GCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCG
TGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGT
GTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGA
CTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGT
ACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAG
AAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTA
TGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACA
AACACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCC
GACGCTAATCTGGACAAGGTGCTGAGCGCCTACAACAAGCACAGAGACAAGCCTATCAGAGA
GCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCA
AGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCC
ACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGGG
AGGCGACAGCGGAAGTGAGACCCCAGGTACATCCGAATCAGCAACGCCTGAAAGCACCGGTC
GGACACTGGTGACCTTCAAGGATGTATTTGTGGACTTCACCAGGGAGGAGTGGAAGCTGCTG
GACACTGCTCAGCAGATCGTGTACAGAAATGTGATGCTGGAGAACTATAAGAACCTGGTTTC
CTTGGGTTATCAGCTTACTAAGCCAGATGTGATCCTCCGGTTGGAGAAGGGAGAAGAGCCCA
GCGCTGATTACAAAGATGATGACGATAAAGCCCCAAAAAAGAAGAGAAAGGTACCGAAGAAA
AAAAGAAAGGTC

Fusion Protein 7
Amino Acid
Sequence

NLS-NLS-3A-3L-
dCas9-ZIM-NLS-
NLS
(SEQ ID NO:
1510)

MPKKKRKVPKKKRKVNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDGIATGLLVLKDLGIQVD
RYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTIQKHIQEWGPFDLVIGGSPCNDLSIVNPAR
KGLYEGTGRLFFEFYRLLHDARPKEGDDRPFEWLFENVVAMGVSDKRDISRELESNPVMIDA
KEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLK
EYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLERNIDK
VLKSLGFLESGSGSGGGTLKYVEDVINVVRRDVEKWGPFDLVYGSTQPLGS SCDRCPGWYMF
QFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVTLODVRGRDYQNAMRV
WSNIPGLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQONSLPL
GGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEP SEGSAPGSPAGSPTSTEEGT
STEPSEGSAPGTSTEPSEMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIK
KNLIGALLEDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFEHRLEESEL
VEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLP
GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLA
AKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQ
SKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSREFAWMTRKSEETITPWNE
EEVVDKGASAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTINRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIK
DKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSR
KLINGIRDKQSGKTILDFLKSDGEFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIAN
LAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGI
KELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDD
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SIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLI TQRKEFDNLTKAERGGLSELD
KAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYK
VREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKY
FEYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKT
EVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSV
KELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQK
GNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILAD
ANLDKVLSAYNKHRDKPIREQAENITIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDAT
LIHQSITGLYETRIDLSQLGGDSGSETPGTSESATPESTGMNNSQGRVTFEDVIVNETQGEW
QORLNPEQRNLYRDVMLENYSNLVSVGQGETTKPDVILRLEQGKEPWLEEEEVLGSGRAEKNG
DIGGQIWKPKDVKESLSADYKDDDDKAPKKKRKVPKKKRKV

Fusion Protein 7
DNA Sequence
(SEQ ID NO:
1511)

ATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAACCATGACCAGGA
ATTCGACCCCCCAAAGGTTTACCCACCTGTGCCAGCTGAGAAGAGGAAGCCCATCCGCGTGC
TGTCICICTTTGATGGGATTGCTACAGGGCTCCTGGTGCTGAAGGACCTGGGCATCCAAGTG
GACCGCTACATTGCCTCCGAGGTGTGTGAGGACTCCATCACGGTGGGCATGGTGCGGCACCA
GGGAAAGATCATGTACGTCGGGGACGTCCGCAGCGTCACACAGAAGCATATCCAGGAGTGGG
GCCCATTCGACCTGGTGATTGGAGGCAGTCCCTGCAATGACCTCTCCATTGTCAACCCTGCC
CGCAAGGGACTTTATGAGGGTACTGGCCGCCTCTTCTTTGAGTTCTACCGCCTCCTGCATGA
TGCGCGGCCCAAGGAGGGAGATGATCGCCCCTTCTTCTGGCTCTTTGAGAATGTGGTGGCCA
TGGGCGTTAGTGACAAGAGGGACATCTCGCGATTTICTTGAGTCTAACCCCGTGATGATTGAC
GCCAAAGAAGTGTCTGCTGCACACAGGGCCCGTTACTTCTGGGGTAACCTTCCTGGCATGAA
CAGGCCTTTGGCATCCACTGTGAATGATAAGCTGGAGCTGCAAGAGTGTCTGGAGCACGGCA
GAATAGCCAAGTTCAGCAAAGTGAGGACCATTACCACCAGGTCAAACTCTATAAAGCAGGGC
AAAGACCAGCATTTCCCCGTCTTCATGAACGAGAAGGAGGACATCCTGTGGTGCACTGAAAT
GGAAAGGGTGTTTGGCTTCCCCGTCCACTACACAGACGTCTCCAACATGAGCCGCTTGGCGA
GGCAGAGACTGCTGGGCCGATCGTGGAGCGTGCCGGTCATCCGCCACCTCTTCGCTCCGCTG
AAGGAATATTTTGCTTGTGTGTCTAGCGGCAATAGTAACGCTAACAGCCGCGGGCCGAGCTT
CAGCAGCGGCCTGGTGCCGTTAAGCTTGCGCGGCAGCCATATGGGCCCTATGGAGATATACA
AGACAGTGTCTGCATGGAAGAGACAGCCAGTGCGGGTACTGAGCCTCTTCAGAAACATCGAC
AAGGTACTAAAGAGTTTGGGCTTCTTGGAAAGCGGTTCTGGTTCTGGGGGAGGAACGCTGAA
GTACGTGGAAGATGTCACAAATGTCGTGAGGAGAGACGTGGAGAAATGGGGCCCCTTTGACC
TGGTGTACGGCTCGACGCAGCCCCTAGGCAGCTCTTGTGATCGCTGTCCCGGCTGGTACATG
TTCCAGTTCCACCGGATCCTGCAGTATGCGCTGCCTCGCCAGGAGAGTCAGCGGCCCTTCTT
CTGGATATTCATGGACAATCTGCTGCTGACTGAGGATGACCAAGAGACAACTACCCGCTTCC
TTCAGACAGAGGCTGTGACCCTCCAGGATGTCCGTGGCAGAGACTACCAGAATGCTATGCGG
GTGTGGAGCAACATTCCAGGGCTGAAGAGCAAGCATGCGCCCCTGACCCCAAAGGAAGAAGA
GTATCTGCAAGCCCAAGTCAGAAGCAGGAGCAAGCTGGACGCCCCGAAAGTTGACCTCCTGG
TGAAGAACTGCCTTCTCCCGCTGAGAGAGTACTTCAAGTATTTTTCTCAAAACTCACTTCCT
CTTGGAGGGCCGAGCTCTGGCGCACCCCCACCAAGTGGAGGGTCTCCTGCCGGGTCCCCAAC
ATCTACTGAAGAAGGCACCAGCGAATCCGCAACGCCCGAGTCAGGCCCTGGTACCTCCACAG
AACCATCTGAAGGTAGTGCGCCTGGTTCCCCAGCTGGAAGCCCTACTTCCACCGAAGAAGGC
ACGTCAACCGAACCAAGTGAAGGATCTGCCCCTGGGACCAGCACTGAACCATCTGAGATGGA
CAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCG
ACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATC
AAGAAGAACCTGATCGGCGCCCTGCTGTTCGACAGCGGAGAAACAGCCGAGGCCACCCGGCT
GAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGA
TCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTC
CTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGT
GGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCG
ACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCAC
TTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCT
GGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCA
AGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTG
CCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGGCCTGACCCC
CAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCT
ACGACGACGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTG
GCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGAT
CACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGA
CCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTTCGAC
CAGAGCAAGAACGGCTACGCCGGCTACATCGATGGCGGAGCCAGCCAGGAAGAGTTCTACAA
GTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACA
GAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAGATCCAC
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CTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAA
CCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCA
GGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAAC
TTCGAGGAAGTGGTGGACAAGGGCGCCAGCGCCCAGAGCTTCATCGAGCGGATGACCAACTT
CGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCA
CCGTGTACAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTC
CTGAGCGGCGAGCAGAAAAAAGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGAC
CGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCT
CCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATC
AAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGAC
CCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGT
TCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGC
CGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAA
GTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTA
AAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCC
AATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGA
GCTCGTGAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGA
ACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGC
ATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAA
CGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGG
ACATCAACCGGCTGTCCGACTACGATGTGGACGCTATCGTGCCTCAGAGCTTTCTGAAGGAC
GACTCCATCGATAACAAAGTGCTGACTCGGAGCGACAAGAACCGGGGCAAGAGCGACAACGT
GCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGCCAGCTGCTGAATGCCAAGC
TGATTACCCAGAGGAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTG
GATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGC
ACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAACGACAAACTGATCCGGGAAG
TGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTAC
AAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGG
AACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGG
TGTACGACGTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAG
TACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGA
GATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACAGGCGAGATCGTGTGGGATAAGG
GCCGGGACTTTGCCACCGTGCGGAAAGTGCTGTCTATGCCCCAAGTGAATATCGTGAAAAAG
ACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAACAGCGACAA
GCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCG
TGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGT
GTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGA
CTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGT
ACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAG
AAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTA
TGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACA
AACACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCC
GACGCTAATCTGGACAAGGTGCTGAGCGCCTACAACAAGCACAGAGACAAGCCTATCAGAGA
GCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCA
AGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCC
ACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGGG
AGGCGACAGCGGAAGTGAGACCCCAGGTACATCCGAATCAGCAACGCCTGAAAGCACCGGTA
TGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGTGAACTTCACCCAGGGAGAA
TGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTATCGGGACGTGATGCTGGAAAACTACTC
AAATTTGGTGAGCGTTGGGCAGGGTGAGACCACTAAGCCTGACGTGATCCTGAGATTGGAAC
AGGGCAAGGAGCCTTGGCTCGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCCGAGAAAAAC
GGTGATATAGGAGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAGCGCTGATTA
CAAAGATGATGACGATAAAGCCCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGG
TC

Fusion Protein 8
Amino Acid
Sequence

NLS-NLS-3A-3L-
dCas9-ZFP-NLS-
NLS

MPKKKRKVPKKKRKVNHDQEFDPPKVYPPVPAEKRKP IRVLSLFDGIATGLLVLKDLGIQVD
RYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTIQKHIQEWGPFDLVIGGSPCNDLSIVNPAR
KGLYEGTGRLFFEFYRLLHDARPKEGDDRPFEFWLFENVVAMGVSDKRDISRELESNPVMIDA
KEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVEGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLK
EYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLERNIDK
VLKSLGFLESGSGSGGGTLKYVEDVTNVVRRDVEKWGPEFDLVYGSTQPLGS SCDRCPGWYMF
QFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLOTEAVTLODVRGRDYQNAMRV
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(SEQ ID NO:
1512)

WSNIPGLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPL
GGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEP SEGSAPGSPAGSPTSTEEGT
STEPSEGSAPGTSTEPSEMDKKYSIGLAIGTNSVGWAVITDEYKVP SKKFKVLGNTDRHSIK
KNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFEFHRLEESFEL
VEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLP
GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLA
AKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQ
SKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTEDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNE
EEVVDKGASAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIK
DKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSR
KLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIAN
LAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGI
KELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDD
SIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLI TQRKEFDNLTKAERGGLSELD
KAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYK
VREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKY
FEFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKT
EVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSV
KELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQK
GNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILAD
ANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDAT
LIHQSITGLYETRIDLSQLGGDSGSETPGTSESATPESTGNKKLEAVGTGIEPKAMSQGLVT
FGDVAVDFSQEEWEWLNP IQRNLYRKVMLENYRNLASLGLCVSKPDVISSLEQGKEPWSADY
KDDDDKAPKKKRKVPKKKRKV

Fusion Protein 8
DNA Sequence
(SEQ ID NO:
1513)

ATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAACCATGACCAGGA
ATTCGACCCCCCAAAGGTTTACCCACCTGTGCCAGCTGAGAAGAGGAAGCCCATCCGCGTGC
TGTCTICTICTTTGATGGGATTGCTACAGGGCTCCTGGTGCTGAAGGACCTGGGCATCCAAGTG
GACCGCTACATTGCCTCCGAGGTGTGTGAGGACTCCATCACGGTGGGCATGGTGCGGCACCA
GGGAAAGATCATGTACGTCGGGGACGTCCGCAGCGTCACACAGAAGCATATCCAGGAGTGGG
GCCCATTCGACCTGGTGATTGGAGGCAGTCCCTGCAATGACCTCTCCATTGTCAACCCTGCC
CGCAAGGGACTTTATGAGGGTACTGGCCGCCTICTTCTTTGAGTTCTACCGCCTCCTGCATGA
TGCGCGGCCCAAGGAGGGAGATGATCGCCCCTTCTTCTGGCTCTTTGAGAATGTGGTGGCCA
TGGGCGTTAGTGACAAGAGGGACATCTCGCGATTTICTTGAGTCTAACCCCGTGATGATTGAC
GCCAAAGAAGTGTCTGCTGCACACAGGGCCCGTTACTTCTGGGGTAACCTTCCTGGCATGAA
CAGGCCTTTGGCATCCACTGTGAATGATAAGCTGGAGCTGCAAGAGTGTCTGGAGCACGGCA
GAATAGCCAAGTTCAGCAAAGTGAGGACCATTACCACCAGGTCAAACTCTATAAAGCAGGGC
AAAGACCAGCATTTCCCCGTICTTCATGAACGAGAAGGAGGACATCCTGTGGTGCACTGAAAT
GGAAAGGGTGTTTGGCTTCCCCGTCCACTACACAGACGTCTCCAACATGAGCCGCTTGGCGA
GGCAGAGACTGCTGGGCCGATCGTGGAGCGTGCCGGTCATCCGCCACCTCTTCGCTCCGCTG
AAGGAATATTTTGCTTGTGTGTCTAGCGGCAATAGTAACGCTAACAGCCGCGGGCCGAGCTT
CAGCAGCGGCCTGGTGCCGTTAAGCTTGCGCGGCAGCCATATGGGCCCTATGGAGATATACA
AGACAGTGTICTGCATGGAAGAGACAGCCAGTGCGGGTACTGAGCCTCTTCAGAAACATCGAC
AAGGTACTAAAGAGTTTGGGCTTCTTGGAAAGCGGTTCTGGTTCTGGGGGAGGAACGCTGAA
GTACGTGGAAGATGTCACAAATGTCGTGAGGAGAGACGTGGAGAAATGGGGCCCCTTTGACC
TGGTGTACGGCTCGACGCAGCCCCTAGGCAGCTCTTGTGATCGCTGTCCCGGCTGGTACATG
TTCCAGTTCCACCGGATCCTGCAGTATGCGCTGCCTCGCCAGGAGAGTCAGCGGCCCTTCTT
CTGGATATTCATGGACAATCTGCTGCTGACTGAGGATGACCAAGAGACAACTACCCGCTTCC
TTCAGACAGAGGCTGTGACCCTCCAGGATGTCCGTGGCAGAGACTACCAGAATGCTATGCGG
GTGTGGAGCAACATTCCAGGGCTGAAGAGCAAGCATGCGCCCCTGACCCCAAAGGAAGAAGA
GTATCTGCAAGCCCAAGTCAGAAGCAGGAGCAAGCTGGACGCCCCGAAAGTTGACCTCCTGG
TGAAGAACTGCCTTCTCCCGCTGAGAGAGTACTTCAAGTATTTTTCTCAAAACTCACTTCCT
CTTGGAGGGCCGAGCTCTGGCGCACCCCCACCAAGTGGAGGGTCTCCTGCCGGGTCCCCAAC
ATCTACTGAAGAAGGCACCAGCGAATCCGCAACGCCCGAGTCAGGCCCTGGTACCTCCACAG
AACCATCTGAAGGTAGTGCGCCTGGTTCCCCAGCTGGAAGCCCTACTTCCACCGAAGAAGGC
ACGTCAACCGAACCAAGTGAAGGATCTGCCCCTGGGACCAGCACTGAACCATCTGAGATGGA
CAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCG
ACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATC
AAGAAGAACCTGATCGGCGCCCTGCTGTTCGACAGCGGAGAAACAGCCGAGGCCACCCGGCT
GAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGA
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TCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTC
CTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGT
GGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCG
ACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCAC
TTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCT
GGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCA
AGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTG
CCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGGCCTGACCCC
CAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCT
ACGACGACGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTG
GCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGAT
CACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGA
CCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTICTTCGAC
CAGAGCAAGAACGGCTACGCCGGCTACATCGATGGCGGAGCCAGCCAGGAAGAGTTCTACAA
GTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACA
GAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAGATCCAC
CTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAA
CCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCA
GGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAAC
TTCGAGGAAGTGGTGGACAAGGGCGCCAGCGCCCAGAGCTTCATCGAGCGGATGACCAACTT
CGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCA
CCGTGTACAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTC
CTGAGCGGCGAGCAGAAAAAAGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGAC
CGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCT
CCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATC
AAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGAC
CCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGT
TCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGC
CGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAA
GTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTA
AAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCC
AATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGA
GCTCGTGAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGA
ACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGC
ATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAA
CGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGG
ACATCAACCGGCTGTCCGACTACGATGTGGACGCTATCGTGCCTCAGAGCTTTCTGAAGGAC
GACTCCATCGATAACAAAGTGCTGACTCGGAGCGACAAGAACCGGGGCAAGAGCGACAACGT
GCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGCCAGCTGCTGAATGCCAAGC
TGATTACCCAGAGGAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTG
GATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGC
ACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAACGACAAACTGATCCGGGAAG
TGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTAC
AAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGG
AACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGG
TGTACGACGTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAG
TACTTICTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGA
GATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACAGGCGAGATCGTGTGGGATAAGG
GCCGGGACTTTGCCACCGTGCGGAAAGTGCTGTCTATGCCCCAAGTGAATATCGTGAAAAAG
ACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAACAGCGACAA
GCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCG
TGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGT
GTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGA
CTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGT
ACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAG
AAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTA
TGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACA
AACACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCC
GACGCTAATCTGGACAAGGTGCTGAGCGCCTACAACAAGCACAGAGACAAGCCTATCAGAGA
GCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCA
AGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCC
ACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGGG
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AGGCGACAGCGGAAGTGAGACCCCAGGTACATCCGAATCAGCAACGCCTGAAAGCACCGGTA
ACAAAAAGCTTGAGGCCGTCGGAACCGGAATCGAACCAAAAGCAATGTCCCAGGGTTTGGTG
ACATTTGGCGACGTGGCTGTCGATTTTTCCCAGGAAGAGTGGGAGTGGCTCAATCCTATCCA
GAGGAACTTGTACCGGAAGGTGATGCTGGAGAATTATAGAAATTTGGCATCACTGGGGTTGT
GCGTTAGCAAACCAGATGTTATATCTTCCCTGGAACAGGGAAAGGAGCCCTGGAGCGCTGAT
TACAAAGATGATGACGATAAAGCCCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAA
GGTC

Fusion Protein 9
Variant 1
Amino Acid

Sequence

NLS-NLS-3A-ADD-
h3L-dCas9-
KOX1KRAB-NLS-NLS
(SEQ ID NO:
1514)

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLG
IQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPFDLVIGGSPCNDLSIV
NPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLEENVVAMGVSDKRDISRFLESNPV
MIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSI
KQGKDQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLE
APLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMAAIPALDPEAEPSMDVILVGSSEL
SSSVSPGTGRDLIAYEVKANQRNIEDICICCGSLQVHTQHPLFEGGICAPCKDKFLDALFLY
DDDGYQSYCSICCSGETLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSS
RSGLLORRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRVLSLEEDIKKELTSLGFLES
GSDPGQLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLOQYARPK
PGSPRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIPAIRSRHW
ALVSEEELSLLAQNKQSSKLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPS
GGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPG
TSTEPSELEDKKYSIGLAIGTINSVGWAVITDEYKVP SKKFKVLGNTDRHSIKKNLIGALLFD
SGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFEHRLEESEF LVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHEFLIEGDLNPDN
SDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGN
LIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILL
SDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYID
GGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQ
EDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNEFEEVVDKGASA
QSFIERMINEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAF LSGEQKKAIVD
LLFKTINRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN
EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLSRKLINGIRDKQ
SGKTILDFLKSDGEFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKG
ILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOQKNSRERMKRIEEGIKELGSQILKE
HPVENTQLONEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRS
DKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEF IKRQLV
ETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHA
HDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNEFE
KTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGF SKE
SILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIME
RSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKY
VNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAY
NKHRDKPIREQAENITIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLY
ETRIDLSQLGGDSPKKKRKVGVDGSSGSETPGTSESATPESRTLVTIFKDVFVDEFTREEWKLL
DTAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP SADYKDDDDKAPKKKRKVPKK
KRKV

Fusion Protein 9
Variant 1
DNA Sequence
(SEQ ID NO:
1515)

ATGGGTACCATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAGGAAGCCAA
TCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGTGCTGAAGGATCTGGGC
ATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTCTATCACCGTGGGCATGGT
GCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACATCC
AGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTG
AACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACT
GCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAATG
TGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTG
ATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCC
AGGAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAGGAGTGCCTGG
AGCACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATCACCACACGGAGCAATTCCATC
AAGCAGGGCAAGGATCAGCACTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTG
TACCGAGATGGAGAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCA
GGCTGGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTGTTC
GCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGG
CCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCC
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CCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTG
TCCTCTAGCGTGTCTCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCA
GCGGAACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCAC
TGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTAC
GACGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTG
CGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAG
GCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCT
CGCAGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGA
GGGTGCTGAGCCTGTTCGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCC
GGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACATGCG
ACAGACCCCCTTCTTGGTACCTGTTCCAGTITTCACCGCCTGCTGCAGTATGCAAGGCCAAAG
CCAGGCAGCCCTAGACCATTCTTTTIGGATGTTCGTGGATAATCTGGTGCTGAACAAGGAGGA
TCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCCAGACGTGCACGGCG
GCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGG
GCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGC
CGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAAGT
ATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCCACCACCTAGC
GGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACC
AGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCAG
GCAGCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGC
ACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCAC
CAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGG
TGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGAC
AGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACG
GAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACA
GCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCAC
CCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCA
CCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCC
TGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAAC
AGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAA
CCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCA
GACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAAC
CTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGA
TGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCAGA
TCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTG
AGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAA
GAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGC
CTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGAC
GGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGG
CACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCG
ACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAG
GAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCG
CATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAA
AGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCC
CAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCC
CAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACG
TGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGAC
CTIGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAA
AATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGG
GCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAAC
GAGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGA
GGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGC
GGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAG
TCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCA
GCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCC
AGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGC
ATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGGCACAAGCCCGA
GAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCC
GCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAA
CACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGG
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GCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTGGACG
CCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGTGCTGACCAGAAGC
GACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAA
CTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCA
AGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTG
GAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTA
CGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGT
CCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCC
CACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGA
AAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCG
AGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTC
AAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGG
CGAAACCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGA
GCATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAG
TCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAA
GAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGG
AAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAA
AGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAA
AAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGA
GAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATAT
GTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGA
GCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCA
GCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTAC
AACAAGCACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCT
GACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGT
ACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTAC
GAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGG
AGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCC
GGACCCTGGTGACCTTCAAGGATGTATTTGTGGACTTCACCAGGGAGGAGTGGAAGCTGCTG
GACACTGCTCAGCAGATCGTGTACAGAAATGTGATGCTGGAGAACTATAAGAACCTGGTTTC
CTTGGGTTATCAGCTTACTAAGCCAGATGTGATCCTCCGGTTGGAGAAGGGAGAAGAGCCCA
GCGCTGATTACAAAGATGATGACGATAAAGCCCCAAAAAAGAAGAGAAAGGTACCGAAGAAA
AAAAGAAAGGTCTGA

Fusion Protein 9
Variant 2
Amino Acid

Sequence

NLS-NLS-3A-h3L-
dCas9-KOX1KRAB-
NLS-NLS

(SEQ ID NO:
1525)

MPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVITQKHIQEWGPFDLVIGGSPCNDLSIVNPA
RKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMID
AKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQG
KDQHFPVFMNEKEDILWCTEMERVEFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPL
KEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMAAIPALDPEAEPSMDVILVGSSELSSS
VSPGTGRDLIAYEVKANQRNIEDICICCGSLQVHTQHPLFEGGICAPCKDKFLDALFLYDDD
GYQSYCSICCSGETLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSG
LLORRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRVLSLFEDIKKELTSLGFLESGSD
PGQLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLQYARPKPGS
PRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIPATRSRHWALV
SEEELSLLAQNKQSSKLAAKWPTKLVKNCFLPLREYFKYFSTELTSSPGGP SSGAPPPSGGS
PAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTST
EPSELEDKKYSIGLAIGINSVGWAVITDEYKVP SKKFKVLGNTDRHSIKKNLIGALLFDSGE
TAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHP IF
GNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDV
DKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIA
LSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLF LAAKNLSDAILLSDI
LRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGA
SQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDF
YPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSE
IERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLF
KTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDTI
LEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGK
TILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPATIKKGILQ
TVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPV
ENTQLONEKLYLYYLQONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKN
RGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGF IKRQLVETR
QITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
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YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTE
ITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESIL
PKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSS
FEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALP SKYVNE
LYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKH
RDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETR
IDLSQLGGDSPKKKRKVGVDGSSGSETPGTSESATPESRTLVTFKDVEFVDE TREEWKLLDTA
QOIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP SADYKDDDDKAPKKKRKVPKKKRK
\%

Fusion Protein 9
Variant 2
DNA Sequence
(SEQ ID NO:
1526)

ATGGGTACCATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAGGAAGCCAA
TCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGTGCTGAAGGATCTGGGC
ATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTCTATCACCGTGGGCATGGT
GCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACATCC
AGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTG
AACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACT
GCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAATG
TGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTG
ATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCC
AGGAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAGGAGTGCCTGG
AGCACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATCACCACACGGAGCAATTCCATC
AAGCAGGGCAAGGATCAGCACTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTG
TACCGAGATGGAGAGAGTGTITCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCA
GGCTGGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTGTTC
GCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGG
CCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCC
CCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTG
TCCTCTAGCGTGTCTCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCA
GCGGAACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCAC
TGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTAC
GACGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTG
CGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAG
GCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCT
CGCAGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGA
GGGTGCTGAGCCTGTTCGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCC
GGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACATGCG
ACAGACCCCCTTCTTIGGTACCTGTTCCAGTITTCACCGCCTGCTGCAGTATGCAAGGCCAAAG
CCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAATCTGGTGCTGAACAAGGAGGA
TCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCCAGACGTGCACGGCG
GCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGG
GCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGC
CGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAAGT
ATTTTTCCACCGAGCTGACATCTAGCCCCGGAGGACCCTCCTCTGGCGCCCCACCACCTAGC
GGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACC
AGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCAG
GCAGCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGC
ACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCAC
CAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGG
TGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGAC
AGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACG
GAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACA
GCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCAC
CCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCA
CCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCC
TGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAAC
AGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAA
CCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCA
GACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAAC
CTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGA
TGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCAGA
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TCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTG
AGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAA
GAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGC
CTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGAC
GGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGG
CACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCG
ACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAG
GAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCG
CATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAA
AGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCC
CAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCC
CAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACG
TGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGAC
CTIGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAA
AATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGG
GCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAAC
GAGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGA
GGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGC
GGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAG
TCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCA
GCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCC
AGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGC
ATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGGCACAAGCCCGA
GAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCC
GCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAA
CACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGG
GCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTGGACG
CCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGTGCTGACCAGAAGC
GACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAA
CTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCA
AGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTG
GAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTA
CGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGT
CCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCC
CACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGA
AAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCG
AGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTC
AAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGG
CGAAACCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGA
GCATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAG
TCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAA
GAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGG
AAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAA
AGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAA
AAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGA
GAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATAT
GTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGA
GCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCA
GCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTAC
AACAAGCACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCT
GACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGT
ACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTAC
GAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGG
AGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCC
GGACCCTGGTGACCTTCAAGGATGTATTTGTGGACTTCACCAGGGAGGAGTGGAAGCTGCTG
GACACTGCTCAGCAGATCGTIGTACAGAAATGTGATGCTGGAGAACTATAAGAACCTGGTTTC
CTTGGGTTATCAGCTTACTAAGCCAGATGTGATCCTCCGGTTGGAGAAGGGAGAAGAGCCCA
GCGCTGATTACAAAGATGATGACGATAAAGCCCCAAAAAAGAAGAGAAAGGTACCGAAGAAA
AAAAGAAAGGTCTGA

Fusion Protein
10 Amino Acid
Sequence

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLG
IQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIV
NPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLEENVVAMGVSDKRDISREFLESNPV
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NLS-NLS-3A-ADD-
h3L-dCas9-ZFpP-
28-NLS-NLS
(SEQ ID NO:
1516)

MIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSI
KQGKDQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLE
APLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMAAIPALDPEAEPSMDVILVGSSEL
SSSVSPGTGRDLIAYEVKANQRNIEDICICCGSLQVHTQHPLFEGGICAPCKDKFLDALFLY
DDDGYQSYCSICCSGETLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSS
RSGLLORRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRVLSLEEDIKKELTSLGFLES
GSDPGQLKHVVDVTIDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLOYARPK
PGSPRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIPAIRSRHW
ALVSEEELSLLAQNKQSSKLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPS
GGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPG
TSTEPSELEDKKYSIGLAIGTINSVGWAVITDEYKVP SKKFKVLGNTDRHSIKKNLIGALLFD
SGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFEHRLEESEF LVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDN
SDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGN
LIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILL
SDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYID
GGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQ
EDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASA
QSFIERMINEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAF LSGEQKKAIVD
LLFKTINRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN
EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLSRKLINGIRDKQ
SGKTILDFLKSDGEFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKG
ILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKE
HPVENTQLONEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRS
DKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEF IKRQLV
ETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHA
HDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNEFE
KTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGF SKE
SILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIME
RSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKY
VNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAY
NKHRDKPIREQAENITIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLY
ETRIDLSQLGGDSPKKKRKVGVDGSSGSETPGTSESATPESTGNKKLEAVGTGIEPKAMSQG
LVTEFGDVAVDFEFSQEEWEWLNP IQRNLYRKVMLENYRNLASLGLCVSKPDVISSLEQGKEPWS
ADYKDDDDKAPKKKRKVPKKKRKV

Fusion Protein
10 DNA Sequence
(SEQ ID NO:
1517)

ATGGGTACCATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAGGAAGCCAA
TCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGTGCTGAAGGATCTGGGC
ATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTCTATCACCGTGGGCATGGT
GCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACATCC
AGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTG
AACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACT
GCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAATG
TGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTG
ATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCC
AGGAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAGGAGTGCCTGG
AGCACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATCACCACACGGAGCAATTCCATC
AAGCAGGGCAAGGATCAGCACTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTG
TACCGAGATGGAGAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCA
GGCTGGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTGTTC
GCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGG
CCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCC
CCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTG
TCCTCTAGCGTGTICTCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCA
GCGGAACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCAC
TGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTAC
GACGATGACGGCTACCAGTCCTATTIGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTG
CGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAG
GCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCT
CGCAGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGA
GGGTGCTGAGCCTGTTCGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCC
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GGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACATGCG
ACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGCAAGGCCAAAG
CCAGGCAGCCCTAGACCATTICTTTIGGATGTTCGTGGATAATCTGGTGCTGAACAAGGAGGA
TCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCCAGACGTGCACGGCG
GCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGG
GCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGC
CGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAAGT
ATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCCACCACCTAGC
GGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACC
AGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCGGGCTCTCCTGCAG
GCAGCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGC
ACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCAC
CAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGG
TGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGAC
AGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACG
GAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACA
GCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCAC
CCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCA
CCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCC
TGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAAC
AGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAA
CCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCA
GACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAAC
CTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGA
TGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCAGA
TCGGCGACCAGTACGCCGACCTGTTTICTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTG
AGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAA
GAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGC
CTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGAC
GGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGG
CACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCG
ACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAG
GAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCG
CATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAA
AGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCC
CAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCC
CAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACG
TGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGAC
CTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAA
AATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGG
GCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAAC
GAGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGA
GGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGC
GGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAG
TCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCA
GCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCC
AGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGC
ATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGGCACAAGCCCGA
GAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCC
GCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAA
CACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGG
GCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTGGACG
CCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGTGCTGACCAGAAGC
GACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAA
CTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCA
AGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTG
GAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTA
CGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGT
CCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCC
CACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGA
AAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCG
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AGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTC
AAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGG
CGAAACCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGA
GCATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAG
TCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAA
GAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGG
AAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAA
AGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAA
AAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGA
GAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATAT
GTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGA
GCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCA
GCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTAC
AACAAGCACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCT
GACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGT
ACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTAC
GAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGG
AGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCA
CCGGTAACAAAAAGCTTGAGGCCGTCGGAACCGGAATCGAACCAAAAGCAATGTCCCAGGGT
TTGGTGACATTTGGCGACGTIGGCTGTCGATTTTTCCCAGGAAGAGTGGGAGTGGCTCAATCC
TATCCAGAGGAACTTGTACCGGAAGGTGATGCTGGAGAATTATAGAAATTTGGCATCACTGG
GGTTGTGCGTTAGCAAACCAGATGTITATATCTTCCCTGGAACAGGGAAAGGAGCCCTGGAGC
GCTGATTACAAAGATGATGACGATAAAGCCCCCAAGAAGAAAAGGAAGGTCCCAAAGAAAAA
AAGAAAGGTGTGA

Fusion Protein
11 Amino Acid
Sequence

NLS-NLS-3A—ADD-
h3L-dCas9-ZIM3-
NLS-NLS
(SEQ ID NO:
1518)

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLG
IQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPFDLVIGGSPCNDLSIV
NPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPV
MIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSI
KQGKDQHFPVFMNEKED ILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLE
APLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMAAIPALDPEAEPSMDVILVGSSEL
SSSVSPGTGRDLIAYEVKANQRNIEDICICCGSLQVHTQHPLFEGGICAPCKDKFLDALEFLY
DDDGYQSYCSICCSGETLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSS
RSGLLORRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRVLSLFEDIKKELTSLGFLES
GSDPGQLKHVVDVIDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLQYARPK
PGSPRPFFWMEFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIPAIRSRHW
ALVSEEELSLLAQNKQSSKLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPS
GGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT STEPSEGSAPG
TSTEPSELEDKKYSIGLAIGTINSVGWAVITDEYKVP SKKFKVLGNTDRHSIKKNLIGALLED
SGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESF LVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDN
SDVDKLFIQLVQTYNQLFEENP INASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGN
LIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILL
SDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYID
GGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQ
EDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNEFEEVVDKGASA
QSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAF LSGEQKKAIVD
LLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDEFLDNEEN
EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLSRKLINGIRDKQ
SGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKG
ILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKE
HPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRS
DKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGF IKRQLV
ETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHA
HDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFEFYSNIMNEE
KTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGF SKE
SILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIME
RSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALP SKY
VNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAY
NKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLY
ETRIDLSQLGGDSPKKKRKVGVDGSSGSETPGTSESATPESTGMNNSQGRVTIFEDVTVNETQ
GEWQRLNPEQRNLYRDVMLENYSNLVSVGQGETTKPDVILRLEQGKEPWLEEEEVLGSGRAE
KNGDIGGQIWKPKDVKESLSADYKDDDDKAPKKKRKVPKKKRKV
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Fusion Protein
11 DNA Sequence
(SEQ ID NO:
1519)

ATGGGTACCATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAGGAAGCCAA
TCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGTGCTGAAGGATCTGGGC
ATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTCTATCACCGTGGGCATGGT
GCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACATCC
AGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTG
AACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACT
GCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAATG
TGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTG
ATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCC
AGGAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAGGAGTGCCTGG
AGCACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATCACCACACGGAGCAATTCCATC
AAGCAGGGCAAGGATCAGCACTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTG
TACCGAGATGGAGAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCA
GGCTGGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTGTTC
GCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGG
CCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCC
CCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTG
TCCTCTAGCGTGTCTCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCA
GCGGAACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCAC
TGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTAC
GACGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTG
CGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAG
GCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCT
CGCAGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGA
GGGTGCTGAGCCTGTTCGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCC
GGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACATGCG
ACAGACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGCAAGGCCAAAG
CCAGGCAGCCCTAGACCATTICTTTTIGGATGTTCGTGGATAATCTGGTGCTGAACAAGGAGGA
TCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCCAGACGTGCACGGCG
GCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGG
GCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGC
CGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAAGT
ATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCCACCACCTAGC
GGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACC
AGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCAG
GCAGCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGC
ACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCAC
CAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGG
TGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGAC
AGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACG
GAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACA
GCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCAC
CCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCA
CCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCC
TGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAAC
AGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAA
CCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCA
GACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAAC
CTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGA
TGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCAGA
TCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTG
AGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAA
GAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGC
CTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGAC
GGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGG
CACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCG
ACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAG
GAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCG
CATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAA
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AGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCC
CAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCC
CAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACG
TGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGAC
CTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAA
AATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGG
GCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAAC
GAGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGA
GGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGC
GGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAG
TCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCA
GCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCC
AGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGC
ATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGGCACAAGCCCGA
GAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCC
GCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAA
CACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGG
GCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTGGACG
CCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGTGCTGACCAGAAGC
GACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAA
CTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCA
AGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTG
GAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTA
CGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGT
CCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCC
CACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGA
AAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCG
AGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTC
AAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGG
CGAAACCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGA
GCATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAG
TCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAA
GAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGG
AAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAA
AGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAA
AAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGA
GAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATAT
GTIGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGA
GCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCA
GCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTAC
AACAAGCACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCT
GACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGT
ACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTAC
GAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGG
AGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCA
CCGGTATGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGTGAACTTCACCCAG
GGAGAATGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTATCGGGACGTGATGCTGGAAAA
CTACTCAAATTTGGTGAGCGTTGGGCAGGGTGAGACCACTAAGCCTGACGTGATCCTGAGAT
TGGAACAGGGCAAGGAGCCTTGGCTCGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCCGAG
AAAAACGGTGATATAGGAGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAGCGC
TGATTACAAAGATGATGACGATAAAGCCCCCAAGAAGAAAAGGAAGGTCCCAAAGAAAAAAA
GAAAGGTGTGA

Fusion Protein
12 Amino Acid
Sequence

NLS-NLS-3A-ADD-
h3L-dCas9-7ZN627-
NLS-NLS
(SEQ ID NO:
1520)

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLG
IQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPFDLVIGGSPCNDLSIV
NPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPV
MIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSI
KQGKDQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLE
APLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMAATIPALDPEAEPSMDVILVGSSEL
SSSVSPGTGRDLIAYEVKANQRNIEDICICCGSLQVHTQHPLFEGGICAPCKDKFLDALEFLY
DDDGYQSYCSICCSGETLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSS
RSGLLQRRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRVLSLFEDIKKELTSLGFLES
GSDPGQLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLOQYARPK
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PGSPRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIPAIRSRHW
ALVSEEELSLLAQNKQSSKLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPS
GGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPG
TSTEPSELEDKKYSIGLAIGTINSVGWAVITDEYKVP SKKFKVLGNTDRHSIKKNLIGALLFD
SGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHEFLIEGDLNPDN
SDVDKLFIQLVQTYNQLFEENP INASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGN
LIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILL
SDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYID
GGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQ
EDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNEFEEVVDKGASA
QSFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAF LSGEQKKAIVD
LLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDEFLDNEEN
EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQ
SGKTILDFLKSDGEFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKG
ILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOQKNSRERMKRIEEGIKELGSQILKE
HPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRS
DKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGF IKRQLV
ETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHA
HDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNEFE
KTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGF SKE
SILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIME
RSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKY
VNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAY
NKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLY
ETRIDLSQLGGDSPKKKRKVGVDGSSGSETPGTSESATPESTGDSVAFEDVAVNFTLEEWAL
LDPSQKNLYRDVMRETFRNLASVGKQWEDQNIEDPFKIPRRNISHIPERLCESKEGGQGEES
ADYKDDDDKAPKKKRKVPKKKRKV

Fusion Protein
12 DNA Sequence
(SEQ ID NO:
1521)

ATGGGTACCATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAATCA
CGATCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAGGAAGCCAA
TCCGGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGTGCTGAAGGATCTGGGC
ATCCAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTCTATCACCGTGGGCATGGT
GCGCCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACATCC
AGGAGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTG
AACCCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACT
GCTGCACGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTIGGCTGTTCGAGAATG
TGGTGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTG
ATGATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCC
AGGAATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAGGAGTGCCTGG
AGCACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATCACCACACGGAGCAATTCCATC
AAGCAGGGCAAGGATCAGCACTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTG
TACCGAGATGGAGAGAGTGTITCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCA
GGCTGGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTGTTC
GCCCCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGG
CCCCTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCC
CCGCCCTGGACCCCGAGGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTG
TCCTCTAGCGTGTCTCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCA
GCGGAACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCAC
TGTTCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTAC
GACGATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTG
CGGCAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAG
GCACCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCT
CGCAGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCTGAAGGCCTTCTATGATAG
GGAGTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGA
GGGTGCTGAGCCTGTTCGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCC
GGCTCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGT
GGAGGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACATGCG
ACAGACCCCCTTCTTGGTACCTGTTCCAGTITTCACCGCCTGCTGCAGTATGCAAGGCCAAAG
CCAGGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAATCTGGTGCTGAACAAGGAGGA
TCTGGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCCAGACGTGCACGGCG
GCTCCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGG
GCACTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGC
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CGCCAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAAGT
ATTTTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCCACCACCTAGC
GGCGGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACC
AGAGTCTGGACCTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCAG
GCAGCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGC
ACCTCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCAC
CAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGG
TGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGAC
AGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACG
GAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACA
GCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCAC
CCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCA
CCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCC
TGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAAC
AGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAA
CCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCA
GACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAAC
CTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGA
TGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCAGA
TCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTG
AGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAA
GAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGC
CTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGAC
GGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGG
CACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCG
ACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAG
GAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCG
CATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAA
AGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCC
CAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCC
CAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACG
TGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGAC
CTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAA
AATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGG
GCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAAC
GAGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGA
GGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGC
GGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAG
TCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCA
GCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCC
AGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGC
ATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGGCACAAGCCCGA
GAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCC
GCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAA
CACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGG
GCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTGGACG
CCATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGTGCTGACCAGAAGC
GACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAA
CTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCA
AGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTG
GAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTA
CGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGT
CCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCC
CACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGA
AAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCG
AGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTIC
AAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGG
CGAAACCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGA
GCATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAG
TCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAA
GAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGG
AAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAA
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AGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAA
AAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGA
GAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATAT
GTIGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGA
GCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCA
GCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTAC
AACAAGCACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCT
GACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGT
ACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTAC
GAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGG
AGTCGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCA
CCGGTGACTCCGTTGCTTTCGAGGACGTGGCCGTGAACTTCACACTTGAGGAATGGGCCTTG
CTCGACCCAAGTCAGAAGAATCTGTACAGAGACGTGATGCGGGAGACATTCAGGAATCTCGC
CAGTGTCGGAAAGCAGTGGGAAGACCAGAACATCGAAGATCCTTTCAAGATACCACGGCGCA
ATATCTCCCACATTCCTGAGAGGCTGTGTGAATCTAAGGAAGGCGGACAAGGTGAGGAAAGC
GCTGATTACAAAGATGATGACGATAAAGCCCCCAAGAAGAAAAGGAAGGTCCCAAAGAAAAA
AAGAAAGGTGTGA

Fusion Protein
13 Amino Acid
Sequence

NLS-3A-ADD-h3L-
dCas9-NLS-
KOX1KRAB
(SEQ ID NO:
1522)

MYPYDVPDYASPKKKRKVNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGI
QVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIVN
PARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVM
IDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIK
QGKDQHFPVEFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLEA
PLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMAAIPALDPEAEP SMDVILVGSSELS
SSVSPGTGRDLIAYEVKANQRNIEDICICCGSLQVHTQHPLFEGGICAPCKDKFLDALFLYD
DDGYQSYCSICCSGETLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSR
SGLLOQRRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRVLSLFEDIKKELTSLGFLESG
SDPGQLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCDRPP SWYLFQFHRLLQYARPKP
GSPRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRVWSNIPATIRSRHWA
LVSEEELSLLAQNKQSSKLAAKWPTKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPSG
GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGT
STEPSELEDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDS
GETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHP
IFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF LIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLP GEKKNGLFGNL
JALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLS
DILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDG
GASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQE
DEYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQ
SFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIVDL
LEFKTNRKVTIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENE
DILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQS
GKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGI
LOTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEH
PVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSEFLKDDSIDNKVLTRSD
KNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGEF IKRQLVE
TRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAH
DAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFEK
TEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKES
ILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMER
SSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYV
NELYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDSPKKKRKVGVDGSSGSETPGTSESATPESRTLVTFKDVEVDEFTREEWKLLD
TAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLV

Fusion Protein
13 DNA Sequence
(SEQ ID NO: 695)

ATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCAATCACGA
TCAGGAGTTCGACCCCCCTAAGGTGTACCCACCAGTGCCTGCAGAGAAGAGGAAGCCAATCC
GGGTGCTGAGCCTGTTTGATGGCATCGCCACCGGCCTGCTGGTGCTGAAGGATCTGGGCATC
CAGGTGGACCGGTACATCGCCTCCGAGGTGTGCGAGGATTCTATCACCGTGGGCATGGTGCG
CCACCAGGGCAAGATCATGTATGTGGGCGACGTGCGGTCCGTGACACAGAAGCACATCCAGG
AGTGGGGCCCATTCGATCTGGTGATCGGCGGCAGCCCCTGTAATGACCTGTCCATCGTGAAC
CCTGCAAGGAAGGGACTGTACGAGGGAACCGGCCGGCTGTTCTTTGAGTTTTATAGACTGCT
GCACGACGCCAGGCCTAAGGAGGGCGACGATAGACCATTCTTTTGGCTGTTCGAGAATGTGG
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TGGCTATGGGCGTGAGCGATAAGAGGGACATCTCCAGGTTTCTGGAGTCTAACCCCGTGATG
ATCGATGCAAAGGAGGTGTCCGCCGCACACAGAGCCAGGTATTTCTGGGGCAATCTGCCAGG
AATGAACAGGCCACTGGCAAGCACCGTGAATGACAAGCTGGAGCTGCAGGAGTGCCTGGAGC
ACGGAAGGATCGCCAAGTTTTCCAAGGTGCGCACAATCACCACACGGAGCAATTCCATCAAG
CAGGGCAAGGATCAGCACTTCCCCGTGTTCATGAACGAGAAGGAGGACATCCTGTGGTGTAC
CGAGATGGAGAGAGTGTTCGGCTTTCCAGTGCACTACACAGACGTGTCTAACATGAGCAGGC
TGGCAAGGCAGCGGCTGCTGGGCAGATCTTGGAGCGTGCCCGTGATCAGGCACCTGTTCGCC
CCTCTGAAGGAGTATTTTGCCTGCGTGAGCAGCGGCAACTCCAATGCCAACAGCCGGGGCCC
CTCTTTCAGCTCCGGATTGGTGCCTCTGAGCCTGAGGGGCTCCCACATGGCAGCAATCCCCG
CCCTGGACCCCGAGGCCGAGCCTAGCATGGACGTGATCCTGGTGGGCTCTAGCGAGCTGTCC
TCTAGCGTGTCTCCAGGAACCGGAAGGGATCTGATCGCATACGAGGTGAAGGCCAATCAGCG
GAACATCGAGGACATCTGTATCTGCTGTGGCAGCCTGCAGGTGCACACACAGCACCCACTGT
TCGAGGGAGGAATCTGCGCACCCTGTAAGGATAAGTTCCTGGACGCCCTGTTTCTGTACGAC
GATGACGGCTACCAGTCCTATTGCTCTATCTGCTGTTCCGGCGAGACCCTGCTGATCTGCGG
CAATCCAGATTGTACAAGGTGCTATTGTTTTGAGTGCGTGGACTCTCTGGTGGGACCAGGCA
CCAGCGGAAAGGTGCACGCCATGTCCAACTGGGTGTGCTACCTGTGCCTGCCATCCTCTCGC
AGCGGACTGCTGCAGCGGAGAAGGAAGTGGAGATCCCAGCTGAAGGCCTTCTATGATAGGGA
GTCTGAGAACCCCCTGGAGATGTTTGAGACCGTGCCAGTGTGGCGCCGGCAGCCCGTGAGGG
TGCTGAGCCTGTTCGAGGATATCAAGAAGGAGCTGACATCCCTGGGCTTTCTGGAGTCCGGC
TCTGACCCCGGACAGCTGAAGCACGTGGTGGATGTGACCGACACAGTGCGGAAGGATGTGGA
GGAGTGGGGCCCTTTCGACCTGGTGTACGGAGCAACCCCTCCACTGGGACACACATGCGACA
GACCCCCTTCTTGGTACCTGTTCCAGTTTCACCGCCTGCTGCAGTATGCAAGGCCAAAGCCA
GGCAGCCCTAGACCATTCTTTTGGATGTTCGTGGATAATCTGGTGCTGAACAAGGAGGATCT
GGACGTGGCCAGCAGGTTTCTGGAGATGGAGCCAGTGACCATCCCAGACGTGCACGGCGGCT
CCCTGCAGAATGCCGTGCGCGTGTGGTCTAACATCCCTGCCATCAGAAGCAGGCACTGGGCA
CTGGTGAGCGAGGAGGAGCTGTCCCTGCTGGCCCAGAATAAGCAGAGCAGCAAGCTGGCCGC
CAAGTGGCCTACAAAGCTGGTGAAGAACTGCTTCCTGCCACTGCGGGAGTACTTCAAGTATT
TTTCCACCGAGCTGACATCTAGCCTGGGAGGACCCTCCTCTGGCGCCCCACCACCTAGCGGC
GGCTCCCCTGCCGGCTCTCCAACCAGCACAGAGGAGGGCACCAGCGAGTCCGCCACACCAGA
GTCTGGACCTGGCACCAGCACAGAGCCATCCGAGGGCTCTGCCCCAGGCTCTCCTGCAGGCA
GCCCTACCTCCACCGAAGAGGGCACCAGCACAGAGCCTTCTGAGGGCAGCGCCCCAGGCACC
TCTACAGAGCCAAGCGAGCTCGAGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAA
CTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGC
TGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGC
GGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAA
GAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCT
TCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCC
ATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCT
GAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGG
CCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGC
GACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCC
CATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGAC
GGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTG
ATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGC
CAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCAGATCG
GCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGC
GACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAG
ATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTG
AGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGACGGC
GGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCAC
CGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACA
ACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAA
GATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCAT
CCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGA
GCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAG
AGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAA
GCACAGCCTGCTGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGA
CCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTG
CTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAAT
CGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCA
CATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAG
GACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGA

143




WO 2024/186896

PCT/US2024/018670

ACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGA
GATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCC
GGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCT
GATCCACGACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGG
GCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATC
CTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGGCCGGCACAAGCCCGAGAA
CATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCG
AGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACAC
CCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCG
GGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGTGGACGCCA
TCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGTGCTGACCAGAAGCGAC
AAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTA
CTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGG
CCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAA
ACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGA
CGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCG
ATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCCCAC
GACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAG
CGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCGAGC
AGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTCAAG
ACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGA
AACCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCA
TGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCT
ATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAA
GTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAA
AGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGA
AGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAA
GGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAA
TGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTG
AACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCA
GAAACAGCTGTTTGTGGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGCG
AGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAAC
AAGCACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGAC
CAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGTACA
CCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAG
ACACGGATCGACCTGTCTCAGCTGGGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGGAGT
CGACGGATCCAGCGGCTCCGAGACCCCAGGCACATCTGAGAGCGCCACCCCTGAGTCCCGGA
CCCTGGTGACATTCAAGGACGTGTTCGTGGACTTCACCCGGGAGGAGTGGAAGCTGCTGGAC
ACAGCCCAGCAGATCGTGTACAGGAACGTGATGCTGGAGAACTATAAGAATCTGGTGTCTCT
GGGCTACCAGCTGACAAAGCCAGATGTGATCCTGCGGCTGGAGAAGGGAGAGGAGCCCTGGC
TGGTGTAG

Fusion Protein
14 Amino Acid
Sequence

3A-3L-NLS-dCas9-
NLS-KOX1KRAB
(SEQ ID NO: 696)

MGTMNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCEDS
ITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLF
FEFYRLLHDARPKEGDDRPFFWLEENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARY
FWGNLPGMNRPLASTVNDKLELQECLEHGRIAKF SKVRTITTRSNSIKQGKDQHFPVFMNEK
EDILWCTEMERVEFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGNS
NANSRGPSEFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLEFRNIDKVLKSLGFLESG
SGSGGGTLKYVEDVINVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYMFQFHRILQYALP
ROQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVTLQDVRGRDYQNAMRVWSNIPGLKSKH
APLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQONSLPLGGPSSGAPPPS
GGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPG
TSTEPSEPKKKRKVYMDKKYSIGLAIGTINSVGWAVITDEYKVP SKKFKVLGNTDRHSIKKNL
IGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEE
DKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIE
GDLNPDNSDVDKLEFIQLVQTYNQLFEENP INASGVDAKAILSARLSKSRRLENLIAQLPGEK
KNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLEFLAAKN
LSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFEFDQSKN
GYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGEL
HATILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEV
VDKGASAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGE
QKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLSRKLI
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NGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAG
SPATKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKEL
GSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSID
NKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAG
FIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVRE
INNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFEY
SNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQ
TGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKEL
LGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNE
LALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANL
DKVLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIH
QSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPESTGRTLVTFKDVEVDETREEW
KLLDTAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP

Fusion Protein
14 DNA Sequence
(SEQ ID NO: 697)

ATGGGTACCATGAACCATGACCAGGAATTTGACCCCCCAAAGGTTTACCCACCTGTGCCAGC
TGAGAAGAGGAAGCCCATCCGCGTGCTGTCTCTCTTTGATGGGATTGCTACAGGGCTCCTGG
TGCTGAAGGACCTGGGCATCCAAGTGGACCGCTACATTGCCTCCGAGGTGTGTGAGGACTCC
ATCACGGTGGGCATGGTGCGGCACCAGGGAAAGATCATGTACGTCGGGGACGTCCGCAGCGT
CACACAGAAGCATATCCAGGAGTGGGGCCCATTCGACCTGGTGATTGGAGGCAGTCCCTGCA
ATGACCTCTCCATTGTCAACCCTGCCCGCAAGGGACTTTATGAGGGTACTGGCCGCCTCTTC
TTTGAGTTCTACCGCCTCCTGCATGATGCGCGGCCCAAGGAGGGAGATGATCGCCCCTTICTT
CTGGCTCTTTGAGAATGTGGTGGCCATGGGCGTTAGTGACAAGAGGGACATCTCGCGATTTC
TTGAGTCTAACCCCGTGATGATTGACGCCAAAGAAGTGTCTGCTGCACACAGGGCCCGTTAC
TTCTGGGGTAACCTTCCTGGCATGAACAGGCCTTTGGCATCCACTGTGAATGATAAGCTGGA
GCTGCAAGAGTGTCTGGAGCACGGCAGAATAGCCAAGTTCAGCAAAGTGAGGACCATTACCA
CCAGGTCAAACTCTATAAAGCAGGGCAAAGACCAGCATTTCCCCGTCTTCATGAACGAGAAG
GAGGACATCCTGTGGTGCACTGAAATGGAAAGGGTGTTTGGCTTCCCCGTCCACTACACAGA
CGTCTCCAACATGAGCCGCTTGGCGAGGCAGAGACTGCTGGGCCGATCGTGGAGCGTGCCGG
TCATCCGCCACCTCTTCGCTCCGCTGAAGGAATATTTTGCTTGTGTGTCTAGCGGCAATAGT
AACGCTAACAGCCGCGGGCCGAGCTTCAGCAGCGGCCTGGTGCCGTTAAGCTTGCGCGGCAG
CCATATGGGCCCTATGGAGATATACAAGACAGTGTCTGCATGGAAGAGACAGCCAGTGCGGG
TACTGAGCCTCTTCAGAAACATCGACAAGGTACTAAAGAGTTTGGGCTTCTTGGAAAGCGGT
TCTGGTTCTGGGGGAGGAACGCTGAAGTACGTGGAAGATGTCACAAATGTCGTGAGGAGAGA
CGTGGAGAAATGGGGCCCCTTTGACCTGGTGTACGGCTCGACGCAGCCCCTAGGCAGCTCTT
GTGATCGCTGTCCCGGCTGGTACATGTTCCAGTTCCACCGGATCCTGCAGTATGCGCTGCCT
CGCCAGGAGAGTCAGCGGCCCTTCTTCTGGATATTCATGGACAATCTGCTGCTGACTGAGGA
TGACCAAGAGACAACTACCCGCTTCCTTCAGACAGAGGCTGTGACCCTCCAGGATGTCCGTG
GCAGAGACTACCAGAATGCTATGCGGGTGTGGAGCAACATTCCAGGGCTGAAGAGCAAGCAT
GCGCCCCTGACCCCAAAGGAAGAAGAGTATCTGCAAGCCCAAGTCAGAAGCAGGAGCAAGCT
GGACGCCCCGAAAGTTGACCTCCTGGTGAAGAACTGCCTTCTCCCGCTGAGAGAGTACTTCA
AGTATTTTTCTCAAAACTCACTTCCTCTTGGAGGGCCGAGCTCTGGCGCACCCCCACCAAGT
GGAGGGTCTCCTGCCGGGTCCCCAACATCTACTGAAGAAGGCACCAGCGAATCCGCAACGCC
CGAGTCAGGCCCTGGTACCTCCACAGAACCATCTGAAGGTAGTGCGCCTGGTTCCCCAGCTG
GAAGCCCTACTTCCACCGAAGAAGGCACGTCAACCGAACCAAGTGAAGGATCTGCCCCTGGG
ACCAGCACTGAACCATCTGAGCCAAAAAAGAAGAGAAAGGTATACATGGACAAGAAGTACAG
CATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGG
TGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTG
ATCGGCGCCCTGCTGTTCGACAGCGGAGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGC
CAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACG
AGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAG
GATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGA
GAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCGACC
TGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAG
GGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTA
CAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGT
CTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAG
AAGAATGGCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAG
CAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACC
TGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAAC
CTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCC
CCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAG
CTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAAC
GGCTACGCCGGCTACATCGATGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCC
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CATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGC
TGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTG
CACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGAT
CGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCA
GATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTG
GTGGACAAGGGCGCCAGCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCT
GCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTACAACG
AGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAG
CAGAAAAAAGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCT
GAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAG
ATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGAC
TTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGACCCTGACACTGTT
TGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAG
TGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCCGGAAGCTGATC
AACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTT
CGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGACATCC
AGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGC
AGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGT
GATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCC
AGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTG
GGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTA
CCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGC
TGTCCGACTACGATGTGGACGCTATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGAT
AACAAAGTGCTGACTCGGAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGA
GGTCGTGAAGAAGATGAAGAACTACTGGCGCCAGCTGCTGAATGCCAAGCTGATTACCCAGA
GGAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGC
TTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGA
CTCCCGGATGAACACTAAGTACGACGAGAACGACAAACTGATCCGGGAAGTGAAAGTGATCA
CCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAG
ATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGAT
CAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGC
GGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTAC
AGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCG
GCCTCTGATCGAGACAAACGGCGAAACAGGCGAGATCGTGTGGGATAAGGGCCGGGACTTTG
CCACCGTGCGGAAAGTGCTGTCTATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAG
ACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAACAGCGACAAGCTGATCGCCAG
AAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTG
TGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTG
CTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGC
CAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTIGTTCG
AGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAA
CTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAA
GGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAACACTACCTGG
ACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTG
GACAAGGTGCTGAGCGCCTACAACAAGCACAGAGACAAGCCTATCAGAGAGCAGGCCGAGAA
TATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACA
CCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCAC
CAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACCCAAA
AAAGAAGAGAAAGGTAAGCGGAAGTGAGACCCCAGGTACATCCGAATCAGCAACGCCTGAAA
GCACCGGTCGGACACTGGTGACCTTCAAGGATGTATTTGTGGACTTCACCAGGGAGGAGTGG
AAGCTGCTGGACACTGCTCAGCAGATCGTGTACAGAAATGTGATGCTGGAGAACTATAAGAA
CCTGGTTTCCTTGGGTTATCAGCTTACTAAGCCAGATGTGATCCTCCGGTTGGAGAAGGGAG
AAGAGCCCTGA

Fusion Protein
15 Amino Acid

Sequence

NLS-NLS-3A-

3L-

dCas9-ZIM3-NLS-

NLS
(SEQ ID NO:

698)

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLG
IQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIV
NPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLEENVVAMGVSDKRDISREFLESNPV
MIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSI
KQGKDQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLE
APLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLER
NIDKVLKSLGFLESGSGSGGGTLKYVEDVINVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPG
WYMFQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVTLOQDVRGRDYQN
AMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLP LREYFKYF SQON
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SLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTST
EEGTSTEPSEGSAPGTSTEPSEMDKKYSIGLAIGTNSVGWAVITDEYKVP SKKEKVLGNTDR
HSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSEFFHRLE
ESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKE
RGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLI
AQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYAD
LFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEI
FFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPH
QIHLGELHAILRRQEDEFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETIT
PWNFEEVVDKGASAQSFIERMINFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRK
PAFLSGEQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLL
KIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHE
HIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRI
EEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSE
LKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKEFDNLTKAERGGL
SELDKAGFIKRQLVETRQITKHVAQITLDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDF
QF YKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKA
TAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNI
VKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKK
LKSVKELLGITIMERSSFEKNP IDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAG
ELQKGNELALPSKYVNEFLYLASHYEKLKGSPEDNEQKQLEFVEQHKHYLDEIIEQISEFSKRV
ILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEV
IDATLIHQSITGLYETRIDLSQLGGDSGSETPGTSESATPESTGMNNSQGRVTFEDVTVNET
QGEWQRLNPEQRNLYRDVMLENYSNLVSVGQGETTKPDVILRLEQGKEPWLEEEEVLGSGRA
EKNGDIGGQIWKPKDVKESLSADYKDDDDKAPKKKRKVPKKKRKV

Fusion Protein
15 DNA Sequence
(SEQ ID NO: 699)

ATGGGTACCATGCCAAAAAAGAAGAGAAAGGTACCGAAGAAAAAAAGAAAGGTATACAACCA
TGACCAGGAATTCGACCCCCCAAAGGTTTACCCACCTGTGCCAGCTGAGAAGAGGAAGCCCA
TCCGCGTIGCTGTCTCTCTTTGATGGGATTGCTACAGGGCTCCTGGTGCTGAAGGACCTGGGC
ATCCAAGTGGACCGCTACATTGCCTCCGAGGTGTGTGAGGACTCCATCACGGTGGGCATGGT
GCGGCACCAGGGAAAGATCATGTACGTCGGGGACGTCCGCAGCGTCACACAGAAGCATATCC
AGGAGTGGGGCCCATTCGACCTGGTGATTGGAGGCAGTCCCTGCAATGACCTCTCCATTGTC
AACCCTGCCCGCAAGGGACTTTATGAGGGTACTGGCCGCCTCTTCTTTGAGTTCTACCGCCT
CCTGCATGATGCGCGGCCCAAGGAGGGAGATGATCGCCCCTTICTTCTGGCTCTTTGAGAATG
TGGTGGCCATGGGCGTTAGTGACAAGAGGGACATCTCGCGATTTCTTGAGTCTAACCCCGTG
ATGATTGACGCCAAAGAAGTGTCTGCTGCACACAGGGCCCGTTACTTCTGGGGTAACCTTCC
TGGCATGAACAGGCCTTTGGCATCCACTGTGAATGATAAGCTGGAGCTGCAAGAGTGTCTGG
AGCACGGCAGAATAGCCAAGTTCAGCAAAGTGAGGACCATTACCACCAGGTCAAACTCTATA
AAGCAGGGCAAAGACCAGCATTTCCCCGTCTTCATGAACGAGAAGGAGGACATCCTGTGGTG
CACTGAAATGGAAAGGGTGTTTGGCTTCCCCGTCCACTACACAGACGTCTCCAACATGAGCC
GCTTGGCGAGGCAGAGACTGCTGGGCCGATCGTGGAGCGTGCCGGTCATCCGCCACCTCTTC
GCTCCGCTGAAGGAATATTTTGCTIGTGTGTCTAGCGGCAATAGTAACGCTAACAGCCGCGG
GCCGAGCTTCAGCAGCGGCCTGGTGCCGTTAAGCTTGCGCGGCAGCCATATGGGCCCTATGG
AGATATACAAGACAGTGTCTGCATGGAAGAGACAGCCAGTGCGGGTACTGAGCCTCTTCAGA
AACATCGACAAGGTACTAAAGAGTTTGGGCTTCTTGGAAAGCGGTTCTGGTTCTGGGGGAGG
AACGCTGAAGTACGTGGAAGATGTCACAAATGTCGTGAGGAGAGACGTGGAGAAATGGGGCC
CCTTTGACCTGGTGTACGGCTCGACGCAGCCCCTAGGCAGCTCTTGTGATCGCTGTCCCGGC
TGGTACATGTTCCAGTTCCACCGGATCCTGCAGTATGCGCTGCCTCGCCAGGAGAGTCAGCG
GCCCTTCTTCTGGATATTCATGGACAATCTGCTGCTGACTGAGGATGACCAAGAGACAACTA
CCCGCTTCCTTCAGACAGAGGCTGTGACCCTCCAGGATGTCCGTGGCAGAGACTACCAGAAT
GCTATGCGGGTGTGGAGCAACATTCCAGGGCTGAAGAGCAAGCATGCGCCCCTGACCCCAAA
GGAAGAAGAGTATCTGCAAGCCCAAGTCAGAAGCAGGAGCAAGCTGGACGCCCCGAAAGTTG
ACCTCCTGGTGAAGAACTGCCTTCTCCCGCTGAGAGAGTACTTCAAGTATTTTTCTCAAAAC
TCACTTCCTCTTGGAGGGCCGAGCTCTGGCGCACCCCCACCAAGTGGAGGGTCTCCTGCCGG
GTCCCCAACATCTACTGAAGAAGGCACCAGCGAATCCGCAACGCCCGAGTCAGGCCCTGGTA
CCTCCACAGAACCATCTGAAGGTAGTGCGCCTGGTTCCCCAGCTGGAAGCCCTACTTCCACC
GAAGAAGGCACGTCAACCGAACCAAGTGAAGGATCTGCCCCTGGGACCAGCACTGAACCATC
TGAGATGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCG
TGATCACCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGG
CACAGCATCAAGAAGAACCTGATCGGCGCCCTGCTGTTCGACAGCGGAGAAACAGCCGAGGC
CACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATC
TGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAA
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GAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGT
GGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGG
ACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTC
CGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTT
CATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCG
TGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATC
GCCCAGCTGCCCGGCGAGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGG
CCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCA
AGGACACCTACGACGACGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGAC
CTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAA
CACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACGAGCACCACC
AGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCTGAGAAGTACAAAGAGATT
TTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATCGATGGCGGAGCCAGCCAGGAAGA
GTITCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGA
AGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCCCAC
CAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCT
GAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCC
CTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACC
CCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCCAGCGCCCAGAGCTTCATCGAGCGGAT
GACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACG
AGTACTTCACCGTGTACAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAG
CCCGCCTTCCTGAGCGGCGAGCAGAAAAAAGCCATCGTGGACCTGCTGTTCAAGACCAACCG
GAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGACTCCG
TGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTG
AAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATAT
CGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATG
CCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGC
AGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGA
TTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCC
TGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAG
CACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGT
GGTGGACGAGCTCGTGAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGG
CCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATC
GAAGAGGGCATCAAAGAGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCA
GCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACC
AGGAACTGGACATCAACCGGCTGTCCGACTACGATGTGGACGCTATCGTGCCTCAGAGCTTT
CTGAAGGACGACTCCATCGATAACAAAGTGCTGACTCGGAGCGACAAGAACCGGGGCAAGAG
CGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTGGCGCCAGCTGCTGA
ATGCCAAGCTGATTACCCAGAGGAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTG
AGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCACAAA
GCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAACGACAAACTGA
TCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTC
CAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGC
CGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCG
ACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCT
ACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGC
CAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGGCGAAACAGGCGAGATCGTGT
GGGATAAGGGCCGGGACTTTGCCACCGTGCGGAAAGTGCTGTCTATGCCCCAAGTGAATATC
GTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAGAGGAA
CAGCGACAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTACGGCGGCTTCGACA
GCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGTCCAAGAAA
CTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAA
TCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGC
TGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGC
GAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGC
CAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGG
AACAGCACAAACACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTG
ATCCTGGCCGACGCTAATCTGGACAAGGTGCTGAGCGCCTACAACAAGCACAGAGACAAGCC
TATCAGAGAGCAGGCCGAGAATATCATCCACCTGTITTACCCTGACCAATCTGGGAGCCCCTG
CCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTG
CTGGACGCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTC
TCAGCTGGGAGGCGACAGCGGAAGTGAGACCCCAGGTACATCCGAATCAGCAACGCCTGAAA
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GCACCGGTATGAACAATTCACAGGGGAGAGTGACATTCGAAGACGTGACCGTGAACTTCACC
CAGGGAGAATGGCAGCGCTTGAACCCAGAACAAAGGAACCTCTATCGGGACGTGATGCTGGA
AAACTACTCAAATTTGGTGAGCGTTGGGCAGGGTGAGACCACTAAGCCTGACGTGATCCTGA
GATTGGAACAGGGCAAGGAGCCTTGGCTCGAGGAAGAGGAAGTCCTGGGCTCAGGGAGGGCC
GAGAAAAACGGTGATATAGGAGGCCAGATATGGAAGCCTAAGGACGTCAAGGAGAGCCTGAG
CGCTGATTACAAAGATGATGACGATAAAGCCCCAAAAAAGAAGAGAAAGGTACCGAAGAAAA
AAAGAAAGGTCTGA

[0310] Sequences from FIG. 14A can be found below:

Description Sequence SEQ ID NO:
gRNAQOOS ACUGCCUGGCUCAcCUCcUCC 1270
gRNAQOO3 UGCGGAAACCUUCUAGGGUG 1264
gRNAQO93 AACCUGAUCCUCCAGUCCGG 1354
gRNAQ11 AUCGUCCGAUGGGGCUCUGG 1272
gRNAOQO7 GGUGUGGGUGCUUGACGCCU 1268
gRNAQ77 CAAAUCCUAACUGGGCUGGA 1338
gRNA113 GGGCGCCGCCGUUCAGUUCA 1374
gRNAQQO4 GCGGAAACCUUCUAGGGUGU 1265
gRNAQO8 GUGUGGGUGCUUGACGCCUG 1269
gRNAQ12 AGGAUCGUCCGAUGGGGCUC 1273
gRNA111 AGUUCAGGGUCUGAGCCUGG 1372
gRNAQOOS5 UCAAGCACCCACACCCUAGA 1266
gRNAQO13 UCAGAUAGGAUCGUCCGAUG 1274

[0311] Sequences from FIG. 15 can be found below:

ZFoff-15 Target
Sequence

GATGGGGCTCTGGTGGCG (SEQ ID NO: 676)

ZFoff-15 ZFP
Amino Acid
Sequence

SRPGERPFQCRICMRNFSRTDTLARHLRTHTGEKPFQCRICMRNEF SRKTALNRHLKTHTGSQ
KPFQCRICMRNEF SRNESLKVHLRTHTGEKPFQCRICMRNE SVKNTLTRHLKTHTGSQKPFQC
RICMRNFSRREHLVRHLRTHTGEKPFQCRICMRNFSLTHNLRRHLKTHLRGS (SEQ ID
NO: 677)

ZFoff-15 Full
Amino Acid
Sequence

MGTMYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCED
SITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRL
FFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRAR
YEWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDQHFPVEFMNE
KEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGN
SNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLEFRNIDKVLKSLGFLES
GSGSGGGTLKYVEDVINVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYMFQFHRILQYAL
PROESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVTLODVRGRDYQNAMRVWSNIPGLKSK
HAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPP
SGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP
GISTEPSEPKKKRKVSRPGERPFQCRICMRNESRTDTLARHLRTHTGEKPFQCRICMRNFESR
KTALNRHLKTHTGSQKPFQCRICMRNF SRNESLKVHLRTHTGEKPFQCRICMRNEF SVKNTLT
RHLKTHTGSQKPFQCRICMRNFSRREHLVRHLRTHTGEKPFQCRICMRNFEF SLTHNLRRHLKT
HLRGSPKKKRKVSGSETPGTSESATPESTGRTLVIFKDVFVDFTREEWKLLDTAQQIVYRNV
MLENYKNLVSLGYQLTKPDVILRLEKGEEPSADYKDDDDKA (SEQ ID NO: 678)

ZFoff-15 with
2xNLS

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLG
IQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPFDLVIGGSPCNDLSIV
NPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLEFENVVAMGVSDKRDISREFLESNPV
MIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSI
KQGKDQHFPVFMNEKED ILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLE
APLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLER
NIDKVLKSLGFLESGSGSGGGTLKYVEDVINVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPG
WYMFQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT LODVRGRDYQN
AMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLP LREYFKYF SQON
SLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTST
EEGTSTEPSEGSAPGTSTEPSESRPGERPFQCRICMRNESRTDTLARHLRTHTGEKPFQCRI
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CMRNF SRKTALNRHLKTHTGSQKPFQCRICMRNF SRNESLKVHLRTHTGEKPFQCRICMRNE
SVKNTLTRHLKTHTGSQKPFQCRICMRNEF SRREHLVRHLRTHTGEKPFQCRICMRNF SLTHN
LRRHLKTHLRGSSGSETPGTSESATPESTGRTLVIFKDVFVDFTREEWKLLDTAQQIVYRNV
MLENYKNLVSLGYQLTKPDVILRLEKGEEP SADYKDDDDKAPKKKRKVPKKKRKV (SEQ
ID NO: 679)

ZFoff-60 Target
Sequence

GCAGAGGCCGGAGGGGGTC (SEQ ID NO: 740)

zfoff-60 ZFP
Amino Acid
Sequence

SRPGERPFQCRICMRNEFSDPSVLKRHLRTHTGEKPFQCRICMRNEF SRTEHLARHLKTHT GGG
GSQKPFQCRICMRNFSQSPHLKRHLRTHTGEKPFQCRICMRNF SDQTTLRRHLKTHTGSQKP
FQCRICMRNFSKHSNLTRHTRTHTGEKPFQCRICMRNFSQMETLKRHLRTHLRGS (SEQ
ID NO: 680)

ZFoff-60 Full
Amino Acid
Sequence

MGTMYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCED
SITVGMVRHQGKIMYVGDVRSVTIQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRL
FFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRAR
YEWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNS IKQGKDQHFPVFMNE
KEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGN
SNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLES
GSGSGGGTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYMEFQFHRILQYAL
PROESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVTLODVRGRDYQNAMRVWSNIPGLKSK
HAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPP
SGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP
GISTEPSEPKKKRKVSRPGERPFQCRICMRNE SDPSVLKRHLRTHTGEKPFQCRICMRNF SR
TEHLARHLKTHTGGGGSQKPFQCRICMRNF SQSPHLKRHLRTHTGEKPFQCRICMRNESDQT
TLRRHLKTHTGSQKPFQCRICMRNFSKHSNLTRHTRTHTGEKPFQCRICMRNF SQMETLKRH
LRTHLRGSPKKKRKVSGSETPGTSESATPESTGRTLVIFKDVFVDF TREEWKLLDTAQQIVY
RNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPSADYKDDDDKA (SEQ ID NO: 681)

ZFoff-60 with
2xNLS

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLG
IQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTIQKHIQEWGPFDLVIGGSPCNDLSIV
NPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPV
MIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSI
KQGKDQHFPVFMNEKED ILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLE
APLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLEFR
NIDKVLKSLGFLESGSGSGGGTLKYVEDVINVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPG
WYMFQFHRILQYALPRQESQRPFEWIFMDNLLLTEDDQETTTRFLQTEAVTLOQDVRGRDYQN
AMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLP LREYFKYF SQON
SLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTST
EEGTSTEPSEGSAPGTSTEPSESRPGERPFQCRICMRNESDPSVLKRHLRTHTGEKPFQCRI
CMRNF SRTEHLARHLKTHTGGGGSQKPFQCRICMRNF SQSPHLKRHLRTHTGEKPFQCRICM
RNFSDQTTLRRHLKTHTGSQKPFQCRICMRNE SKHSNLTRHTRTHTGEKPFQCRICMRNFESQ
METLKRHLRTHLRGSSGSETPGTSESATPESTGRTLVTFKDVEVDFTREEWKLLDTAQQIVY
RNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP SADYKDDDDKAPKKKRKVPKKKRKV
(SEQ ID NO: 682)

ZFoff-137 Target
Sequence

GGTGGGGAGGACTGTGCA (SEQ ID NO: 683)

ZFoff-137 ZFP
Amino Acid
Sequence

SRPGERPFQCRICMRNFSQSTTLKRHLRTHTGEKPFQCRICMRNEF SGAHGLAGHLKTHTGSQ
KPFQCRICMRNFSDQTNLRRHLRTHTGEKPFQCRICMRNFE SRODNLQRHLKTHTGSQKPFEFQC
RICMRNFSKGDHLRRHTRTHTGEKPFQCRICMRNFSEAHHLSRHLRTHLRGS (SEQ ID
NO: 684)

ZFoff-137 Full
Amino Acid
Sequence

MGTMYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCED
SITVGMVRHQGKIMYVGDVRSVTIQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRL
FFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRAR
YEWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNS IKQGKDQHFPVFMNE
KEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGN
SNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLES
GSGSGGGTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYMEFQFHRILQYAL
PROESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVTLODVRGRDYQNAMRVWSNIPGLKSK
HAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPP
SGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP
GISTEPSEPKKKRKVSRPGERPFQCRICMRNESQSTTLKRHLRTHTGEKPFQCRICMRNFSG
AHGLAGHLKTHTGSQKPFQCRICMRNFSDQTNLRRHLRTHTGEKPFQCRICMRNF SRQDNLQ
RHLKTHTGSQKPFQCRICMRNFSKGDHLRRHTRTHTGEKPFQCRICMRNF SEAHHLSRHLRT
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HLRGSPKKKRKVSGSETPGTSESATPESTGRTLVIFKDVEVDFTREEWKLLDTAQQIVYRNV
MLENYKNLVSLGYQLTKPDVILRLEKGEEPSADYKDDDDKA (SEQ ID NO: 685)

ZFoff-137 with
2xNLS

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLG
IQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTIQKHIQEWGPEDLVIGGSPCNDLSIV
NPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISREFLESNPV
MIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSI
KQGKDQHFPVFMNEKED ILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLE
APLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLER
NIDKVLKSLGFLESGSGSGGGTLKYVEDVINVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPG
WYMFQFHRILQYALPRQESQRPFEWIFMDNLLLTEDDQETTTRFLQTEAVTLOQDVRGRDYQN
AMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYF SQON
SLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTST
EEGTSTEPSEGSAPGTSTEPSESRPGERPFQCRICMRNESQSTTLKRHLRTHTGEKPFQCRI
CMRNF SGAHGLAGHLKTHTGSQKPFQCRICMRNF SDQTNLRRHLRTHTGEKPFQCRICMRNE
SRODNLQRHLKTHTGSQKPFQCRICMRNFE SKGDHLRRHTRTHTGEKPFQCRICMRNF SEAHH
LSRHLRTHLRGSSGSETPGTSESATPESTGRTLVIFKDVFVDFTREEWKLLDTAQQIVYRNV
MLENYKNLVSLGYQLTKPDVILRLEKGEEP SADYKDDDDKAPKKKRKVPKKKRKV (SEQ
ID NO: 686)

ZFoff-152 Target
Sequence

GCAGGAGGACGAGGACGGC (SEQ ID NO: 687)

ZFoff-152 ZFP
Amino Acid
Sequence

SRPGERPFQCRICMRNEFSTPSKLDRHTRTHTGEKPFQCRICMRNEF SLAENLRRHLRTHTGSQ
KPFQCRICMRNF SRODNLGRHLRTHTGEKPFQCRICMRNFE SDGGNLGRHLKTHTGGGGSQKP
FQCRICMRNFSQSPHLKRHLRTHTGEKPFQCRICMRNEFSQSTSLOQRHLKTHLRGS (SEQ
ID NO: 688)

ZFoff-152 Full
Amino Acid
Sequence

MGTMYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCED
SITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRL
FFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRAR
YEWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNS IKQGKDQHFPVFMNE
KEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGN
SNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLES
GSGSGGGTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYMEFQFHRILQYAL
PROESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVTLODVRGRDYQNAMRVWSNIPGLKSK
HAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPP
SGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP
GISTEPSEPKKKRKVSRPGERPFQCRICMRNFE STPSKLDRHTRTHTGEKPFQCRICMRNFSL
AENLRRHLRTHTGSQKPFQCRICMRNFSRQDNLGRHLRTHTGEKPFQCRICMRNFEF SDGGNLG
RHLKTHTGGGGSQKPFQCRICMRNEFSQSPHLKRHLRTHTGEKPFQCRICMRNEFSQSTSLQRH
LKTHLRGSPKKKRKVSGSETPGTSESATPESTGRTLVIFKDVEFVDF TREEWKLLDTAQQIVY
RNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPSADYKDDDDKA (SEQ ID NO: 689)

ZFoff-152 with
2Xnls

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLG
IQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTIQKHIQEWGPEDLVIGGSPCNDLSIV
NPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPV
MIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSI
KQGKDQHFPVFMNEKED ILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLE
APLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLER
NIDKVLKSLGFLESGSGSGGGTLKYVEDVINVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPG
WYMFQFHRILQYALPRQESQRPFEWIFMDNLLLTEDDQETTTRFLQTEAVTLOQDVRGRDYQN
AMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLP LREYFKYF SQON
SLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTST
EEGTSTEPSEGSAPGTSTEPSESRPGERPFQCRICMRNESTP SKLDRHTRTHTGEKPFQCRI
CMRNF SLAENLRRHLRTHTGSQKPFQCRICMRNF SRODNLGRHLRTHTGEKPFQCRICMRNE
SDGGNLGRHLKTHTGGGGSQKPFQCRICMRNF SQSPHLKRHLRTHTGEKPFQCRICMRNE SQ
STSLQRHLKTHLRGSSGSETPGTSESATPESTGRTLVTFKDVEVDFTREEWKLLDTAQQIVY
RNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP SADYKDDDDKAPKKKRKVPKKKRKV
(SEQ ID NO: 690)

ZFoff-153 Target
Sequence

GCAGGAGGACGAGGACGGC (SEQ ID NO: 691)

ZFoff-153 ZFP
Amino Acid
Sequence

SRPGERPFQCRICMRNFSERAKLIRHLRTHTGEKPFQCRICMRNE SDPSNLRRHLKTHTGSQ
KPFQCRICMRNF SRODNLGRHLRTHTGEKPFQCRICMRNE SDQGNLGRHLKTHTGGGGSQKP
FQCRICMRNFSQSAHLKRHLRTHTGEKPFQCRICMRNEFSQDVSLVRHLKTHLRGS (SEQ
ID NO: 692)
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ZFoff-153 Full
Amino Acid
Sequence

MGTMYNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCED
SITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRL
FFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRAR
YEWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNS IKQGKDQHFPVFMNE
KEDILWCTEMERVEFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGN
SNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLEFRNIDKVLKSLGELES
GSGSGGGTLKYVEDVTINVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYMEFQFHRILQYAL
PROESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVTLODVRGRDYQNAMRVWSNIPGLKSK
HAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPP
SGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP
GTISTEPSEPKKKRKVSRPGERPFQCRICMRNFE SERAKLIRHLRTHTGEKPFQCRICMRNFE SD
PSNLRRHLKTHTGSQKPFQCRICMRNEF SRODNLGRHLRTHTGEKPFQCRICMRNE SDQGNLG
RHLKTHTGGGGSQKPFQCRICMRNEFSQSAHLKRHLRTHTGEKPFQCRICMRNFSQDVSLVRH
LKTHLRGSPKKKRKVSGSETPGTSESATPESTGRTLVIFKDVEFVDFTREEWKLLDTAQQIVY
RNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPSADYKDDDDKA (SEQ ID NO:693)

ZFoff-153 with
2xNLS

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLEFDGIATGLLVLKDLG
IQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVIQKHIQEWGPFDLVIGGSPCNDLSIV
NPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPV
MIDAKEVSAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSI
KQGKDQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLE
APLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLEFR
NIDKVLKSLGFLESGSGSGGGTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPG
WYMFQFHRILQYALPRQESQRPFEWIFMDNLLLTEDDQETTTRFLQTEAVTLODVRGRDYQN
AMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYF SQON
SLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTST
EEGTSTEPSEGSAPGTSTEPSESRPGERPFQCRICMRNE SERAKLIRHLRTHTGEKPFQCRI
CMRNF SDPSNLRRHLKTHTGSQKPFQCRICMRNF SRODNLGRHLRTHTGEKPFQCRICMRNE
SDQGNLGRHLKTHTGGGGSQKPFQCRICMRNF SQSAHLKRHLRTHTGEKPFQCRICMRNE SQ
DVSLVRHLKTHLRGSSGSETPGTSESATPESTGRTLVTFKDVFVDFTREEWKLLDTAQQIVY
RNVMLENYKNLVSLGYQLTKPDVILRLEKGEEP SADYKDDDDKAPKKKRKVPKKKRKV
(SEQ ID NO: 694)

Cell Culture and Transfection
[0312] HeLa (ATCC-CRM-CCL-2), Hepal-6 (PCSK9-IRES-TdTomato), Huh7 (Sekisui
XenoTech, LL.C) and HEK293T Griptite (CLTA-GFP) cells were cultured in DMEM with

10% FBS. All experiments in HelL.a and Huh7 cells were done using chemically synthesized

guide RNA and in vitro transcribed effector construct. HeLa cells were reverse transfected

using TransIT-X2 transfection reagent from Mirus (Cat# MIR6003). Huh7 cells were reverse

transfected using MessengerMAX reagent from Invitrogen (Cat# LMRNAOO3). Secreted

PCSKO levels were measured at the indicated time points using LEGEND MAX™ Human
PCSKO9 ELISA Kit from Biolegend (Cat# 443107). All ELISA data was normalized for cell
numbers using CellTiter-Glo kit from Promega (Cat# G7571).

[0313] HEK?293T Griptite cells with GFP knocked into the CLTA locus as an in-frame

CLTA fusion were co-transfected with plasmids encoding effector construct and human

CLTA guide RNA using TransIT-X2 transfection reagent from Mirus (Cat# MIR6003). GFP

was measured by FACS for GFP expression as a surrogate for CLTA expression.

[0314] Hepal-6 cells were co-transfected with plasmids encoding effector construct and

mouse PCSK9 guide RNA using SF Cell Line 96-well Nucleofector Kit (Cat # V4SC-2096,

program code: CM-138) in Amaxa 4D nucleofector device from Lonza. At the indicated
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timepoint, cells were FACS analyzed for TdTomato expression as a surrogate for PCSK9

levels.

In Vitro Transcription of Effector Constructs and Synthetic gRNA

[0315] 1 ug of linearized effector template was used to set up in-vitro transcription
reactions using T7 mScript™ Standard mRNA Production System from CellScript (Cat# C-
MSC100625) according to manufacturer’s instructions to obtain RNA that had a Cap 1
structure on the 5’ end and was 3’polyadenylated. End-modified sgRNA that had three 2°O-
methyl modified nucleotides with phosphorothioate linkages on both 5 and 3’ ends were

obtained from Integrated DNA Technologies.

Methylation Profiling

[0316] Genomic DNA was extracted from each well of a 96-well culture plate using a
DNAdvance DNA Extraction from Tissue Kit (Beckman Coulter). After quantification of
genomic DNA via High-Sensitivity DNA 1X kit (Quant-IT), each genomic DNA sample was
bisulfite converted using an EZ-96 DNA Methylation-Gold MagPrep kit (Zymo Research)
according to manufacturer’s instructions. For hybridization capture experiments, DNA
libraries were prepared using the xGen™ Methyl-Seq DNA Library Prep Kit (IDT) and
hybrid capture was conducted using the xGen™ Hybridization Capture of DNA libraries kit
(IDT). For amplicon sequencing experiments, DNA libraries were prepared using the
xGen™ Methyl-Seq DNA Library Prep Kit (IDT) and hybrid capture was conducted using
the xGen™ Hybridization Capture of DNA libraries (IDT). Bisulfite-converted DNA from
each sample was used to seed PCR corresponding to each of the two VIM amplicons using a
Platinum Taq kit (Invitrogen). Pooled products were cleaned using the AMPure XP kit
(Beckman Coulter) and fragment size assessment via D1000 screentape on a Tapestation

4200 (Agilent) prior to sequencing by commercial service (Azenta).

Example 13: Bacterial DNA Methyltransferases

[0317] In this experiment, a panel of bacterial proteins were screened for DNA
methyltransferase activity in mammalian cells. These bacterial DNA methyltransferases
(Table 13) were tested for epigenetic silencing activity by fusing them N-terminally to a
dCas9 domain using the experimental procedure of Example 1. These constructs were then
transfected in a reporter cell line that expresses GFP under the control of the mammalian

promoter of CTLA4.
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Table 13: Bacterial DNA methyltransferases

Description

Sequence

M.Alul
methyltransferase

MSKANAKYSFVDLFAGIGGFHAALAATGGVCEYAVEIDREAAAVYERNWNKPALGDITDDAN
DEGVILRGYDGPIDVLTGGFPCQPFSKSGAQHGMAETRGTLFWNIARIIEEREPTVLILENV
RNLVGPRHRHEWLTIIETLRFFGYEVSGAPAIFSPHLLPAWMGGTPQVRERVFITATLVPER
MRDERSTIRRATGRPLEGFPYWADSWIDFRELSRLVVIRGFQAPEREVVGDRKRYVARTDMP
EGFVPASVTRPAIDETLPAWKQSHLRRNYDFFERHFAEVVAWAYRWGVYTDLFPASRRKLEW
QAQDAPRLWDTVMHFRP SGIRAKRPTYLPALVAITQTSIVGPLERRLSPRETARLQGLPEWE
DFGEQRAAATYKQMGNGVNVGVVRHILREHVRRDRALLKLTPAGQRIINAVLADEPDATVGA
LGAAE (SEQ ID NO: 675)

M.Mspl
methyltransferase

MKPEILKLIRSKLDLTQKQASEIIEVSDKTWQQOWESGKTEMHPAYYSFLQEKLKDKINEFEEL
SAQKTLQKKIFDKYNONQITKNAEELAEITHIEERKDAYSSDFKFIDLFSGIGGIRQSFEVN
GGKCVFSSEIDPFAKFTYYTNFGVVPFGDITKVEATTIPQHDILCAGFPCQPFSHIGKREGF
EHPTQGTMFHEIVRIIETKKTPVLELENVPGLINHDDGNTLKVIIETLEDMGYKVHHTVLDA
SHFGIPQKRKRFYLVAFLNQNIHFEFPKPPMISKDIGEVLESDVTIGYSISEHLQKSYLEKKD
DGKPSLIDKNTTGAVKTLVSTYHKIQRLTGTFVKDGETGIRLLTTNECKAIMGFPKDFVIPV
SRTOMYRQMGNSVVVPVVTKIAEQISLALKTVNQQSPQENFELELV (SEQ ID NO:

610)

M. Haelll
methyltransferase

MNLISLFSGAGGLDLGFQKAGFRIICANEYDKSIWKTYESNHSAKLIKGDISKISSDEFPKC
DGIIGGPPCQSWSEGGSLRGIDDPRGKLFYEYIRILKQKKPIFFLAENVKGMMAQRHNKAVQ
EFIQEFDNAGYDVHIILLNANDYGVAQDRKRVFYIGFRKELNINYLPPIPHLIKPTEFKDVIW
DLKDNPIPALDKNKTNGNKCIYPNHEYFIGSYSTIFMSRNRVRQWNEPAFTVQASGRQCQLH
PQAPVMLKVSKNLNKFVEGKEHLYRRLTVRECARVQGFPDDFIFHYESLNDGYKMIGNAVPV
NLAYETAKTIKSALEICKGN (SEQ ID NO: 608)

M. Hhal
methyltransferase

MIEIKDKQLTGLRFIDLFAGLGGFRLALESCGAECVYSNEWDKYAQEVYEMNFGEKPEGDIT
QVNEKTIPDHDILCAGFPCQAFSISGKQKGFEDSRGTLFFDIARIVREKKPKVVEFMENVKNE
ASHDNGNTLEVVKNTMNELDYSFHAKVLNALDYGIPQKRERIYMICEFRNDLNIQNFQFPKPF
ELNTFVKDLLLPDSEVEHLVIDRKDLVMTINQEIEQTTPKTVRLGIVGKGGQGERIYSTRGIA
ITLSAYGGGIFAKTGGYLVNGKTRKLHPRECARVMGYPDSYKVHPSTSQAYKQFGNSVVINV
LOYTAYNIGSSLNFKPY (SEQ ID NO: 609)

M. Sssl
methyltransferase

MSKVENKTKKLRVFEAFAGIGAQRKALEKVRKDEYEIVGLAEWYVPAIVMYQATHNNFHTKL
EYKSVSREEMIDYLENKTLSWNSKNPVSNGYWKRKKDDELKIIYNAIKLSEKEGNIFDIRDL
YKRTLKNIDLLTYSFPCQDLSQQGIQKGMKRGSGTRSGLLWEIERALDSTEKNDLPKYLLME
NVGALLHKKNEEELNQWKQKLESLGYQNSIEVLNAADFGSSQARRRVFMISTLNEFVELPKG
DKKPKSIKKVLNKIVSEKDILNNLLKYNLTEFKKTKSNINKASLIGYSKEFNSEGYVYDPEFT
GPTLTASGANSRIKIKDGSNIRKMNSDETFLYIGFDSQDGKRVNEIEFLTENQKIFVCGNSI
SVEVLEAIIDKIGG (SEQ ID NO: 605)

[0318] M.SssI DNA methyltransferase was able to efficiently methylate DNA in

mammalian cells (FIG. 16) with stable silencing up to 30 days. Sequences from FIG. 16 can

be found below:

Description Sequence SEQ ID NO:
TARO087 Target DNA Sequence | GGCGGAAGTGCTGCCTGATA 667
TAR089 Target DNA Sequence | GCAACACCGCCTAGACCGAC 668
TAR090 Target DNA Sequence | GGAGGTTCAGAAAGCCTAAG 669
TAR091 Target DNA Sequence | GCAGCACTAGAGTCCCCTCA 670
TAR092 Target DNA Sequence | GAACAACTCGTGACTGGGGT 671
TAR093 Target DNA Sequence | GGGAGAGGAGGACAAGCGCC 672
TAR094 Target DNA Sequence GGACCCACCGACACCACGCC 673
TAR114 Target DNA Sequence | CGCGGGAAAATGCAAGACGA 674
[0319] The methylation profile of these cells was also analyzed at day 29 confirming a

20% methylation of the target gene (FIGs. 17-18).
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[0320] Another three orthologous DNA methyltransferases, predicted to be closely
related to M. Sssl, are identified and tested for epigenetic silencing activity using the

experimental procedures of Example 1 (Table 14).

Table 14: Bacterial methyltransferases

Description SEQ ID NO
DNA cytosine methyltransferase Mycoplasmatales bacterium 601
DNA cytosine methyltransferase Mycoplasma marinum 602
DNA (cytosine-5-)-methyltransferase Spiroplasma chinense 603

[0321] The DNA methyltransferases of Table 14 are predicted to have similar or
improved function to M. Sssl. Sequences are tested in the context of CRISPR-off, in place of
murine DNMT3A/DNMT3L, and their function is compared with the function of M. SssI
DNA methyltransferase in silencing the PCSK9 locus in a HeLa TdTomato system, to

identify novel characteristics and improved function.

Example 14: Alternative KRAB Domains

[0322] In this example, fusion proteins were constructed with alternative KRAB domains
(Table 15) and showed improved activity as compared to CRISPR-off when tested using the
experimental procedures of Example 1 (FIGs. 19A-19D).

Table 15: Alternative KRAB Domains

Description Sequence
ZFP28 MKKLEAVGTGIEPKAMSQGLVTFGDVAVDFSQEEWEWLNP IQRNLYRKVMLENYRNLASLGL
CVSKPDVISSLEQGKEPWTVKRKMTRAWCPDLKAVWKIKELPLKKDFCEG (SEQ ID NO:
74)
ZN627 MDSVAFEDVAVNFTLEEWALLDP SQKNLYRDVMRETFRNLASVGKQWEDQNIEDPFKIPRRN

ISHIPERLCESKEGGQGEETFSQIPDGILNKKTPGVKPCESSVCGEVGMGP SSLNRHIRDHT
GREPNEYQEYGKKSYTRNQCGRALSYHRSFPVRERTHPGGKPYDCKECGETFISLVSIRRHM
LTHRGGVPYKCKVCGKAFDYPSLFRIHERSHTGEKPYECKQCGKAFSCSSYIRIHERTHTGD
KPYECKQCGKAFSCSKYIRIHERTHTGEKPYECKQCGKAFRCASSVRSHERTHTGEKLFECK
ECGKALTCLASVRRHMIKHTGNGPYKCKVCGKAFDFPSSFRIHERTHTGEKPYDCKQCGKAF
SCSSSFRKHERIHTGEKPYKCTKCGKAFSRSSYFRIHERTHTGEKPYECKQCGKAFSRSTYF
RVHEKIHTGEKPYENPNPNASVVPVLS (SEQ ID NO: 666)

KAP1 MAASAAAASAAAASAASGSPGPGEGSAGGEKRSTAPSAAASASASAAASSPAGGGAEALELL
EHCGVCRERLRPEREPRLLPCLHSACSACLGPAAPAAANS SGDGGAAGDGTVVDCPVCKQQC
FSKDIVENYFMRDSGSKAATDAQDANQCCTSCEDNAPATSYCVECSEPLCETCVEAHQRVKY
TKDHTVRSTGPAKSRDGERTVYCNVHKHEPLVLFCESCDTLTCRDCQLNAHKDHQYQFLEDA
VRNQRKLLASLVKRLGDKHATLQKSTKEVRSSTIRQVSDVQKRVQVDVKMAILQIMKELNKRG
RVLVNDAQKVTEGQQERLERQHWTMTKIQKHQEHILRFASWALESDNNTALLLSKKLIYFQL
HRALKMIVDPVEPHGEMKFQWDLNAWTKSAEAFGKIVAERPGTNSTGPAPMAPPRAPGPLSK
QGSGSSQPMEVQEGYGFGSGDDPYSSAEPHVSGVKRSRSGEGEVSGLMRKVPRVSLERLDLD
LTADSQPPVFKVFPGSTTEDYNLIVIERGAAAAATGQPGTAPAGTPGAPPLAGMAIVKEEET
EAATIGAPPTATEGPETKPVLMALAEGPGAEGPRLASPSGSTSSGLEVVAPEGTSAPGGGPGT
LDDSATICRVCQKPGDLVMCNQCEFCFHLDCHLPALQDVPGEEWSCSLCHVLPDLKEEDGSL
SLDGADSTGVVAKLSPANQRKCERVLLALFCHEPCRPLHQLATDSTFSLDQPGGTLDLTLIR
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ARLQEKLSPPYSSPQEFAQDVGRMFKQFNKLTEDKADVQSIIGLQRFFETRMNEAFGDTKES
AVLVEPPPMSLPGAGLSSQELSGGPGDGP (SEQ ID NO: 629)

MeCP2

MVAGMLGLREEKSEDQDLQGLKDKP LKFKKVKKDKKEEKEGKHEPVQP SAHHSAEPAEAGKA
ETSEGSGSAPAVPEASASPKQRRSIIRDRGPMYDDPTLPEGWTRKLKQRKSGRSAGKYDVYL
INPQGKAFRSKVELIAYFEKVGDTSLDPNDFDFTVIGRGSPSRREQKPPKKPKSPKAPGTGR
GRGRPKGSGTTRPKAATSEGVQVKRVLEKSPGKLLVKMPFQTSPGGKAEGGGATTSTQVMVI
KRPGRKRKAEADPQAIPKKRGRKPGSVVAAAAAEAKKKAVKESSIRSVQETVLP IKKRKTRE
TVSIEVKEVVKPLLVSTLGEKSGKGLKTCKSPGRKSKESSPKGRSSSASSPPKKEHHHHHHH
SESPKAPVPLLPPLPPPPPEPESSEDPTSPPEPQDLSSSVCKEEKMPRGGSLESDGCPKEPA
KTQPAVATAATAAEKYKHRGEGERKDIVSSSMPRPNREEPVDSRTPVTERVS (SEQ ID
NO: 630)

HP1b

MGKKONKKKVEEVLEEEEEEYVVEKVLDRRVVKGKVEYLLKWKGF SDEDNTWEPEENLDCPD
LIAEFLQSQKTAHETDKSEGGKRKADSDSEDKGEESKPKKKKEESEKPRGFARGLEPERIIG
ATDSSGELMFLMKWKNSDEADLVPAKEANVKCPQVVISFYEERLTWHSYP SEDDDKKDDKN
(SEQ ID NO: 94)

CBX8

GSGPPSSGGGLYRDMGAQGGRPSLIARIPVARILGDPEEESWSPSLTNLEKVVVIDVTSNEL
TVTIKESNTDQGFFKEKR (SEQ ID NO: 387)

CDYL2

ASGDLYEVERIVDKRKNKKGKWEYLIRWKGYGSTEDTWEPEHHLLHCEEFIDEFNGLHMSKD
KRIKSGKQSSTSKLLRDS (SEQ ID NO: 365)

TOX

KDPNEPQKPVSAYALFFRDTQAAIKGONPNATFGEVSKIVASMWDGLGEEQKQVYKKKTEAA
KKEYLKQLAAYRASLVSK (SEQ ID NO: 372)

TOX3

KDPNEPQKPVSAYALFFRDTQAAIKGONPNATFGEVSKIVASMWDSLGEEQKQVYKRKTEAA
KKEYLKALAAYRASLVSK (SEQ ID NO: 394)

TOX4

KDPNEPQKPVSAYALFFRDTQAAIKGONPNATFGEVSKIVASMWDSLGEEQKQVYKRKTEAA
KKEYLKALAAYKDNQECQ (SEQ ID NO: 1523)

EED

MSEREVSTAPAGTDMPAAKKQKLSSDENSNPDLSGDENDDAVSIESGINTERPDTPTNTPNA
PGRKSWGKGKWKSKKCKYSFKCVNSLKEDHNQPLFGVQFNWHSKEGDPLVFATVGSNRVTLY
ECHSQGEIRLLOSYVDADADENFYTCAWTYDSNTSHPLLAVAGSRGIIRIINPITMQCIKHY
VGHGNAINELKFHPRDPNLLLSVSKDHALRLWNIQTDTLVAIFGGVEGHRDEVLSADYDLLG
EKIMSCGMDHSLKLWRINSKRMMNAIKESYDYNPNKTNRPFISQKIHFPDFSTRDIHRNYVD
CVRWLGDLILSKSCENAIVCWKPGKMEDDIDKIKPSESNVITILGREFDYSQCDIWYMRESMDFE
WOKMLALGNQVGKLYVWDLEVEDPHKAKCTTLTHHKCGAATIRQTSFSRDSSILIAVCDDAST
WRWDRLR (SEW ID NO: 563)

RBBP4

VWDLSKIGEEQSPEDAEDGPPELLF IHGGHTAKISDF SWNPNEPWVICSVSEDNIMQVWQOMA
ENIYNDEDPEGSVDPEGQ (SEQ ID NO: 1524)

RCOR1

MPAMVEKGPEVSGKRRGRNNAAASASAAAASAAASAACASPAATAASGAAASSASAAAASAA
AAPNNGQONKSLAAAAPNGNSSSNSWEEGSSGSSSDEEHGGGGMRVGPQYQAVVPDEFDPAKLA
RRSQERDNLGMLVWSPNQNLSEAKLDEY IATAKEKHGYNMEQALGMLFWHKHNIEKSLADLP
NEFTPEFPDEWIVEDKVLFEQAFSFHGKTFHRIQOMLPDKSIASLVKEYYSWKKTRTKTSVMDR
HARKQKREREESEDELEEANGNNPIDIEVDONKESKKEVPPTETVPQVKKEKHSTQAKNRAK
RKPPKGMFLSQEDVEAVSANATAATTVLRQLDMELVSVKRQIQONIKQTNSALKEKLDGGIEP
YRLPEVIQKCNARWITEEQLLAVQATIRKYGRDFQAISDVIGNKSVVQVKNFEFVNYRRRENID
EVLQEWEAEHGKEETNGP SNQKPVKSPDNSIKMPEEEDEAPVLDVRYASAS (SEQ ID
NO: 559)

SCML2

KQGFSKDPSTWSVDEVIQFMKHTDPQISGPLADLFRQHEIDGKALFLLKSDVMMKYMGLKLG
PALKLCYYIEKLKEGKYS (SEQ ID NO: 382)

Example 15: ZIM 3 Fusion Constructs

[0323]

Novel fusions of ZIM3 and KOX1KRAB are generated. Both ZIM 3 and

KOX1KRAB are KRAB family proteins with extensive homology. Thus, sequences are
designed which represent halfway points between ZIM3 and KOX1KRAB. These
KOX1KRAB and ZIM3 constructs encode a small region of KOX1KRAB and ZIM3 focused

around the zinc finger domain of the protein. While the regions used of KOX1KRAB and

ZIM3 are very similar within the first ~75bp of their sequence, ZIM3 also possesses a small

alpha-helical region at the C-terminus, not present in KOX1KRAB. The KOX1KRAB-FL
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sequence includes the KOX1KRAB sequence equivalent of this extra piece, while the ZIM3
truncation has this extra piece removed from the ZIM3 sequence. The ZIM3/KOX1KRAB
chimeras are fusions of the N- and C-terminal pieces of the two proteins. The ZIM3-like
KOX1KRAB variants were both assembled by first, BLAST of ZIM3 or KOX1KRAB
proteins from nonhuman species to assemble the closest 100 homologs (‘families’) of each
gene; second, identifying the 3 members of the KOX1KRAB family that most closely
resemble ZIM3 and the 3 members of the ZIM3 family that most closely resemble
KOX1KRAB; and third, rationally modifying the KOX1KRAB-FL sequence to resemble
each set of three (Table 16).

Table 16: ZIM-KOX1KRAB Chimera Proteins

Description Sequence

KOX1KRAB Residues 11-72 58
KOX1KRAB-FL Residues 11-108 59
ZIM3 Residues 1-100 60
KOX1KRAB-ZIM3 chimera 1 61
(Residues 11-72 of KOX1KRAB, Residues 68-100 of ZIM3)
ZIM3-KOX1KRAB chimera 2 62
(Residues 1-67 of ZIM3, Residues 73-108 of KOX1KRAB)

Truncated ZIM3 (Residues 1-75 of ZIM3) 63
KOX1KRAB-FL Zim3-like (Modified Residues 11-108) 64
KOX1KRAB-like ZIM3 1 65
KOX1KRAB-like ZIM3 2 66
KOX1KRAB-like ZIM3 3 67
KOX1KRAB-like ZIM3 4 68
ZIM-like KOX1KRAB 1 69
ZIM-like KOX1KRAB 2 70
ZIM-like KOX1KRAB 3 71

Example 16: PCSK9 silencing dose-response experiment
[0324] Varying dosage amounts of CRISPR-off and ZF-off constructs were tested in
mice expressing human PCSK9. Constructs which had shown durable silencing of PCSK9 at
3 mg/kg (see Example 11) were chosen for further study. These included PLA2628 with
gRNAs g041 and g049; PLA1489 with gRNAs g041 and g049, as well as ZFP152ADD, as
disclosed in Example 11. Constructs were delivered as described in Example 11. Each
construct of interest was tested at 0.2 mg/kg, 0.375 mg/kg, 0.75 mg/kg, and 3 mg/kg.
Baseline hPCSKO levels were determined in the two weeks before administration of
constructs (FIG. 22). Efficacy of PCSK9 silencing was measured over 28 days. Results for
PLA1489 and ZFP152ADD are shown in FIG 23A and FIG 23B, respectively. The figures
show post-IV human PCSK9 serum levels as measured by ELISA. Durable silencing of
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hPCSKO9, to levels of about 10% or less of baseline, was observed with each construct at

several of the tested dosages.

Example 17: PCSK9 silencing is durable after partial hepatectomy

[0325] Partial hepatectomy is an established method of inducing liver regeneration in
mice and has been used for testing durability of genetic and epigenetic effects in mice. Mice
were treated with an epigenetic editor targeting PCSK9 using a single IV administration.
Groups of 11 mice each were given (1) a sham administration (vehicle only — negative
control), (2) 1.5 mg/kg of the epigenetic editor, or (3) 3 mg/kg of the epigenetic editor. Mice
were then split into Cohort A and Cohort B. After 3 months, mice in Cohort B had 70
percent of their livers surgically resected, while mice in Cohort A did not undergo surgery.
After 2 months, the livers of mice in Cohort B had regenerated. Serum levels of PCSK9 were
measured periodically after injection in both Cohorts (FIG. 24). Silencing of mouse PCSK9
was durable through 140 days post-injection in both Cohort A and Cohort B.
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SEQUENCES

The SEQ ID NOs (SEQ) of nucleotide (nt) and amino acid (aa) sequences

described in the present disclosure are listed below.

SEQ

Description

Sequence

S. pyogenes
WT Cas9
Sequence

(nt)

ATGGATAAGAAATACTCAATAGGCTTAGATATCGGCACAAATAGCGTCGG
ATGGGCGGTGATCACTGATGAATATAAGGTTCCGTCTAAAAAGTTCAAGG
TTCTGGGAAATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCT
CTTTTATTTGACAGTGGAGAGACAGCGGAAGCGACTCGTCTCAAACGGAC
AGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAGG
AGATTTTTTCAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGA
CTTGAAGAGTCTTTTTTGGTGGAAGAAGACAAGAAGCATGAACGTCATCC
TATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATGAGAAATATCCAA
CTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGGAT
TTGCGCTTAATCTATTTGGCCTTAGCGCATATGATTAAGTTTCGTGGTCA
TTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGGACAAAC
TATTTATCCAGTTGGTACAAACCTACAATCAATTATTTGAAGAAAACCCT
ATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGAG
TAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGA
AAAATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCT
AATTTTAAATCAAATTTTGATTTGGCAGAAGATGCTAAATTACAGCTTTC
AAAAGATACTTACGATGATGATTTAGATAATTTATTGGCGCAAATTGGAG
ATCAATATGCTGATTTGTTTTTGGCAGCTAAGAATTTATCAGATGCTATT
TTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCT
ATCAGCTTCAATGATTAAACGCTACGATGAACATCATCAAGACTTGACTC
TTTTAAAAGCTTTAGTTCGACAACAACTTCCAGAAAAGTATAAAGAAATC
TTTTTTGATCAATCAAAAAACGGATATGCAGGTTATATTGATGGGGGAGC
TAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGG
ATGGTACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGC
AAGCAACGGACCTTTGACAACGGCTCTATTCCCCATCAAATTCACTTGGG
TGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAA
AAGACAATCGTGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTAT
TATGTTGGTCCATTGGCGCGTGGCAATAGTCGTTTTGCATGGATGACTCG
GAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATA
AAGGTGCTTCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAA
AATCTTCCAAATGAAAAAGTACTACCAAAACATAGTTTGCTTTATGAGTA
TTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTGAAGGAA
TGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTGTTGAT
TTACTCTTCAAAACAAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGA
TTATTTCAAAAAAATAGAATGTTTTGATAGTGTTGAAATTTCAGGAGTTG
AAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATT
ATTAAAGATAAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGA
GGATATTGTTTTAACATTGACCTTATTTGAAGATAGGGAGATGATTGAGG
AAAGACTTAAAACATATGCTCACCTCTTTGATGATAAGGTGATGAAACAG
CTTAAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTGAT
TAATGGTATTAGGGATAAGCAATCTGGCAAAACAATATTAGATTTTTTGA
AATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGAT
AGTTTGACATTTAAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGG
CGATAGTTTACATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTA
AAAAAGGTATTTTACAGACTGTAAAAGTTGTTGATGAATTGGTCAAAGTA
ATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAA
TCAGACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAA
TCGAAGAAGGTATCAAAGAATTAGGAAGTCAGATTCTTAAAGAGCATCCT
GTTGAAAATACTCAATTGCAAAATGAAAAGCTCTATCTCTATTATCTCCA
AAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAATCGTTTAA
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GTGATTATGATGTCGATCACATTGTTCCACAAAGTTTCCTTAAAGACGAT
TCAATAGACAATAAGGTCTTAACGCGTTCTGATAAAAATCGTGGTAAATC
GGATAACGTTCCAAGTGAAGAAGTAGTCAAAAAGATGAAAAACTATTGGA
GACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTA
ACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTAT
CAAACGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGCACAAA
TTTTGGATAGTCGCATGAATACTAAATACGATGAAAATGATAAACTTATT
CGAGAGGTTAAAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCG
AAAAGATTTCCAATTCTATAAAGTACGTGAGATTAACAATTACCATCATG
CCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAA
TATCCAAAACTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGA
TGTTCGTAAAATGATTGCTAAGTCTGAGCAAGAAATAGGCAAAGCAACCG
CAAAATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATT
ACACTTGCAAATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATGG
GGAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGATTTTGCCACAGTGC
GCAAAGTATTGTCCATGCCCCAAGTCAATATTGTCAAGAAAACAGAAGTA
CAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAAAAGAAATTCGGA
CAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGTT
TTGATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAA
AAAGGGAAATCGAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCAC
AATTATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGACTTTTTAGAAG
CTAAAGGATATAAGGAAGTTAAAAAAGACTTAATCATTAAACTACCTAAA
TATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGGCTAGTGC
CGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGA
ATTTTTTATATTTAGCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAA
GATAACGAACAAAAACAATTGTTTGTGGAGCAGCATAAGCATTATTTAGA
TGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAG
ATGCCAATTTAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAA
CCAATACGTGAACAAGCAGAAAATATTATTCATTTATTTACGTTGACGAA
TCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACAATTGATCGTA
AACGATATACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAA
TCCATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCAGCTAGGAGG
TGACTGA

S. pyogenes
WT Cas9
Sequence

(aa)

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGA
LLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSEFFHR
LEESFLVEEDKKHERHP IFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKAD
LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLF IQLVQTYNQLFEENP
INASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTP
NFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLKALVRQQLPEKYKET
FFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLR
KORTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPY
YVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSF IERMTNEDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATIVD
LLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKI
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQ
LKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDD
SLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKV
MGRHKPENIVIEMARENQTTQKGOQKNSRERMKRIEEGIKELGSQILKEHP
VENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDD
SIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKFDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLI
REVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKK
YPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTET
TLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEV

160




WO 2024/186896

PCT/US2024/018670

SEQ | Description

Sequence

QTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVVAKVE
KGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMLASAGELQKGNELALP SKYVNFLYLASHYEKLKGSPE
DNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

MKRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSK
RGARRLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKL
SEEEFSAALLHLAKRRGVHNVNEVEEDTGNELSTKEQISRNSKALEEKYV
AELQLERLKKDGEVRGSINREFKTSDYVKEAKQLLKVQKAYHQLDQSEIDT
YIDLLETRRTYYEGPGEGSPFGWKD IKEWYEMLMGHCTYFPEELRSVKYA
YNADLYNALNDLNNLVITRDENEKLEYYEKFQITENVFKQKKKPTLKQIA
KEILVNEEDIKGYRVTSTGKPEF TNLKVYHDIKDITARKEIIENAELLDQ
IAKILTIYQSSEDIQEELTNLNSELTQEETIEQISNLKGYTGTHNLSLKAT
NLILDELWHTNDNQIATFNRLKLVPKKVDLSQQKEIPTTLVDDFILSPVV
KRSFIQSIKVINAIIKKYGLPNDIIIELAREKNSKDAQKMINEMOKRNRQ
TNERIEETIIRTTGKENAKYLIEKIKLHDMQEGKCLYSLEAIPLEDLLNNP
FNYEVDHITPRSVSFDNSEFNNKVLVKQEENSKKGNRTPFQYLSSSDSKIS
YETFKKHILNLAKGKGRISKTKKEYLLEERDINRFE SVQKDF INRNLVDTR
YATRGLMNLLRSYFRVNNLDVKVKS INGGFTSF LRRKWKFKKERNKGYKH
HAEDALIIANADF IFKEWKKLDKAKKVMENQMFEEKQAESMPEIETEQEY
KEITFITPHQIKHIKDFKDYKYSHRVDKKPNRELINDTLYSTRKDDKGNTL
IVNNLNGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDE
KNPLYKYYEETGNYLTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNS
RNKVVKLSLKPYRFDVYLDNGVYKFVIVKNLDVIKKENYYEVNSKCYEEA
KKLKKISNQAEFIASFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDIT
YREYLENMNDKRPPRITIKTIASKTQSIKKYSTDILGNLYEVKSKKHPQIT
KKG

3 SaCas9
4 F. novicida
WT Cpfl

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKA
KOIIDKYHQFFIEEILSSVCISEDLLONYSDVYFKLKKSDDDNLQKDFEFKS
AKDTIKKQISEYIKDSEKFKNLENQNLTIDAKKGQESDLILWLKQSKDNGI
ELFKANSDITDIDEALEITKSFKGWITYFKGFHENRKNVYSSNDIPTSIT
YRIVDDNLPKFLENKAKYESLKDKAPEAINYEQIKKDLAEELTFDIDYKT
SEVNQRVEFSLDEVFEIANFNNYLNQSGITKFNTIIGGKEFVNGENTKRKGI
NEYINLYSQQINDKTLKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVT
TMOSFYEQIAAFKTVEEKSIKETLSLLFDDLKAQKLDLSKIYFKNDKSLT
DLSQQVFDDYSVIGTAVLEYITQQIAPKNLDNP SKKEQELTAKKTEKAKY
LSLETIKLALEEFNKHRDIDKQCRFEETILANFAATPMIFDEIAQNKDNLA
QISIKYONQGKKDLLQASAEDDVKAIKDLLDQTNNLLHKLKIFHISQSED
KANILDKDEHFYLVFEECYFELANIVPLYNKIRNYITQKPYSDEKFKLNF
ENSTLANGWDKNKEPDNTAILFIKDDKYYLGVMNKKNNKIFDDKAIKENK
GEGYKKIVYKLLPGANKMLPKVFEFSAKSIKFYNPSEDILRIRNHSTHTKN
GSPOQKGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFRESDTQRYNST
DEFYREVENQGYKLTFENISESYIDSVVNQGKLYLFQIYNKDFSAYSKGR
PNLHTLYWKALFDERNLODVVYKLNGEAELFYRKQSIPKKITHPAKEATA
NKNKDNPKKESVFEYDLIKDKRETEDKFFFHCPITINFKSSGANKENDE I
NLLLKEKANDVHILSIDRGERHLAYYTLVDGKGNITIKQDTENI IGNDRMK
TNYHDKLAATEKDRDSARKDWKKINNIKEMKEGYLSQVVHEIAKLVIEYN
AIVVFEDLNFGFKRGRFKVEKQVYQKLEKMLIEKLNYLVFKDNEFDKTGG
VLRAYQLTAPFETFKKMGKQTGIIYYVPAGFTSKICPVTGEFVNQLYPKYE
SVSKSQEFFSKFDKICYNLDKGYFEFSEFDYKNFGDKAAKGKWTIASFGSR
LINFRNSDKNHNWDTREVYPTKELEKLLKDYSIEYGHGECIKAAICGESD
KKFFAKLTSVLNTILOMRNSKTGTELDYLISPVADVNGNFFDSRQAPKNM
PODADANGAYHIGLKGLMLLGRIKNNQEGKKLNLVIKNEEYFEFVONRNN
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CasX

MEKRINKIRKKLSADNATKPVSRSGPMKTLLVRVMTDDLKKRLEKRRKKP
EVMPQVISNNAANNLRMLLDDYTKMKEATILQVYWQEFKDDHVGLMCKEAQ
PASKKIDONKLKPEMDEKGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAY
TNYFGRCNVAEHEKLILLAQLKPEKDSDEAVTYSLGKFGQRALDEFYSTHV
TKESTHPVKPLAQIAGNRYASGPVGKALSDACMGTIASFLSKYQDIITIEH
QKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYNEVIARV
RMWVNLNLWOQKLKLSRDDAKPLLRLKGEFP SFPVVERRENEVDWWNTINEV
KKLIDAKRDMGRVFWSGVTAEKRNTILEGYNYLPNENDHKKREGSLENPK
KPAKRQFGDLLLYLEKKYAGDWGKVFDEAWERIDKKIAGLTSHIEREEAR
NAEDAQSKAVLTDWLRAKASFVLERLKEMDEKEFYACEIQLOKWYGDLRG
NPFAVEAENRVVDISGFSIGSDGHSIQYRNLLAWKYLENGKREFYLLMNY
GKKGRIRFTDGTDIKKSGKWQGLLYGGGKAKVIDLTFDPDDEQLITILPLA
FGTROQGREFIWNDLLSLETGLIKLANGRVIEKTIYNKKIGRDEPALEFVAL
TFERREVVDPSNIKPVNLIGVDRGENIPAVIALTDPEGCPLPEFKDSSGG
PTDILRIGEGYKEKQRATQAAKEVEQRRAGGYSRKFASKSRNLADDMVRN
SARDLFYHAVTHDAVLVFENLSRGFGRQGKRTFMTERQY TKMEDWLTAKL
AYEGLTSKTYLSKTLAQYTSKTCSNCGFTITTADYDGMLVRLKKTSDGWA
TTLNNKELKAEGQITYYNRYKROQTVEKELSAELDRLSEESGNNDISKWTK
GRRDEALFLLKKRFSHRPVQEQFVCLDCGHEVHADEQAALNIARSWLFLN
SNSTEFKSYKSGKQPFVGAWQAFYKRRLKEVWKPNA

CasY

MRKKLFKGYILHNKRLVYTGKAATRSIKYPLVAPNKTALNNLSEKIIYDY
EHLFGPLNVASYARNSNRYSLVDFWIDSLRAGVIWQSKSTSLIDLISKLE
GSKSPSEKIFEQIDFELKNKLDKEQFKDITLLNTGIRSSSNVRSLRGRFEL
KCFKEEFRDTEEVIACVDKWSKDLIVEGKSILVSKQFLYWEEEFGIKIFP
HFKDNHDLPKLTFFVEPSLEF SPHLPLANCLERLKKEFDISRESLLGLDNN
FSAFSNYFNELFNLLSRGEIKKIVTAVLAVSKSWENEPELEKRLHFLSEK
AKLLGYPKLTSSWADYRMIIGGKIKSWHSNYTEQLIKVREDLKKHQIALD
KLOQEDLKKVVDSSLREQIEAQREALLPLLDTMLKEKDFSDDLELYRFILS
DFKSLLNGSYQRYIQTEEERKEDRDVTKKYKDLYSNLRNIPRFFGESKKE
QFNKFINKSLPTIDVGLKILEDIRNALETVSVRKPPSITEEYVTKQLEKL
SRKYKINAFNSNREFKQITEQVLRKYNNGELPKISEVEFYRYPRESHVAIRI
LPVKISNPRKDISYLLDKYQISPDWKNSNPGEVVDLIEIYKLTLGWLLSC
NKDFSMDEFSSYDLKLFPEAASLIKNFGSCLSGYYLSKMIFNCITSEIKGM
ITLYTRDKFVVRYVTOQMIGSNQKFPLLCLVGEKQTKNFSRNWGVLIEEKG
DLGEEKNQEKCLIFKDKTDFAKAKEVEIFKNNIWRIRTSKYQIQFLNRLF
KKTKEWDLMNLVLSEPSLVLEEEWGVSWDKDKLLPLLKKEKSCEERLYYS
LPLNLVPATDYKEQSAEIEQRNTYLGLDVGEFGVAYAVVRIVRDRIELLS
WGFLKDPALRKIRERVQDMKKKQVMAVESSSSTAVARVREMATHSLRNQI
HSTIALAYKAKITIYEISISNFETGGNRMAKIYRSIKVSDVYRESGADTLVS
EMIWGKKNKQMGNHISSYATSYTCCNCARTPFELVIDNDKEYEKGGDEF T
FNVGDEKKVRGFLOKSLLGKT IKGKEVLKSIKEYARPPIREVLLEGEDVE
QLLKRRGNSYIYRCPFCGYKTDADIQAALNIACRGYISDNAKDAVKEGER
KLDYILEVRKLWEKNGAVLRSAKFL

CasPhi

MADTPTLFTQFLRHHLPGOQRFRKDILKQAGRILANKGEDATIAFLRGKSE
ESPPDFQPPVKCPITACSRPLTEWPIYQASVAIQGYVYGQSLAEFEASDP
GCSKDGLLGWEDKTGVCTDYFSVQGLNLIFQNARKRY IGVQTKVTNRNEK
RHKKLKRINAKRIAEGLPELTSDEPESALDETGHLIDPPGLNTNIYCYQQ
VSPKPLALSEVNQLPTAYAGYSTSGDDPIQPMVTKDRLSISKGQPGYIPE
HORALLSQKKHRRMRGYGLKARALLVIVRIQDDWAVIDLRSLLRNAYWRR
IVOTKEPSTITKLLKLVTGDPVLDATRMVATEFTYKPGIVQVRSAKCLKNK
QGSKLFSERYLNETVSVTSIDLGSNNLVAVATYRLVNGNTPELLQRETLP
SHLVKDFERYKQAHDTLEDSIQKTAVASLPQGQQTEIRMWSMYGFREAQE
RVCQELGLADGSIPWNVMTATSTILTDLEF LARGGDPKKCME TSEPKKKKN
SKOVLYKIRDRAWAKMYRTLLSKETREAWNKALWGLKRGSPDYARLSKRK
EELARRCVNYTISTAEKRAQCGRTIVALEDLNIGFFHGRGKQEPGWVGLF
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TRKKENRWLMQALHKAFLELAHHRGYHVIEVNPAYTSQTCPVCRHCDPDN
RDOQHNREAFHCIGCGFRGNADLDVATHNIAMVAITGESLKRARGSVASKT
POPLAAE

Cas12f1
(Casl4a)

MIKVYRYEIVKPLDLDWKEFGTILRQLOQETRFALNKATQLAWEWMGESS
DYKDNHGEYPKSKDILGYTNVHGYAYHTIKTKAYRLNSGNLSQTIKRATD
REFKAYQKEILRGDMSIPSYKRDIPLDLIKENISVNRMNHGDYIASLSLLS
NPAKQEMNVKRKISVIITIVRGAGKTIMDRILSGEYQVSASQITHDDRKNK
WYLNISYDFEPQTRVLDLNKIMGIDLGVAVAVYMAFQHTPARYKLEGGEI
ENFRRQVESRRISMLRQGKYAGGARGGHGRDKRIKPIEQLRDKIANFRDT
TNHRYSRYIVDMATIKEGCGTIQOMEDLTNIRDIGSREFLONWTYYDLQQOKIT
YRKAEEAGIKVIKIDPQYTSQRCSECGNIDSGNRIGQATFKCRACGYEANA
DYNAARNTIAIPNIDKIIAESIKSGGS

Cas12f2
(Cas14b)

NAMIAQKTIKIKLNPTKEQITIKLNSITIEEYIKVSNFTAKKIAEIQESETD
SGLTQGTCSECGKEKTYRKYHLLKKDNKLFCITCYKRKYSQF TLOKVEFQ
NKTGLRNVAKLPKTYYTNATIRFASDTF SGFDEIIKKKQONRLNS IQNRLNF
WKELLYNPSNRNEIKIKVVKYAPKTDTREHPHYYSEAEIKGRIKRLEKQL
KKFKMPKYPEFTSETISLORELYSWKNPDELKISSITDKNESMNYYGKEY
LKRYIDLINSQTPQILLEKENNSEFYLCFPITKNIEMPKIDDTFEPVGIDW
GITRNIAVVSILDSKTKKPKFVKFYSAGY ILGKRKHYKSLRKHFGQKKRQ
DKINKLGTKEDRFIDSNIHKLAFLIVKEIRNHSNKPIILMENITDNREEA
EKSMRONILLHSVKSRLONYIAYKALWNNIPTNLVKPEHTSQICNRCGHQ
DRENRPKGSKLFKCVKCNYMSNADEFNASINIARKFYIGEYEPFYKDNEKM
KSGVNSISM

10

Cas12f3
(Casl4c)

MEVQOKTVMKTLSLRILRPLYSQETEKEIKEEEKERRKQAGGTGELDGGEY
KKLEKKHSEMF SEFDRLNLLLNQLOQRETAKVYNHATISELYTATTAQGNKSN
KHYISSIVYNRAYGYFYNAYIALGICSKVEANFRSNELLTQQSALPTAKS
DNFPIVLHKQKGAEGEDGGFRISTEGSDLIFEIPIPFYEYNGENRKEPYK
WVKKGGQKPVLKLILSTFRRORNKGWAKDEGTDAEIRKVTEGKYQVSQIE
INRGKKLGEHQKWFANF STEQPTIYERKPNRSIVGGLDVGIRSPLVCAINN
SFSRYSVDSNDVFKFSKQVFAFRRRLLSKNSLKRKHGHAAHKLEP ITEMT
EKNDKFRKKIIERWAKEVTNFFVKNQVGIVQIEDLSTMKDREDHFENQYL
RGFWPYYQOMOTLIENKLKEYGIEVKRVOAKYTSQLCSNPNCRYWNNYENFE
EYRKVNKFPKFKCEKCNLEISADYNAARNLSTPDIEKFVAKATKGINLPE
K

11

C2c8

MKVLEFKIHPTEEQVSKIDQSLAACKLLWNLSTIALKEESKQRYYRKKHKF
DEFSPEIWGLSYSGHYDEKEFKTLKDKEKKLLIGNPCCKIAYFKKTSNGK
EYTPLNSIPIRRFMNAENIDKDAVNYLNRKKLAFYFRENTAKFIGEIETE
FKKGFFKSVIKPAYDAAKKGIRGIPRFKGRRDKVETLVNGQPETIKIKSN
GVIVSSKIGLLKIRGLDRLOGKAPRMAKITRKATGYYLQLTIETDDTIYK
ESDKCVGLDMGAVAIFTDDLGRQSEAKRYAKTQKKRLNRLQRQASRQKDN
SNNQRKTYAKLARVHEKTIARQRKGRNAQLAHKITSEYQSVILEDLNLKNM
TAAAKPKEREDGDGYKONGKKRKSGLNKALLDNATGQLRTEF IENKANERG
RKITRVNPKHTSQTCPNCGNIDKANRVSQSKFKCVSCGYEAHADQNAAAN
ILTRGLRDEFLRAIGSLYKFPVSMIGKYPGLAGEFTPDLDANQESIGDAP
IENAEHSISKQMKQEGNRTPTQPENGSQSLIFLSAPPQPCGDSHGTNNPK
ALPNKASKRSSKKPRGAIPENPDQLTIWDLLD

12

dSpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGA
LLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSEFFHR
LEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKAD
LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLF IQLVQTYNQLFEENP
INASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTP
NFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKRKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLKALVRQQLPEKYKET
FFDOQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLR
KORTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPY
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Sequence

YVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSEF IERMTNEDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVD
LLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKT
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQ
LKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDD
SLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKV
MGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHP
VENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDD
SIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLI
REVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKK
YPKLESEFVYGDYKVYDVRKMIAKSEQETIGKATAKYFFYSNIMNFEFKTET
TLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEV
QTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVVAKVE
KGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMLASAGELQKGNELALP SKYVNFLYLASHYEKLKGSPE
DNEQKQLFVEQHKHYLDEITIEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

MKRNYILGLAIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSK
RGARRLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKL
SEEEFSAALLHLAKRRGVHNVNEVEEDTGNELSTKEQISRNSKALEEKYV
AELQLERLKKDGEVRGSINRFKTSDYVKEAKQLLKVQKAYHQLDQSEIDT
YIDLLETRRTYYEGPGEGSPFGWKD IKEWYEMLMGHCTYFPEELRSVKYA
YNADLYNALNDLNNLVITRDENEKLEYYEKFQITENVFKQKKKPTLKQIA
KEILVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDITARKEIIENAELLDQ
JAKILTIYQSSEDIQEELTNLNSELTQEETEQISNLKGYTGTHNLSLKAT
NLILDELWHTNDNQIAIFNRLKLVPKKVDLSQQKEIPTTLVDDFILSPVV
KRSFIQSIKVINAIIKKYGLPNDIIIELAREKNSKDAQKMINEMOKRNRQ
TNERIEETIIRTTGKENAKYLIEKIKLHDMQEGKCLYSLEAIPLEDLLNNP
FNYEVDHITPRSVSFDNSFNNKVLVKQEEASKKGNRTPFQYLSSSDSKIS
YETFKKHILNLAKGKGRISKTKKEYLLEERDINRF SVQKDF INRNLVDTR
YATRGLMNLLRSYFRVNNLDVKVKS INGGFTSF LRRKWKFKKERNKGYKH
HAEDALIIANADF IFKEWKKLDKAKKVMENQMFEEKQAESMPEIETEQEY
KETFITPHQIKHIKDFKDYKYSHRVDKKPNRELINDTLYSTRKDDKGNTL
IVNNLNGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDE
KNPLYKYYEETGNYLTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNS
RNKVVKLSLKPYRFDVYLDNGVYKEFVIVKNLDVIKKENYYEVNSKCYEEA
KKLKKISNQAEFIASFYNNDLIKINGELYRVIGVNNDLLNRIEVNMIDIT
YREYLENMNDKRPPRIIKTIASKTQSIKKYSTDILGNLYEVKSKKHPQIT
KKG

WO 2024/186896
SEQ | Description
13 dSaCas9

inactive
14 FnCpfl

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKA
KOQIIDKYHQFFIEEILSSVCISEDLLONYSDVYFKLKKSDDDNLQKDFEKS
AKDTIKKQISEYIKDSEKFKNLENQNLIDAKKGQESDLILWLKQSKDNGI
ELFKANSDITDIDEALEITKSFKGWITYFKGFHENRKNVYSSNDIPTSIT
YRIVDDNLPKFLENKAKYESLKDKAPEAINYEQIKKDLAEELTFDIDYKT
SEVNQRVEFSLDEVFEIANFNNYLNQSGITKFNTIIGGKFVNGENTKRKGI
NEYINLYSQQINDKTLKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVT
TMOSFYEQIAAFKTVEEKSIKETLSLLFDDLKAQKLDLSKIYFKNDKSLT
DLSQQVFDDYSVIGTAVLEYITQQIAPKNLDNP SKKEQELTAKKTEKAKY
LSLETIKLALEEFNKHRDIDKQCRFEEILANFAATPMIFDETIAQNKDNLA
QISIKYONQGKKDLLOASAEDDVKAIKDLLDQTNNLLHKLKIFHISQSED
KANILDKDEHFYLVFEECYFELANIVPLYNKIRNYITQKPYSDEKFKLNFE
ENSTLANGWDKNKEPDNTAILFIKDDKYYLGVMNKKNNKIFDDKAIKENK
GEGYKKIVYKLLPGANKMLPKVFFSAKSIKFYNPSEDILRIRNHSTHTKN
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GSPQKGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFRESDTQRYNST
DEFYREVENQGYKLTFENISESYIDSVVNQGKLYLFQIYNKDFSAYSKGR
PNLHTLYWKALFDERNLQDVVYKLNGEAELFYRKQSIPKKITHPAKEATA
NKNKDNPKKESVFEYDLIKDKRFTEDKFFFHCPITINFKSSGANKENDE I
NLLLKEKANDVHILSTARGERHLAYYTLVDGKGNITIKQDTENI IGNDRMK
TNYHDKLAATEKDRDSARKDWKKINNIKEMKEGYLSQVVHEIAKLVIEYN
AIVVFEDLNFGFKRGRFKVEKQVYQKLEKMLIEKLNYLVFKDNEFDKTGG
VLRAYQLTAPFETFKKMGKQTGIIYYVPAGFTSKICPVTGEFVNQLYPKYE
SVSKSQEFFSKFDKICYNLDKGYFEFSEFDYKNFGDKAAKGKWTIASEFGSR
LINFRNSDKNHNWDTREVYPTKELEKLLKDYSIEYGHGECIKAAICGESD
KKFFAKLTSVLNTILOMRNSKTGTELDYLISPVADVNGNFFDSRQAPKNM
PODADANGAYHIGLKGLMLLGRIKNNQEGKKLNLVIKNEEYFEFVONRNN

15

dNmeCas9

MAAFKPNSINYILGLAIGIASVGWAMVEIDEEENPIRLIDLGVRVFERAE
VPKTGDSLAMARRLARSVRRLTRRRAHRLLRTRRLLKREGVLQAANFDEN
GLIKSLPNTPWQLRAAALDRKLTPLEWSAVLLHLIKHRGYLSQRKNEGET
ADKELGALLKGVAGNAHALQTGDFRTPAELALNKFEKESGHIRNQRSDYS
HTFSRKDLOQAELILLFEKQKEFGNPHVSGGLKEGIETLLMTQRPALSGDA
VOKMLGHCTFEPAEPKAAKNTYTAERFIWLTKLNNLRILEQGSERPLTDT
ERATLMDEPYRKSKLTYAQARKLLGLEDTAFFKGLRYGKDNAEASTLMEM
KAYHAISRALEKEGLKDKKSPLNLSPELQDEIGTAFSLFKTDEDITGRLK
DRIQPEILEALLKHISFDKFVQISLKALRRIVPLMEQGKRYDEACAEIYG
DHYGKKNTEEKIYLPPIPADEIRNPVVLRALSQARKVINGVVRRYGSPAR
IHIETAREVGKSFKDRKEIEKRQEENRKDREKAAAKFREYFPNEVGEPKS
KDILKLRLYEQQHGKCLYSGKEINLGRLNEKGYVEIDAALPFSRTWDDSF
NNKVLVLGSENQNKGNQTPYEYFNGKDNSREWQEFKARVETSRFPRSKKQ
RILLOKFDEDGFKERNLNDTRYVNRELCQFVADRMRLTGKGKKRVEFASNG
QITNLLRGFWGLRKVRAENDRHHALDAVVVACSTVAMQQKITRFVRYKEM
NAFDGKTIDKETGEVLHQKTHFPQPWEFFAQEVMIRVFGKPDGKPEFEEA
DTLEKLRTLLAEKLSSRPEAVHEYVTPLFVSRAPNRKMSGQGHMETVKSA
KRLDEGVSVLRVPLTQLKLKDLEKMVNREREPKLYEATLKARLEAHKDDPA
KAFAEPFYKYDKAGNRTQQVKAVRVEQVQKTGVWVRNHNGIADNATMVRV
DVFEKGDKYYLVPIYSWQVAKGILPDRAVVQGKDEEDWQLIDDSEFNFKE'S
LHPNDLVEVITKKARMFGYFASCHRGTGNINIRIHDLDHKIGKNGILEGI
GVKTALSFQKYQIDELGKEIRPCRLKKRPPVR

16

dCjCas9

MARILAFAIGISSIGWAFSENDELKDCGVRIFTKVENPKTGESLALPRRL
ARSARKRLARRKARLNHLKHLIANEFKLNYEDYQSFDESLAKAYKGSLIS
PYELRFRALNELLSKQDFARVILHIAKRRGYDDIKNSDDKEKGAILKAIK
ONEEKLANYQSVGEYLYKEYFQKFKENSKEFTNVRNKKESYERCIAQSFEL
KDELKLIFKKQREFGFSFSKKFEEEVLSVAFYKRALKDF SHLVGNCSFEFFT
DEKRAPKNSPLAFMFVALTRIINLLNNLKNTEGILYTKDDLNALLNEVLK
NGTLTYKQTKKLLGLSDDYEFKGEKGTYF IEFKKYKEFIKALGEHNLSQD
DLNETAKDITLIKDEIKLKKALAKYDLNOQNQIDSLSKLEFKDHLNISEFKA
LKLVTPLMLEGKKYDEACNELNLKVAINEDKKDFLPAFNETYYKDEVTNP
VVLRATIKEYRKVLNALLKKYGKVHKINIELAREVGKNHSQRAKIEKEQNE
NYKAKKDAELECEKLGLKINSKNILKLRLFKEQKEFCAYSGEKIKISDLQ
DEKMLEIDAIYPYSRSEDDSYMNKVLVEFTKONQEKLNQTPFEAFGNDSAK
WOKIEVLAKNLPTKKQKRILDKNYKDKEQKNFKDRNLNDTRYTARLVLNY
TKDYLDFLPLSDDENTKLNDTQKGSKVHVEAKSGMLTSALRHTWGE SAKD
RNNHLHHATIDAVITAYANNSIVKAFSDFKKEQESNSAELYAKKISELDYK
NKRKFFEPFSGFRQOQKVLDKIDEIFVSKPERKKP SGALHEETFRKEEEFYQ
SYGGKEGVLKALELGKIRKVNGKIVKNGDMFRVDIFKHKKTNKFYAVPIY
TMDFALKVLPNKAVARSKKGEIKDWILMDENYEFCFSLYKDSLILIQTKD
MOEPEFVYYNAFTSSTVSLIVSKHDNKFETLSKNQKILFKNANEKEVIAK
SIGIONLKVFEKYIVSALGEVTKAEFRQREDEFKK
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17

dSt1Cas9

MGSDLVLGLAIGIGSVGVGILNKVTGEITIHKNSRIFPAAQAENNLVRRTN
ROGRRLARRKKHRRVRLNRLFEESGLITDFTKISINLNPYQLRVKGLTDE
LSNEELF TALKNMVKHRGISYLDDASDDGNSSVGDYAQIVKENSKQLETK
TPGQIQLERYQTYGQLRGDFTVEKDGKKHRLINVFPTSAYRSEALRILQT
QOEFNPQITDEFINRYLEILTGKRKYYHGPGNEKSRTDYGRYRTSGETLD
NIFGILIGKCTFYPDEFRAAKASYTAQEFNLLNDLNNLTVPTETKKLSKE
OKNQIINYVKNEKAMGPAKLFKY IAKLLSCDVADIKGYRIDKSGKAETIHT
FEAYRKMKTLETLDIEQMDRETLDKLAYVLTLNTEREGIQEALEHEFADG
SFSQKQVDELVQFRKANSS IFGKGWHNF SVKLMMELIPELYETSEEQMT T
LTRLGKQKTTSSSNKTKYIDEKLLTEETYNPVVAKSVRQATIKIVNAATKE
YGDFDNIVIEMARETNEDDEKKAIQKIQKANKDEKDAAMLKAANQYNGKA
ELPHSVFHGHKQLATKIRLWHQQGERCLYTGKTISTHDLINNSNQFEVDA
ILPLSITFDDSLANKVLVYATANQEKGQOQRTPYQALDSMDDAWSFRELKAF
VRESKTLSNKKKEYLLTEEDISKFDVRKKFIERNLVDTRYASRVVLNALQ
EHFRAHKIDTKVSVVRGQFTSQLRRHWGIEKTRDTYHHHAVDALIIAASS
QLNLWKKQKNTLVSYSEDQLLDIETGELISDDEYKESVFKAPYQHEFVDTL
KSKEFEDSILEFSYQVDSKENRKISDATIYATRQAKVGKDKADETYVLGKI
KDIYTODGYDAFMKIYKKDKSKFLMYRHDPQTFEKVIEPILENYPNKQIN
EKGKEVPCNPFLKYKEEHGYIRKYSKKGNGPEIKSLKYYDSKLGNHIDIT
PKDSNNKVVLQSVSPWRADVYFNKTTGKYEILGLKYADLQFEKGTGTYKT
SQEKYNDIKKKEGVDSDSEFKFTLYKNDLLLVKDTETKEQQLFREFLSRTM
PKOKHYVELKPYDKQKFEGGEALIKVLGNVANSGQCKKGLGKSNISIYKV
RTDVLGNQHIIKNEGDKPKLDF

18

dSt3Cas9

MTKPYSIGLAIGTNSVGWAVITDNYKVPSKKMKVLGNTSKKY IKKNLLGV
LLFDSGITAEGRRLKRTARRRYTRRRNRILYLQETFSTEMATLDDAFFQR
LDDSFLVPDDKRDSKYPIFGNLVEEKVYHDEFPTIYHLRKYLADSTKKAD
LRLVYLALAHMIKYRGHFLIEGEFNSKNNDIQKNFQDFLDTYNAIFESDL
SLENSKQLEEIVKDKISKLEKKDRILKLFPGEKNSGIFSEFLKLIVGNQA
DFRKCFNLDEKASLHFSKESYDEDLETLLGYIGDDYSDVFLKAKKLYDAT
LLSGFLTVIDNETEAPLSSAMIKRYNEHKEDLALLKEYIRNISLKTYNEV
FKDDTKNGYAGYIDGKTNQEDFYVYLKNLLAEFEGADYFLEKIDREDFLR
KORTFDNGSIPYQIHLOQEMRAILDKQAKFYPFLAKNKERIEKILTFRIPY
YVGPLARGNSDFAWSTRKRNEKITPWNFEDVIDKESSAEAF INRMTSEDL
YLPEEKVLPKHSLLYETFNVYNELTKVRFIAESMRDYQFLDSKQKKDIVR
LYFKDKRKVIDKDITEYLHATIYGYDGIELKGIEKQFNSSLSTYHDLLNIT
NDKEFLDDSSNEAITEEIIHTLTIFEDREMIKQRLSKFENIFDKSVLKKL
SRRHYTGWGKLSAKLINGIRDEKSGNTILDYLIDDGISNRNEFMQLIHDDA
LSFKKKIQKAQITIGDEDKGNIKEVVKSLPGSPAIKKGILQSIKIVDELVK
VMGGRKPESIVVEMARENQYTNQGKSNSQQRLKRLEKSLKELGSKILKEN
IPAKLSKIDNNALONDRLYLYYLONGKDMYTGDDLDIDRLSNYDIDHIIP
QAFLKDNSIDNKVLVSSASARGKSDDFPSLEVVKKRKTFWYQLLKSKLIS
QRKFDNLTKAERGGLLPEDKAGF IQROQLVETRQITKHVARLLDEKENNKK
DENNRAVRTVKIITLKSTLVSQFRKDFELYKVREINDFHHAHDAYLNAVI
ASALLKKYPKLEPEFVYGDYPKYNSFRERKSATEKVYFYSNIMNIFKKSTI
SLADGRVIERPLIEVNEETGESVWNKESDLATVRRVLSYPQVNVVKKVEE
ONHGLDRGKPKGLEFNANLSSKPKPNSNENLVGAKEYLDPKKYGGYAGISN
SFAVLVKGTIEKGAKKKITNVLEFQGISTILDRINYRKDKLNFLLEKGYKD
IELITELPKYSLFELSDGSRRMLASILSTNNKRGETHKGNQIFLSQKFEFVK
LLYHAKRISNTINENHRKYVENHKKEFEELFYYILEFNENYVGAKKNGKL
LNSAFQSWONHSIDELCSSFIGPTGSERKGLFELTSRGSAADFEFLGVKI
PRYRDYTPSSLLKDATLIHQSVTGLYETRIDLAKLGEG

19

dLbCpf1

MSKLEKFTNCYSLSKTLRFKATIPVGKTQENIDNKRLLVEDEKRAEDYKGV
KKLLDRYYLSEFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEIN
LRKEIAKAFKGNEGYKSLFKKDIIETILPEFLDDKDEIALVNSENGETTA
FTGFFDNRENMFSEEAKSTSTIAFRCINENLTRYISNMDIFEKVDAIFDKH
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EVOETIKEKILNSDYDVEDFFEGEFFNFVLTQEGIDVYNAITIGGEFVTESGE
KIKGLNEYINLYNQKTKOKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEV
LEVFRNTLNKNSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKD
IFGEWNVIRDKWNAEYDDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQL
QEYADADLSVVEKLKEITITIQKVDEIYKVYGSSEKLFDADFVLEKSLKKND
AVVAIMKDLILDSVKSFENYIKAFFGEGKETNRDESFYGDEVLAYDILLKV
DHIYDAIRNYVTQKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYG
SKYYLATIMDKKYAKCLQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFEFSK
KWMAYYNPSEDIQKIYKNGTFKKGDMENLNDCHKLIDFFKDSISRYPKWS
NAYDENF SETEKYKDIAGFYREVEEQGYKVSFESASKKEVDKLVEEGKLY
MFQIYNKDFSDKSHGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRAS
LKKEELVVHPANSPIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPT
AINKCPKNIFKINTEVRVLLKHDDNPYVIGIARGERNLLYIVVVDGKGNI
VEQYSLNEIINNEFNGIRIKTDYHSLLDKKEKERFEARONWTSIENIKELK
AGYISQVVHKICELVEKYDAVIALEDLNSGFKNSRVKVEKQVYQKFEKML
IDKLNYMVDKKSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWL
TSKIDPSTGEFVNLLKTKYTSIADSKKFISSFDRIMYVPEEDLFEFALDYK
NESRTDADY IKKWKLYSYGNRIRIFRNPKKNNVEDWEEVCLTSAYKELEFN
KYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDFEL
ISPVKNSDGIFYDSRNYEAQENAILPKNADANGAYNIARKVLWATIGQFKK
AEDEKLDKVKIAISNKEWLEYAQTSVKH

20

inactive
AsCpfl

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKEL
KPIIDRIYKTYADQCLQLVQLDWENLSAAIDSYRKEKTEETRNALIEEQA
TYRNATHDYFIGRTDNLTDAINKRHAETIYKGLFKAELENGKVLKQLGTVT
TTEHENALLRSFDKFTTYFSGFYENRKNVFSAEDISTATPHRIVQODNFPK
FKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEVESFPFYNQLL
TOQTQIDLYNQLLGGISREAGTEKIKGLNEVLNLATQKNDETAHITASLPH
REIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAE
ALFNELNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGK
ITKSAKEKVORSLKHEDINLQET ISAAGKELSEAFKQKTSEILSHAHAAL
DOQPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWFAVDESNEVDPEFSARL
TGIKLEMEPSLSFYNKARNYATKKPYSVEKFKLNFQOMPTLASGWDVNKEK
NNGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPD
AAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEK
EPKKFQTAYAKKTGDQKGYREALCKWIDF TRDFLSKYTKTTSIDLSSLRP
SSQYKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLEFQIYNKDF
AKGHHGKPNLHTLYWTGLF SPENLAKTSIKLNGQAELFYRPKSRMKRMAH
RLGEKMLNKKLKDQKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVI
TKEVSHEITIKDRRFTSDKFFFHVPITLNYQAANSP SKENQRVNAYLKEHP
ETPITIGIARGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKE
RVAARQAWSVVGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVLENLNEGFK
SKRTGIAEKAVYQQFEKMLIDKLNCLVLKDYPAEKVGGVLNPYQLTDQF T
SFAKMGTQSGFLFYVPAPYTSKIDPLTGFVDPFVWKTIKNHESRKHFLEG
FDFLHYDVKTGDF ILHFKMNRNLSFQRGLPGFMPAWD IVFEKNETQFDAK
GTPFIAGKRIVPVIENHRFTGRYRDLYPANELTALLEEKGIVFRDGSNIL
PKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVRDLNGVCED
SREQNPEWPMDADANGAYHIALKGQLLLNHLKE SKDLKLONGISNQDWLA
YIQELRN

21

inactive
enAsCpfl

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKEL
KPIIDRIYKTYADQCLOLVQLDWENLSAAIDSYRKEKTEETRNALIEEQA
TYRNATHDYFIGRTDNLTDAINKRHAETYKGLFKAELEFNGKVLKQLGTVT
TTEHENALLRSFDKFTTYFSGFYRNRKNVFSAEDISTATPHRIVQDNFPK
FKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEVESFPFYNQLL
TOTQIDLYNQLLGGISREAGTEKIKGLNEVLNLATQKNDETAHIIASLPH
REIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAE
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ALFNELNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGK
ITKSAKEKVORSLKHEDINLQET ISAAGKELSEAFKQKTSEILSHAHAAL
DOQPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWFAVDESNEVDPEFSARL
TGIKLEMEPSLSEFYNKARNYATKKPYSVEKFKLNFOMPTLARGWDVNREK
NNGAILFVKNGLYYLGIMPKOQKGRYKALSFEPTEKTSEGFDKMYYDYFPD
AAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEK
EPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRP
SSQYKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDF
AKGHHGKPNLHTLYWTGLF SPENLAKTSIKLNGQAELFYRPKSRMKRMAH
RLGEKMLNKKLKDQKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVI
TKEVSHEIIKDRRFTSDKFFFHVPITLNYQAANSP SKENQRVNAYLKEHP
ETPITIGIARGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKE
RVAARQAWSVVGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVLENLNEGFK
SKRTGIAEKAVYQQFEKMLIDKLNCLVLKDYPAEKVGGVLNPYQLTDQFT
SFAKMGTQSGFLFYVPAPYTSKIDPLTGFVDPFVWKTIKNHESRKHELEG
FDFLHYDVKTGDF ILHFKMNRNLSFQRGLPGFMPAWD IVFEKNETQFDAK
GTPFIAGKRIVPVIENHRFTGRYRDLYPANELTALLEEKGIVFRDGSNIL
PKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVRDLNGVCED
SREQNPEWPMDADANGAYHTIALKGQLLLNHLKE SKDLKLONGISNQDWLA
YIQELRN

22

inactive
HFAsCpfl

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKEL
KPIIDRIYKTYADQCLOLVQLDWENLSAAIDSYRKEKTEETRNALIEEQA
TYRNATHDYFIGRTDNLTDAINKRHAETYKGLFKAELENGKVLKQLGTVT
TTEHENALLRSFDKFTTYFSGFYRNRKNVFSAEDISTATPHRIVQDNFPK
FKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEVESFPFYNQLL
TOTQIDLYNQLLGGISREAGTEKIKGLNEVLALATQKNDETAHIIASLPH
REIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAE
ALFNELNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGK
ITKSAKEKVOQRSLKHEDINLQET ISAAGKELSEAFKQKTSEILSHAHAAL
DOPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWFAVDESNEVDPEFSARL
TGIKLEMEPSLSEFYNKARNYATKKPYSVEKFKLNFOMPTLARGWDVNREK
NNGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPD
AAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEK
EPKKFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRP
SSQYKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDF
AKGHHGKPNLHTLYWTGLF SPENLAKTSIKLNGQAELFYRPKSRMKRMAH
RLGEKMLNKKLKDQKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVI
TKEVSHEITIKDRRFTSDKFFFHVPITLNYQAANSP SKENQRVNAYLKEHP
ETPITGIARGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKE
RVAARQAWSVVGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVLENLNEGFK
SKRTGIAEKAVYQQFEKMLIDKLNCLVLKDYPAEKVGGVLNPYQLTDQF T
SFAKMGTQSGFLFYVPAPYTSKIDPLTGFVDPFVWKTIKNHESRKHFLEG
FDFLHYDVKTGDF ILHFKMNRNLSFQRGLPGFMPAWD IVFEKNETQFDAK
GTPFIAGKRIVPVIENHRFTGRYRDLYPANELTALLEEKGIVFRDGSNIL
PKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVRDLNGVCED
SREQNPEWPMDADANGAYHTIALKGQLLLNHLKE SKDLKLONGISNQDWLA
YIQELRN

23

inactive
RVRAsCpf
1

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGF IEEDKARNDHYKEL
KPIIDRIYKTYADQCLOLVQLDWENLSAAIDSYRKEKTEETRNALIEEQA
TYRNATIHDYFIGRTDNLTDAINKRHAETYKGLFKAELENGKVLKQLGTVT
TTEHENALLRSFDKFTTYFSGFYENRKNVFSAEDISTATPHRIVQDNFPK
FKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEVESFPFYNQLL
TOTQIDLYNQLLGGISREAGTEKIKGLNEVLNLATQKNDETAHIIASLPH
REIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAE
ALFNELNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGK
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ITKSAKEKVQORSLKHEDINLQET ISAAGKELSEAFKQKTSEILSHAHAAL
DOPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWFAVDESNEVDPEFSARL
TGIKLEMEPSLSFYNKARNYATKKPYSVEKFKLNFQOMPTLARGWDVNVEK
NRGAILFVKNGLYYLGIMPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPD
AAKMIPKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEK
EPKKFQTAYAKKTGDOKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRP
SSOQYKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDF
AKGHHGKPNLHTLYWTGLF SPENLAKTSIKLNGQAELFYRPKSRMKRMAH
RLGEKMLNKKLKDQKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVI
TKEVSHEIIKDRRFTSDKFFFHVPITLNYQAANSP SKENQRVNAYLKEHP
ETPITIGIARGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKE
RVAARQAWSVVGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVLENLNEGEFK
SKRTGIAEKAVYQQFEKMLIDKLNCLVLKDYPAEKVGGVLNPYQLTDQF T
SFAKMGTQSGFLFYVPAPYTSKIDPLTGFVDPFVWKTIKNHESRKHELEG
FDFLHYDVKTGDF ILHFKMNRNLSFQRGLPGFMPAWD IVFEKNETQFDAK
GTPFIAGKRIVPVIENHRFTGRYRDLYPANELTALLEEKGIVFRDGSNIL
PKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVRDLNGVCFED
SREQNPEWPMDADANGAYHTIALKGQLLLNHLKESKDLKLONGISNQDWLA
YIQELRN

24

inactive
RRAsCpfl

MTQFEGFTNLYQVSKTLRFELIPQGKTLKHIQEQGFIEEDKARNDHYKEL
KPIIDRIYKTYADQCLOLVQLDWENLSAAIDSYRKEKTEETRNALIEEQA
TYRNAIHDYFIGRTDNLTDAINKRHAETYKGLFKAELEFNGKVLKQLGTVT
TTEHENALLRSFDKFTTYFSGFYENRKNVFSAEDISTATPHRIVQDNFPK
FKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEVESFPFYNQLL
TOTQIDLYNQLLGGISREAGTEKIKGLNEVLNLATQKNDETAHIIASLPH
REIPLFKQILSDRNTLSFILEEFKSDEEVIQSFCKYKTLLRNENVLETAE
ALFNELNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGK
ITKSAKEKVQRSLKHEDINLQET ISAAGKELSEAFKQKTSEILSHAHAAL
DOPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWFAVDESNEVDPEFSARL
TGIKLEMEPSLSEFYNKARNYATKKPYSVEKFKLNFQOMPTLARGWDVNKEK
NNGAILFVKNGLYYLGIMPKOKGRYKALSFEPTEKTSEGFDKMYYDYFPD
AAKMIPRCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNPEK
EPKKFQTAYAKKTGDOKGYREALCKWIDFTRDFLSKYTKTTSIDLSSLRP
SSQYKDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLEFQIYNKDF
AKGHHGKPNLHTLYWTGLF SPENLAKTSIKLNGQAELFYRPKSRMKRMAH
RLGEKMLNKKLKDQKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVI
TKEVSHEIIKDRRFTSDKFFFHVPITLNYQAANSP SKENQRVNAYLKEHP
ETPITIGIARGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKE
RVAARQAWSVVGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVLENLNEGEFK
SKRTGIAEKAVYQQFEKMLIDKLNCLVLKDYPAEKVGGVLNPYQLTDQF T
SFAKMGTQSGFLFYVPAPYTSKIDPLTGFVDPFVWKTIKNHESRKHFLEG
FDFLHYDVKTGDF ILHFKMNRNLSFQRGLPGFMPAWD IVFEKNETQFDAK
GTPFIAGKRIVPVIENHRFTGRYRDLYPANELTALLEEKGIVFRDGSNIL
PKLLENDDSHAIDTMVALIRSVLOMRNSNAATGEDYINSPVRDLNGVCED
SREQNPEWPMDADANGAYHIALKGQLLLNHLKE SKDLKLONGISNQDWLA
YIQELRN

25

dCasX

MEKRINKIRKKLSADNATKPVSRSGPMKTLLVRVMTDDLKKRLEKRRKKP
EVMPQVISNNAANNLRMLLDDYTKMKEAILQVYWQEFKDDHVGLMCKFEAQ
PASKKIDONKLKPEMDEKGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAY
TNYFGRCNVAEHEKLILLAQLKPEKDSDEAVTYSLGKFGQRALDFYSTIHV
TKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT IASFLSKYQDIITEH
QKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYNEVIARV
RMWVNLNLWOKLKLSRDDAKPLLRLKGEFPSFPVVERRENEVDWWNTINEV
KKLIDAKRDMGRVEWSGVTAEKRNTILEGYNYLPNENDHKKREGSLENPK
KPAKRQFGDLLLYLEKKYAGDWGKVFDEAWERIDKKIAGLTSHIEREEAR
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SEQ

Description

Sequence

NAEDAQSKAVLTDWLRAKASFVLERLKEMDEKEFYACEIQLOKWYGDLRG
NPFAVEAENRVVDISGEFSIGSDGHSIQYRNLLAWKYLENGKREFYLLMNY
GKKGRIRFTDGTDIKKSGKWQGLLYGGGKAKVIDLTFDPDDEQLIILPLA
FGTRQGREFIWNDLLSLETGLIKLANGRVIEKTIYNKKIGRDEPALFVAL
TFERREVVDPSNIKPVNLIGVARGENIPAVIALTDPEGCPLPEFKDSSGG
PTDILRIGEGYKEKQRATQAAKEVEQRRAGGYSRKFASKSRNLADDMVRN
SARDLFYHAVTHDAVLVFANLSRGFGRQGKRTFMTERQY TKMEDWLTAKL
AYEGLTSKTYLSKTLAQYTSKTCSNCGFTITTADYDGMLVRLKKTSDGWA
TTLNNKELKAEGQITYYNRYKRQTVEKELSAELDRLSEESGNNDISKWTK
GRRDEALFLLKKRFSHRPVQEQFVCLDCGHEVHAAEQAALNIARSWLFLN
SNSTEFKSYKSGKQPFVGAWQAF YKRRLKEVWKPNA

26

dCasPhi

MPKPAVESEFSKVLKKHFPGERFRSSYMKRGGKILAAQGEEAVVAYLQGK
SEEEPPNFQPPAKCHVVTKSRDFAEWP IMKASEATQRYIYALSTTERAAC
KPGKSSESHAAWFAATGVSNHGY SHVQGLNLIFDHTLGRYDGVLKKVQLR
NEKARARLESINASRADEGLPEIKAEEEEVATNETGHLLQPPGINPSEYV
YOTISPOQAYRPRDEIVLPPEYAGYVRDPNAPIPLGVVRNRCDIQKGCPGY
IPEWQREAGTAISPKTGKAVTVPGLSPKKNKRMRRYWRSEKEKAQDALLV
TVRIGTDWVVIDVRGLLRNARWRTIAPKDISLNALLDLFTGDPVIDVRRN
IVIFTYTLDACGTYARKWTLKGKQTKATLDKLTATQTVALVATALGQTNP
ISAGISRVTQENGALQCEPLDRFTLPDDLLKDISAYRIAWDRNEEELRAR
SVEALPEAQQAEVRALDGVSKETARTQLCADFGLDPKRLPWDKMSSNTTFE
ISEALLSNSVSRDQVFFTPAPKKGAKKKAPVEVMRKDRTWARAYKPRLSV
EAQKLKNEALWALKRTSPEYLKLSRRKEELCRRSINYVIEKTRRRTQCQT
VIPVIEDLNVRFFHGSGKRLPGWDNFFTAKKENRWE IQGLHKAFSDLRTH
RSFYVFEVRPERTSITCPKCGHCEVGNRDGEAFQCLSCGKTCNADLDVAT
HNLTQVALTGKTMPKREEPRDAQGTAPARKTKKASKSKAPPAEREDQTPA
QEPSQTS

27

inactive
VRER
SpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGA
LLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSEFFHR
LEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKAD
LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLF IQLVQTYNQLFEENP
INASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTP
NFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKET
FFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLR
KORTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPY
YVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSEF IERMTNEDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVD
LLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKT
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQ
LKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDD
SLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKV
MGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHP
VENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDD
SIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLI
REVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKK
YPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTET
TLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEV
QTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEFVSPTVAYSVLVVAKVE
KGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMLASARELQKGNELALPSKYVNFLYLASHYEKLKGSPE
DNEQKQLFVEQHKHYIDEITEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKEYRSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD
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Sequence

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGA
LLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSEFFHR
LEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKAD
LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLF IQLVQTYNQLFEENP
INASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTP
NFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKET
FFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLR
KORTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPY
YVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSEF IERMTNEDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVD
LLFKTNRKVIVRKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKI
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQ
LKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDD
SLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKV
MGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHP
VENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDD
SIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEFDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLI
REVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKK
YPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFEFKTET
TLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEV
QTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFESPTVAYSVLVVAKVE
KGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPE
DNEQKQLFVEQHKHYILDEITEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKQYRSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

WO 2024/186896
SEQ | Description

inactive

28 EQR
SpCas9
inactive

29 VQR
SpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGA
LLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSEFFHR
LEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKAD
LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLF IQLVQTYNQLFEENP
INASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTP
NFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKET
FFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLR
KORTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPY
YVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSEF IERMTNEDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVD
LLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKT
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQ
LKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDD
SLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKV
MGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHP
VENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDD
SIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLI
REVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKK
YPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTET
TLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEV
QTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEFVSPTVAYSVLVVAKVE
KGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPE
DNEQKQLFVEQHKHYIDEITEQISEFSKRVILADANLDKVLSAYNKHRDK
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SEQ

Description

Sequence

PIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKQYRSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

30

inactive
SPG SpCas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGA
LLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSFFHR
LEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKAD
LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLF IQLVQTYNQLFEENP
INASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTP
NFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKET
FFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLR
KORTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPY
YVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSF IERMTNEDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVD
LLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKT
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQ
LKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDD
SLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKV
MGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHP
VENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDD
SIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIT
REVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKK
YPKLESEFVYGDYKVYDVRKMIAKSEQETIGKATAKYFFYSNIMNFEFKTET
TLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEV
QTGGF SKESILPKRNSDKLIARKKDWDPKKYGGFLWPTVAYSVLVVAKVE
KGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMLASAKQLQKGNELALP SKYVNFLYLASHYEKLKGSPE
DNEQKQLFVEQHKHYILDEITEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKQYRSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

31

inactive
SpRY Cas9

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGA
LLFDSGETAERTRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSEFFHR
LEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKAD
LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLF IQLVQTYNQLFEENP
INASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTP
NFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAT
LLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKET
FFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLR
KORTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPY
YVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSF IERMTNEDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVD
LLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKI
IKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQ
LKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDD
SLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKV
MGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHP
VENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDD
SIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQLLNAKLITQRKEDNL
TKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIT
REVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKK
YPKLESEFVYGDYKVYDVRKMIAKSEQETIGKATAKYFFYSNIMNFEFKTET
TLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEV
QTGGF SKESIRPKRNSDKLIARKKDWDPKKYGGFLWPTVAYSVLVVAKVE
KGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPK
YSLFELENGRKRMLASAKQLQKGNELALP SKYVNFLYLASHYEKLKGSPE
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Sequence

DNEQKQLFVEQHKHYILDEITEQISEFSKRVILADANLDKVLSAYNKHRDK
PIREQAENITHLFTLTRLGAPRAFKYFDTTIDPKQYRSTKEVLDATLIHQ
SITGLYETRIDLSQLGGD

MKRNYILGLAIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSK
RGARRLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKL
SEEEFSAALLHLAKRRGVHNVNEVEEDTGNELSTKEQISRNSKALEEKYV
AELQLERLKKDGEVRGSINRFKTSDYVKEAKQLLKVQKAYHQLDQSEIDT
YIDLLETRRTYYEGPGEGSPFGWKD IKEWYEMLMGHCTYFPEELRSVKYA
YNADLYNALNDLNNLVITRDENEKLEYYEKFQITENVFKQKKKPTLKQIA
KEILVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDITARKEIIENAELLDQ
JAKILTIYQSSEDIQEELTNLNSELTQEETEQISNLKGYTGTHNLSLKAT
NLILDELWHTNDNQIAIFNRLKLVPKKVDLSQQKEIPTTLVDDFILSPVV
KRSFIQSIKVINAIIKKYGLPNDITIIELAREKNSKDAQKMINEMOKRNRQ
TNERIEETIIRTTGKENAKYLIEKIKLHDMQEGKCLYSLEAIPLEDLLNNP
FNYEVDHIIPRSVSEDNSEFNNKVLVKQEEASKKGNRTPFQYLSSSDSKIS
YETFKKHILNLAKGKGRISKTKKEYLLEERDINRFEF SVQKDF INRNLVDTR
YATRGLMNLLRSYFRVNNLDVKVKS INGGFTSF LRRKWKFKKERNKGYKH
HAEDALIIANADF IFKEWKKLDKAKKVMENQMFEEKQAESMPEIETEQEY
KETFITPHQIKHIKDFKDYKYSHRVDKKPNRKLINDTLYSTRKDDKGNTL
IVNNLNGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDE
KNPLYKYYEETGNYLTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNS
RNKVVKLSLKPYRFDVYLDNGVYKFVIVKNLDVIKKENYYEVNSKCYEEA
KKLKKISNQAEFIASFYRKNDLIKINGELYRVIGVNNDLLNRIEVNMIDIT
YREYLENMNDKRPPHIIKTIASKTQSIKKYSTDILGNLYEVKSKKHPQIT
KKG

MNNSQGRVTFEDVTVNFTQGEWQRLNPEQRNLYRDVMLENYSNLVSVGQG
ETTKPDVILRLEQGKEPWLEEEEVLGSGRAEKNGDIGGQIWKPKDVKESL

MAATLLMAGSQAPVTFEDMAMYLTREEWRPLDAAQRDLYRDVMQENYGNV
VSLDFEIRSENEVNPKQEISEDVQFGTTSERPAENAEENPESEEGFESGD
RSERQW

MLENYRNLVFLGIAVSKPDLITCLEQGKEPCNMKRHEMVAKPPVMCSHIA
EDLCPERDIKYFFQKVILRRYDKCEHENLQLRKGCKSVDECKVCK

MGLLTFRDVAIEFSLEEWQCLDTAQRNLYKNVILENYRNLVFLGIAVSKQ
DLITCLEQEKEPLTVKRHEMVNEPPVMCSHFAQEFWPEQNIKDSF

MLOMONSEHHGQSIKTQTDSISLEDVAVNFTLEEWALLDPGQRNIYRDVM
RATFKNLACIGEKWKDQDIEDEHKNQGRNLRSPMVEALCENKEDCPCGKS
TSQIPDLNTNLETPTG

MALSQGLLTFRDVAIEFSQEEWKCLDPAQRTLYRDVMLENYRNLVSLDIS
SKCMMNTLSSTGQGNTEVIHTGTLQRQASYHIGAFCSQEIEKDIHDEVEQ

MAQGLVTFADVAIDF SQEEWACLNSAQRDLYWDVMLENYSNLVSLDLESA
YENKSLPTKKNIHEIRASKRNSDRRSKSLGRNWICEGTLERPQRSRGR

MLREEATKKSKEKEPGMALPQGRLTFRDVAIEF SLEEWKCLNPAQRALYR
AVMLENYRNLEFVDSSLKSMMEFSSTRHSITGEVIHTGTLQRHKSHHIGD
FCFPEMKKDIHHFEFQWQ

MPGPPGSLEMGPLTFRDVAIEFSLEEWQCLDTAQRNLYRKVMFENYRNLV
FLGIAVSKPHLITCLEQGKEPWNRKRQEMVAKPPVIYSHFTEDLWPEHST
KDSF

MSPPWSPALAAEGRGSSCEASVSFEDVTVDE SKEEWQHLDPAQRRLYWDV
TLENYSHLLSVGYQIPKSEAAFKLEQGEGPWMLEGEAPHQSCSGEAIGKM
QQQGIPGGIFFHC

MASPSPPPESKEEWDYLDPAQRSLYKDVMMENYGNLVSLDVLNRDKDEEP
TVKQEIEEIEEEVEPQGVIVTRIKSEIDQODPMGRETFELVGRLDKQRGIF
LWEIPRESL

WO 2024/186896
SEQ | Description
inactive
32 KKH
dSaCas9
33 ZIM3
34 ZNF436
35 ZNF257
36 ZNF675
37 ZNF490
38 ZNF320
39 ZNF331
40 ZNF816
41 ZNF680
42 ZNF41
43 ZNF189
44 ZNF528

MALTQGPLKFMDVATIEF SQEEWKCLDPAQRTLYRDVMLENYRNLVSLGIC
LPDLSVTSMLEQKRDPWTLQSEEKIANDPDGRECIKGVNTERSSKLGSN
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SEQ

Description

Sequence

45

ZNF543

MAASAQVSVTFEDVAVTFTQEEWGQLDAAQRTLYQEVMLETCGLLMSLGC
PLFKPELIYQLDHRQELWMATKDLSQSSYPGDNTKPKTTEPTF SHLALPE

46

ZNF554

MESQEERMAAGYLPRWSQELVTFEDVSMDFSQEEWELLEPAQKNLYREVM
LENYRNVVSLEALKNQCTDVGIKEGPLSPAQTSQVTSLSSWTGYLLEFQPV
ASSHLEQREALWIEEKGTPQASCSDWMTVLRNQDSTYKKVALQE

47

ZNF140

MSQGSVTFRDVAIDF SQEEWKWLQPAQRDLYRCVMLENYGHLVSLGLSTIS
KPDVVSLLEQGKEPWLGKREVKRDLEFSVSESSGEIKDFSPKNVIYDD

48

ZNF610

MEEAQKRKAKESGMALPQGRLTFMDVAIEFSQEEWKSLDPGQRALYRDVM
LENYRNLVFLGRSCVLGSNAENKPIKNQLGLTLESHLSELQLFQAGRKIY
RSNQVEKFTNHR

49

ZNF264

MAAAVLTDRAQVSVTFDDVAVTF TKEEWGQLDLAQRTLYQEVMLENCGLL
VSLGCPVPKAELICHLEHGQEPWTRKEDLSQDTCPGDKGKPKTTEPTTCE
PALSE

50

ZNF350

MIQAQESITLEDVAVDFTWEEWQLLGAAQKDLYRDVMLENYSNLVAVGYQ
ASKPDALFKLEQGEQLWTIEDGIHSGACSDIWKVDHVLERLQSESLVNR

51

ZNF8

MEGVAGVMSVGPPAARLQEPVTFRDVAVDFTQEEWGQLDPTQRILYRDVM
LETFGHLLSIGPELPKPEVISQLEQGTELWVAERGTTQGCHPAWEPRSES
QASRKEEGLPEE

52

ZNF582

MSLGSELFRDVAIVESQEEWQWLAPAQRDLYRDVMLETYSNLVSLGLAVS
KPDVISFLEQGKEPWMVERVVSGGLCPVLESRYDTKELFPKQHVYEV

53

ZNF30

MAHKYVGLQYHGSVTFEDVAIAF SQQEWESLDSSQRGLYRDVMLENYRNL
VSMAGHSRSKPHVIALLEQWKEPEVTVRKDGRRWCTDLQLEDDTIGCKEM
PTSEN

54

ZNF324

MAFEDVAVYFSQEEWGLLDTAQRALYRRVMLDNFALVASLGLSTSRPRVV
IQLERGEEPWVPSGTDTTLSRTTYRRRNPGSWSLTEDRDVSG

55

ZNF98

MLENYRNLVFVGIAASKPDLITCLEQGKEPWNVKRHEMVTEPPVVYSYFA
QODLWPKQGKKNYFQKVILRTYKKCGRENLQLRKYCKSMDECKVHKECYNG
LNQC

56

ZNF669

MHFRRPDPCREPLASPIQDSVAFEDVAVNFTQEEWALLDSSQKNLYREVM
QETCRNLASVGSQWKDONIEDHFEKPGKD IRNHIVQRLCESKEDGQYGEV
VSQIPNLDLNENISTGLKPCECSICGK

57

ZNF677

MALSQGLFTFKDVAIEFSQEEWECLDPAQRATLYRDVMLENYRNLLSLDED
NIPPEDDISVGFTSKGLSPKENNKEELYHLVILERKESHGINNFDLKEVW
ENMPKEDSLW

58

ZNF596

MTFEDIIVDFTQEEWALLDTSQRKLFQODVMLENISHLVSIGKQLCKSVVL
SQLEQVEKLSTQRISLLQGREVGIKHQEIPFIHHIYQKGTSTISTMRS

59

ZNF214

MAVTFEDVTIIFTWEEWKEFLDSSQKRLYREVMWENYTNVMSVENWNESYK
SQEEKFRYLEYENFSYWQGWWNAGAQMYENQNYGETVQGTDSKDLTQQDR
SQC

60

ZNF37A

MITSQGSVSFRDVTVGF TQEEWQHLDPAQRTLYRDVMLENYSHLVSVGYC
IPKPEVILKLEKGEEPWILEEKFPSQSHLELINTSRNYSIMKFNEEFNKG

61

ZNF34

MFEDVAVYLSREEWGRLGPAQRGLYRDVMLETYGNLVSLGVGPAGPKPGV
ISQLERGDEPWVLDVQGTSGKEHLRVNSPALGTRTEYKELTSQETFGEED
PQGSEPVEACDHIS

62

ZNF250

METYGNVVSLGLPGSKPDIISQLERGEDPWVLDRKGAKKSQGLWSDYSDN
LKYDHTTACTQQDSLSCPWECETKGESQNTDLSPKPLISEQTVILGKTPL
GRIDQENNETKQ

63

ZNF547

MAEMNPAQGHVVFEDVAIYFSQEEWGHLDEAQRLLYRDVMLENLALLSSL
GCCHGAEDEEAPLEPGVSVGVSQVMAPKPCLSTONTQPCETCSSLLKDIL
RL

64

ZNF273

MLDNYRNLVFLGIAVSKPDLITCLEQGKEPCNMKRHAMVAKPPVVCSHFA
QODLWPKQGLKDS

65

ZNF354A

MAAGQREARPQVSLTFEDVAVLF TRDEWRKLAP SQRNLYRDVMLENYRNL
VSLGLPFTKPKVISLLQQGEDPWEVEKDGSGVSSLGSKSSHKTTKSTQTQ
DSSFQ
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66

ZFP82

MALRSVMEFSDVSIDEFSPEEWEYLDLEQKDLYRDVMLENYSNLVSLGCFIS
KPDVISSLEQGKEPWKVVRKGRRQYPDLETKYETKKLSLENDIYEIN

67

ZNF224

MTTFKEAMTFKDVAVVF TEEELGLLDLAQRKLYRDVMLENFRNLLSVGHQ
AFHRDTFHFLREEKTWMMKTAIQREGNSGDKIQTEMETVSEAGTHQEW

68

ZNF33A

MEFQVEQKSQESVSFKDVIVGEFTQEEWQHLDP SQRALYRDVMLENYSNLVS
VGYCVHKPEVIFRLQQGEEPWKQEEEFPSQSFPEVWTADHLKERSQENQS
KHL

69

ZNF45

MTKSKEAVTFKDVAVVFSEEELQLLDLAQRKLYRDVMLENEFRNVVSVGHQ
STPDGLPQLEREEKLWMMKMATQRDNS SGAKNLKEMETLQEVGLRYLP

70

ZNF175

MSQKPQVLGPEKQDGSCEASVSFEDVTVDEFSREEWQQLDPAQRCLYRDVM
LELYSHLFAVGYHIPNPEVIFRMLKEKEPRVEEAEVSHQRCQEREFGLET
POQKEISKKASFEFQ

71

ZNF595

MELVTFRDVAIEF SPEEWKCLDPAQONLYRDVMLENYRNLVSLGEFVISNP
DLVTCLEQIKEPCNLKIHETAAKPPAICSPFSQDLSPVQGIEDSFE

72

ZNF184

MSTLLQGGHNLLSSASFQESVTFKDVIVDFTQEEWKQLDPGQRDLEFRDVT
LENYTHLVSIGLQVSKPDVISQLEQGTEPWIMEPSIPVGTCADWETRLEN
SVSAPEPDISEE

73

ZNF419

MDPAQVPVAADLLTDHEEGYVTFEDVAVYFSQEEWRLLDDAQRLLYRNVM
LENFTLLASLGLASSKTHEITQLESWEEPFMPAWEVVTSAIPRGCWHGAE
AEEAPEQIASVG

74

ZFP28-1

MKKLEAVGTGIEPKAMSQGLVTFGDVAVDFSQEEWEWLNP IQRNLYRKVM
LENYRNLASLGLCVSKPDVISSLEQGKEPWTVKRKMTRAWCPDLKAVWKI
KELPLKKDFCEG

75

ZFP28-2

MSLLGEHWDYDALFETQPGLVTIKNLAVDFRQOLHPAQKNEFCKNGIWENN
SDLGSAGHCVAKPDLVSLLEQEKEPWMVKRELTGSLEF SGQRSVHETQELF
PKODSYAE

76

ZNF18

MLALAASQPARLEERLIRDRDLGASLLPAAPQEQWRQLDSTQKEQYWDLT
LETYGKMVSGAGISHPKSDLTNSIEFGEELAGIYLHVNEKIPRPTCIGDR
QENDKENLNLENH

77

ZNF213

MEGRPGETTDTCFVSGVHGPVALGDIPFYFSREEWGTLDPAQRDLEWDIK
RENSRNTTLGFGLKGQSEKSLLQEMVPVVPGQTGSDVTVSWSPEEAEAWE
SENRPRAALGPVVGARRGRPPTRRRQFRDLA

78

ZNF394

MVAVVRALQRALDGTSSQGMVTFEDTAVSLTWEEWERLDPARRDF CRESA
QKDSGSTVPPSLESRVENKELIPMOQILEEAEPQGQLQEAFQGKRPLESK
CGSTHEDRVEKQSGDP

79

ZFP1

MNKSQGSVSFTDVTVDF TQEEWEQLDP SQRILYMDVMLENY SNLLSVEVW
KADDOMERDHRNPDEQARQFLILKNQTPIEERGDLFGKALNLNTDEVSLR
QVPYKYDLYEKTL

80

ZFP14

MAHGSVTFRDVAIDF SQEEWEFLDPAQRDLYRDVMWENYSNEFISLGPSIS
KPDVITLLDEERKEPGMVVREGTRRYCPDLESRYRTNTLSPEKDIYEIYS
FOWDIMER

81

ZNF416

MAAAVLRDSTSVPVTAEAKLMGF TQGCVTFEDVAIYFSQEEWGLLDEAQR
LLYRDVMLENFALITALVCWHGMEDEETPEQSVSVEGVPQVRTPEASPST
QKIQSCDMCVPFLTDILHLTDLPGQELYLTGACAVFHQDQK

82

ZNF557

MLPPTAASQREGHTEGGELVNELLKSWLKGLVTFEDVAVEF TQEEWALLD
PAQRTLYRDVMLENCRNLASLGNQVDKPRLISQLEQEDKVMTEERGILSG
TCPDVENPFKAKGLTPKLHVFRKEQSRNMKMER

&3

ZNF566

MAQESVMFSDVSVDF SQEEWECLNDDQRDLYRDVMLENYSNLVSMGHSTS
KPNVISYLEQGKEPWLADRELTRGOWPVLESRCETKKLFLKKEIYEIEST
QOWE IMEK

84

ZNF729

MPGAPGSLEMGPLTFRDVTIEFSLEEWQCLDTVQONLYRDVMLENYRNLV
FLGMAVFKPDLITCLKQGKEPWNMKRHEMVTKPPVMRSHETQDLWPDQST
KDSFQEVILRTYAR

85

ZIM2

MAGSQFPDFKHLGTFLVFEELVTFEDVLVDF SPEELSSLSAAQRNLYREV
MLENYRNLVSLGHQFSKPDIISRLEEEESYAMETDSRHTVICQGE
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86

ZNF254

MPGPPRSLEMGLLTFRDVAIEFSLEEWQHLD IAQONLYRNVMLENYRNLA
FLGIAVSKPDLITCLEQGKEPWNMKRHE

&7

ZNF764

MAPPLAPLPPRDPNGAGPEWREPGAVSFADVAVYFCREEWGCLRPAQRAL
YRDVMRETYGHLSALGIGGNKPALISWVEEEAELWGPAAQDPE

88

ZNF785

MGPPLAPRPAHVPGEAGPRRTRESRPGAVSFADVAVYFSPEEWECLRPAQ
RALYRDVMRETFGHLGALGFSVPKPAF ISWVEGEVEAWSPEAQDPDGESS

89

ZNF10
(KOX1)

MDAKSLTAWSRTLVTFKDVEVDF TREEWKLLDTAQQIVYRNVMLENYKNL
VSLGYQLTKPDVILRLEKGEEPWLVERETHQETHPDSETAFEIKSSVSSR
SIFKDKQSCDIKMEGMARNDLWYLSLEEVWKCRDQLDKYQENPERHLRQV
AFTQKKVLTQERVSESGKYGGNCLLPAQLVLREYFHKRDSHTKSLKHDLV
LNGHQDSCASNSNECGQTFCONIHLIQFARTHTGDKSYKCPDNDNSLTHG
SSLGISKGIHREKPYECKECGKEFFSWRSNLTRHQLIHTGEKPYECKECGK
SFSRSSHLIGHQKTHTGEEPYECKECGKSFSWFSHLVTHQRTHTGDKLYT
CNQCGKSFVHSSRLIRHQRTHTGEKPYECPECGKSFRQSTHLILHQRTHV
RVRPYECNECGKSYSQRSHLVVHHRIHTGLKPFECKDCGKCFSRSSHLYS
HORTHTGEKPYECHDCGKSFSQSSALIVHQRIHTGEKPYECCQCGKAF IR
KNDLIKHQRIHVGEETYKCNQCGIIFSONSPFIVHQIAHTGEQFLTCNQC
GTALVNTSNLIGYQTNHIRENAY

90

CBX5
(chromosha
dow
domain)

MGKKTKRTADSSSSEDEEEYVVEKVLDRRVVKGQVEYLLKWKGESEEHNT
WEPEKNLDCPELISEFMKKYKKMKEGENNKPREKSESNKRKSNESNSADD
IKSKKKREQSNDIARGFERGLEPEKIIGATDSCGDLMFLMKWKDTDEADL
VLAKEANVKCPQIVIAFYEERLTWHAYPEDAENKEKETAKS

91

RYBP
(YAF2_RY
BP
Component
of PRC1)

MTMGDKKSP TRPKRQAKPAADEGFWDCSVCTFRNSAEAFKCSICDVRKGT
STRKPRINSQLVAQQVAQQYATPPPPKKEKKEKVEKQDKEKPEKDKE ISP
SVTKKNTNKKTKPKSDILKDPPSEANSIQSANATTKTSETNHTSRPRLKN
VDRSTAQQLAVTVGNVTVIITDFKEKTRSSSTSSSTVTSSAGSEQQNQSS
SGSESTDKGSSRSSTPKGDMSAVNDESFE

92

YAF2
(YAF2_RY
BP
Component
of PRC1)

MGDKKSPTRPKRQPKPSSDEGYWDCSVCTFRNSAEAFKCMMCDVRKGTST
RKPRPVSQLVAQQVTQQOFVPPTQSKKEKKDKVEKEKSEKETTSKKNSHKK
TRPRLKNVDRSSAQHLEVTVGDLTVIITDFKEKTKSPPASSAASADQHSQ
SGSSSDNTERGMSRSSSPRGEASSLNGESH

93

MGA
(component
of PRC1.6)

MEEKQQITLANQDGGTVAGAAPTFFVILKQPGNGKTDQGILVTNQDACAL
ASSVSSPVKSKGKICLPADCTVGGITVTLDNNSMWNEFYHRSTEMILTKQ
GRRMFPYCRYWITGLDSNLKYILVMDISPVDNHRYKWNGRWWEPSGKAEP
HVLGRVFIHPESPSTGHYWMHQPVSEFYKLKLTNNTLDQEGHITLHSMHRY
LPRLHLVPAEKAVEVIQLNGPGVHTFTFPQTEFFAVTAYONIQITQLKID
YNPFAKGFRDDGLNNKPQRDGKQKNSSDQEGNNISSSSGHRVRLTEGQGS
EIQPGDLDPLSRGHETSGKGLEKTSLNIKRDEFLGFMDTDSALSEVPQLKQ
EISECLIASSFEDDSRVASPLDONGSFNVVIKEEPLDDYDYELGECPEGV
TVKQEETDEETDVYSNSDDDP ILEKQLKRHNKVDNPEADHLSSKWLP SSP
SGVAKAKMFKLDTGKMPVVYLEPCAVTRSTVKISELPDNMLSTSRKDKSS
MLAELEYILPTYIENSNETAFCLGKESENGLRKHSPDLRVVQKYPLLKEPQ
WKYPDISDSISTERILDDSKDSVGDSLSGKEDLGRKRTTMLKIATAAKVV
NANQNASPNVPGKRGRPRKLKLCKAGRPPKNTGKSLISTKNTPVSPGSTFE
PDVKPDLEDVDGVLEVSFESKEALDIHAVDGTTEESSSLQOASTTNDSGYR
ARISQLEKELIEDLKTLRHKQVIHPGLOQEVGLKLNSVDPTMSIDLKYLGV
QLPLAPATSFPFWNLTGTNPASPDAGFPFVSRTGKTNDF TKIKGWRGKEH
SASASRNEGGNSESSLKNRSAFCSDKLDEYLENEGKLMETSMGEFSSNAPT
SPVVYQLPTKSTSYVRTLDSVLKKQSTISPSTSYSLKPHSVPPVSRKAKS
ONRQATFSGRTKSSYKSILPYPVSPKQKYSHVILGDKVTKNSSGITISENQ
ANNEFVVPTLDENIFPKQISLRQAQQOOQOQQQGSRPPGLSKSQVKLMDLED
CALWEGKPRTYITEERADVSLTTLLTAQASLKTKPIHTIIRKRAPPCNND
FCRLGCVCSSLALEKRQPAHCRRPDCMFGCTCLKRKVVLVKGGSKTKHEQ
RKAAHRDPVEFYDTLGEEAREEEEGIREEEEQLKEKKKRKKLEYTICETEP
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EQPVRHYPLWVKVEGEVDPEPVYIPTPSVIEPMKPLLLPQPEVLSPTVKG
KLLTGIKSPRSYTPKPNPVIREEDKDPVYLYFESMMTCARVRVYERKKED
QROPSSSSSPSPSFQQQTSCHSSPENHNNAKEPDSEQQPLKQLTCDLEDD
SDKLOQEKSWKSSCNEGESSSTSYMHQRSPGGPTKLIETIISDCNWEEDRNK
ILSILSQHINSNMPQSLKVGSFIIELASQRKSRGEKNPPVYSSRVKISMP
SCQDODDMAEKSGSETPDGPLSPGKMEDISPVQTDALDSVRERLHGGKGL
PFYAGLSPAGKLVAYKRKPSSSTSGLIQVASNAKVAASRKPRTLLPSTSN
SKMASSSGTATNRPGKNLKAFVPAKRP TAARPSPGGVFTQFVMSKVGALQ
QKIPGVSTPQTLAGTQKFSIRPSPVMVVTPVVSSEPVQVCSPVTAAVTTT
TPOQVFLENTTAVTPMTAISDVETKETTYSSGATTTGVVEVSETNTSTSVT
STQSTATVNLTKTTGITTPVASVAFPKSLVASPSTITLPVASTASTSLVV
VTAAASSSMVTTPTSSLGSVPIILSGINGSPPVSQRPENAAQIPVATPQV
SPNTVKRAGPRLLLIPVQQGSPTLRPVSNTQLQGHRMVLQPVRSP SGMNL
FRHPNGQIVQLLPLHQLRGSNTQPNLQPVMFRNPGSVMGIRLPAP SKPSE
TPPSSTSSSAFSVMNPVIQAVGSSSAVNVITQAPSLLSSGASFVSQAGTL
TLRISPPEPQSFASKTGSETKITYSSGGQPVGTASLIPLQSGSFALLQLP
GQKPVPSSILQHVASLOMKRESQNPDQKDETNS IKREQETKKVLQSEGEA
VDPEANVIKQNSGAATSEETLNDSLEDRGDHLDEECLPEEGCATVKPSEH
SCITGSHTDQDYKDVNEEYGARNRKSSKEKVAVLEVRTISEKASNKTVQN
LSKVQHQKLGDVKVEQQKGFDNPEENSSEFPVTFKEESKFELSGSKVMEQ
QSNLQPEAKEKECGDSLEKDRERWRKHLKGP LTRKCVGASQECKKEADEQ
LIKETKTCQENSDVEFQQEQGISDLLGKSGITEDARVLKTECDSWSRISNP
SAFSIVPRRAAKSSRGNGHFQGHLLLPGEQIQPKQEKKGGRSSADETVLD
LEEDDEDDNEKTDDSIDEIVDVVSDYQSEEVDDVEKNNCVEYIEDDEEHV
DIETVEELSEEINVAHLKTTAAHTQSFKQPSCTHISADEKAAERSRKAPP
IPLKLKPDYWSDKLOQKEAEAFAYYRRTHTANERRRRGEMRDLFEKLKITL
GLLHSSKVSKSLILTRAFSEIQGLTDQADKLIGOQKNLLTRKRNILIRKVS
SLSGKTEEVVLKKLEYIYAKQQALEAQKRKKKMGSDEFDISPRISKQQEG
SSASSVDLGQOMF INNRRGKPLILSRKKDQATENTSPLNTPHTSANLVMTP
QGQLLTLKGPLFSGPVVAVSPDLLESDLKPQVAGSAVALPENDDLFMMPR
IVNVTSLATEGGLVDMGGSKYPHEVPDSKPSDHLKDTVRNEDNSLEDKGR
ISSRGNRDGRVTLGP TQVFLANKDSGYPQIVDVSNMOQKAQEFLPKKISGD
MRGIQYKWKESESRGERVKSKDSSFHKLKMKDLKDSSIEMELRKVTSAIE
EAALDSSELLTNMEDEDDTDETLTSLLNEIAFLNQQLNDDSVGLAELPSS
MDTEFPGDARRAFISKVPPGSRATFQVEHLGTGLKELPDVQGESDSISPL
LLHLEDDDFSENEKQLAEPASEPDVLKIVIDSEIKDSLLSNKKAIDGGKN
TSGLPAEPESVSSPPTLHMKTGLENSNSTDTLWRPMPKLAPLGLKVANP S
SDADGQSLKVMPCLAPIAAKVGSVGHKMNLTGNDQEGRESKVMPTLAPVV
AKLGNSGASPSSAGK

94

CBX1
(chromosha
dow)

MGKKQONKKKVEEVLEEEEEEYVVEKVLDRRVVKGKVEYLLKWKGF SDEDN
TWEPEENLDCPDLIAEFLQSQKTAHETDKSEGGKRKADSDSEDKGEESKP
KKKKEESEKPRGFARGLEPERITIGATDSSGELMF LMKWKNSDEADLVPAK
EANVKCPQVVISFYEERLTWHSYPSEDDDKKDDKN

95

SCMH]1
(SAM_1/SP
M)

MLVCYSVLACEILWDLPCSIMGSPLGHFTWDKYLKETCSVPAPVHCEFKQS
YTPPSNEFKISMKLEAQDPRNTTSTCIATVVGLTGARLRLRLDGSDNKND
FWRLVDSAEIQPIGNCEKNGGMLQPPLGFRLNASSWPMF LLKTLNGAEMA
PIRIFHKEPPSPSHNFFKMGMKLEAVDRKNPHF ICPATIGEVRGSEVLVT
FDGWRGAFDYWCRFDSRDIFPVGWCSLTGDNLQPPGTKVVIPKNPYPASD
VNTEKPSIHSSTKTVLEHQPGQRGRKPGKKRGRTPKTLISHPISAPSKTA
EPLKFPKKRGPKPGSKRKPRTLLNPPPASPTTSTPEPDTSTVPQDAATIP
SSAMQAPTVCIYLNKNGSTGPHLDKKKVQQLPDHFGPARASVVLQQAVQA
CIDCAYHQKTVFSFLKQGHGGEVISAVFDREQHTLNLPAVNSITYVLRFL
EKLCHNLRSDNLEGNQPFTQTHLSLTAIEYSHSHDRYLPGETFVLGNSLA
RSLEPHSDSMDSASNPTNLVSTSQRHRPLLSSCGLPPSTASAVRRLCSRG
VLKGSNERRDMESFWKLNRSPGSDRYLESRDASRLSGRDPSSWTVEDVMQ
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FVREADPQLGPHADLFRKHEIDGKALLLLRSDMMMKYMGLKLGPALKLSY
HIDRLKQGKF

96

MPP8
(Chromodo
main)

MEQVAEGARVTAVPVSAADSTEELAEVEEGVGVVGEDNDAAARGAEAFGD
SEEDGEDVFEVEKILDMKTEGGKVLYKVRWKGYTSDDDTWEPETIHLEDCK
EVLLEFRKKIAENKAKAVRKDIQRLSLNNDIFEANSDSDQQSETKEDTSP
KKKKKKLROQREEKSPDDLKKKKAKAGKLKDKSKPDLESSLESLVFDLRTK
KRISEAKEELKESKKPKKDEVKETKELKKVKKGEIRDLKTKTREDPKENR
KTKKEKFVESQVESESSVLNDSPFPEDDSEGLHSDSREEKQNTKSARERA
GODMGLEHGFEKPLDSAMSAEEDTDVRGRRKKKTPRKAEDTRENRKLENK
NAFLEKKTVPKKORNQDRSKSAAELEKLMPVSAQTPKGRRLSGEERGLWS
TDSAEEDKETKRNESKEKYQKRHDSDKEEKGRKEPKGLKTLKEIRNAFDL
FKLTPEEKNDVSENNRKREEIPLDFKTIDDHKTKENKQSLKERRNTRDET
DTWAYIAAEGDQEVLDSVCQADENSDGRQQILSLGMDLOLEWMKLEDFEFQK
HLDGKDENFAATDAIPSNVLRDAVKNGDYITVKVALNSNEEYNLDQEDSS
GMTLVMLAAAGGQODDLLRLLITKGAKVNGROQKNGTTALTHAAEKNFLTTV
ATILLEAGAFVNVQQSNGETALMKACKRGNSDIVRLVIECGADCNILSKHQ
NSALHFAKQSNNVLVYDLLKNHLETLSRVAEETIKDYFEARLALLEPVEP
IACHRLCEGPDFSTDENYKPPONIPEGSGILLEF IFHANFLGKEVIARLCG
PCSVQAVVLNDKFQLPVFLDSHFVYSFSPVAGPNKLF IRLTEAPSAKVKL
LIGAYRVQLQ

97

SUMO3
(Rad60-
SLD)

MSEEKPKEGVKTENDHINLKVAGQDGSVVQFKIKRHTPLSKLMKAYCERQ
GLSMRQIRFREDGQP INETDTPAQLEMEDEDTIDVFQQQTGGVPESSLAG
HSF

98

HERC2
(Cyt-b5)

MPSESFCLAAQARLDSKWLKTDIQLAFTRDGLCGLWNEMVKDGEIVYTGT
ESTONGELPPRKDDSVEPSGTKKEDLNDKEKKDEEETPAPIYRAKSILDS
WVWGKQPDVNELKECLSVLVKEQQATAVQSATTTLSALRLKQRLVILERY
FIALNRTVFQENVKVKWKSSGISLPPVDKKSSRPAGKGVEGLARVGSRAA
LSFAFAFLRRAWRSGEDADLCSELLQESLDALRALPEASLFDESTVSSVW
LEVVERATRFLRSVVTGDVHGTPATKGPGSIPLODQHLALAILLELAVQR
GTLSQMLSAILLLLOQLWDSGAQETDNERSAQGTSAPLLPLLQRFQSIICR
KDAPHSEGDMHLLSGPLSPNESFLRYLTLPQDNELAIDLRQTAVVVMAHL
DRLATPCMPPLCSSPTSHKGSLOQEVIGWGLIGWKYYANVIGPIQCEGLAN
LGVTQIACAEKRFLILSRNGRVYTQAYNSDTLAPQLVQGLASRNIVKIAA
HSDGHHYLALAATGEVYSWGCGDGGRLGHGDTVPLEEPKVISAFSGKQAG
KHVVHIACGSTYSAAITAEGELYTWGRGNYGRLGHGSSEDEATPMLVAGL
KGLKVIDVACGSGDAQTLAVTENGQVWSWGDGDYGKLGRGGSDGCKTPKL
IEKLQDLDVVKVRCGSQFSTIALTKDGQVY SWGKGDNQRLGHGTEEHVRYP
KLLEGLQGKKVIDVAAGSTHCLALTEDSEVHSWGSNDQCQHFDTLRVTKP
EPAALPGLDTKHIVGIACGPAQSFAWSSCSEWSIGLRVPEVVDICSMTFEFE
QLDLLLRQVSEGMDGSADWPPPQEKECVAVATLNLLRLOLHAATISHQVDP
EFLGLGLGSILLNSLKQTVVTLASSAGVLSTVQSAAQAVLQSGWSVLLPT
AEERARALSALLPCAVSGNEVNISPGRRFMIDLLVGSLMADGGLESALHA
AITAETQDIEAKKEAQKEKEIDEQEANASTFHRSRTPLDKDLINTGICES
SGKQCLPLVQLIQQLLRNIASQTVARLKDVARRISSCLDFEQHSRERSAS
ILDLLLRFQRLLISKLYPGESIGQTSDISSPELMGVGSLLKKYTALLCTHI
GDILPVAASIASTSWRHFAEVAYIVEGDFTGVLLPELVVSIVLLLSKNAG
LMOEAGAVPLLGGLLEHLDREFNHLAPGKERDDHEELAWPGIMESEFFTGON
CRNNEEVTLTIRKADLENHNKDGGEWTVIDGKVYDIKDFQTQSLTGNSILA
QFAGEDPVVALEAALQFEDTRESMHAFCVGQYLEPDQEIVTIPDLGSLSS
PLIDTERNLGLLLGLHASYLAMSTPLSPVEIECAKWLQSSIFSGGLQTSQ
IHYSYNEEKDEDHCSSPGGTPASKSRLCSHRRALGDHSQAFLQATIADNNI
ODHNVKDFLCQIERYCRQCHLTTPIMFPPEHPVEEVGRLLLCCLLKHEDL
GHVALSLVHAGALGIEQVKHRTLPKSVVDVCRVVYQAKCSLIKTHQEQGR
SYKEVCAPVIERLRFLENELRPAVCNDLS IMSKFKLLSSLPRWRRIAQKI
IRERRKKRVPKKPESTDDEEKIGNEESDLEEACILPHSPINVDKRPIATIK
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SPKDKWQPLLSTVTGVHKYKWLKONVQGLYPQSPLLSTIAEFALKEEPVD
VEKMRKCLLKQLERAEVRLEGIDTILKLASKNFLLPSVQYAMF CGWQRLT
PEGIDIGEPLTDCLKDVDLIPPFNRMLLEVTFGKLYAWAVONIRNVLMDA
SAKFKELGIQPVPLQTITNENPSGPSLGTIPQARFLLVMLSMLTLQHGAN
NLDLLLNSGMLALTQTALRLIGPSCDNVEEDMNASAQGASATVLEETRKE
TAPVQLPVSGPELAAMMKIGTRVMRGVDWKWGDQODGPPPGLGRVIGELGE
DGWIRVQWDTGSTNSYRMGKEGKYDLKLAELPAAAQPSAEDSDTEDDSEA
EQTERNIHPTAMMFTSTINLLQTLCLSAGVHAEIMQSEATKTLCGLLRML
VESGTTDKTSSPNRLVYREQHRSWCTLGFVRSIALTPQVCGALSSPQWIT
LLMKVVEGHAPFTATSLORQILAVHLLOAVLPSWDKTERARDMKCLVEKL
FDFLGSLLTTCSSDVPLLRESTLRRRRVRPQASLTATHSSTLAEEVVALL
RTLHSLTOQWNGLINKYINSQLRSITHSFVGRPSEGAQLEDYFPDSENPEV
GGLMAVLAVIGGIDGRLRLGGQVMHDEFGEGTVTRITPKGKITVQFSDMR
TCRVCPLNQLKPLPAVAFNVNNLPFTEPMLSVWAQLVNLAGSKLEKHKIK
KSTKQAFAGQVDLDLLRCQQLKLYILKAGRALLSHQDKLRQILSQPAVQE
TGTVHTDDGAVVSPDLGDMSPEGPQPPMILLQQLLASATQPSPVKAIFDK
QELEAAALAVCQCLAVESTHPSSPGFEDCSSSEATTPVAVQHIRPARVKR
RKQSPVPALPIVVQLMEMGEFSRRNIEFALKSLTGASGNASSLPGVEALVG
WLLDHSDIQVTELSDADTVSDEYSDEEVVEDVDDAAYSMSTGAVVTESQT
YKKRADFLSNDDYAVYVRENIQVGMMVRCCRAYEEVCEGDVGKVIKLDRD
GLHDLNVQCDWQQKGGTYWVRYIHVELIGYPPPSSSSHIKIGDKVRVKAS
VTITPKYKWGSVTHQSVGVVKAFSANGKDIIVDFPQQSHWTGLLSEMELVP
STIHPGVTCDGCOMFPINGSRFKCRNCDDFDFCETCFKTKKHNTRHTEGRI
NEPGQSAVFCGRSGKQLKRCHSSQPGMLLDSWSRMVKSLNVSSSVNQASR
LIDGSEPCWQSSGSQGKHWIRLEIFPDVLVHRLKMIVDPADSSYMPSLVV
VSGGNSLNNLIELKTININPSDTTVPLLNDCTEYHRYIETAIKQCRSSGI
DCKIHGLILLGRIRAEEEDLAAVPFLASDNEEEEDEKGNSGSLIRKKAAG
LESAATIRTKVFVWGLNDKDQLGGLKGSKIKVPSFSETLSALNVVQVAGG
SKSLFAVTVEGKVYACGEATNGRLGLGISSGTVPIPRQITALSSYVVKKV
AVHSGGRHATALTVDGKVFE SWGEGDDGKLGHF SRMNCDKPRLIEALKTKR
IRDIACGSSHSAALTSSGELYTWGLGEYGRLGHGDNTTQLKPKMVKVLLG
HRVIQVACGSRDAQTLALTDEGLVE SWGDGDEFGKLGRGGSEGCNIPQONIE
RLNGQGVCQIECGAQFSLALTKSGVVWTWGKGDYFRLGHGSDVHVRKPQV
VEGLRGKKIVHVAVGALHCLAVTDSGQVYAWGDNDHGQQGNGTTTVNRKP
TLVQGLEGQKITRVACGSSHSVAWTTVDVATPSVHEPVLFQTARDPLGAS
YLGVPSDADSSAASNKISGASNSKPNRPSLAKILLSLDGNLAKQQALSHI
LTALQIMYARDAVVGALMPAAMIAPVECPSFSSAAPSDASAMASPMNGEE
CMLAVDIEDRLSPNPWQEKREIVSSEDAVTPSAVTPSAPSASARPFIPVT
DDLGAASITAETMTKTKEDVESQNKAAGPEPQALDEFTSLLIADDTRVVV
DLLKLSVCSRAGDRGRDVLSAVLSGMGTAYPQVADMLLELCVTELEDVAT
DSQSGRLSSQPVVVESSHPYTDDTSTSGTVKIPGAEGLRVEFDRQCSTER
RHDPLTVMDGVNRIVSVRSGREWSDWSSELRIPGDELKWKE ISDGSVNGW
GWRFTVYPIMPAAGPKELLSDRCVLSCPSMDLVTCLLDFRLNLASNRSIV
PRLAASTLAACAQLSALAASHRMWALQRLRKLLTTEFGQSININRLLGEND
GETRALSFTGSALAALVKGLPEALQRQFEYEDP IVRGGKQLLHSPFEFKVL
VALACDLELDTLPCCAETHKWAWFRRYCMASRVAVALDKRTPLPRLEFILDE
VAKKIRELMADSENMDVLHESHDIFKREQDEQLVOWMNRRPDDWTLSAGG
SGTIYGWGHNHRGQLGGIEGAKVKVPTPCEALATLRPVQLIGGEQTLFAV
TADGKLYATGYGAGGRLGIGGTESVSTPTLLESIQHVFIKKVAVNSGGKH
CLALSSEGEVYSWGEAEDGKLGHGNRSPCDRPRVIESLRGIEVVDVAAGG
AHSACVTAAGDLYTWGKGRYGRLGHSDSEDQLKPKLVEALQGHRVVDIAC
GSGDAQTLCLTDDDTVWSWGDGDYGKLGRGGSDGCKVPMKIDSLTGLGVV
KVECGSQFSVALTKSGAVYTWGKGDYHRLGHGSDDHVRRPRQVQGLQGKK
VIATIATGSLHCVCCTEDGEVYTWGDNDEGQLGDGTTNAIQRPRLVAALQG
KKVNRVACGSAHTLAWSTSKPASAGKLPAQVPMEYNHLQETPTIALRNRL
LLLHHLSELFCPCIPMFDLEGSLDETGLGPSVGFDTLRGILISQGKEAAF
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RKVVQATMVRDRQHGPVVELNRIQVKRSRSKGGLAGPDGTKSVEFGQMCAK
MSSFGPDSLLLPHRVWKVKFVGESVDDCGGGYSESTAEICEELQNGLTPL
LIVTPNGRDESGANRDCYLLSPAARAPVHSSMFRFLGVLLGIATIRTGSPL
SLNLAEPVWKQLAGMSLTIADLSEVDKDF IPGLMYIRDNEATSEEFEAMS
LPFTVPSASGODIQLSSKHTHITLDNRAEYVRLATINYRLHEFDEQVAAVR
EGMARVVPVPLLSLFTGYELETMVCGSPDIPLHLLKSVATYKGIEPSASL
IOWFWEVMESEFSNTERSLFLREFVWGRTRLPRTIADFRGRDEFVIQVLDKYN
PPDHFLPESYTCFFLLKLPRYSCKQVLEEKLKYATHFCKSIDTDDYARTIA
LTGEPAADDSSDDSDNEDVDSFASDSTQDYLTGH

99

BIN1
(SH3_9)

MAEMGSKGVTAGKIASNVQKKLTRAQEKVLQKLGKADETKDEQFEQCVQN
FNKQLTEGTRLOKDLRTYLASVKAMHEASKKLNECLQEVYEPDWPGRDEA
NKIAENNDLLWMDYHQKLVDQALLTMDTYLGQFPDIKSRIAKRGRKLVDY
DSARHHYESLQTAKKKDEAKIAKPVSLLEKAAPQWCQGKLQAHLVAQTNL
LRNQAEEELTKAQKVFEEMNVDLOQEELPSLWNSRVGFYVNTFQSIAGLEE
NFHKEMSKLNQNLNDVLVGLEKQHGSNTF TVKAQP SDNAPAKGNKSPSPP
DGSPAATPEIRVNHEPEPAGGATPGATLPKSPSQLRKGPPVPPPPKHTPS
KEVKQEQILSLFEDTFVPEISVITPSQFEAPGPFSEQASLLDLDFDPLPP
VTSPVKAPTPSGQSIPWDLWEPTESPAGSLP SGEPSAAEGTFAVSWPSQT
AEPGPAQPAEASEVAGGTQPAAGAQEPGETAASEAASSSLPAVVVETEFPA
TVNGTVEGGSGAGRLDLPPGFMFKVQAQHDYTATDTDELQLKAGDVVLVI
PFONPEEQDEGWLMGVKESDWNQHKELEKCRGVFPENFTERVP

100

PCGF2
(RING
finger
protein

domain)

MHRTTRIKITELNPHLMCALCGGYFIDATTIVECLHSFCKTCIVRYLETN
KYCPMCDVQVHKTRPLLSIRSDKTLQDIVYKLVPGLFKDEMKRRRDE YAA
YPLTEVPNGSNEDRGEVLEQEKGALSDDEIVSLSIEFYEGARDRDEKKGP
LENGDGDKEKTGVRFLRCPAAMTVMHLAKFLRNKMDVPSKYKVEVLYEDE
PLKEYYTLMDIAYTIYPWRRNGPLPLKYRVQPACKRLTLATVPTPSEGTNT
SGASECESVSDKAPSPATLPATSSSLPSPATPSHGSPSSHGPPATHPTSP
TPPSTASGATTAANGGSLNCLQTPSSTSRGRKMTVNGAPVPPLT

101

TOX (HMG
box)

MDVRFYPPPAQPAAAPDAPCLGPSPCLDPYYCNKFDGENMYMSMTEP SQD
YVPASQSYPGPSLESEDFNIPPITPPSLPDHSLVHLNEVESGYHSLCHPM
NENGLLPFHPONMDLPEITVSNMLGODGTLLSNSISVMPDIRNPEGTQYS
SHPOMAAMRPRGQPADIRQQOPGMMPHGQLTTINQSQLSAQLGLNMGGSNV
PHNSPSPPGSKSATPSPSSSVHEDEGDDTSKINGGEKRPASDMGKKPKTP
KKKKKKDPNEPQKPVSAYALFFRDTQAATIKGONPNATFGEVSKIVASMWD
GLGEEQKQVYKKKTEAAKKEYLKQLAAYRASLVSKSYSEPVDVKTSQPPQ
LINSKPSVFHGPSQAHSALYLSSHYHQQPGMNPHLTAMHPSLPRNIAPKP
NNOMPVTVSIANMAVSPPPPLQISPPLHQHLNMQQHQPLTMQQPLGNQLP
MQVQSALHSPTMQQGFTLOPDYQTIINPTSTAAQVVTQAMEYVRSGCRNP
PPOPVDWNNDYCSSGGMQRDKALYLT

102

FOXA1
(HNF3A C-
terminal
domain)

MLGTVKMEGHETSDWNSYYADTQEAYSSVPVSNMNSGLGSMNSMNTYMTM
NTMTTSGNMTPASFNMSYANPGLGAGLSPGAVAGMPGGSAGAMNSMTAAG
VTAMGTALSPSGMGAMGAQQAASMNGLGPYAAAMNPCMSPMAYAP SNLGR
SRAGGGGDAKTFKRSYPHAKPPYSYISLITMAIQQAPSKMLTLSEIYQWT
MDLFPYYRONQORWONSIRHSLSFNDCFVKVARSPDKPGKGSYWTLHPDS
GNMFENGCYLRRQKRFKCEKQPGAGGGGGSGSGGSGAKGGPESRKDP SGA
SNPSADSPLHRGVHGKTGQLEGAPAPGPAASPQTLDHSGATATGGASELK
TPASSTAPPISSGPGALASVPASHPAHGLAPHESQLHLKGDPHYSEFNHPF
SINNLMSSSEQQHKLDFKAYEQALQYSPYGSTLPASLPLGSASVTTRSP I
EPSALEPAYYQGVYSRPVLNTS

103

FOXA2
(HNF3B C-
terminal
domain)

MLGAVKMEGHEPSDWSSYYAEPEGYSSVSNMNAGLGMNGMNTYMSMSAAA
MGSGSGNMSAGSMNMSSYVGAGMSP SLAGMSPGAGAMAGMGGSAGAAGVA
GMGPHLSPSLSPLGGQAAGAMGGLAPYANMNSMSPMYGQAGLSRARDPKT
YRRSYTHAKPPYSYISLITMATIQQSPNKMLTLSEIYQWIMDLFPFYRQONQ
QRWONSIRHSLSENDCEFLKVPRSPDKPGKGSEFWTLHPDSGNMFENGCYLR
ROKRFKCEKQLALKEAAGAAGSGKKAAAGAQASQAQLGEAAGPASETPAG
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TESPHSSASPCQEHKRGGLGELKGTPAAALSPPEPAPSPGQQQQAAAHLL
GPPHHPGLPPEAHLKPEHHYAFNHPFSINNLMS SEQOQHHHSHHHHQP HKM
DLKAYEQVMHYPGYGSPMPGSLAMGPVTNKTGLDASPLAADTSYYQGVYS
RPIMNSS

104

IRF2BP1
(IRF-
2BP1_2 N-
terminal
domain)

MASVQASRROQWCYLCDLPKMPWAMVWDF SEAVCRGCVNFEGADRIELLID
AARQLKRSHVLPEGRSPGPPALKHPATKDLAAAAAQGPQLPPPQAQPQPS
GTGGGVSGODRYDRATSSGRLPLPSPALEYTLGSRLANGLGREEAVAEGA
RRALLGSMPGLMPPGLLAAAVSGLGSRGLTLAPGLSPARPLFGSDFEKEK
QORNADCLAELNEAMRGRAEEWHGRPKAVREQLLALSACAPFNVREFKKDH
GLVGRVFAFDATARPPGYEFELKLFTEYPCGSGNVYAGVLAVARQOMEFHDA
LREPGKALASSGFKYLEYERRHGSGEWRQLGELLTDGVRSFREPAPAEAL
POOYPEPAPAALCGPPPRAPSRNLAPTPRRRKASPEPEGEAAGKMTTEEQ
QORHWVAPGGPYSAETPGVPSPIAALKNVAEALGHSPKDPGGGGGPVRAG
GASPAASSTAQPPTQHRLVARNGEAEVSPTAGAEAVSGGGSGTGATPGAP
LCCTLCRERLEDTHFVQCPSVPGHKFCFPCSREFIKAQGPAGEVYCPSGD
KCPLVGSSVPWAFMQGEIATILAGD IKVKKERDP

105

IRF2BP2
(IRF-
2BP1_2 N-
terminal
domain)

MAAAVAVAAASRRQSCYLCDLPRMPWAMIWDFTEPVCRGCVNYEGADRVE
FVIETARQLKRAHGCFPEGRSPPGAAASAAAKPPPLSAKDILLQOQQQLG
HGGPEAAPRAPQALERYPLAAAAERPPRLGSDFGSSRPAASLAQPPTPQP
PPVNGILVPNGFSKLEEPPELNRQSPNPRRGHAVPPTLVPLMNGSATPLP
TALGLGGRAAASLAAVSGTAAASLGSAQPTDLGAHKRPASVSSSAAVEHE
QREAAAKEKQPPPPAHRGPADSLSTAAGAAELSAEGAGKSRGSGEQDWVN
RPKTVRDTLLALHQHGHSGPFESKFKKEPALTAGRLLGFEANGANGSKAV
ARTARKRKPSPEPEGEVGPPKINGEAQPWLSTSTEGLKIPMTPTSSEVSP
PPPTASPHSNRTTPPEAAQNGQSPMAALILVADNAGGSHASKDANQVHST
TRRNSNSPPSPSSMNQRRLGPREVGGQGAGNTGGLEPVHPASLPDSSLAT
SAPLCCTLCHERLEDTHFVQCPSVPSHKFCFPCSRQSTIKQQGASGEVYCP
SGEKCPLVGSNVPWAFMQGEIATILAGDVKVKKERDS

106

IRF2BPL
IRF-2BP1_2
N-terminal
domain

MSAAQVSSSRRQSCYLCDLPRMPWAMIWDEFSEPVCRGCVNYEGADRIEFV
IETARQLKRAHGCFQDGRSPGPPPPVGVKTVALSAKEAAAAAAAAAAAAA
ARQQQQQQ0Q000000Q00000QQ0QQLNHVDGSSKPAVLAAP SGLERYG
LSAAAAAAAAAAAAVEQRSRFEYPPPPVSLGSSSHTARLPNGLGGPNGE'P
KPTPEEGPPELNRQSPNSSSAAASVASRRGTHGGLVTGLPNPGGGGGPQL
TVPPNLLPQTLLNGPASAAVLPPPPPHALGSRGPPTPAPPGAPGGPACLG
GTPGVSATSSSASSSTSSSVAEVGVGAGGKRPGSVSSTDQERELKEKQRN
AEALAELSESLRNRAEEWASKPKMVRDTLLTLAGCTPYEVRFKKDHSLLG
RVFAFDAVSKPGMDYELKLFIEYPTGSGNVYSSASGVAKQMYQDCMKDFEG
RGLSSGFKYLEYEKKHGSGDWRLLGDLLPEAVRFFKEGVPGADMLPQPYL
DASCPMLPTALVSLSRAPSAPPGTGALPPAAPSGRGAAASLRKRKASPEP
PDSAEGALKLGEEQQRQOWMANQSEALKLTMSAGGFAAPGHAAGGPPPPP
PPLGPHSNRTTPPESAPQNGP SPMAALMSVADTLGTAHSPKDGSSVHSTT
ASARRNSSSPVSPASVPGQRRLASRNGDLNLQVAPPPPSAHPGMDQVHPQ
NIPDSPMANSGPLCCTICHERLEDTHFVQCPSVPSHKFCEFPCSRESIKAQ
GATGEVYCPSGEKCPLVGSNVPWAFMQGEIATILAGDVKVKKERDP

107

HOXA13
(homeodom
ain)

MTASVLLHPRWIEPTVMFLYDNGGGLVADELNKNMEGAAAAAAAAAAAAA
AGAGGGGFPHPAAAAAGGNF SVAAAAAAAAAAAANQCRNLMAHPAPLAPG
AASAYSSAPGEAPPSAAAAAAAAAAAAAAAAAASSSGGPGPAGPAGAEAA
KQCSPCSAAAQSSSGPAALPYGYFGSGYYPCARMGPHPNAIKSCAQPASA
AAAAAFADKYMDTAGPAAEEFSSRAKEFAFYHQGYAAGPYHHHQPMPGYL
DMPVVPGLGGPGESRHEPLGLPMESYQPWALPNGWNGQMYCPKEQAQPPH
LWKSTLPDVVSHPSDASSYRRGRKKRVPYTKVQLKELEREYATNKF ITKD
KRRRISATTNLSERQVTIWFQNRRVKEKKVINKLKTTS

108

HOXB13
(homeodom
ain)

MEPGNYATLDGAKDIEGLLGAGGGRNLVAHSPLTSHPAAPTLMPAVNYAP
LDLPGSAEPPKQCHPCPGVPQGTSPAPVPYGYFGGGYYSCRVSRSSLKPC
AQAATLAAYPAETPTAGEEYPSRPTEFAFYPGYPGTYQPMASYLDVSVVQ
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TLGAPGEPRHDSLLPVDSYQSWALAGGWNSQMCCOGEQNPPGPFWKAAFA
DSSGQHPPDACAFRRGRKKRIPYSKGQLRELEREYAANKF I TKDKRRKIS
AATSLSERQITIWFONRRVKEKKVLAKVKNSATP
MITSLLLEPRWPESLMYVYEDSAAESGIGGGGGGGGGGTGGAGGGCSGAS
PGKAP SMDGLGSSCPASHCRDLLPHPVLGRPPAPLGAPQGAVYTDIPAPE
HOXC13 | AARQCAPPPAPPTSSSATLGYGYPFGGSYYGCRLSHNVNLQQKPCAYHPG
109 | (homeodom | DKYPEPSGALPGDDLSSRAKEFAFYPSFASSYQAMPGYLDVSVVPGISGH
ain) PEPRHDALIPVEGYQHWALSNGWDSQVYCSKEQSQSAHLWKSPFPDVVPL
OPEVSSYRRGRKKRVPY TKVQLKELEKEYAASKF I TKEKRRRI SATTNLS
ERQVT IWFONRRVKEKKVVSKSKAPHLHST
MDFDERGPCSSNMYLPSCTYYVSGPDFSSLPSFLPQTPSSRPMTYSYSSN
LPQVQPVREVTFREYATEPATKWHPRGNLAHCYSAEELVHRDCLOAP SAA
HOXA1l | GVPGDVLAKSSANVYHHPTPAVSSNFYSTVGRNGVLPQAFDQFFETAYGT
110 | (homeodom | PENLASSDYPGDKSAEKGPPAATATSAAAAAAATGAPATSSSDSGGGGGC
ain) RETAAAAEEKERRRRPESSSSPESSSGHTEDKAGGSSGORTRKKRCPYTK
YOTRELEREFFFSVY INKEKRLOLSRMLNLTDRQVKIWFQNRRMKEKKIN
RDRLQYYSANPLL
MFNSVNLGNFCSPSRKERGADFGERGSCASNLYLPSCTYYMPEFSTVSSE
LPQAPSRQISYPYSAQVPPVREVSYGLEP SGKWHHRNSYSSCYAAADELM
HOXC11 | HRECLPPSTVTEILMKNEGSYGGHHHP SAPHATPAGFYSSVNKNSVLPQA
111 | (homeodom | FDREFDNAYCGGGDPPAEPPCSGKGEAKGEPEAPPASGLASRAEAGAEAE
ain) AEEENTNPSSSGSAHSVAKEPAKGAAPNAPRTRKKRCPYSKFQIRELERE
FFFNVYINKEKRLQLSRMLNLTDRQVK TWFONRRMKEKKLSRDRLOYF SG
NPLL
MTCPRNVTPNSYAEPLAAPGGGERY SRSAGMYMQSGSDFNCGVMRGCGLA
PSLSKRDEGSSPSLALNTYPSYLSQLDSWGDPKAAYRLEQPVGRPLSSCS
HOXC10 | YPPSVKEENVCCMYSAEKRAKSGPEAALYSHPLPESCLGEHEVPVPSYYR
112 | (homeodom | ASPSYSALDKTPHCSGANDFEAPFEQRASLNPRAEHLESPQLGGKVSFPE
ain) TPKSDSQTP SPNETKTEQSLAGPKGSPSESEKERAKAADSSPDTSDNEAK
EETKAENTTGNWLTAKSGRKKRCPYTKHQTLELEKEF LFNMYLTRERRLE
ISKTINLTDROVK IWFONRRMKLKKMNRENR IRELTSNFNET
MSARKGYLLPSPNYPTTMSCSESPAANSFLVDSLISSGRGEAGGGGGGAG
GGGGGGYYAHGGVYLPPAADLPYGLOSCGLFPTLGGKRNEAASPGSGGGG
GGLGPGAHGYGPSPIDLWLDAPRSCRMEPPDGPPPPPQQQPPPPPQPPQP
HOXA10 | APQATSCSFAQNIKEESSYCLYDSADKCPKVSATAAELAPFPRGPPPDGC
113 | (homeodom | ALGTSSGVPVPGYFRLSQAYGTAKGYGSGGGGAQQLGAGPFPAQPPGRGF
ain) DLPPALASGSADAARKERALDSPPPPTLACGSGGGSQGDEEAHASSSAAE
ELSPAPSESSKASPEKDSLGNSKGENAANWLTAKSGRKKRCPYTKHQTLE
LEKEF LFNMYLTRERRLE I SRSVHL TDRQVK IWFONRRMKLKKMNRENR T
RELTANFNFS
MSISGTLSSYYVDSIISHESEDAPPAKFPSGQYASSROPGHAEHLEFPSC
HOXB9 | SFOPKAPVFGASWAPLSPHASGSLPSVYHPYIQPQGVPPAESRYLRTWLE
114 | (homeodom | PAPRGEAAPGQGQAAVKAEPLLGAPGELLKQGTPEYSLETSAGREAVLSN
ain) ORPGYGDNKICEGSEDKERPDQTNP SANWLHARSSRKKRCPYTKYQTLEL
EKEFLFNMYLTRDRRHEVARLLNLSERQVKIWFQNRRMKMKKMNKEQGKE
MATTGALGNYYVDSFLLGADAADELSVGRYAPGTLGQPPRQAATLAEHPD
FSPCSFQSKATVFGASWNPVHAAGANAVPAAVYHHHHHHPYVHPQAPVAA
HOXA9 | 4 7 pDGRYMRSWLEP TPGALSFAGLP SSRPYGIKPEPLSARRGDCPTLDTH
115 | (homeodom | 1 o1 +nvaCGSPPVDREKOP SEGAF SENNAENE SGGDKP P IDPNNPAANW
ain) LHARSTRKKRCPYTKHQTLELEKEF LFNMYLTRDRRYEVARLLNLTERQV
KTWFQNRRMKMKK INKDRAKDE
ZFP28 HU | NKKLEAVGTGIEPKAMSQGLVTFGDVAVDFSQEEWEWLNP IQRNLYRKVM
116 MAN LENYRNLASLGLCVSKPDVISSLEQGKEPW
7ZN334_HU | KMKKFQIPVSFQDLTVNFTQEEWQQLDPAQRLLYRDVMLENYSNLVSVGY
117 MAN HVSKPDVIFKLEQGEEPWIVEEF SNONYPD
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ZN568 HU | CSQESALSEEEEDTTRPLETVTFKDVAVDLTQEEWEQMKPAQRNLYRDVM

118 MAN LENYSNLVTVGCQVTKPDVIFKLEQEEEPW
ZN37A_HU | ITSQGSVSFRDVTVGFTQEEWQHLDPAQRTLYRDVMLENYSHLVSVGYCI

119 MAN PKPEVILKLEKGEEPWILEEKFPSQSHLEL
ZN181 HU | PQVTEFNDVAIDFTHEEWGWLSSAQRDLYKDVMVQONYENLVSVAGLSVTKP

120 MAN YVITLLEDGKEPWMMEKKLSKGMIPDWESR
ZN510 HU | PLRFSTLFQEQQKMNISQASVSFKDVTIEFTQEEWQOMAPVQKNLYRDVM

121 MAN LENYSNLVSVGYCCFKPEVIFKLEQGEEPW
ZN862 HU | QDPSAEGLSEEVPVVFEELPVVFEDVAVYFTREEWGMLDKRQKELYRDVM

122 MAN RMNYELLASLGPAAAKPDLISKLERRAAPW
ZN140 HU | SQGSVTFRDVAIDFSQEEWKWLOQPAQRDLYRCVMLENYGHLVSLGLSISK

123 MAN PDVVSLLEQGKEPWLGKREVKRDLFSVSES
ZN208 HU | GSLTFRDVAIEFSLEEWQCLDTAQONLYRNVMLENYRNLVFLGIAAFKPD

124 MAN LIIFLEEGKESWNMKRHEMVEESPVICSHF
ZN248 HU | NKSQEQVSFKDVCVDFTQEEWYLLDPAQKILYRDVILENYSNLVSVGYCI

125 MAN TKPEVIFKIEQGEEPWILEKGFPSQCHPER
ZN571 HU | PHLLVTFRDVAIDFSQEEWECLDPAQRDLYRDVMLENYSNLISLDLESSC

126 MAN VTKKLSPEKEIYEME SLOQWENMGKRINHHL
ZN699 HU | EEERKTAELOQKNRIQDSVVFEDVAVDF TQEEWALLDLAQRNLYRDVMLEN

127 MAN FONLASLGYPLHTPHLISQWEQEEDLQTVK
ZN726 HU | GLLTFRDVAIEFSLEEWQCLDTAQKNLYRNVMLENYRNLAFLGIAVSKPD

128 MAN LITCLEKEKEPWNMKRDEMVDEPPGICPHF
ZIK1 HUM | RAPTQVTVSPETHMDLTKGCVTFEDIAIYFSQDEWGLLDEAQRLLYLEVM

129 AN LENFALVASLGCGHGTEDEETPSDQNVSVG
ZNF2 HU AAVSPTTRCQESVTFEDVAVVFTDEEWSRLVPIQRDLYKEVMLENYNSIV

130 MAN SLGLPVPQPDVIFQLKRGDKPWMVDLHGSE
Z705F HU | HSLEKVTFEDVAIDFTQEEWDMMDTSKRKLYRDVMLENISHLVSLGYQIS

131 MAN KSYITLQLEQGKELWREGRVFLODQONPDRE
ZNF14 HU | DSVSFEDVAVNFTLEEWALLDSSQKKLYEDVMQETFKNLVCLGKKWEDQD

132 MAN TEDDHRNQGKNRRCHMVERLCESRRGSKCG
ZN471 HU | NVEVVKVMPQDLVTFKDVAIDFSQEEWQWMNPAQKRLYRSMMLENYQSLV

133 MAN SLGLCISKPYVISLLEQGREPWEMTSEMTR
7ZN624 HU | TOPDEDLHLQAEETQLVKESVTFKDVAIDFTLEEWRLMDPTQRNLHKDVM

134 MAN LENYRNLVSLGLAVSKPDMISHLENGKGPW
ZNF84 HU | TMLQESFSEFDDLSVDFTQKEWQLLDPSQKNLYKDVMLENYSSLVSLGYEV

135 MAN MKPDVIFKLEQGEEPWVGDGEIPSSDSPEV
ZNF7 _HU EVVTFGDVAVHFSREEWQCLDPGQRALYREVMLENHSSVAGLAGEF LVFKP

136 MAN ELISRLEQGEEPWVLDLQGAEGTEAPRTSK
ZN891 HU | RNAEEERMIAVFLTTWLQEPMTFKDVAVEFTQEEWMMLD SAQRSLYRDVM

137 MAN LENYRNLTSVEYQLYRLTVISPLDQEEIRN
ZN337 HU | GPQGARRQAFLAFGDVTVDFTOQKEWRLLSPAQRALYREVTLENYSHLVSL

138 MAN GILHSKPELTIRRLEQGEVPWGEERRRRPGP
7705G_HU | HSLKKLTFEDVAIDF TQEEWAMMDT SKRKLYRDVMLENISHLVSLGYQIS

139 MAN KSYITLQLEQGKELWREGRVF LODQONPNRE
ZN529 HU | MPEVEFPDQFFTVLTMDHELVTLRDVVINFSQEEWEYLDSAQRNLYWDVM

140 MAN MENYSNLLSLDLESRNETKHLSVGKDIIQN
ZN729 HU | PGAPGSLEMGPLTFRDVTIEFSLEEWQCLDTVQONLYRDVMLENYRNLVF

141 MAN LGMAVFKPDLITCLKQGKEPWNMKRHEMVT
ZN419 HU | RDPAQVPVAADLLTDHEEGYVTFEDVAVYFSQEEWRLLDDAQRLLYRNVM

142 MAN LENFTLLASLGLASSKTHEITQLESWEEPF
Z705A_HU | HSLKKVTFEDVAIDF TQEEWAMMDT SKRKLYRDVMLENISHLVSLGYQIS

143 MAN KSYITLQLEQGKELWREGREFLODQONPDRE
ZNF45 HU | TKSKEAVTFKDVAVVFSEEELQLLDLAQRKLYRDVMLENFRNVVSVGHQS

144 MAN TPDGLPQLEREEKLWMMKMATQRDNSSGAK

183




WO 2024/186896 PCT/US2024/018670
SEQ Description Sequence

ZN302_HU | SQVTFSDVAIDFSHEEWACLDSAQRDLYKDVMVONYENLVSVGLSVTKPY
145 MAN VIMLLEDGKEPWMMEKKLSKAYPFPLSHSV

ZN486 HU | PGPLRSLEMESLQFRDVAVEF SLEEWHCLDTAQONLYRDVMLENYRHLVF
146 MAN LGIIVSKPDLITCLEQGIKPLTMKRHEMIA

ZN621 HU | LOTTWPQESVTFEDVAVYFTONQWASLDPAQRALYGEVMLENYANVASLV
147 MAN AFPFPKPALISHLERGEAPWGPDPWDTEIL

ZN688 HU | APLLAPRPGETRPGCRKPGTVSFADVAVYFSPEEWGCLRPAQRALYRDVM
148 MAN QETYGHLGALGFPGPKPALISWMEQESEAW

ZN33A _HU | NKVEQKSQESVSFKDVTVGFTQEEWQHLDPSQRALYRDVMLENYSNLVSV
149 MAN GYCVHKPEVIFRLQQGEEPWKQEEEFPSQS

ZN554 HU | CFSQEERMAAGYLPRWSQELVTFEDVSMDFSQEEWELLEPAQKNLYREVM
150 MAN LENYRNVVSLEALKNQCTDVGIKEGPLSPA

ZN878 HU | DSVAFEDVAVNFTQEEWALLDPSQKNLYREVMOQETLRNLTSIGKKWNNQY
151 MAN IEDEHQNPRRNLRRLIGERLSESKESHQHG

ZN772 HU | MGPAQVPMNSEVIVDPIQGQVNEFEDVEVYFSQEEWVLLDEAQRLLYRDVM
152 MAN LENFALMASLGHTSFMSHIVASLVMGSEPW

ZN224 HU | TTFKEAMTFKDVAVVFTEEELGLLDLAQRKLYRDVMLENFRNLLSVGHQA
153 MAN FHRDTFHFLREEKIWMMKTATIQREGNSGDK

ZN184 HU | DSTLLOGGHNLLSSASFQEAVTFKDVIVDFTQEEWKQLDPGQRDLFRDVT
154 MAN LENYTHLVSIGLQVSKPDVISQLEQGTEPW

ZN544 HU | EARSMLVPPQASVCFEDVAMAFTQEEWEQLDLAQRTLYREVTLETWEHIV
155 MAN SLGLFLSKSDVISQLEQEEDLCRAEQEAPR

ZNF57 HU | DSVVFEDVAVDFTLEEWALLDSAQRDLYRDVMLETFRNLASVDDGTQFKA
156 MAN NGSVSLODMYGQEKSKEQTIPNFTGNNSCA

ZN283 HU | EESHGALISSCNSRTMTDGLVTFRDVAIDFSQEEWECLDPAQRDLYVDVM
157 MAN LENYSNLVSLDLESKTYETKKIFSENDIFE

ZN549 HU | VITPQIPMVTEEFVKPSQGHVTFEDIAVYFSQEEWGLLDEAQRCLYHDVM
158 MAN LENFSLMASVGCLHGIEAEEAPSEQTLSAQ

ZN211 HU | VQLRPQTRMATALRDPASGSVTFEDVAVYFSWEEWDLLDEAQKHLYFDVM
159 MAN LENFALTSSLGCWCGVEHEETPSEQRISGE

ZN615 HU | MOAQESLTLEDVAVDF TWEEWQF LSPAQKDLYRDVMLENYSNLVAVGYQA
160 MAN SKPDALSKLERGEETCTTEDEIYSRICSET

7ZN253 HU | GPLQFRDVAIEFSLEEWHCLDTAQRNLYRDVMLENYRNLVFLGIVVSKPD
161 MAN LVTCLEQGKKPLTMERHEMIAKPPVMSSHF

ZN226_HU | NMFKEAVTFKDVAVAFTEEELGLLGPAQRKLYRDVMVENFRNLLSVGHPP
162 MAN FKOQDVSPIERNEQLWIMTTATRRQGNLGEK

ZN730 HU | GALTFRDVAIEFSLEEWQCLDTEQONLYRNVMLDNYRNLVFLGIAVSKPD
163 MAN LITCLEQEKEPWNLKTHDMVAKPPVICSHI

Z585A HU | SPOQKSSALAPEDHGSSYEGSVSFRDVAIDFSREEWRHLDPSQRNLYRDVM
164 MAN LETYSHLLSVGYQVPEAEVVMLEQGKEPWA

ZN732 HU | ELLTFRDVAIEFSPEEWKCLDPAQONLYRDVMLENYRNLISLGVAISNPD
165 MAN LVIYLEQRKEPYKVKIHETVAKHPAVCSHF

ZN681 HU | EPLKFRDVAIEFSLEEWQCLDTIQONLYRNVMLENYRNLVFLGIVVSKPD
166 MAN LITCLEQEKEPWTRKRHRMVAEPPVICSHF

ZN667 HU | PSARGKSKSKAPITFGDLAIYFSQEEWEWLSPIQKDLYEDVMLENYRNLV
167 MAN SLGLSFRRPNVITLLEKGKAPWMVEPVRRR

ZN649 HU | TKAQESLTLEDVAVDFTWEEWQF LSPAQKDLYRDVMLENYSNLVSVGYQA
168 MAN GKPDALTKLEQGEPLWTLEDETHSPAHPET

ZN470 HU | SQEEVEVAGIKLCKAMSLGSVTFTDVAIDFSQDEWEWLNLAQRSLYKKVM
169 MAN LENYRNLVSVGLCISKPDVISLLEQEKDPW

ZN484 HU | TKSLESVSFKDVTVDFSRDEWQQOLDLAQKSLYREVMLENYFNLISVGCQV
170 MAN PKPEVIFSLEQEEPCMLDGEIPSQSRPDGD

ZN431 HU | SGCPGAERNLLVYSYFEKETLTFRDVAIEFSLEEWECLNPAQQONLYMNVM
171 MAN LENYKNLVFLGVAVSKQDPVTCLEQEKEPW
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ZN382 HU | PLOQGSVSFKDVTVDFTQEEWQQLDPAQKALYRDVMLENYCHFVSVGEFHMA
172 MAN KPDMIRKLEQGEELWTQRIFPSYSYLEEDG

ZN254 HU | PGPPRSLEMGLLTFRDVAIEFSLEEWQHLDIAQONLYRNVMLENYRNLAF
173 MAN LGIAVSKPDLITCLEQGKEPWNMKRHEMVD

ZN124 HU | SGHPGSWEMNSVAFEDVAVNFTQEEWALLDP SQKNLYRDVMQETFRNLAS
174 MAN IGNKGEDQSTIEDQYKNSSRNLRHITSHSGN

ZN607 _HU | SYGSITFGDVAIDFSHQEWEYLSLVQKTLYQEVMMENYDNLVSLAGHSVS
175 MAN KPDLITLLEQGKEPWMIVREETRGECTDLD

ZN317 HU | DLEVCSGLEPHTPSVGSQESVTFQDVAVDFTEKEWPLLD SSQRKLYKDVM
176 MAN LENYSNLTSLGYQVGKPSLISHLEQEEEPR

ZN620 HU | FQTAWRQEPVTFEDVAVYFTONEWASLDSVQRALYREVMLENYANVASLA
177 MAN FPFTTPVLVSQLEQGELPWGLDPWEPMGRE

ZN141 HU | ELLTFRDVAIEFSPEEWKCLDPDQONLYRDVMLENYRNLVSLGVAISNPD
178 MAN LVTCLEQRKEPYNVKIHKIVARPPAMCSHF

ZN584 HU | AGEAEAQLDPSLQGLVMFEDVTVYFSREEWGLLNVTQKGLYRDVMLENFA
179 MAN LVSSLGLAPSRSPVFTQLEDDEQSWVP SWV

ZN540 HU | AHALVTFRDVAIDFSQKEWECLDTTQRKLYRDVMLENYNNLVSLGYSGSK
180 MAN PDVITLLEQGKEPCVVARDVTGRQCPGLLS

ZN75D_HU | KRIKHWKMASKLILPESLSLLTFEDVAVYFSEEEWQLLNPLEKTLYNDVM
181 MAN ODIYETVISLGLKLKNDTGNDHPISVSTSE

ZN555 HU | DSVVFEDVAVDFTLEEWALLDSAQRDLYRDVMLETFQNLASVDDETQFKA
182 MAN SGSVSQODIYGEKIPKESKIATFTRNVSWA

ZN658 HU | NMSQASVSFQDVTVEFTREEWQHLGPVERTLYRDVMLENYSHLISVGYCI
183 MAN TKPKVISKLEKGEEPWSLEDEFLNQRYPGY

ZN684 HU | ISFQESVTFQDVAVDFTAEEWQLLDCAERTLYWDVMLENYRNLISVGCPI
184 MAN TKTKVILKVEQGQEPWMVEGANPHESSPES

RBAK HU | NTLQGPVSFKDVAVDFTQEEWQQLDPDEKITYRDVMLENYSHLVSVGYDT
185 MAN TKPNVIIKLEQGEEPWIMGGEFPCQHSPEA

ZN829 HU | HPEEEERMHDELLQAVSKGPVMFRDVSIDFSQEEWECLDADQMNLYKEVM
186 MAN LENFSNLVSVGLSNSKPAVISLLEQGKEPW

ZN582 HU | SLGSELFRDVAIVFSQEEWQWLAPAQRDLYRDVMLETYSNLVSLGLAVSK
187 MAN PDVISFLEQGKEPWMVERVVSGGLCPVLES

ZN112_HU | TKFQEMVTFKDVAVVFTEEELGLLDSVQRKLYRDVMLENFRNLLLVAHQP
188 MAN FKPDLISQLEREEKLLMVETETPRDGCSGR

ZN716_HU | AKRPGPPGSREMGLLTFRDIAIEFSLAEWQCLDHAQQNLYRDVMLENYRN
189 MAN LVSLGIAVSKPDLITCLEQNKEPQNIKRNE

HKR1 HU | TCMVHRQTMSCSGAGGITAFVAFRDVAVYFTQEEWRLLSPAQRTLHREVM
190 MAN LETYNHLVSLEIPSSKPKLIAQLERGEAPW

ZN350 HU | IQAQESITLEDVAVDFTWEEWQLLGAAQKDLYRDVMLENYSNLVAVGYQA
191 MAN SKPDALFKLEQGEQLWTIEDGIHSGACSDI

ZN480 HU | AQKRRKRKAKESGMALPQGHLTFRDVAIEFSQAEWKCLDPAQRALYKDVM
192 MAN LENYRNLVSLGISLPDLNINSMLEQRREPW

ZN416_ HU | DSTSVPVTAEAKLMGFTQGCVTFEDVAIYFSQEEWGLLDEAQRLLYRDVM
193 MAN LENFALTITALVCWHGMEDEETPEQSVSVEG

ZNF92 HU | GPLTFRDVKIEFSLEEWQCLDTAQRNLYRDVMLENYRNLVFLGIAVSKPD
194 MAN LITWLEQGKEPWNLKRHEMVDKTPVMCSHF

ZN100 HU | SGCPGAERSLLVQSYFEKGPLTFRDVAIEFSLEEWQCLDSAQQGLYRKVM
195 MAN LENYRNLVFLAGIALTKPDLITCLEQGKEP

ZN736_HU | GVLTFRDVAVEFSPEEWECLDSAQQRLYRDVMLENYGNLVSLGLAIFKPD
196 MAN LMTCLEQRKEPWKVKRQEAVAKHPAGSFHF

ZNF74 HU | KENLEDISGWGLPEARSKESVSFKDVAVDFTQEEWGQLDSPQRALYRDVM
197 MAN LENYQNLLALGPPLHKPDVISHLERGEEPW

CBX1 HU | EESEKPRGFARGLEPERIIGATDSSGELMFLMKWKNSDEADLVPAKEANV
198 MAN KCPQVVISFYEERLTWHSYPSEDDDKKDDK
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ZN443 HU | ASVALEDVAVNFTREEWALLGPCQKNLYKDVMQETIRNLDCVVMKWKDON

199 MAN TEDQYRYPRKNLRCRMLERFVESKDGTQCG
ZN195 HU | TLLTFRDVAIEFSLEEWKCLDLAQONLYRDVMLENYRNLFSVGLTVCKPG

200 MAN LITCLEQRKEPWNVKRQEAADGHPEMGFHH
ZN530 HU | AAALRAPTQQVFVAFEDVAIYFSQEEWELLDEMQRLLYRDVMLENFAVMA

201 MAN SLGCWCGAVDEGTPSAESVSVEELSQGRTP
ZN782 HU | NTFQASVSFQDVTVEFSQEEWQHMGPVERTLYRDVMLENYSHLVSVGYCF

202 MAN TKPELIFTLEQGEDPWLLEKEKGFLSRNSP
ZN791 HU | DSVAFEDVSVSFSQEEWALLAPSQKKLYRDVMQETFKNLASIGEKWEDPN

203 MAN VEDQHKNQGRNLRSHTGERLCEGKEGSQCA
ZN331 HU | AQGLVTFADVAIDFSQEEWACLNSAQRDLYWDVMLENYSNLVSLDLESAY

204 MAN ENKSLPTEKNIHEIRASKRNSDRRSKSLGR
7354C_HU | AVDLLSAQEPVTFRDVAVFEFSQDEWLHLDSAQRALYREVMLENYSSLVSL

205 MAN GIPFSMPKLIHQLQQGEDPCMVEREVPSDT
ZN157 HU | SPQRFPALIPGEPGRSFEGSVSFEDVAVDFTRQEWHRLDPAQRTMHKDVM

206 MAN LETYSNLASVGLCVAKPEMIFKLERGEELW
ZN727 HU | RVLTFRDVAVEFSPEEWECLDSAQQRLYRDVMLENYGNLFSLGLATIFKPD

207 MAN LITYLEQRKEPWNARRQKTVAKHPAGSLHF
ZN550 HU | AETKDAAQMLVTFKDVAVTFTREEWRQLDLAQRTLYREVMLETCGLLVSL

208 MAN GHRVPKPELVHLLEHGQELWIVKRGLSHAT
ZN793 HU | IEYQIPVSFKDVVVGFTQEEWHRLSPAQRALYRDVMLETYSNLVSVGYEG

209 MAN TKPDVILRLEQEEAPWIGEAACPGCHCWED
ZN235 HU | TKFQEAVTFKDVAVAFTEEELGLLDSAQRKLYRDVMLENFRNLVSVGHQS

210 MAN FKPDMISQLEREEKLWMKELQTQRGKHSGD
ZNF8 HU DEGVAGVMSVGPPAARLQEPVTFRDVAVDFTQEEWGQLDPTQRILYRDVM

211 MAN LETFGHLLSIGPELPKPEVISQLEQGTELW
ZN724 HU | GPLTFMDVAIEFSVEEWQCLDTAQONLYRNVMLENYRNLVFLGIAVSKPD

212 MAN LITCLEQGKEPWNMERHEMVAKPPGMCCYF
ZN573 HU | HQVGLIRSYNSKTMTCFQELVTFRDVAIDFSRQEWEYLDPNQRDLYRDVM

213 MAN LENYRNLVSLGGHSISKPVVVDLLERGKEP
ZN577 _HU | NATIVMSVRREQGSSSGEGSLSFEDVAVGFTREEWQF LDQSQKVLYKEVM

214 MAN LENYINLVSIGYRGTKPDSLFKLEQGEPPG
7ZN789 HU | FPPARGKELLSFEDVAMYF TREEWGHLNWGQKDLYRDVMLENYRNMVLLG

215 MAN FQFPKPEMICQLENWDEQWILDLPRTGNRK
ZN718 HU | ELLTFKDVAIEFSPEEWKCLDTSQONLYRDVMLENYRNLVSLGVSISNPD

216 MAN LVTSLEQRKEPYNLKIHETAARPPAVCSHF
ZN300 HU | MKSQGLVSFKDVAVDFTQEEWQQLDPSQRTLYRDVMLENYSHLVSMGYPV

217 MAN SKPDVISKLEQGEEPWIIKGDISNWIYPDE
ZN383 HU | AEGSVMFSDVSIDFSQEEWDCLDPVQRDLYRDVMLENYGNLVSMGLYTPK

218 MAN PQVISLLEQGKEPWMVGRELTRGLCSDLES
ZN429 HU | GPLTFTDVAIEFSLEEWQCLDTAQONLYRNVMLENYRNLVFLGIAVSKPD

219 MAN LITCLEKEKEPCKMKRHEMVDEPPVVCSHF
ZN677 HU | ALSQGLFTFKDVAIEFSQEEWECLDPAQRALYRDVMLENYRNLLSLDEDN

220 MAN IPPEDDISVGFTSKGLSPKENNKEELYHLV
ZN850 HU | NMEGLVMFQODLSIDFSQEEWECLDAAQKDLYRDVMMENYSSLVSLGLSIP

221 MAN KPDVISLLEQGKEPWMVSRDVLGGWCRDSE
ZN454 HU | AVSHLPTMVQESVTFKDVAILFTQEEWGQLSPAQRALYRDVMLENYSNLV

222 MAN SLGLLGPKPDTFSQLEKREVWMPEDTPGGF
ZN257 HU | GPLTIRDVTVEFSLEEWHCLDTAQONLYRDVMLENYRNLVFLGIAVSKPD

223 MAN LITCLEQGKEPCNMKRHEMVAKPPVMCSHT
ZN264 HU | AAAVLTDRAQVSVTFDDVAVTFTKEEWGQLDLAQRTLYQEVMLENCGLLV

224 MAN SLGCPVPKAELICHLEHGQEPWTRKEDLSQ
ZFP82 HU | ALRSVMFSDVSIDFSPEEWEYLDLEQKDLYRDVMLENYSNLVSLGCFISK

225 MAN PDVISSLEQGKEPWKVVRKGRRQYPDLETK
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ZFP14 HU | AHGSVTFRDVAIDFSQEEWEFLDPAQRDLYRDVMWENYSNFISLGPSISK

226 MAN PDVITLLDEERKEPGMVVREGTRRYCPDLE
ZN485 HU | APRAQIQGPLTFGDVAVAFTRIEWRHLDAAQRALYRDVMLENYGNLVSVG

227 MAN LLSSKPKLITQLEQGAEPWTEVREAPSGTH
ZN737 HU | GPLQFRDVAIEFSLEEWHCLDTAQRNLYRNVMLENYRNLVFLGIVVSKPD

228 MAN LITCLEQGKKPLTMKKHEMVANPSVTCSHF
ZNF44 HU | TLPRGQPEVLEWGLPKDQDSVAFEDVAVNFTHEEWALLGPSQKNLYRDVM

229 MAN RETIRNLNCIGMKWENQNIDDQHQNLRRNP
ZN596_HU | PSPDSMTFEDIIVDFTQEEWALLDTSQRKLFQDVMLENISHLVSIGKQLC

230 MAN KSVVLSQLEQVEKLSTQRISLLOQGREVGIK
ZN565 HU | EESREIRAGQIVLKAMAQGLVTFRDVAIEFSLEEWKCLEPAQRDLYREVT

231 MAN LENFGHLASLGLSISKPDVVSLLEQGKEPW
ZN543 HU | AASAQVSVTFEDVAVTFTQEEWGQLDAAQRTLYQEVMLETCGLLMSLGCP

232 MAN LFKPELIYQLDHRQELWMATKDLSQSSYPG
ZFP69 HU | RESLEDEVTPGLPTAESQELLTFKDISIDFTQEEWGQLAPAHQONLYREVM

233 MAN LENYSNLVSVGYQLSKPSVISQLEKGEEPW
SUMO1 _H | EGEYIKLKVIGODSSEIHFKVKMTTHLKKLKESYCQRQGVPMNSLREFLEFE

234 UMAN GOQRIADNHTPKELGMEEEDVIEVYQEQTGG
ZNF12 HU | NKSLGPVSFKDVAVDFTQEEWQQLDPEQKITYRDVMLENYSNLVSVGYHI

235 MAN IKPDVISKLEQGEEPWIVEGEFLLQSYPDE
ZN169 HU | SPGLLTTRKEALMAFRDVAVAFTQKEWKLLSSAQRTLYREVMLENYSHLV

236 MAN SLGIAFSKPKLIEQLEQGDEPWREENEHLL
ZN433 HU | MFQDSVAFEDVAVTFTQEEWALLDP SQKNLCRDVMQETFRNLASTGKKWK

237 MAN PONIYVEYENLRRNLRIVGERLFESKEGHQ
SUMO3 H | ENDHINLKVAGODGSVVQFKIKRHTPLSKLMKAYCERQGLSMRQIRFRED

238 UMAN GQPINETDTPAQLEMEDEDTIDVEFQQQTGG
ZNF98 HU | PGPLGSLEMGVLTFRDVALEFSLEEWQCLDTAQONLYRNVMLENYRNLVE

239 MAN VGIAASKPDLITCLEQGKEPWNVKRHEMVT
ZN175 HU | LSQKPQVLGPEKQDGSCEASVSFEDVTVDFSREEWQQLDPAQRCLYRDVM

240 MAN LELYSHLFAVGYHIPNPEVIFRMLKEKEPR
ZN347 HU | ALTQGQVTFRDVAIEFSQEEWTCLDPAQRTLYRDVMLENYRNLASLGISC

241 MAN FDLSIISMLEQGKEPFTLESQVQIAGNPDG
ZNF25 HU | NKFQGPVTLKDVIVEFTKEEWKLLTPAQRTLYKDVMLENYSHLVSVGYHV

242 MAN NKPNAVFKLKQGKEPWILEVEFPHRGFPED
ZN519 HU | ELLTFRDVAIEFSPEEWKCLDPAQONLYRDVMLENYRNLVSLAVYSYYNQ

243 MAN GILPEQGIQDSFKKATLGRYGSCGLENICL
Z585B_HU | SPQKSSALAPEDHGSSYEGSVSFRDVAIDFSREEWRHLDLSQRNLYRDVM

244 MAN LETYSHLLSVGYQVPKPEVVMLEQGKEPWA
ZIM3 HU NNSQGRVTFEDVTVNFTQGEWQRLNPEQRNLYRDVMLENYSNLVSVGQGE

245 MAN TTKPDVILRLEQGKEPWLEEEEVLGSGRAE
ZN517 HU | AMALPMPGPQEAVVFEDVAVYFTRIEWSCLAPDQQALYRDVMLENYGNLA

246 MAN SLGFLVAKPALISLLEQGEEPGALILQVAE
ZN846 HU | DSSQHLVTFEDVAVDFTQEEWTLLDQAQRDLYRDVMLENYKNLIILAGSE

247 MAN LFKRSLMSGLEQMEELRTGVTGVLQELDLQ
ZN230 HU | TTFKEAVTFKDVAVFFTEEELGLLDPAQRKLYQDVMLENFTNLLSVGHQP

248 MAN FHPFHFLREEKFWMMETATQREGNSGGKT I
ZNF66_HU | GPLOFRDVAIEFSLEEWHCLDMAQRNLYRDVMLENYRNLVFLGIVVSKPD

249 MAN LITHLEQGKKPSTMQRHEMVANP SVLCSHF
ZFP1 HUM | NKSQGSVSFTDVTVDFTQEEWEQLDPSQRILYMDVMLENYSNLLSVEVWK

250 AN ADDOQMERDHRNPDEQARQFLILKNQTPIEE
ZN713_HU | EEEEMNDGSQMVRSQESLTFQDVAVDF TREEWDQLYPAQKNLYRDVMLEN

251 MAN YRNLVALGYQLCKPEVIAQLELEEEWVIER
ZN816 HU | EEATKKSKEKEPGMALPQGRLTFRDVAIEFSLEEWKCLNPAQRALYRAVM

252 MAN LENYRNLEFVDSSLKSMMEFSSTRHSITGE
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ZN426 HU | EKTPAGRIVADCLTDCYQDSVTFDDVAVDFTQEEWTLLDSTQRSLYSDVM
253 MAN LENYKNLATVGGQITKPSLISWLEQEESRT

ZN674 HU | AMSQESLTFKDVFVDFTLEEWQQLDSAQKNLYRDVMLENYSHLVSVGHLV
254 MAN GKPDVIFRLGPGDESWMADGGTPVRTCAGE

ZN627 HU | DSVAFEDVAVNFTLEEWALLDP SQKNLYRDVMRETFRNLASVGKQWEDQN
255 MAN IEDPFKIPRRNISHIPERLCESKEGGQGEE

ZNF20 HU | MFQDSVAFEDVAVSFTQEEWALLDP SQKNLYRDVMQETFKNLTSVGKTWK
256 MAN VONIEDEYKNPRRNLSLMREKLCESKESHH

Z587B_HU | AVVATLRLSAQGTVTFEDVAVKF TQEEWNLLSEAQRCLYRDVTLENLALM
257 MAN SSLGCWCGVEDEAAPSKQSIYIQRETQVRT

ZN316 HU | EEEEEDEDEDDLLTAGCQELVTFEDVAVYFSLEEWERLEADQRGLYQEVM
258 MAN QENYGILVSLGYPIPKPDLIFRLEQGEEPW

ZN233 HU | TKFQEMVTFKDVAVVFTREELGLLDLAQRKLYQDVMLENFRNLLSVGYQP
259 MAN FKLDVILQLGKEDKLRMMETE IQGDGCSGH

ZN611 HU | EEAAQKRKGKEPGMALPQGRLTFRDVAIEFSLAEWKCLNPSQRALYREVM
260 MAN LENYRNLEAVDISSKCMMKEVLSTGQGNTE

ZN556 HU | DTVVFEDVVVDFTLEEWALLNPAQRKLYRDVMLETFKHLASVDNEAQLKA
261 MAN SGSISQODTSGEKLSLKQKIEKF TRKNIWA

ZN234 HU | TTFKEGLTFKDVAVVFTEEELGLLDPVQRNLYQDVMLENFRNLLSVGHHP
262 MAN FKHDVFLLEKEKKLDIMKTATQRKGKSADK

ZN560 HU | SALQQEFWKIQTSNGIQMDLVTFDSVAVEFTQEEWTLLDPAQRNLYSDVM
263 MAN LENYKNLSSVGYQLFKPSLISWLEEEEELS

ZNF77 HU | DCVIFEEVAVNFTPEEWALLDHAQRSLYRDVMLETCRNLASLDCYIYVRT
264 MAN SGSSSQRDVEFGNGISNDEEIVKETGSDSWS

ZN682 HU | ELLTFRDVTIEFSLEEWEFLNPAQQSLYRKVMLENYRNLVSLGLTVSKPE
265 MAN LISRLEQRQEPWNVKRHETIAKPPAMSSHY

ZN614 HU | IKTQESLTLEDVAVEFSWEEWQLLDTAQKNLYRDVMVENYNHLVSLGYQT
266 MAN SKPDVLSKLAHGQEPWTTDAKIQNKNCPGI

ZN785 HU | PAHVPGEAGPRRTRESRPGAVSFADVAVYFSPEEWECLRPAQRALYRDVM
267 MAN RETFGHLGALGFSVPKPAF ISWVEGEVEAW

ZN445 HU | GCPGDQVTPTRSLTAQLQETMTFKDVEVTFSQDEWGWLDSAQRNLYRDVM
268 MAN LENYRNMASLVGPFTKPALISWLEAREPWG

ZFP30 HU | ARDLVMFRDVAVDFSQEEWECLNSYQRNLYRDVILENYSNLVSLAGCSIS
269 MAN KPDVITLLEQGKEPWMVVRDEKRRWTLDLE

ZN225 HU | TTLKEAVTFKDVAVVFTEEELRLLDLAQRKLYREVMLENFRNLLSVGHQS
270 MAN LHRDTFHFLKEEKFWMMETATQREGNLGGK

ZN551 HU | SPPSPRSSMAAVALRDSAQGMTEFEDVAIYFSQEEWELLDESQRFLYCDVM
271 MAN LENFAHVTSLGYCHGMENEATASEQSVSIQ

ZN610 HU | DEEAQKRKAKESGMALPQGRLTFMDVAIEFSQEEWKSLDPGQRALYRDVM
272 MAN LENYRNLVFLGICLPDLSIISMLKQRREPL

ZN528 HU | ALTQGPLKFMDVAIEFSQEEWKCLDPAQRTLYRDVMLENYRNLVSLGICL
273 MAN PDLSVTSMLEQKRDPWTLQSEEKTIANDPDG

ZN284 HU | TMFKEAVTFKDVAVVFTEEELGLLDVSQRKLYRDVMLENFRNLLSVGHQL
274 MAN SHRDTFHFQREEKFWIMETATQREGNSGGK

ZN418 HU | QGTVAFEDVAVNFSQEEWSLLSEVQRCLYHDVMLENWVLISSLGCWCGSE
275 MAN DEEAPSKKSISIQRVSQVSTPGAGVSPKKA

MPP8 HU | AEAFGDSEEDGEDVFEVEKILDMKTEGGKVLYKVRWKGYTSDDDTWEPET
276 MAN HLEDCKEVLLEFRKKIAENKAKAVRKDIQR

ZN490 HU | VLOMONSEHHGQSIKTQTDSISLEDVAVNFTLEEWALLDPGQRNIYRDVM
277 MAN RATFKNLACIGEKWKDQDIEDEHKNQGRNL

ZN805 HU | AMALTDPAQVSVTFDDVAVTFTQEEWGQLDLAQRTLYQEVMLENCGLLVS
278 MAN LGCPVPRPELIYHLEHGQEPWTRKEDLSQG

Z780B_HU | VHGSVTFRDVAIDFSQEEWECLQPDOQRTLYRDVMLENYSHLISLGSSISK
279 MAN PDVITLLEQEKEPWIVVSKETSRWYPDLES
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ZN763 HU | DPVACEDVAVNFTQEEWALLDISQRKLYREVMLETFRNLTSIGKKWKDON
280 MAN IEYEYONPRRNFRSLIEGNVNEIKEDSHCG

ZN285 HU | IKFQERVTFKDVAVVFTKEELALLDKAQINLYQDVMLENFRNLMLVRDGI
281 MAN KNNILNLQAKGLSYLSQEVLHCWQIWKQRT

ZNF85 HU | GPLTFRDVAIEFSLKEWQCLDTAQRNLYRNVMLENYRNLVFLGITVSKPD
282 MAN LITCLEQGKEAWSMKRHEIMVAKPTVMCSH

ZN223 HU | TMSKEAVTFKDVAVVFTEEELGLLDLAQRKLYRDVMLENFRNLLSVGHQP
283 MAN FHRDTFHFLREEKFWMMDIATQREGNSGGK

ZNF90 HU | GPLEFRDVAIEFSLEEWHCLDTAQONLYRDVMLENYRHLVFLGIVVTKPD
284 MAN LITCLEQGKKPFTVKRHEMIAKSPVMCFHF

ZN557 HU | GHTEGGELVNELLKSWLKGLVTFEDVAVEFTQEEWALLDPAQRTLYRDVM
285 MAN LENCRNLASLGNQVDKPRLISQLEQEDKVM

ZN425 HU | AEPASVTVTFDDVALYFSEQEWE ILEKWQKQOMYKQEMKTNYETLDSLGYA
286 MAN FSKPDLITWMEQGRMLLISEQGCLDKTRRT

ZN229 HU | HSQASATISQDREEKIMSQEPLSFKDVAVVEFTEEELELLD STQRQLYQDVM
287 MAN QENFRNLLSVGERNPLGDKNGKDTEYIQDE

ZN606_HU | GSLEEGRRATGLPAAQVQEPVTFKDVAVDFTQEEWGQLDLVQRTLYRDVM
288 MAN LETYGHLLSVGNQIAKPEVISLLEQGEEPW

ZN155 HU | TTFKEAVTFKDVAVVFTEEELGLLDPAQRKLYRDVMLENFRNLLSVGHQP
289 MAN FHODTCHFLREEKFWMMGTATQREGNSGGK

ZN222 HU | AKLYEAVTFKDVAVIFTEEELGLLDPAQRKLYRDVMLENFRNLLSVGGKT
290 MAN QTEMETVPEAGTHEEFSCKQIWEQIASDLT

ZN442 HU | RSDLFLPDSQTNEERKQYDSVAFEDVAVNFTOQEEWALLGPSQKSLYRDVM
291 MAN WETIRNLDCIGMKWEDTNIEDQHRNPRRSL

ZNF91 HU | PGTPGSLEMGLLTFRDVAIEFSPEEWQCLDTAQONLYRNVMLENYRNLAF
292 MAN LGIALSKPDLITYLEQGKEPWNMKQHEMVD

ZN135 HU | TPGVRVSTDPEQVTFEDVVVGEFSQEEWGQLKPAQRTLYRDVMLDTFRLLV
293 MAN SVGHWLPKPNVISLLEQEAELWAVESRLPQ

ZN778 HU | EQTQAAGMVAGWLINCYQDAVTFDDVAVDFTQEEWTLLDPSQRDLYRDVM
294 MAN LENYENLASVEWRLKTKGPALRQDRSWFRA

RYBP HU | PSEANSIQSANATTKTSETNHTSRPRLKNVDRSTAQQLAVTVGNVTVIIT
295 MAN DFKEKTRSSSTSSSTVTSSAGSEQQONQSSS

7ZN534 HU | ALTQGQLSFSDVAIEFSQEEWKCLDPGQKALYRDVMLENYRNLVSLGEDN
296 MAN VRPEACICSGICLPDLSVTSMLEQKRDPWT

ZN586_HU | AAAAALRAPAQSSVTFEDVAVNEF SLEEWSLLNEAQRCLYRDVMLETLTLI
297 MAN SSLGCWHGGEDEAAPSKQSTCIHIYKDQGG

ZN567 HU | AQGSVSENDVTVDFTQEEWQHLDHAQKTLYMDVMLENYCHLISVGCHMTK
298 MAN PDVILKLERGEEPWTSFAGHTCLEENWKAE

ZN440 HU | DPVAFKDVAVNFTQEEWALLDISQRKLYREVMLETFRNLTSLGKRWKDQN
299 MAN IEYEHQNPRRNFRSLIEEKVNEIKDDSHCG

ZN583 HU | SKDLVTEFGDVAVNFSQEEWEWLNPAQRNLYRKVMLENYRSLVSLGVSVSK
300 MAN PDVISLLEQGKEPWMVKKEGTRGPCPDWEY

ZN441 HU | DSVAFEDVAINFTCEEWALLGPSQKSLYRDVMQETIRNLDCIGMIWQNHD
301 MAN TIEEDQYKDLRRNLRCHMVERACETKDNSQC

ZNF43 HU | GPLTFMDVAIEFCLEEWQCLDIAQONLYRNVMLENYRNLVFLGIAVSKPD
302 MAN LITCLEQEKEPWEPMRRHEMVAKPPVMCSH

CBX5 HU | OSNDIARGFERGLEPEKIIGATDSCGDLMFLMKWKDTDEADLVLAKEANV
303 MAN KCPQIVIAFYEERLTWHAYPEDAENKEKET

ZN589 HU | ALPAKDSAWPWEEKPRYLGPVTFEDVAVLFTEAEWKRLSLEQRNLYKEVM
304 MAN LENLRNLVSLAESKPEVHTCPSCPLAFGSQ

ZNF10 HU | DAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLV
305 MAN SLGYQLTKPDVILRLEKGEEPWLVERETHQ

ZN563 HU | DAVAFEDVAVNFTQEEWALLGPSQKNLYRYVMQETIRNLDCIRMIWEEQN
306 MAN TEDQYKNPRRNLRCHMVERFSESKDSSQCG
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ZN561 HU | EKTKVERMVEDYLASGYQDSVTFDDVAVDFTPEEWALLDTTEKYLYRDVM
307 MAN LENYMNLASVEWEIQPRTKRSSLQQGF LKN
ZN136_HU | DSVAFEDVDVNFTQEEWALLDPSQKNLYRDVMWETMRNLAS IGKKWKDON
308 MAN IKDHYKHRGRNLRSHMLERLYQTKDGSQRG
ZN630 HU | IESQEPVTFEDVAVDFTQEEWQQLNPAQKTLHRDVMLETYNHLVSVGCSG
309 MAN IKPDVIFKLEHGKDPWIIESELSRWIYPDR
ZN527 HU | AVGLCKAMSQGLVTFRDVALDFSQEEWEWLKPSQKDLYRDVMLENYRNLV
310 MAN WLGLSISKPNMISLLEQGKEPWMVERKMSQ
ZN333 HU | DKVEEEAMAPGLPTACSQEPVTFADVAVVFTPEEWVFLDSTQRSLYRDVM
31 MAN LENYRNLASVADQLCKPNALSYLEERGEQW
7324B_HU | TFEDVAVYF SQEEWGLLDTAQRALYRHVMLENF TLVTSLGLSTSRPRVVI
312 MAN QLERGEEPWVPSGKDMTLARNTYGRLNSGS
ZN786_HU | AEPPRLPLTFEDVAIYFSEQEWQDLEAWQKELYKHVMRSNYETLVSLDDG
313 MAN LPKPELISWIEHGGEPFRKWRESQKSGNII
ZN709 HU | DSVVFEDVAVNFTQEEWALLGPSQKKLYRDVMQETFVNLASIGENWEEKN
314 MAN ITEDHKNQGRKLRSHMVERLCERKEGSQFGE
ZN792 HU | AAAALRDPAQGCVTFEDVTIYFSQEEWVLLDEAQRLLYCDVMLENFALTIA
315 MAN SLGLISFRSHIVSQLEMGKEPWVPDSVDMT
ZN599 HU | AAPALALVSFEDVVVTFTGEEWGHLDLAQRTLYQEVMLETCRLLVSLGHP
316 MAN VPKPELIYLLEHGQELWTVKRGLSQSTCAG
ZN613 HU | IKSQESLTLEDVAVEFTWEEWQLLGPAQKDLYRDVMLENYSNLVSVGYQA
317 MAN SKPDALFKLEQGEPWITVENEIHSQICPEIK
ZF69B HU | GESLESRVTLGSLTAESQELLTFKDVSVDFTQEEWGQLAPAHRNLYREVM
318 MAN LENYGNLVSVGCQLSKPGVISQLEKGEEPW
ZN799 HU | ASVALEDVAVNFTREEWALLGPCQKNLYKDVMQETIRNLDCVGMKWKDON
319 MAN TIEDQYRYPRKNLRCRMLERFVESKDGTQCG
ZN569 HU | TESQGTVTFKDVAIDFTQEEWKRLDPAQRKLYRNVMLENYNNLITVGYPF
320 MAN TKPDVIFKLEQEEEPWVMEEEVLRRHWQGE
ZN564 HU | DSVASEDVAVNFTLEEWALLDPSQKKLYRDVMRETFRNLACVGKKWEDQS
321 MAN TEDWYKNQGRILRNHMEEGLSESKEYDQCG
ZN546 HU | EETQGELTSSCGSKTMANVSLAFRDVSIDLSQEEWECLDAVQRDLYKDVM
322 MAN LENYSNLVSLGYTIPKPDVITLLEQEKEPW
ZFP92 HU | AAILLTTRPKVPVSFEDVSVYFTKTEWKLLDLRQKVLYKRVMLENYSHLV
323 MAN SLGFSFSKPHLISQLERGEGPWVADIPRTW
YAF2 HU KDKVEKEKSEKETTSKKNSHKKTRPRLKNVDRSSAQHLEVTVGDLTVITIT
324 MAN DFKEKTKSPPASSAASADQHSQSGSSSDNT
ZN723 HU | GPLTFTDVAIKFSLEEWQF LDTAQONLYRDVMLENYRNLVFLGVGVSKPD
325 MAN LITCLEQGKEPWNMKRHKMVAKPPVVCSHF
ZNF34 HU | RKPNPQAMAALFLSAPPQAEVTFEDVAVYLSREEWGRLGPAQRGLYRDVM
326 MAN LETYGNLVSLGVGPAGPKPGVISQLERGDE
ZN439 HU | LSLSPILLYTCEMFQDPVAFKDVAVNFTQEEWALLDISQKNLYREVMLET
327 MAN FWNLTSIGKKWKDONIEYEYQNPRRNEFRSV
ZFP57 HU | AAGEPRSLLFFQKPVTFEDVAVNFTQEEWDCLDASQRVLYQDVMSETFKN
328 MAN LTSVARIFLHKPELTITKLEQEEEQWRETRV
ZNF19 HU | AAMPLKAQYQEMVTFEDVAVHFTKTEWTGLSPAQRALYRSVMLENFGNLT
329 MAN ALGYPVPKPALISLLERGDMAWGLEAQDDP
ZN404 HU | ARVPLTFSDVAIDFSQEEWEYLNSDQRDLYRDVMLENYTNLVSLDENEFTT
330 MAN ESNKLSSEKRNYEVNAYHQETWKRNKTENL
ZN274 HU | ASRLPTAWSCEPVTFEDVTLGFTPEEWGLLDLKQKSLYREVMLENYRNLV
331 MAN SVEHQLSKPDVVSQLEEAEDFWPVERGIPQ
CBX3_HU SKKKRDAADKPRGFARGLDPERIIGATDSSGELMF LMKWKDSDEADLVLA
332 MAN KEANMKCPQIVIAFYEERLTWHSCPEDEAQ
ZNF30 HU | AHKYVGLQYHGSVTFEDVATIAFSQQEWESLDSSQRGLYRDVMLENYRNLV
333 MAN SMGHSRSKPHVIALLEQWKEPEVTVRKDGR
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ZN250 HU | AAARLLPVPAGPQPLSFQAKLTFEDVAVLLSQDEWDRLCPAQRGLYRNVM
334 MAN METYGNVVSLGLPGSKPDIISQLERGEDPW

ZN570_ HU | AVGLLKAMYQELVTFRDVAVDFSQEEWDCLDSSQRHLYSNVMLENYRILV
335 MAN SLGLCFSKPSVILLLEQGKAPWMVKRELTK

ZN675 HU | GLLTFRDVAIEFSLEEWQCLDTAQRNLYKNVILENYRNLVFLGIAVSKQD
336 MAN LITCLEQEKEPLTVKRHEMVNEPPVMCSHF

ZN695 HU | GLLAFRDVALEFSPEEWECLDPAQRSLYRDVMLENYRNLISLGEDSENMQ
337 MAN FLFHSLAMSKPELIICLEARKEPWNVNTEK

ZN548 HU | NLTEGRVVFEDVAIYFSQEEWGHLDEAQRLLYRDVMLENLALLSSLGSWH
338 MAN GAEDEEAPSQQGFSVGVSEVTASKPCLSSQ

ZN132 HU | GPAQHTSWPCGSAVPTLKSMVTFEDVAVYFSQEEWELLDAAQRHLYHSVM
339 MAN LENLELVTSLGSWHGVEGEGAHPKQNVSVE

ZN738 HU | SGYPGAERNLLEYSYFEKGPLTFRDVVIEFSQEEWQCLDTAQQODLYRKVM
340 MAN LENFRNLVFLGIDVSKPDLITCLEQGKDPW

ZN420 HU | ARKLVMEFRDVAIDFSQEEWECLDSAQRDLYRDVMLENYSNLVSLDLPSRC
341 MAN ASKDLSPERKNTYETELSQWEMSDRLENCDL

ZN626 HU | GPLOQFRDVAIEFSLEEWHCLDTAQRNLYRNVMLENYSNLVFLGITVSKPD
342 MAN LITCLEQGRKPLTMKRNEMIAKP SVMCSHF

ZN559 HU | VAGWLTNYSQDSVTFEDVAVDFTQEEWTLLDQTOQRNLYRDVMLENYKNLV
343 MAN AVDWESHINTKWSAPQONFLOGKTSSVVEM

ZN460 HU | AAAWMAPAQESVTFEDVAVTF TQEEWGQLDVTQRALYVEVMLETCGLLVA
344 MAN LGDSTKPETVEPIPSHLALPEEVSLQEQLA

ZN268 HU | VLEWLFISQEQPKITKSWGPLSFMDVFVDFTWEEWQLLDPAQKCLYRSVM
345 MAN LENYSNLVSLGYQHTKPDITFKLEQGEELC

ZN304 HU | AAAVLMDRVQSCVTFEDVEVYFSREEWELLEEAQRFLYRDVMLENFALVA
346 MAN TLGFWCEAEHEAPSEQSVSVEGVSQVRTAE

ZIM2_HU AGSQFPDFKHLGTFLVFEELVTFEDVLVDFSPEELSSLSAAQRNLYREVM
347 MAN LENYRNLVSLGHQFSKPDIISRLEEEESYA

ZN605 HU | IQSQISFEDVAVDFTLEEWQLLNPTQKNLYRDVMLENYSNLVFLEVWLDN
348 MAN PKMWLRDNQDNLKSMERGHKYDVFGKIFNS

ZN844 HU | DLVAFEDVAVNFTQEEWSLLDPSQKNLYREVMQETLRNLASTIGEKWKDQON
349 MAN TEDQYKNPRNNLRSLLGERVDENTEENHCG

SUMO5_H | KDEDIKLRVIGQDSSEIHFKVKMTTPLKKLKKSYCQRQGVPVNSLRFLFE
350 UMAN GOQRIADNHTPEELGMEEEDVIEVYQEQIGG

ZN101 HU | DSVAFEDVAVNFTQEEWALLSPSQKNLYRDVTLETFRNLASVGIQWKDQD
351 MAN IENLYQONLGIKLRSLVERLCGRKEGNEHRE

ZN783 HU | RNFWILRLPPGSKGEAPKVPVTEFDDVAVYFSELEWGKLEDWQKELYKHVM
352 MAN RGNYETLVSLDYAISKPDILTRIERGEEPC

ZN417 HU | AAAAPRRPTQQGTVTFEDVAVNEF SQEEWCLLSEAQRCLYRDVMLENLALT
353 MAN SSLGCWCGSKDEEAPCKQRISVQRESQSRT

ZN182 HU | SGEDSGSFYSWQKAKREQGLVTFEDVAVDEFTQEEWQYLNPPQRTLYRDVM
354 MAN LETYSNLVFVGQQVTKPNLILKLEVEECPA

ZN823 HU | DSVAFEDVAVNFTQEEWALLGPSQKSLYRNVMQETIRNLDCIEMKWEDQON
355 MAN IGDQCONAKRNLRSHTCEIKDDSQCGETFG

ZN177 HU | AAGWLTTWSOQNSVTFQEVAVDF SQEEWALLDPAQKNLYKDVMLENFRNLA
356 MAN SVGYQLCRHSLISKVDQEQLKTDERGILQG

ZN197 HU | ENPRNQLMALMLLTAQPQELVMFEEVSVCFTSEEWACLGPTIQRALYWDVM
357 MAN LENYGNVTSLEWETMTENEEVTSKPSSSQR

ZN717 _HU | LETYNSLVSLQELVSFEEVAVHF TWEEWQDLDDAQRTLYRDVMLETYSSL
358 MAN VSLGHCITKPEMIFKLEQGAEPWIVEETPN

ZN669 HU | RHFRRPEPCREPLASPIQDSVAFEDVAVNFTQEEWALLDSSQKNLYREVM
359 MAN QETCRNLASVGSQWKDONIEDHFEKPGKD I

ZN256 HU | AAAELTAPAQGIVTFEDVAVYFSWKEWGLLDEAQKCLYHDVMLENLTLTT
360 MAN SLGGSGAGDEEAPYQQSTSPQRVSQVRIPK
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ZN251 HU | AATFQLPGHQEMPLTFQDVAVYF SQAEGRQLGPQQORALYRDVMLENYGNV
361 MAN ASLGFPVPKPELISQLEQGKELWVLNLLGA
CBX4 HU | RSEAGEPPSSLQVKPETPASAAVAVAAAAAPTTTAEKPPAEAQDEPAESL
362 MAN SEFKPFFGNIIITDVTANCLTVTFKEYVTV
PCGF2 HU | HRTTRIKITELNPHLMCALCGGYFIDATTIVECLHSFCKTCIVRYLETNK
363 MAN YCPMCDVQVHKTRPLLSIRSDKTLQDIVYK
CDY2 HU | ASQEFEVEAIVDKRODKNGNTQYLVRWKGYDKQDDTWEPEQHLMNCEKCV
364 MAN HDFNRRQTEKQKKLTWTTTSRIFSNNARRR
CDYL2 H | ASGDLYEVERIVDKRKNKKGKWEYLTIRWKGYGSTEDTWEPEHHLLHCEEF
365 UMAN IDEFNGLHMSKDKRIKSGKQSSTSKLLRDS
HERC2 HU | TLIRKADLENHNKDGGFWTVIDGKVYDIKDFQTQSLTGNSILAQFAGEDP
366 MAN VVALEAALQFEDTRESMHAFCVGQYLEPDQ
ZN562 HU | EKTKIGTMVEDHRSNSYQDSVTEFDDVAVEFTPEEWALLDTTQKYLYRDVM
367 MAN LENYMNLASVDFFFCLTSEWEIQPRTKRSS
ZN461 HU | AHELVMFRDVAIDVSQEEWECLNPAQRNLYKEVMLENYSNLVSLGLSVSK
368 MAN PAVISSLEQGKEPWMVVREETGRWCPGTWK
7324A HU | AFEDVAVYF SQEEWGLLDTAQRALYRRVMLDNFALVASLGLSTSRPRVVI
369 MAN QLERGEEPWVPSGTDTTLSRTTYRRRNPGS
ZN766_HU | AQLRRGHLTFRDVAIEFSQEEWKCLDPVQKALYRDVMLENYRNLVSLGIC
370 MAN LPDLSIISMMKQRTEPWTVENEMKVAKNPD
ID2 HUMA | SDHSLGISRSKTPVDDPMSLLYNMNDCYSKLKELVPSIPONKKVSKMEIL
371 N QHVIDYILDLQIALDSHPTIVSLHHQRPGQ
TOX _HUM | KDPNEPQKPVSAYALFFRDTQAATIKGONPNATFGEVSKIVASMWDGLGEE
372 AN QKQVYKKKTEAAKKEYLKQLAAYRASLVSK
ZN274 HU | QEEKQEDAATICPVTVLPEEPVTFQDVAVDFSREEWGLLGPTQRTEYRDVM
373 MAN LETFGHLVSVGWETTLENKELAPNSDIPEE
SCMH1_H | DASRLSGRDPSSWTVEDVMQFVREADPQLGPHADLFRKHEIDGKALLLLR
374 UMAN SDMMMKYMGLKLGPALKLSYHIDRLKQGKF
ZN214 HU | AVTFEDVTIIFTWEEWKFLDSSQKRLYREVMWENY TNVMSVENWNESYKS
375 MAN QEEKFRYLEYENF SYWQGWWNAGAQMYENQ
CBX7 HU | ELSAIGEQVFAVESIRKKRVRKGKVEYLVKWKGWPPKYSTWEPEEHILDP
376 MAN RLVMAYEEKEERDRASGYRKRGPKPKRLLL
ID1_HUMA | GGAGARLPALLDEQQVNVLLYDMNGCYSRLKELVP TLPONRKVSKVEILQ
377 N HVIDYIRDLQLELNSESEVGTPGGRGLPVR
CREM_HU | VVMAASPGSLHSPQQLAEEATRKRELRLMKNREAAKECRRRKKEYVKCLE
378 MAN SRVAVLEVONKKLIEELETLKDICSPKTDY
SCX_HUM | GGGPGGRPGREPRQRHTANARERDRTNSVNTAFTALRTLIPTEPADRKLS
379 AN KIETLRLASSYISHLGNVLLAGEACGDGQP
ASCL1 HU | SGFGYSLPQQQPAAVARRNERERNRVKLVNLGFATLREHVPNGAANKKMS
380 MAN KVETLRSAVEYIRALQQLLDEHDAVSAAFQ
ZN764 HU | APLPPRDPNGAGPEWREPGAVSFADVAVYFCREEWGCLRPAQRALYRDVM
381 MAN RETYGHLSALGIGGNKPALISWVEEEAELW
SCML2 H | KQGFSKDPSTWSVDEVIQFMKHTDPQISGPLADLFRQHEIDGKALFLLKS
382 UMAN DVMMKYMGLKLGPALKLCYYIEKLKEGKYS
TWST1_H SGGGSPOSYEELQTQRVMANVRERQRTQSLNEAFAALRKITIPTLPSDKLS
383 UMAN KIQTLKLAARYIDFLYQVLQSDELDSKMAS
CREB1 _HU | IAPGVVMASSPALPTQPAEEAARKREVRLMKNREAARECRRKKKEYVKCL
384 MAN ENRVAVLENQNKTLIEELKALKDLYCHKSD
TERF1 HU | SRIPVSKSQPVTPEKHRARKRQAWLWEEDKNLRSGVRKYGEGNWSKILLH
385 MAN YKFNNRTSVMLKDRWRTMKKLKLISSDSED
ID3_HUMA | SLATARGRGKGPAAEEPLSLLDDMNHCYSRLRELVPGVPRGTQLSQVEIL
386 N QRVIDYILDLQVVLAEPAPGPPDGPHLPIQ
CBX8 HU GSGPPSSGGGLYRDMGAQGGRPSLIARIPVARILGDPEEESWSPSLTNLE
387 MAN KVVVTDVTSNFLTVTIKESNTDQGFFKEKR
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CBX4 HU | ELPAVGEHVFAVESIEKKRIRKGRVEYLVKWRGWSPKYNTWEPEENILDP
388 MAN RLLTIAFQNRERQEQLMGYRKRGPKPKPLVV
GSX1 HU | VDSSSNQLPSSKRMRTAFTSTQLLELEREFASNMYLSRLRRIETATYLNL
389 MAN SEKQVKIWFQNRRVKHKKEGKGSNHRGGGG
NKX22 HU | TPGGGGDAGKKRKRRVLFSKAQTYELERRFROQORYLSAPEREHLASLIRL
390 MAN TPTQVKIWFONHRYKMKRARAEKGMEVTPL
ATF1 HU QTVVMTSPVTLTSQTTKTDDPQLKREIRLMKNREAARECRRKKKEYVKCL
391 MAN ENRVAVLENOQNKTLIEELKTLKDLYSNKSV
TWST2 H | KGSPSAQSFEELQSQRILANVRERQRTQSLNEAFAALRKIIPTLPSDKLS
392 UMAN KIQTLKLAARYIDFLYQVLQSDEMDNKMTS
ZNF17 HU | NLTEDYMVFEDVATHFSQEEWGILNDVQRHLHSDVMLENFALLSSVGCWH
393 MAN GAKDEEAPSKQCVSVGVSQVTTLKPALSTQ
TOX3 HU | KDPNEPQKPVSAYALFFRDTQAATKGONPNATFGEVSKIVASMWDSLGEE
394 MAN QKQVYKRKTEAAKKEYLKALAAYRASLVSK
TOX4 HU | KDPNEPQKPVSAYALFFRDTQAATKGONPNATFGEVSKIVASMWDSLGEE
395 MAN QOKQVYKRKTEAAKKEYLKALAAYKDNQECQ
ZMYM3 H | LDGSTWDFCSEDCKSKYLLWYCKAARCHACKRQGKLLET THWRGQIRHFC
396 UMAN NOQOCLLREFYSQONQPNLDTQSGPESLLNSQ
I2BP1_HU | ASVQASRRQWCYLCDLPKMPWAMVWDF SEAVCRGCVNFEGADRIELLIDA
397 MAN ARQLKRSHVLPEGRSPGPPALKHPATKDLA
RHXF1 HU | MEGPQPENMOPRTRRTKFTLLOVEELESVFRHTQYPDVP TRRELAENLGV
398 MAN TEDKVRVWFKNKRARCRRHQRELMLANELR
SSX2 HU PKIMPKKPAEEGNDSEEVPEASGPONDGKELCPPGKPTTSEKIHERSGPK
399 MAN RGEHAWTHRLRERKQLVIYEEISDPEEDDE
I2BPL_HU | SAAQVSSSRRQSCYLCDLPRMPWAMIWDF SEPVCRGCVNYEGADRIEFVI
400 MAN ETARQLKRAHGCFQDGRSPGPPPPVGVKTV
ZN680_ HU | PGPPGSLEMGPLTFRDVAIEF SLEEWQCLDTAQRNLYRKVMFENYRNLVF
401 MAN LGIAVSKPHLITCLEQGKEPWNRKRQEMVA
CBX1 HU | NKKKVEEVLEEEEEEYVVEKVLDRRVVKGKVEYLLKWKGEFSDEDNTWEPE
402 MAN ENLDCPDLIAEFLQSQKTAHETDKSEGGKR
TRI68 HU | LANVVEKVRLLRLHPGMGLKGDLCERHGEKLKMFCKEDVLIMCEACSQSP
403 MAN EHEAHSVVPMEDVAWEYKWELHEALEHLKK
HXA13_HU | VVSHPSDASSYRRGRKKRVPYTKVQLKELEREYATNKFITKDKRRRISAT
404 MAN TNLSERQVTIWFQNRRVKEKKVINKLKTTS
PHC3 HU ENSDLLPVAQTEPSIWTVDDVWAFITHSLPGCQDIADEFRAQEIDGQALLL
405 MAN LKEDHLMSAMNIKLGPALKICARINSLKES
TCEF24_HU | AGPGGGSRSGSGRPAAANAARERSRVQTLRHAFLELQRTLP SVPPDTKLS
406 MAN KLDVLLLATTYIAHLTRSLQDDAEAPADAG
CBX3 HU | ONGKSKKVEEAEPEEFVVEKVLDRRVVNGKVEYFLKWKGFTDADNTWEPE
407 MAN ENLDCPELIEAFLNSQKAGKEKDGTKRKSL
HXB13 HU | QHPPDACAFRRGRKKRIPYSKGQLRELEREYAANKEF ITKDKRRKISAATS
408 MAN LSERQITIWFQNRRVKEKKVLAKVKNSATP
HEY1 HU SMSPTTSSQILARKRRRGITEKRRRDRINNSLSELRRLVPSAFEKQGSAK
409 MAN LEKAEILOMTVDHLKMLHTAGGKGYFDAHA
PHC2 HU LVGMGHHFLPSEPTKWNVEDVYEFIRSLPGCQETAEEFRAQEIDGQALLL
410 MAN LKEDHLMSAMNIKLGPALKIYARISMLKDS
ZNF81 HU | PANEDAPQPGEHGSACEVSVSFEDVTVDFEF SREEWQQLDSTQRRLYQDVML
411 MAN ENYSHLLSVGFEVPKPEVIFKLEQGEGPWT
FIGLA HU | GYSSTENLQLVLERRRVANAKERERIKNLNRGFARLKALVPFLPQSRKPS
412 MAN KVDILKGATEYIQVLSDLLEGAKDSKKQDP
SAM11 _HU | EEAPAPEDVTKWTVDDVCSFVGGLSGCGEYTRVFREQGIDGETLPLLTEE
413 MAN HLLTNMGLKLGPALKIRAQVARRLGRVFEYV
KMT2B H | GGTLAHTPRRSLP SHHGKKMRMARCGHCRGCLRVQDCGSCVNCLDKPKFG
414 UMAN GPNTKKQCCVYRKCDKIEARKMERLAKKGR
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HEY2 HU | LNSPTTTSQIMARKKRRGIIEKRRRDRINNSLSELRRLVPTAFEKQGSAK
415 MAN LEKAEILOMTVDHLKMLQATGGKGYFDAHA
JDP2 HUM | QPVKSELDEEEERRKRRREKNKVAAARCRNKKKERTEFLQRESERLELMN
416 AN AELKTQIEELKQERQQLILMLNRHRPTCIV
HXC13 _HU | LOPEVSSYRRGRKKRVPYTKVQLKELEKEYAASKF ITKEKRRRISATTNL
417 MAN SERQVTIWFQNRRVKEKKVVSKSKAPHLHS
ASCL4 HU | LPVPLDSAFEPAF LRKRNERERQRVRCVNEGYARLRDHLPRELADKRLSK
418 MAN VETLRAAIDYIKHLQELLERQAWGLEGAAG
HHEX HU | SPFLQRPLHKRKGGQVRFSNDQTIELEKKFETQKYLSPPERKRLAKMLQL
419 MAN SERQVKTWFQNRRAKWRRLKQENPQSNKKE
HERC2 HU | IATATGSLHCVCCTEDGEVYTWGDNDEGQLGDGTTNAIQRPRLVAALQGK
420 MAN KVNRVACGSAHTLAWSTSKPASAGKLPAQV
GSX2_HU GGSDASQVPNGKRMRTAFTSTQLLELEREFSSNMYLSRLRRIEIATYLNL
421 MAN SEKQVKIWFQNRRVKHKKEGKGTQRNSHAG
BIN1 HUM | RLDLPPGFMFKVQAQHDYTATDTDELQLKAGDVVLVIPFQONPEEQDEGWL
422 AN MGVKESDWNQHKELEKCRGVFPENFTERVP
ETV7_HU GICKLPGRLRIQPALWSREDVLHWLRWAEQEYSLPCTAEHGFEMNGRALC
423 MAN ILTKDDFRHRAPSSGDVLYELLQYTIKTQRR
ASCL3 HU | PNYRGCEYSYGPAFTRKRNERERQRVKCVNEGYAQLRHHLPEEYLEKRLS
424 MAN KVETLRAATKYINYLQSLLYPDKAETKNNP
PHC1_HU LHGINPVFLSSNPSRWSVEEVYEFIASLOGCQETAEEFRSQEIDGQALLL
425 MAN LKEEHLMSAMNIKLGPALKICAKINVLKET
OTP_HUM | QAGQQOGQOKQKRHRTRFTPAQLNELERSFAKTHYPDIFMREELALRIGL
426 AN TESRVQVWFONRRAKWKKRKKTTNVEFRAPG
12BP2 HU | AAAVAVAAASRRQSCYLCDLPRMPWAMIWDEF TEPVCRGCVNYEGADRVEF
427 MAN VIETARQLKRAHGCFPEGRSPPGAAASAAA
VGLL2 HU | FSSQTPASIKEEEGSPEKERPPEAEYINSRCVLEFTYFQGDISSVVDEHFES
428 MAN RALSQPSSYSPSCTSSKAPRSSGPWRDCSF
HXA11 HU | DKAGGSSGQRTRKKRCPYTKYQIRELEREFFFSVYINKEKRLQLSRMLNL
429 MAN TDROQVKIWFONRRMKEKKINRDRLQYYSAN
PDLI4 HU | GAPLSGLQGLPECTRCGHGIVGTIVKARDKLYHPECFMCSDCGLNLKQRG
430 MAN YFFLDERLYCESHAKARVKPPEGYDVVAVY
ASCL2_HU | RRPATAETGGGAAAVARRNERERNRVKLVNLGFQALRQHVPHGGASKKLS
431 MAN KVETLRSAVEYIRALQRLLAEHDAVRNALA
CDX4 HU | TVQVTGKTRTKEKYRVVYTDHQRLELEKEFHCNRYITIQRKSELAVNLGL
432 MAN SERQVKIWFQNRRAKERKMIKKKISQFENS
ZN860 HU | EEAAQKRKEKEPGMALPQGHLTFRDVAIEFSLEEWKCLDPTQRALYRAMM
433 MAN LENYRNLHSVDISSKCMMKKFSSTAQGNTE
LMBL4 H | DIRASQVARWIVDEVAEFVQSLLGCEEHAKCFKKEQIDGKAFLLLTQTDI
434 UMAN VKVMKIKLGPALKIYNSILMFRHSQELPEE
PDIP3 HU | LSPLEGTKMTVNNLHPRVTEEDIVELFCVCGALKRARLVHPGVAEVVEFVK
435 MAN KDDAITAYKKYNNRCLDGQPMKCNLHMNGN
NKX25 HU | DNAERPRARRRRKPRVLEFSQAQVYELERRFKQORYLSAPERDQLASVLKL
436 MAN TSTQVKIWFONRRYKCKRQRODQTLELVGL
CEBPB_HU | SQVKSKAKKTVDKHSDEYKIRRERNNIAVRKSRDKAKMRNLETQHKVLEL
437 MAN TAENERLOQKKVEQLSRELSTLRNLFKQLPE
ISL1 HUM | KRDYIRLYGIKCAKCSIGEF SKNDFVMRARSKVYHIECFRCVACSRQLIPG
438 AN DEFALREDGLFCRADHDVVERASLGAGDPL
CDX2 HU | SLGSQVKTRTKDKYRVVYTDHQRLELEKEFHYSRYITIRRKAELAATLGL
439 MAN SERQVKIWFQNRRAKERKINKKKLQQQQQQ
PROP1_HU | QGGORGRPHSRRRHRTTFSPVQLEQLESAFGRNQYPDIWARESLARDTGL
440 MAN SEARIQVWEFQONRRAKQRKQERSLLOPLAHL
SIN3B_HU | DALTYLDQVKIRFGSDPATYNGFLEIMKEFKSQSIDTPGVIRRVSQLFHE
441 MAN HPDLIVGEFNAFLPLGYRIDIPKNGKLNIQS
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SMBT1 H | RLHLDSNPLKWSVADVVRFIRSTDCAPLARIFLDQEIDGQALLLLTLPTV
442 UMAN QECMDLKLGPAIKLCHHIERIKFAFYEQFA
HXC11 HU | AKGAAPNAPRTRKKRCPYSKFQIRELEREFFFNVYINKEKRLOLSRMLNL
443 MAN TDROQVKIWFONRRMKEKKLSRDRLQYFSGN
HXC10 HU | TTGNWLTAKSGRKKRCPYTKHQTLELEKEFLFNMYLTRERRLEISKTINL
444 MAN TDROQVKIWFONRRMKLKKMNRENRIRELTS
PRS6A_HU | YLVSNVIELLDVDPNDQEEDGANIDLDSQRKGKCAVIKTSTRQTYFLPVI
445 MAN GLVDAEKLKPGDLVGVNKDSYLILETLPTE
VSX1 HU KASPTLGKRKKRRHRTVFTAHQLEELEKAFSEAHYPDVYAREMLAVKTEL
446 MAN PEDRIQVWFQNRRAKWRKREKRWGGSSVMA
NKX23 HU | EESERPKPRSRRKPRVLFSQAQVFELERRFKQORYLSAPEREHLASSLKL
447 MAN TSTQVKIWFQONRRYKCKRQRODKSLELGAH
MTG16 H | VVPGSRQEEVIDHKLTEREWAEEWKHLNNLLNCIMDMVEKTRRSLTVLRR
448 UMAN CQEADREELNHWARRYSDAEDTKKGPAPAA
HMX3 HU | ESPEKKPACRKKKTRTVFSRSQVFQLESTFDMKRYLSSSERAGLAASLHL
449 MAN TETQVKIWFONRRNKWKRQLAAELEAANLS
HMX1 HU | RGGVGVGGGRKKKTRTVFSRSQVFQLESTFDLKRYLSSAERAGLAASLOL
450 MAN TETQVKIWFONRRNKWKRQLAAELEAASLS
KIF22 HU | ELLAHGRQKILDLLNEGSARDLRSLQRIGPKKAQLIVGWRELHGPFSQVE
451 MAN DLERVEGITGKQMESFLKANILGLAAGQRC
CSTF2 HU | ESPYGETISPEDAPESISKAVASLPPEQMFELMKOMKLCVONSPQEARNM
452 MAN LLONPQLAYALLQAQVVMRIVDPEIALKIL
CEBPE_HU | AGPLHKGKKAVNKDSLEYRLRRERNNIAVRKSRDKAKRRILETQQKVLEY
453 MAN MAENERLRSRVEQLTQELDTLRNLFRQIPE
DLX2 HU TIRIVNGKPKKVRKPRTIYSSFQLAALQRRFOKTQYLALPERAELAASLGL
454 MAN TOQTOQVKIWFONRRSKFKKMWKSGEIPSEQH
ZMYM3 H | TVYQFCSPSCWTKFQRTSPEGGIHLSCHYCHSLFSGKPEVLDWQDQVFEQF
435 UMAN CCRDCCEDFKRLRGVVSQCEHCRQEKLLHE
PPARG _H TMVDTEMPFWPTNFGISSVDLSVMEDHSHSEFDIKPFTTVDFSSISTPHYE
456 UMAN DIPFTRTDPVVADYKYDLKLQEYQSAIKVE
PRIC1 HU | GRHHAELLKPRCSACDEIIFADECTEAEGRHWHMKHFCCLECETVLGGQR
457 MAN YTIMKDGRPFCCGCFESLYAEYCETCGEHIG
UNC4 HU | DPDKESPGCKRRRTRTINFTGWQLEELEKAFNESHYPDVFMREALALRLDL
458 MAN VESRVQVWFONRRAKWRKKENTKKGPGRPA
BARX2 H TEQPTPROQKKPRRSRTIFTELQLMGLEKKFQKOQKYLSTPDRLDLAQSLGL
459 UMAN TOQLOVKTWYQONRRMKWKKMVLKGGQEAPTK
ALX3 HU SMELAKNKSKKRRNRTTFSTFQLEELEKVFQKTHYPDVYAREQLALRTDL
460 MAN TEARVQVWFONRRAKWRKRERYGKIQEGRN
TCF15_HU | GGGGGAGPVVVVRQRQAANARERDRTQSVNTAFTALRTLIPTEPVDRKLS
461 MAN KIETVRLASSYIAHLANVLLLGDSADDGQP
TERA_HU IDDTVEGITGNLFEVYLKPYFLEAYRPIRKGDIFLVRGGMRAVEFKVVET
462 MAN DPSPYCIVAPDTVIHCEGEPIKREDEEESL
VSX2 _HU SALNQTKKRKKRRHRTIFTSYQLEELEKAFNEAHYPDVYAREMLAMKTEL
463 MAN PEDRIQVWFQONRRAKWRKREKCWGRSSVMA
HXD12 HU | DGLPWGAAPGRARKKRKPYTKQQIAELENEFLVNEF INRQKRKELSNRLN
464 MAN LSDQQVKIWFQNRRMKKKRVVLREQALALY
CDX1 HU | GGGGSGKTRTKDKYRVVYTDHQRLELEKEFHYSRYITIRRKSELAANLGL
465 MAN TERQVKIWFQNRRAKERKVNKKKQQQQQPP
TCF23 _HU | TRAGGLALGRSEASPENAARERSRVRTLRQAFLALQAALPAVPPDTKLSK
466 MAN LDVLVLAASYIAHLTRTLGHELPGPAWPPF
ALX1 HU | KCDSNVSSSKKRRHRTTFTSLQLEELEKVFQKTHYPDVYVREQLALRTEL
467 MAN TEARVQVWFONRRAKWRKRERYGQIQQAKS
HXA10 HU | NAANWLTAKSGRKKRCPYTKHQTLELEKEFLFNMYLTRERRLEISRSVHL
468 MAN TDROQVKIWFONRRMKLKKMNRENRIRELTA
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RX HUMA | LSEEEQPKKKHRRNRTTFTTYQLHELERAFEKSHYPDVYSREELAGKVNL
469 N PEVRVQVWF QNRRAKWRRQEKLEVSSMKLQ
CXXC5 H | HMAGLAEYPMQGELASATISSGKKKRKRCGMCAPCRRRINCEQCSSCRNRK
470 UMAN TGHQICKFRKCEELKKKPSAALEKVMLPTG
SCML1_H SITKHPSTWSVEAVVLFLKQTDPLALCPLVDLFRSHEIDGKALLLLTSDV
471 UMAN LLKHLGVKLGTAVKLCYYIDRLKQGKCFEN
NFIL3 HU | ACRRKREFIPDEKKDAMYWEKRRKNNEAAKRSREKRRLNDLVLENKLIAL
4712 MAN GEENATLKAELLSLKLKFGLISSTAYAQET
DLX6 HU | EIRFNGKGKKIRKPRTIYSSLQLQALNHRFQQTQYLALPERAELAASLGL
473 MAN TQTOQVKIWFQONKRSKFKKLLKQGSNPHESD
MTGE8_HU | GLHGTRQEEMIDHRLTDREWAEEWKHLDHLLNCIMDMVEKTRRSLTVLRR
474 MAN CQEADREELNYWIRRYSDAEDLKKGGGSSS
CBX8 HU | ELSAVGERVFAAEALLKRRIRKGRMEYLVKWKGWSQKYSTWEPEENILDA
475 MAN RLLAAFEEREREMELYGPKKRGPKPKTFLL
CEBPD _H | AREKSAGKRGPDRGSPEYRQRRERNNIAVRKSRDKAKRRNQEMQQKLVEL
476 UMAN SAENEKLHQRVEQLTRDLAGLRQFFKQLPS
SEC13_HU | SGGCDNLIKLWKEEEDGOWKEEQKLEAHSDWVRDVAWAPSIGLPTSTIAS
477 MAN CSQDGRVFIWTCDDASSNTWSPKLLHKEND
FIP1 HUM | VKGVDLDAPGSINGVPLLEVDLDSFEDKPWRKPGADLSDYFNYGFNEDTW
478 AN KAYCEKQKRIRMGLEVIPVTSTTNKITAED
ALX4 HU | KADSESNKGKKRRNRTTFTSYQLEELEKVFQKTHYPDVYAREQLAMRTDL
479 MAN TEARVQVWFONRRAKWRKRERFGQOMQQVRT
LHX3 HU | TAKQREAEATAKRPRTTITAKQLETLKSAYNTSPKPARHVREQLSSETGL
480 MAN DMRVVQVWF QNRRAKEKRLKKDAGRQRWGQ
PRIC2 HU | GRHHAECLKPRCAACDEIIFADECTEAEGRHWHMKHFCCFECETVLGGQR
481 MAN YIMKEGRPYCCHCFESLYAEYCDTCAQHIG
MAGI3 HU | IIGGDRPDEFLQVKNVLKDGPAAQDGKIAPGDVIVDINGNCVLGHTHADV
482 MAN VOMFQLVPVNQYVNLTLCRGYPLPDDSEDP
NELL1 HU | CCPECDTRVTSQCLDQNGHKLYRSGDNWTHSCQQCRCLEGEVDCWPLTCP
483 MAN NLSCEYTAILEGECCPRCVSDPCLADNITY
PRRX1 HU | LNSEEKKKRKQRRNRTTENSSQLOQALERVFERTHYPDAFVREDLARRVNL
484 MAN TEARVQVWFONRRAKFRRNERAMLANKNAS
MTG8R_H | GLNGGYQDELVDHRLTEREWADEWKHLDHALNC IMEMVEKTRRSMAVLRR
485 UMAN CQESDREELNYWKRRYNENTELRKTGTELV
RAX2 HU | GPGEEAPKKKHRRNRTTFTTYQLHQLERAFEASHYPDVYSREELAAKVHL
486 MAN PEVRVQVWF QNRRAKWRRQERLESGSGAVA
DLX3 HU | VRMVNGKPKKVRKPRTIYSSYQLAALQRRFOQKAQYLALPERAELAAQLGL
487 MAN TQTOQVKIWFQONRRSKFKKLYKNGEVPLEHS
DLX1 HU | EVRFNGKGKKIRKPRTIYSSLOLQALNRRFQQTQYLALPERAELAASLGL
488 MAN TQTQVKIWFQONKRSKFKKLMKQGGAALEGS
NKX26 HU | GRSEQPKARQRRKPRVLFSQAQVLALERRFKQORYLSAPEREHLASALQL
489 MAN TSTQVKIWFONRRYKCKRQRODKSLELAGH
NAB1 HU | LPRTLGELQLYRILOKANLLSYFDAFIQQGGDDVQQLCEAGEEEFLEIMA
490 MAN LVGMASKPLHVRRLOKALRDWVTNPGLENQ
SAMD7 H | NLSLDEDIQKWTVDDVHSFIRSLPGCSDYAQVFKDHAIDGETLPLLTEEH
491 UMAN LRGTMGLKLGPALKIQSQVSQHVGSMF YKK
PITX3 HU | SPEDGSLKKKQRRQRTHFTSQQLQELEATFQRNRYPDMSTREE IAVWTNL
492 MAN TEARVRVWFKNRRAKWRKRERSQQAELCKG
WDR5 HU | SNLLVSASDDKTLKIWDVSSGKCLKTLKGHSNYVEFCCNFNPQSNLIVSGS
493 MAN FDESVRIWDVKTGKCLKTLPAHSDPVSAVH
MEOX2 H | GNYKSEVNSKPRKERTAFTKEQIRELEAEFAHHNYLTRLRRYEIAVNLDL
494 UMAN TERQVKVWF QNRRMKWKRVKGGQQGAAARE
NAB2 HU | LPRTLGELQLYRVLORANLLSYYETFIQQGGDDVQQLCEAGEEEFLEIMA
495 MAN LVGMATKPLHVRRLOKALREWATNPGLFSQ
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DHX8 HU | PEEPTIGDIYNGKVTSIMQFGCFVQLEGLRKRWEGLVHISELRREGRVAN

496 MAN VADVVSKGQRVKVKVLSFTGTKTSLSMKDV
FOXA2 H YAFNHPFSINNLMSSEQQHHHSHHHHQPHKMDLKAYEQVMHYPGYGSPMP

497 UMAN GSLAMGPVTNKTGLDASPLAADTSYYQGVY
CBX6 HU TAAAGPAPPTAPEPAGASSEPEAGDWRPEMSPCSNVVVTDVTSNLLTVTI

498 MAN KEFCNPEDFEKVAAGVAGAAGGGGSIGASK
EMX2 HU | FLLENALARKPKRIRTAFSPSQLLRLEHAFEKNHYVVGAERKQLAHSLSL

499 MAN TETQVKVWFONRRTKFKRQKLEEEGSDSQQ
CPSF6_HU | KRIALYIGNLTWWTTDEDLTEAVHSLGVNDILEIKFFENRANGQSKGFAL

500 MAN VGVGSEASSKKLMDLLPKRELHGQNPVVTP
HXC12 HU | SGAPWYPINSRSRKKRKPYSKLOQLAELEGEFLVNEF ITRQRRRELSDRLN

501 MAN LSDQQVKIWFQNRRMKKKRLLLREQALSFEF
KDM4B H | SDNLYPESITSRDCVQLGPPSEGELVELRWIDGNLYKAKFISSVTSHIYQ

502 UMAN VEFEDGSQLTVKRGDIFTLEEELPKRVRSR
LMBL3 H | GIPASKVSKWSTDEVSEFIQSLPGCEEHGKVFKDEQIDGEAFLLMTQTDI

503 UMAN VKIMSIKLGPALKIFNSILMFKAAEKNSHN
PHX2A_H EPSGLHEKRKQRRIRTTFTSAQLKELERVFAETHYPDIYTREELALKIDL

504 UMAN TEARVQVWFONRRAKFRKQERAASAKGAAG
EMX1 HU | LLLHGPFARKPKRIRTAFSPSQLLRLERAFEKNHYVVGAERKQLAGSLSL

505 MAN SETQVKVWEFQONRRTKYKRQKLEEEGPESEQ
NC2B_HU SSGNDDDLTIPRAAINKMIKETLPNVRVANDARELVVNCCTEFIHLISSE

506 MAN ANEICNKSEKKTISPEHVIQALESLGFGSY
DLX4 HU | ERRPOQAPAKKLRKPRTIYSSLOLOHLNQRFOHTQYLALPERAQLAAQLGL

507 MAN TOQTOQVKIWFONKRSKYKKLLKONSGGQEGD
SRY HUM | NVODRVKRPMNAF IVWSRDQRRKMALENPRMRNSEISKQLGYQWKMLTEA

508 AN EKWPFFQEAQKLQAMHREKYPNYKYRPRRK
ZN777 HU | EITRLAVWAAVQAVERKLEAQAMRLLTLEGRTGTNEKKIADCEKTAVEFA

509 MAN NHLESKWVVLGTLLQEYGLLQRRLENMENL
NELL1 HU | CEKDIDECSEGIIECHNHSRCVNLPGWYHCECRSGFHDDGTYSLSGESCI

510 MAN DIDECALRTHTCWNDSACINLAGGFDCLCP
ZN398 HU | AATSLWTVVAAVQATERKVEIHSRRLLHLEGRTGTAEKKLASCEKTVTEL

S11 MAN GNQLEGKWAVLGTLLQEYGLLOQRRLENLEN
GATA3_H | GONRPLIKPKRRLSAARRAGTSCANCQTTTTTLWRRNANGDPVCNACGLY

512 UMAN YKLEHNINRPLTMKKEGIQTRNRKMSSKSKK
BSH_HUM | HAELPGKHCRRRKARTVFSDSQLSGLEKRFEIQRYLSTPERVELATALSL

S13 AN SETQVKTWEFQNRRMKHKKQLRKSQDEPKAP
SEF3B4 HU | QDATVYVGGLDEKVSEPLLWELFLQAGPVVNTHMPKDRVTGQHQGYGFVE

S14 MAN FLSEEDADYAIKIMNMIKLYGKPIRVNKAS
TEAD1 HU | PIDNDAEGVWSPDIEQSFQEALAIYPPCGRRKIILSDEGKMYGRNELTIAR

315 MAN YIKLRTGKTRTRKQVSSHIQVLARRKSRDF
TEAD3 HU | GLDNDAEGVWSPDIEQSFQEALAIYPPCGRRKIILSDEGKMYGRNELIAR

516 MAN YIKLRTGKTRTRKQVSSHIQVLARKKVREY
RGAP1_HU | DSVGTPQSNGGMRLHDFVSKTVIKPESCVPCGKRIKFGKLSLKCRDCRVV

S17 MAN SHPECRDRCPLPCIPTLIGTPVKIGEGMLA
PHF1_HU SAPHSMTASSSSVSSPSPGLPRRSAPPSPLCRSLSPGTGGGVRGGVGYLS

S18 MAN RGDPVRVLARRVRPDGSVQYLVEWGGGGIF
FOXA1 H GDPHYSFNHPFSINNLMSSSEQQOHKLDFKAYEQALQYSPYGSTLPASLPL

519 UMAN GSASVTTRSPIEPSALEPAYYQGVYSRPVL
GATA2 H | GONRPLIKPKRRLSAARRAGTCCANCQTTTTTLWRRNANGDPVCNACGLY

520 UMAN YKLEHNVNRPLTMKKEGIQTRNRKMSNKSKK
FOXO3_H DSLSGSSLYSTSANLPVMGHEKFPSDLDLDMFNGSLECDMESTIIRSELMD

521 UMAN ADGLDEFNFDSLISTQONVVGLNVGNFTGAKQ
ZN212 HU | TEISLWTVVAATIQAVEKKMESQAARLQSLEGRTGTAEKKLADCEKMAVEF

522 MAN GNQLEGKWAVLGTLLQEYGLLOQRRLENVEN
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IRX4 HUM | MDSGTRRKNATRETTSTLKAWLQEHRKNPYPTKGEKIMLAIITKMTLTQV

523 AN STWEFANARRRLKKENKMTWPPRNKCADEKR
ZBED6 _HU | NIEKQIYLPSTRAKTSIVWHFFHVDPQYTWRAICNLCEKSVSRGKPGSHL

524 MAN GTSTLOQRHLQARHSPHWTRANKEFGVASGEE
LHX4 HU | AKONDDSEAGAKRPRTTITAKQLETLKNAYKNSPKPARHVREQLSSETGL

525 MAN DMRVVQVWF QNRRAKEKRLKKDAGRHRWGQ
SIN3A_HU | DALSYLDQVKLQFGSQPQVYNDFLDIMKEFKSQSIDTPGVISRVSQLFKG

526 MAN HPDLIMGENTFLPPGYKIEVQTNDMVNVTT
RBBP7 HU | DDHTVCLWDINAGPKEGKIVDAKATFTGHSAVVEDVAWHLLHESLFGSVA

527 MAN DDQKLMIWDTRSNTTSKPSHLVDAHTAEVN
NKX61 HU | GSILLDKDGKRKHTRPTFSGQQIFALEKTFEQTKYLAGPERARLAYSLGM

528 MAN TESQVKVWFONRRTKWRKKHAAEMATAKKK
TRI68 HU | DPTALVEAIVEEVACPICMTEFLREPMSIDCGHSFCHSCLSGLWEIPGESQ

529 MAN NWGYTCPLCRAPVQPRNLRPNWQLANVVEK
R51A1 HU | QSLPKKVSLSSDTTRKPLEIRSP SAESKKPKWVPPAASGGSRSSSSPLVV

530 MAN VSVKSPNQSLRLGLSRLARVKPLHPNATST
MB3L1 HU | AKSSQRKQRDCVNQCKSKPGLSTSIPLRMSSYTFKRPVTRITPHPGNEVR

531 MAN YHOWEESLEKPQQVCWQRRLOGLQAYSSAG
DLX5 HU | VRMVNGKPKKVRKPRTIYSSFQLAALQRRFOKTQYLALPERAELAASLGL

532 MAN TOQTQVKIWFQNKRSKIKKIMKNGEMPPEHS
NOTC1_H LOCNNHACGWDGGDCSLNENDPWKNCTQSLOQCWKYFSDGHCDSQCNSAGC

533 UMAN LEFDGFDCQRAEGQCNPLYDQYCKDHFEFSDGH
TERF2 HU | ETWVEEDELFQVQAAPDEDSTTNITKKQKWIVEESEWVKAGVQKYGEGNW

534 MAN AATSKNYPFVNRTAVMIKDRWRTMKRLGMN
ZN282 HU | AEISLWTVVAATIQAVERKVDAQASQLLNLEGRTGTAEKKLADCEKTAVEF

335 MAN GNHMESKWAVLGTLLQEYGLLOQRRLENLEN
RGS12 HU | LEKRTLFRLDLVP INRSVGLKAKPTKPVTEVLRPVVARYGLDLSGLLVRL

536 MAN SGEKEPLDLGAPISSLDGQRVVLEEKDPSR
ZN840 HU | PNCLSSSMQLPHGGGRHQELVRFRDVAVVFSPEEWDHLTPEQRNLYKDVM

537 MAN LDNCKYLASLGNWTYKAHVMSSLKQGKEPW
SPI2B HU | DDYKEGDLRIMPESSESPPTEREPGGVVDGLIGKHVEYTKEDGSKRIGMV

538 MAN THQVEAKPSVYFIKFDDDFHIYVYDLVKKS
PAX7 HU | SEPDLPLKRKQRRSRTTFTAEQLEELEKAFERTHYPDIYTREELAQRTKL

539 MAN TEARVQVWF SNRRARWRKQAGANQLAAFNH
NKX62 HU | AGGVLDKDGKKKHSRPTFSGQQIFALEKTFEQTKYLAGPERARLAYSLGM

540 MAN TESQVKVWFONRRTKWRKRHAVEMASAKKK
ASXL2 HU | DVMSEFSVTVTTIPASQAMNPSSHGQTIPVQAFSEENSIEGTPSKCYCRLK

541 MAN AMIMCKGCGAFCHDDCIGPSKLCVSCLVVR
FOXO1_H GGYSSVSSCNGYGRMGLLHQEKLPSDLDGMF TERLDCDMESTIIRNDLMDG

542 UMAN DTLDFNEFDNVLPNQSFPHSVKTTTHSWVSG
GATA3 H | GGSPTGFGCKSRPKARSSTGRECVNCGATSTPLWRRDGTGHYLCNACGLY

543 UMAN HKMNGONRPLTKPKRRLSAARRAGTSCANC
GATA1 H | GONRPLIRPKKRLIVSKRAGTQCTNCQTTTTTLWRRNASGDPVCNACGLY

S44 UMAN YKLHQVNRPLTMRKDGIQTRNRKASGKGKK
ZMYMS5 H | PVALLRKONFQPTAQOQQOLTKPAKITCANCKKPLOKGQTAYQRKGSAHLEC

545 UMAN STTCLSSEFSHKRTONTRSITICKKDASTKKA
4 ZN783 HU | TEITLWTVVAATIQALEKKVDSCLTRLLTLEGRTGTAEKKLADCEKTAVEF

546 MAN GNQLEGKWAVLGTLLQEYGLLOQRRLENVEN
SPI2B HU | KKQRGRPSSQPRRNIVGCRISHGWKEGDEPITQWKGTVLDQVPINPSLYL

547 MAN VKYDGIDCVYGLELHRDERVLSLKILSDRV
4 LRP1_HU WTCDLDDDCGDRSDESASCAYPTCFPLTQFTCNNGRCININWRCDNDNDC

548 MAN GDNSDEAGCSHSCSSTQFKCNSGRCIPEHW
MIXL1 HU | PKGAAAPSASQRRKRTSFSAEQLOQLLELVFRRTRYPDIHLRERLAALTLL

549 MAN PESRIQVWFQNRRAKSRRQSGKSFQPLARP
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SGT1_HU KIKYDWYQTESQVVITLMIKNVQKNDVNVEFSEKELSALVKLPSGEDYNL
550 MAN KLELLHPITPEQSTFKVLSTKIEIKLKKPE
LMCD1 H | DPSKEVEYVCELCKGAAPPDSPVVYSDRAGYNKQWHP TCFVCAKCSEPLV
351 UMAN DLIYFWKDGAPWCGRHYCESLRPRCSGCDE
CEBPA_H GSGAGKAKKSVDKNSNEYRVRRERNNIAVRKSRDKAKQRNVETQQKVLEL
552 UMAN TSDNDRLRKRVEQLSRELDTLRGIFRQLPE
GATA2 H | GPASSFTPKQRSKARSCSEGRECVNCGATATPLWRRDGTGHYLCNACGLY
553 UMAN HKMNGONRPLIKPKRRLSAARRAGTCCANC
SOX14 _HU | KPSDHIKRPMNAFMVWSRGQRRKMAQENPKMHNSE ISKRLGAEWKLLSEA
554 MAN EKRPYIDEAKRLRAQHMKEHPDYKYRPRRK
WTIP_HU LYSGFQQTADKCSVCGHLIMEMILQALGKSYHPGCFRCSVCNECLDGVPF
355 MAN TVDVENNIYCVRDYHTVFAPKCASCARPIL
PRP19 HU | HPSQDLVFSASPDATIRIWSVPNASCVQVVRAHESAVTGLSLHATGDYLL
356 MAN SSSDDQYWAFSDIQTGRVLTKVTDETSGCS
CBX6_HU | ELSAVGERVFAAESITKRRIRKGRIEYLVKWKGWAIKYSTWEPEENILDS
557 MAN RLTIAAFEQKERERELYGPKKRGPKPKTFLL
NKX11 HU | RTGSDSKSGKPRRARTAFTYEQLVALENKFKATRYLSVCERLNLALSLSL
558 MAN TETQVKIWFONRRTKWKKQNPGADTSAPTG
RBBP4 _HU | VWDLSKIGEEQSPEDAEDGPPELLF IHGGHTAKISDF SWNPNEPWVICSV
359 MAN SEDNIMQVWOMAENIYNDEDPEGSVDPEGQ
DMRT2 H | ERCTPAGGGAEPRKLSRTPKCARCRNHGVVSCLKGHKRFCRWRDCQCANC
560 UMAN LLVVERQRVMAAQVALRRQQATEDKKGLSG
561 SMCA2 H | SQPGALIPGDPQAMSQPNRGPSPFSPVQLHOQLRAQILAYKMLARGQPLPE
UMAN TLQLAVQGKRTLP GLQOQQQQOQQQQ0Q0Q0
MDAKSLTAWSRTLVTFKDVEFVDFTREEWKLLDTAQQIVYRNVMLENYKNL
VSLGYQLTKPDVILRLEKGEEPWLVERETHQETHPDSETAFEIKSSVSSR
SIFKDKQSCDIKMEGMARNDLWYLSLEEVWKCRDQLDKYQENPERHLRQV
AFTQKKVLTQERVSESGKYGGNCLLPAQLVLREYFHKRDSHTKSLKHDLV
LNGHQDSCASNSNECGQTFCONTHLTIQFARTHTGDKSYKCPDNDNSLTHG
SSLGISKGIHREKPYECKECGKFFSWRSNLTRHQLTIHTGEKPYECKECGK
562 ZNF10 SEFSRSSHLIGHQKTHTGEEPYECKECGKSEFSWEF SHLVTHQRTHTGDKLYT
CNQCGKSFVHSSRLIRHQRTHTGEKPYECPECGKSFRQSTHLILHQRTHV
RVRPYECNECGKSYSQRSHLVVHHRIHTGLKPFECKDCGKCFSRSSHLYS
HORTHTGEKPYECHDCGKSFSQSSALIVHQRIHTGEKPYECCQCGKAF IR
KNDLTIKHQRIHVGEETYKCNQCGITFSONSPFIVHQIAHTGEQFLTCNQC
GTALVNTSNLIGYQTNHIRENAY
MSEREVSTAPAGTDMPAAKKQKLSSDENSNPDLSGDENDDAVSIESGTNT
ERPDTPTNTPNAPGRKSWGKGKWKSKKCKYSFKCVNSLKEDHNQPLEGVQ
FNWHSKEGDPLVFATVGSNRVTLYECHSQGEIRLLOSYVDADADENFYTC
AWTYDSNTSHPLLAVAGSRGITIRIINPITMQCIKHYVGHGNAINELKFHP
563 EED_HUM RDPNLLLSVSKDHALRLWNIQTDTLVAIFGGVEGHRDEVLSADYDLLGEK
AN IMSCGMDHSLKLWRINSKRMMNATKESYDYNPNKTNRPFISQKIHFPDE S
TRDIHRNYVDCVRWLGDLILSKSCENATIVCWKPGKMEDDIDKIKPSESNV
TILGRFDYSQCDIWYMREFSMDFWQKMLALGNQVGKLYVWDLEVEDPHKAK
CTTLTHHKCGAATIRQTSFSRDSSILIAVCDDASIWRWDRLR
MPAMVEKGPEVSGKRRGRNNAAASASAAAASAAASAACASPAATAASGAA
ASSASAAAASAAAAPNNGONKSLAAAAPNGNSSSNSWEEGSSGSSSDEEH
GGGGMRVGPQYQAVVPDFDPAKLARRSQERDNLGMLVWSPNQONLSEAKLD
EYTATAKEKHGYNMEQALGMLFWHKHNIEKSLADLPNFTPFPDEWTVEDK
RCOR1 H | VLFEQAFSFHGKTFHRIQOMLPDKSTIASLVKFYYSWKKTRTKTSVMDRHA
64 UMAN RKQKREREESEDELEEANGNNPIDIEVDONKESKKEVPPTETVPQVKKEK

HSTQAKNRAKRKPPKGMFLSQEDVEAVSANATAATTVLRQLDMELVSVKR
QIONIKQTNSALKEKLDGGIEPYRLPEVIQKCNARWTTEEQLLAVQATIRK
YGRDFQAISDVIGNKSVVQVKNFEFVNYRRRENIDEVLOQEWEAEHGKEETN
GPSNQKPVKSPDNSIKMPEEEDEAPVLDVRYASAS
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WO 2024/186896 PCT/US2024/018670
SEQ Description Sequence
KOX1/ZNF | TGRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLT
565 10 KRAB 1 | KPDVILRLEKGEEPLEINLWITKEFVKD
MYPYDVPDYASPKKKRKVGGGASMDAKSLTAWSRITLVTFKDVEFVDFTREE
566 KOX1/ZNF WKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVER
10 KRAB 2 EIHQETHPDSETAFEIKSSV
ALSPQHSAVTQGSIIKNKEGMDAKSLTAWSRTLVTFKDVEFVDFTREEWKL
567 KOX1/ZNF LDTAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVERETIH
10 KRAB 3 QETHPDSETAFEIKSSV
KOX1/ZNF | RTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKP
568 10 (aa 11- | DVILRLEKGEEP
72)
KOX1/ZNF | RTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKP
569 10 (aa 11- DVILRLEKGEEPWLVERETHQETHPDSETAFEIKSSVSSRSIFKDKQS
108)
KOX1/ZNF | RTLVTFKDVAVDF TQEEWQQLDPAQKIVYRDVMLENYSNLVSVGYQLTKP
570 10 variant DVILRLEQKGEEPWLVEEETHQETHPDSETAFEIKSSVSSRSIFKDKQS
KOX1 RTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKP
KRAB- DVILRLEKGEEPWLEEEEVLGSGRAEKNGDIGGQIWKPKDVKESL
571
ZIM3
chimera
ZIM3- MNNSQGRVTFEDVTVNFTQGEWQRLNPEQRNLYRDVMLENYSNLVSVGQG
KOX1 ETTKPDVILRLEQGKEPWLVERETHQETHPDSETAFEIKSSVSSRSIFKD
572 KRAB KQS
chimera
MPARTAPARVPTLAVPAISLPDDVRRRLKDLERDSLTEKECVKEKLNLLH
EFLQTEIKNQLCDLETKLRKEELSEEGYLAKVKSLLNKDLSLENGAHAYN
REVNGRLENGNQARSEARRVGMADANSPPKPLSKPRTPRRSKSDGEAKPE
PSPSPRITRKSTRQTTITSHFAKGPAKRKPQEESERAKSDESIKEEDKDQ
DEKRRRVTSRERVARPLPAEEPERAKSGTRTEKEEERDEKEEKRLRSQTK
EPTPKQKLKEEPDREARAGVQADEDEDGDEKDEKKHRSQPKDLAAKRRPE
EKEPEKVNPQISDEKDEDEKEEKRRKTTPKEPTEKKMARAKTVMNSKTHP
PKCIQCGQYLDDPLKYGQHPPDAVDEPOQMLTNEKLSIFDANESGFESYEA
LPQHKLTCFSVYCKHGHLCPIDTGLIEKNIELFFSGSAKPIYDDDPSLEG
GVNGKNLGP INEWWITGFDGGEKALIGFSTSFAEYILMDPSPEYAPIFGL
MOEKIYISKIVVEFLOSNSDSTYEDLINKIETTVPPSGLNLNRFTEDSLL
RHAQFVVEQVESYDEAGDSDEQPITFLTPCMRDLIKLAGVTLGQRRAQARR
QTIRHSTREKDRGPTKATTTKLVYQIFDTFFAEQIEKDDREDKENAFKRR
RCGVCEVCQQPECGKCKACKDMVKFEFGGSGRSKQACQERRCPNMAMKEADD
DEEVDDNIPEMPSPKKMHQGKKKKQONKNRISWVGEAVKTDGKKSYYKKVC
573 I;ﬁﬁga IDAETLEVGDCVSVIPDDSSKPLYLARVTALWEDSSNGQMFHAHWECAGT

DTVLGATSDPLELFLVDECEDMQLSYIHSKVKVIYKAP SENWAMEGGMDP
ESLLEGDDGKTYFYQLWYDQDYARFESPPKTQP TEDNKFKFCVSCARLAE
MROQKEIPRVLEQLEDLDSRVLYYSATKNGILYRVGDGVYLPPEAFTENIK
LSSPVKRPRKEPVDEDLYPEHYRKYSDYIKGSNLDAPEPYRIGRIKETIFC
PKKSNGRPNETDIKIRVNKFYRPENTHKSTPASYHADINLLYWSDEEAVV
DFKAVQGRCTVEYGEDLPECVQVYSMGGPNRFYFLEAYNAKSKSFEDPPN
HARSPGNKGKGKGKGKGKPKSQACEPSEPEIEIKLPKLRTLDVESGCGGL
SEGFHQAGISDTLWAIEMWDPAAQAFRLNNPGSTVFTEDCNILLKLVMAG
ETTNSRGQRLPQKGDVEMLCGGPPCQGF SGMNRENSRTYSKFKNSLVVSF
LSYCDYYRPREFFLLENVRNFVSFKRSMVLKLTLRCLVRMGYQCTEGVLQA
GQYGVAQTRRRAIILAAAPGEKLPLFPEPLHVFAPRACQLSVVVDDKKEV
SNITRLSSGPFRTITVRDTMSDLPEVRNGASALEISYNGEPQSWFQRQLR
GAQYQPILRDHICKDMSALVAARMRHIPLAPGSDWRDLPNIEVRLSDGTM
ARKLRYTHHDRKNGRSSSGALRGVCSCVEAGKACDPAARQFNTLIPWCLP
HTGNRHNHWAGLYGRLEWDGFFSTTVTNPEPMGKQGRVLHPEQHRVVSVR
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Sequence

ECARSQGFPDTYRLFGNILDKHRQVGNAVPPPLAKAIGLETIKLCMLAKAR
ESASAKIKEEEAAKD

MPAMPSSGPGDTSSSAAEREEDRKDGEEQEEPRGKEERQEP STTARKVGR
PGRKRKHPPVESGDTPKDPAVISKSPSMAQDSGASELLPNGDLEKRSEPQ
PEEGSPAGGQKGGAPAEGEGAAETLPEASRAVENGCCTPKEGRGAPAEAG
KEQKETNIESMKMEGSRGRLRGGLGWESSLRQRPMPRLTFQAGDPYYISK
RKRDEWLARWKREAEKKAKVIAGMNAVEENQGPGESQRKVEEASPPAVQQP
TDPASPTVATTPEPVGSDAGDKNATKAGDDEPEYEDGRGFGIGELVWGKL
RGFSWWPGRIVSWWMTGRSRAAEGTRWVMWE GDGKEF SVVCVEKLMPLSSF
CSAFHQATYNKQPMYRKAIYEVLQVASSRAGKLFPVCHDSDESDTAKAVE
VONKPMIEWALGGFQPSGPKGLEPPEEEKNPYKEVYTDMWVEPEAAAYAP
PPPAKKPRKSTAEKPKVKEITIDERTRERLVYEVRQKCRNIEDICISCGSL
NVTLEHPLEVGGMCQNCKNCFLECAYQYDDDGYQSYCTICCGGREVLMCG
NNNCCRCEFCVECVDLLVGPGAAQAATKEDPWNCYMCGHKGTYGLLRRRED
WPSRLOMFFANNHDQEFDPPKVYPPVPAEKRKP IRVLSLFDGIATGLLVL
KDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGP
FDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRP
FFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWGNLPG
MNRPLASTVNDKLELQECLEHGRIAKF SKVRTITTRSNSIKQGKDQHEFPV
FMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRH
LFAPLKEYFACV

NHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRY I
ASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCN
DLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPFFWLEFENVVAM
GVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWGNLPGMNRPLASTVND
KLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDQHFPVEFMNEKEDILWC
TEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFAC
\

MKGDTRHLNGEEDAGGREDSILVNGACSDQSSDSPPILEATRTPEIRGRR
SSSRLSKREVSSLLSYTQDLTGDGDGEDGDGSDTPVMPKLFRETRTRSES
PAVRTRNNNSVSSRERHRP SPRSTRGRQGRNHVDE SPVEFPATRSLRRRA
TASAGTPWPSPPSSYLTIDLTDDTEDTHGTPQSSSTPYARLAQDSQQGGM
ESPQVEADSGDGDSSEYQDGKEFGIGDLVWGKIKGE SWWPAMVVSWKATS
KRQAMSGMRWVQWEFGDGKF SEVSADKLVALGLE SQHFNLATFNKLVSYRK
AMYHALEKARVRAGKTFPSSPGDSLEDQLKPMLEWAHGGFKPTGIEGLKP
NNTQPVVNKSKVRRAGSRKLESRKYENKTRRRTADDSATSDYCPAPKRLK
TNCYNNGKDRGDEDQSREQMASDVANNKSSLEDGCLSCGRKNPVSFHPLFE
EGGLCQTCRDRFLELFYMYDDDGYQSYCTVCCEGRELLLCSNTSCCRCFEC
VECLEVLVGTGTAAEAKLQEPWSCYMCLPQRCHGVLRRRKDWNVRLQAFF
TSDTGLEYEAPKLYPATPAARRRPIRVLSLEDGIATGYLVLKELGIKVGK
YVASEVCEESIAVGTVKHEGNIKYVNDVRNITKKNIEEWGPFDLVIGGSP
CNDLSNVNPARKGLYEGTGRLFFEFYHLLNYSRPKEGDDRPFFWMFENVV
AMKVGDKRDISRFLECNPVMIDATIKVSAAHRARYFWGNLPGMNRPVIASK
NDKLELODCLEYNRIAKLKKVQTITTKSNSIKQGKNQLFPVVMNGKEDVL
WCTELERIFGFPVHYTDVSNMGRGARQKLLGRSWSVPVIRHLFAPLKDYF
ACE

WO 2024/186896
SEQ | Description
human
574 DNMT3A
human
DNMT3A
15 catalytic
domain
human
576 DNMT3B
mouse
STT | DNMT3C

MRGGSRHLSNEEDVSGCEDCIIISGTCSDQSSDPKTVPLTQVLEAVCTVE
NRGCRTSSQPSKRKASSLISYVQDLTGDGDEDRDGEVGGSSGSGTPVMPQ
LFCETRIPSKTPAPLSWQANTSASTPWLSPASPYPIIDLTDEDVIPQSIS
TPSVDWSQDSHQEGMDTTQVDAESRDGGNIEYQVSADKLLLSQSCILAAF
YKLVPYRESIYRTLEKARVRAGKACPSSPGESLEDQLKPMLEWAHGGEKP
TGIEGLKPNKKQPENKSRRRTTNDPAASESSPPKRLKTNSYGGKDRGEDE
ESREQMASDVTNNKGNLEDHCLSCGRKDPVSFHPLFEGGLCQSCRDRFLE
LEYMYDEDGYQSYCTVCCEGRELLLCSNTSCCRCFCVECLEVLVGAGTAE
DVKLQEPWSCYMCLPQRCHGVLRRRKDWNMRLODFFTTDPDLEEFEPPKL
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SEQ

Description

Sequence

YPATPAAKRRPIRVLSLFDGIATGYLVLKELGIKVEKYIASEVCAESIAV
GTVKHEGQIKYVDDIRNITKEHIDEWGPFDLVIGGSPCNDLSCVNPVRKG
LFEGTGRLFFEFYRLLNYSCPEEEDDRPFFWMFENVVAMEVGDKRDISRF
LECNPVMIDAIRVSAAHRARYFWGNLPGMNRPVMASKNDKLELQDCLEF'S
RTAKLKKVQTITTKSNSIRQGKNQLFPVVMNGKDDVLWCTELERIFGFPE
HYTDVSNMGRGARQKLLGRSWSVPVIRHLFAPLKDHFACE

578

human
DNMT3L

MAATPALDPEAEPSMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIE
DICICCGSLQVHTQHPLFEGGICAPCKDKFLDALFLYDDDGYQSYCSICC
SGETLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSR
SGLLORRRKWRSQLKAFYDRESENPLEMFETVPVWRROPVRVLSLFEDIK
KELTSLGFLESGSDPGQLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGH
TCDRPPSWYLFQFHRLLOQYARPKPGSPRPFFWMEVDNLVLNKEDLDVASR
FLEMEPVTIPDVHGGSLONAVRVWSNIPATIRSSRHWALVSEEELSLLAQN
KOQSSKLAAKWPTKLVKNCFLPLREYFKYFSTELTSSL

579

human
DNMT3L
catalytic
domain

NPLEMFETVPVWRRQPVRVLSLFEDIKKELTSLGFLESGSDPGQLKHVVD
VIDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLOYARPK
PGSPRPFFWMEVDNLVLNKEDLDVASREFLEMEPVTIPDVHGGSLONAVRV
WSNIPATRSRHWALVSEEELSLLAQNKQSSKLAAKWP TKLVKNCFLPLRE
YFKYFSTELTSSL

580

mouse
DNMT3L

MGSRETPSSCSKTLETLDLETSDSSSPDADSPLEEQWLKSSPALKEDSVD
VVLEDCKEPLSPSSPPTGREMIRYEVKVNRRSIEDICLCCGTLQVYTRHP
LFEGGLCAPCKDKFLESLFLYDDDGHQSYCTICCSGGTLFICESPDCTRC
YCFECVDILVGPGTSERINAMACWVCFLCLPFSRSGLLOQRRKRWRHQLKA
FHDQEGAGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSG
GGTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYME QF'H
RILOQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLOQTEAVTLQODVRG
RDYONAMRVWSNIPGLKSKHAPLTPKEEEYLOAQVRSRSKLDAPKVDLLV
KNCLLPLREYFKYFSQNSLPL

581

mouse

DNMT3L
catalytic
domain

GPMEIYKTVSAWKRQPVRVLSLEFRNIDKVLKSLGFLESGSGSGGGTLKYV
EDVTNVVRRDVEKWGPEFDLVYGSTQPLGSSCDRCPGWYMFQFHRILQYAL
PROESQRPFFWIFMDNLLLTEDDQETTTRFLOTEAVTLODVRGRDYQNAM
RVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPL
REYFKYFSQNSLPL

582

Ailuropoda
melanoleuc
a DNMT3L

MALSPTGTLSVETLDRSDPDPLDEGPWQATCEILLEPDAEHSTDVILVGS
SELSAPASPGPRRDLLAYEVKVNQRDIEDVCICCGSLRVHTQHPLEFEGGM
CAPCKDKFLDCLFLYDDDGYQSYCSICCAGETLLICENPDCTRPSLMMKL
RLFRECACLIFPSEGMLLOTVWEFWKMTVVWQPGLRHLPQENPLETYKTVP
VWKREPVRVLSLFGDIRRELMSLGFLESGSAPGRLKHLDDVTDVVRKDVE
GWGPFDLVYGSTPPIGHACDHPPVWYLLOFHRILQYARPRPGSQQPEFFWM
FVDNLVLSQDDQTAATRFLEADPVTIQDVCGRAVRNTVHVWSNIPAVRSR
HSALALCEELSLLAQDRQRTKPPAQGPAQLVKNCFLPLREYFKYFSTELT
SSL

583

Aitluropoda

melanoleuc

a DNMT3L
catalytic
domain

NPLETYKTVPVWKREPVRVLSLFGDIRRELMSLGFLESGSAPGRLKHLDD
VIDVVRKDVEGWGPFDLVYGSTPPIGHACDHPPVWYLLOQFHRILQOYARPR
PGSQOPFFWMEVDNLVLSQDDQTAATRFLEADPVTIQDVCGRAVRNTVHV
WSNIPAVRSRHSALALCEELSLLAQDRQRTKPPAQGPAQLVKNCFLPLRE
YFKYFSTELTSSL

584

Carlito
syrichta
DNMT3L

MALSCRRTLPLESLHSSNSDLASQLDKEQWRPPCETHGIPVAAAPVLDLE
AECSLDVILVGSSELSTSSSPRLGRDHIAYEVKVNQRNIEDICLCCGSFEL
VHTQHPLFEGGMCAPCKDKFLDTLFLYDEDGYQSYCSICCSGETLLICEN
PDCTRCYCFECLDTLVSPGTSEKVHAMSNWVCEFLCLPFTRSGLLOQRRRKW
RGOLKAFYDRESESSLEMYKTVPVWKREPVRVLSLFGDIKKELMSLGEVE
TGSDPGRLRHLDDTTNIVRRNVEEWGPFHLLYGATPPLGHTCDRPPGWYL
FOQFHRLLQYARPQPGSPQPFFWMFVDNVMLTREDRATIASRFLETEPVTIP
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WO 2024/186896 PCT/US2024/018670
SEQ Description Sequence
DIHGRALQNAVCVWSNIPAVRSKHSALVSEEELSLLAQDRQRAKLPTQGP
TKLVKNCFLPLREYFKYFSTELTSFL
Carlito | SSLEMYKTVPVWKREPVRVLSLFGD IKKELMSLGEFVETGSDPGRLRHLDD
syrichta | TTNTVRRNVEEWGPFHLLYGATPPLGHTCDRPPGWYLFQFHRLLOYARPQ
585 | DNMT3L | PGSPQPFFWMEVDNVMLTREDRAIASRFLETEPVTIPDIHGRALONAVCY
catalytic | WSNIPAVRSKHSALVSEEELSLLAQDRQRAKLP TQGP TKLVKNCF LPLRE
domain | YFKYFSTELTSFL
MGSQETPSTRAKTPGTWNLESTDSSSPESLGHLEEQWANSSPDLKDEHSK
DVEPEDSKELISSASPPSGREIIRYEISVNQRNIEDICLCCGTLQVYKQH
Meriones | ELFEGGICAPCKDKE LETFFLYDEDGHQSYCSICCSGGTLE ICESPDCTR
, CYCFECVDILVGPGTSERINAMPCWVCFLCLPFTRSGLLORRRKWRHQLK
586 | Unguiculal | ypppEGGASPLEMYKTVSAWKRKPMRVLS LFKNTDKELKNLGFLESGSGS
us EEERLKYLEDVTNVVRRDVEKWGPFDLVYGSTRPRGSSCDHCPAWYMFQF
DNMT3L | HRT1,QYARPPSGSEQPFFWVFVDNLLMTEDDQI TADRFLOMKAVTLQDVR
GRVLQNAVRVWSNIPGVKSKHMALTEKEEQSLEAQAGTRTKLSAQKVDPL
VKNCLLPLREYFKFF SONSTPLDK
Meriones | SPLEMYKTVSAWKRKPMRVLSLFKNIDKELKNLGF LESGSGSEEERLKYL
unguicular | EDVTNVVRRDVEKWGPFDLVYGSTRPRGS SCOHCPAWYMFQFHRILOYAR
s PPSGSEQPFFWVFVDNLLMTEDDQT TADRFLOMKAVTLQODVRGRVLONAV
587 DNMT3L | RVWSNIPGVKSKHMALTEKEEQS LEAQAGTRTKLSAQKVDP LVKNCLLPL
catalytic | REYFKFFSONSLPLDK
domain
MALPSPETLDSLDRVPASHPDEQHWTVCDNSDP I LEVEAEGSMDVILVDD
SPAPSGRDRIELEVKVNQRSIEDLCLCCGSSQVHRQHPLFQGGLCAPCKD
KFLEALFLYDEDGYQSYCSICGLGDTLLVCESPDCTRGYCFACVDGLVGA
Ochotona | GSSGHMHTVSPWVCFLCVPGSRHGLLORRRRWRTQLKVFHEQEAAQPLE T
588 | princeps | YETVPACRRKPLRVLSLFEHIEKELASLGFLETGSSPGRIRHLDDVTDVV
DNMT3L | RRDOVEQWGPFDLVYGSTPPLGHASPRSPGWY LFQF HRMLQY TQPTASTOR
PFFWMFVDNLLLTRDDLVTATRF LEVEPATLQDVRGRVLOGAMRVWSNIP
AVNSRHTELAPEAETALLAQSCRRAKASGEGLARLLKSCFLPLREYFKYF
POSPLPLRK
Ochotona | QPLEIYETVPACRRKPLRVLSLFEHIEKELASLGF LETGSSPGRIRHLDD
princeps | VIDVVRRDVEQWGPFDLVYGSTPPLGHASPRSPGWYLFQF HRMLOYTQPT
580 | DNMT3L | ASTORPFFWMEVDNLLLTRDDLVTATRFLEVEPATLODVRGRVLOGAMRY
catalytic | WSNIPRVNSRHTELAPEAETALLAQSCRRRKASGEGLARLLKSCFLPLRE
domain | YFKYFPOSPLPLRK
MGGPRPAAVEESPHE IYKTVP AWKREPMRVLSLFGDIGKELTSLGFLETG
Neosciurus | SEAGRLKHLEDVTDTVRRDVEEWGPFDLVYGSTPALGHSCDRSPGWYLFQ
590 | carolinensi | FERLLOYARPRLGSPKPFFWMFVDNLLLTKDDQAIASRFLEMEPVTLQDV
s DNMT3L | HGRVLONAVRVWTNVPAVKSRHSALASEEELLLVQDGORGRLPAQGPAAL
VKHCFLPLREYFKYFSONTLPLYK
Neosciurus | SPEEIYKTVPAWKREPMRVLSLFGD IGKELT SLGF LETGSEAGRLKHLED
carolinensi | VIDTVRRDVEEWGPFDLVYGSTPALGHSCDRSPGWYLFQFHRLLOYARPR
591 | ¢ DNMT3L, | LGSPKPFFWMFVDNLLLTKDDOATASRF LEMEPVTLODVHGRVLONAVRV
catalytic | WINVPAVKSRHSALASEEELLLVQDGORGRLPAQGPAALVKHCFLPLREY
domain | FKYFSONTLPLYK
MARSSPGTLNLEIMDGSDPDPALPPDREQWPPPCEILLDPEPEHSLDIIL,
VGSSELSSPPSPGPRRDF IAYEVKVNQRDIEDVCICCGSLOLHTQHPLFE
) , GGMCAPCKDKFLECLFLYDDDGYQSYCSICCAGETLLICENPDCTRCYCF
592 l?gg&ﬁgﬁ" ECVDTLVGPGTSGKVHAMSNWVCFLCLPFPRSGLLORRRKWRTWLKAFYD

REAESPLVMYKTVPVWKREPIRVLSLFGDIKKELTSLGFLEDGSKPGRLK
HLDDVINIVRRDIDEWGPEFDLTYGSTPTLGHTCDHPPGWYVYQFHRILQY
ARPLPGSPQPFFWMFVDNLVLTEEDLDVATRFLETDPVTIQDVRGRTVQON
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WO 2024/186896 PCT/US2024/018670
SEQ Description Sequence
AVHVWSNIPAVKSRHSALVSQEELSLLAQDRQRVKSPVQGPATLVKNCFL
PLREYFKYFSTELTSSL
) , SPLVMYKTVPVWKREP IRVLSLFGD IKKELTSLGF LEDGSKPGRLKHLDD
Bison bison | ;N 1yRRDTDEWGPFDLTYGS TP TLGHTCDEPPGWYVYOFHRI LOYARPL
593 | DNMT3L | bespopFFWMFVDNLYVLTEEDLDVATRFLETDPVT IODVRGRTVONAVHY
catalytic | yoNTpAVKSRESALVSQEELSLLAQDRQRVKSPVQGPATLVKNCF LPLRE
domain YFKYFSTELTSSL
MALSSPGTLSLETLDSWDPDVAGQOLDEERWQPSSE IVGRPMAAAPVLDLE
EEPSMDIILVDSSELSSPPSPGPSRDMCICCGSFQVHTQHP LFEGGMCAA
CKDKFLSCLFLYDDDGNQSYCSICCSGETLLICENPDCTRCYCFECVDTL
Equus VSPRTSEKVQAMSNWVCFLCLPFPRSGLLORRRKWRGWLKAFYDQEAVRS
594 | przewalskii | RSAWGRRMRSGPHLVGF LWLLVAKCP SALESPLEMYKTVPVWKREPVRVL
DNMT3L | SLFGDIKKELTTLGFLENGSDPGRLKHLDDVTNTVRRDVEEWGPFDLVYG
STPPLGHACDHPPGWYLFQFHRVLQYARPRPGSPQAFFWMFVDNLVLTED
DRAVATRFLETDPVT IQDVCGRAVRNAVHVWSNIPAVKSRHSALF SQEES
FLRAQDRQRAKPPARGPAKLVKNCFLPLREYFKYFSTEFTSSL
Equus SPLEMYKTVPVWKREPVRVLSLFGDIKKELTTLGF LENGSDPGRLKHLDD
przewalskii | VINTVRRDVEEWGPFDLVYGSTPPLGHACDHPPGWYLFQFHRVLOYARPR
595 | DNMT3L | PGSPOAFFWMEVDNLVLTEDDRAVATRELETDPVTIQDVCGRAVRNAVHV
catalytic | WSNIPAVKSRHSALF SQEESFLRAQDRORAKPPARGPAKLVKNCF LPLRE
domain | YFKYFSTEFTSSL
MGSRETPSSFSKTLETLDLETSDSSSPDADSPLEEQWLKSSPALKEDNVD
MVLEDCKEPLSPSSPPTGREMIRYEVKVNRRSIEDICLCCGTLQVYTQHP
LFEGGICAPCKDKFLESLFLYDDDGHQSYCTICCSGGTLFICESPDCTRC
. | YCFECVDILVGPGTSERINAMACWVCFLCLPFSRSGLLORRKRWRHQLKA
596 Mus caroli | ¢ppopGAGPMETYKTVS TWKRQPVRVLSLEGNTDKVLKSLGFLESGSGSG
DNMT3L | 671 KYVEDVTNVVRRDVEKWGPFDLVYGSTOP LGSSCDRCPGWYMFQF H
RILOYALPRQESQRPFFWIFMDNLLMTEDDQET TARFLQTEAVTLQDVRG
RDYQNVMRVWSNIPGLKSKHVPLTPKEEEYLQAQVRTRSKLDAQKVDLLV
KNCLLPLREYFKYFS
| GPMEIYKTVSTWKROPVRVLSLFGNIDKVLKSLGFLESGSGSGGGTLKYV
Mus caroli | gnr vy RRDVEKWGPFDLVY GS TOPLGS SCDRCP GWYMFQFERI LOYAL
597 | DNMI3L | ppopSORPFFWIFMDNLLMTEDDQE TTARFLOTEAVTLODVRGRDYQONVM
catalytic | pyeNTPGLKSKEVPLTPKEEEY LOAQVRTRSKLDAQKVDLLVKNCLLPL
domain REYFKYFS
MAAIPALDPEAEPSMDVILVGSSELSSSISPRTGRDLIAYEVKANQRNIE
DICICCGSLQOVHTQHPLFEGGICAPCKDKSLDALFLYDDDGYQSYCSICC
P SGETLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSR
an SGLLORRRKWRSQLKAF YDRESENP LEMFETVPVWRRQPVRVLSLFEDIK
598 | troglodytes KELTSLGFLESGSDPGQLKHVVDVIDTVRKDVEEWGPFDLVYGATPPLGH
DNMT3L | 1cpRpPSWYLFQFHRLLOYARPKPGSPRPFFWMEVDNLVLNKEDLDVASR
FLEMEPVTIPDVHGGSLONAVRVWSNIPATRSSRHWALVSEEELSLLAQN
KQOSSKLAAKWP TKLVKNCFLPLREYFKYFSTELTSSL
Pan NPLEMFE TVPVWRRQPVRVLSLFED IKKE LTSLGF LESGSDPGOLKAVVD
troglodytes | VTDTVRKDVEEWGPFDLVYGATPPLGHTCDRPP SWYLFQFHRLLOYARPK
509 | DNMT3L | PGSPRPFFWMEVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLONAVRV
catalytic | WSNIPAIRSSRHWALVSEEELSLLAQNKQSSKLARKWPTKLVKNCFLPLR
domain | EYFKYFSTELTSSL
MEPLRVLELYSGVGGMHHALRESCIPAQVVAAIDVNTVANEVYKYNEPHT
QLLAKTIEGITLEEFDRLSFDMILMSPPCQPFTRIGRQGDMTDSRTNSFL
human HILDILPRLOKLPKYILLENVKGFEVSSTRDLLIQTIENCGFQYQEFLLS
600 55;%?;5 PTSLGIPNSRLRYFLIAKLQSEPLPFQAPGQOVLMEFPKIESVHPQKYAMD

VENKIQEKNVEPNISFDGSIQCSGKDAILFKLETAEEIHRKNQQDSDLSV
KMLKDFLEDDTDVNQYLLPPKSLLRYALLLDIVQPTCRRSVCFTKGYGSY
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IEGTGSVLQTAEDVQVENIYKSLTNLSQEEQITKLLILKLRYFTPKEIAN
LLGFPPEFGFPEKITVKQRYRLLGNSLNVHVVAKLIKILYE

601

M.
bacterium
methyltransf
erase

MAEWYIPAIVSYQATHNGF TLNKINHKIELQTMIDYLESKTLSMNSKEPV
KRGFWYKKHLDEIRIVYTAVKMSEQEGNIFDVRTLFERGLSDIDLLTYSF
PCODLSQQGKQKGMGRDSQTRSGLLWEIEKALDTSKKEDLPKYLLMENVV
ALTHKVNAEELDEWMMKLESLGYKNDLRILNAGDFGSSQARRRTFMISTL
NEKVELPVGNKKPKSMNKILNDEPTRKDFLPALDKFDLTEYKWTKSNINK
AKLINYSTFNSEAYVYDSNFTGPTLTASGANSRIKFEYNGKIRKIGAEEA
YAYMGFKKSDYIKVNKLNYLNETKMIYTCGNSISVEVLRSIMTNINNNEK
ENK

602

M. marinum
methyltransf
erase

MLFLIGTFKYVLIYITKVIRIFEAFAGIGAQRKALRNIKSNYEVSGMAEW
YIPATVSYQATHNGFTLSRVDKKTKLTEMIKYLESKTLSMDSKEPVRTGY
WEKKHKDMVRIVYSAVKLSEAEGNIFDVRTLHERKLEDIDLLTYSEFPCQD
LSQQOGKQRGMKKDSGTRSGLLWEIEKALEATPKDKLPKYLLMENVVALTH
KTNKKDLDNWKRKLRSLGYYNDINVLNAGDFGSSQARRRAFMISTLDSKV
TLPLGDKKPQAISKILNKETRSQDFMPALDEYEKTDFKRTLSNIKKCKLI
DYTSEFNSEAYVYDPKYTGPTLTASGANSRIKFTHQGKMRKINAEEAYRYM
GFSTNDYKKVNNLNFLSETKMIYTCGNSISVEVLEEIMLKIIREDNNG

603

S. chinense
methyltransf
erase

MKKIRLFEAFAGIGSQRRALKSVVGNNFEIAGLAEWYVPAIVMYQIINND
FSKKNVLDNVPRDEVIDYLNSKCLSWDSKKPVSKNFWNRKSQDILNVIYS
AVKKSEEEGNIFDVRTLHERTLESIDILTYSFPCODLSQQGIQKGMKKNS
GTRSGLLWEIEKAIDNTPKNNLPKILLMENVPALLNKTNELELKEWLIKL
ENMGYKNSIGILNAADFGSPQARRRVFMISSRNKKIELPVGKSKPGKLND
ILEKNVEDKFIMTNLEKYDFSEFSLTKSNIKKCSLINYTKENSEAYVYDP
DFTGPTLTASGANSRIKIYDKGF IRRMSPLESFRYMGFDDEDYKKIDEFE
FLTDTQKIFVCGNSISIEVLKAIFERIDSNE

604

M.
penetrans M
Mpel

MNSNKDKIKVIKVFEAFAGIGSQFKALKNIARSKNWE IQHSGMVEWEVDA
IVSYVATHSKNFNPKIEQLDKDILSISNDSKMPISEYGIKKINNTIKASY
LNYAKKHENNLFDIKKVNKDNFPKNIDIFTYSFPCQODLSVQGLOKGIDKE
LNTRSGLLWEIERILEEIKNSFSKEEMPKYLIMENVKNLLSHKNKKNYNT
WLKQLEKFGYKSKTYLLNSKNFDNCONRERVFCLSIRDDYLEKTGEFKEFKE
LEKVKNPPKKIKDILVDSSNYKYLNLNKYETTTFRETKSNIISRSLKNYT
TENSENYVYNINGIGPTLTASGANSRIKIETQQGVRYLTPLECFKYMQFED
VNDFKKVQSTNLISENKMIYIAGNSIPVKILEAIFNTLEFVNNEE

605

S. monobiae
M Sssl

MSKVENKTKKLRVFEAFAGIGAQRKALEKVRKDEYEIVGLAEWYVPAIVM
YOATHNNFHTKLEYKSVSREEMIDYLENKTLSWNSKNPVSNGYWKRKKDD
ELKITYNAIKLSEKEGNIFDIRDLYKRTLKNIDLLTYSFPCQDLSQQGIQ
KGMKRGSGTRSGLLWEIERALDSTEKNDLPKYLLMENVGALLHKKNEEEL
NOWKQKLESLGYONSIEVLNAADFGSSQARRRVFMISTLNEFVELPKGDK
KPKSIKKVLNKIVSEKDILNNLLKYNLTEFKKTKSNINKASLIGYSKENS
EGYVYDPEFTGPTLTASGANSRIKIKDGSNIRKMNSDETFLYIGEDSQDG
KRVNEIEFLTENQKIFVCGNSISVEVLEAIIDKIGG

606

H.
parainfluenz
ae M Hpall

MKDVLDDNLLEEPAAQYSLFEPESNPNLREKFTFIDLFAGIGGFRIAMON
LGGKCIFSSEWDEQAQKTYEANFGDLPYGDITLEETKAFIPEKFDILCAG
FPCQAFSIAGKRGGFEDTRGTLFFDVAEITRRHQPKAFFLENVKGLKNHD
KGRTLKTILNVLREDLGYFVPEPAIVNAKNFGVPONRERIYIVGFHKSTG
VNSFSYPEPLDKIVTFADIREEKTVPTKYYLSTQYIDTLRKHKERHESKG
NGFGYEIIPDDGIANAIVVGGMGRERNLVIDHRITDFTPTTNIKGEVNRE
GIRKMTPREWARLQGFPDSYVIPVSDASAYKQFGNSVAVPATIQATGKKIL
EKLGNLYD

607

A. luteus M
Alul

MSKANAKYSFVDLFAGIGGFHAALAATGGVCEYAVEIDREAAAVYERNWN
KPALGDITDDANDEGVTLRGYDGPIDVLTGGFPCQPFSKSGAQHGMAETR
GTLFWNIARIIEEREPTVLILENVRNLVGPRHRHEWLTIIETLRFFGYEV
SGAPATFSPHLLPAWMGGTPQVRERVF ITATLVPERMRDERIPRTETGE I
DAEATIGPKPVATMNDRFPIKKGGTELFHPGDRKSGWNLLTSGIIREGDPE
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Sequence

PSNVDLRLTETETLWIDAWDDLESTIRRATGRPLEGFPYWADSWTDFREL
SRLVVIRGFQAPEREVVGDRKRYVARTDMPEGFVPASVTRPAIDETLPAW
KOSHLRRNYDFFERHFAEVVAWAYRWGVYTDLFPASRRKLEWQAQDAPRL
WDTVMHFRPSGIRAKRPTYLPALVAITQTSIVGPLERRLSPRETARLQGL
PEWFDFGEQRAAATYKOMGNGVNVGVVRHILREHVRRDRALLKLTPAGQR
IINAVLADEPDATVGALGAAE

MNLISLFSGAGGLDLGFQKAGFRIICANEYDKSIWKTYESNHSAKLIKGD
ISKISSDEFPKCDGIIGGPPCQSWSEGGSLRGIDDPRGKLEYEYIRILKQ
KKPIFFLAENVKGMMAQRHNKAVQEFIQEFDNAGYDVHI ILLNANDYGVA
ODRKRVFYIGFRKELNINYLPPIPHLIKPTFKDVIWDLKDNPIPALDKNK
TNGNKCIYPNHEYFIGSYSTIFMSRNRVRQWNEPAFTVQASGRQCQLHPQ
APVMLKVSKNLNKFVEGKEHLYRRLTVRECARVQGFPDDFIFHYESLNDG
YKMIGNAVPVNLAYETAKTIKSALEICKGN

MIEIKDKQLTGLRFIDLFAGLGGFRLALESCGAECVYSNEWDKYAQEVYE
MNFGEKPEGDITQVNEKTIPDHDILCAGFPCQAFSISGKQKGFEDSRGTL
FFDIARIVREKKPKVVEFMENVKNFASHDNGNTLEVVKNTMNELDYSFHAK
VLNALDYGIPQKRERIYMICEFRNDLNIQNFQFPKPFELNTEFVKDLLLPDS
EVEHLVIDRKDLVMTNQETIEQTTPKTVRLGIVGKGGQGERIYSTRGIAIT
LSAYGGGIFAKTGGYLVNGKTRKLHPRECARVMGYPDSYKVHPSTSQAYK
QFGNSVVINVLQYIAYNIGSSLNFKPY

MKPEILKLIRSKLDLTQKQASEITEVSDKTWQOWESGKTEMHPAYYSFLQ
EKLKDKINFEELSAQKTLOKKIFDKYNONQITKNAEELAEITHIEERKDA
YSSDFKFIDLESGIGGIRQSFEVNGGKCVFSSEIDPFAKFTYYTNFGVVP
FGDITKVEATTIPQHDILCAGFPCQPFSHIGKREGFEHPTQGTMFHEIVR
ITETKKTPVLEFLENVPGLINHDDGNTLKVIIETLEDMGYKVHHTVLDASH
FGIPOKRKREFYLVAFLNONIHFEFPKPPMISKDIGEVLESDVTGYSISEH
LOKSYLFKKDDGKPSLIDKNTTGAVKTLVSTYHKIQRLTGTEVKDGETGI
RLLTTNECKAIMGFPKDFVIPVSRTOMYROMGNSVVVPVVTKIAEQISLA
LKTVNQQSPQENFELELV

MSERRYEAGMTVALHEGSFLKIQRVYIRQYHADNRREHMLVGPLFRRTKY
LKALSKKVNEVAIVHESIHVPVQDVIGVRELITITNRPFPECRKGDEHTGR
LVCRWVYNLDERAKGREYKKQRYIRRITEAEADPEYRVEDRVLRRRWEFQE
GYIGDEISYKEHGNGDIVDIRSESPLQVLDGWGGDLVDLENGEETSIPGP
CRSASSYGRLMKPPLAQAADSNTSRKYTFGDTFCGGGGVSLGARQAGLEV
KWAFDMNPNAGANYRRNFPNTDFFLAEAEQFIQLSVGISQHVDILHLSPP
COQTFSRAHTIAGKNDENNEASFFAVVNLIKAVRPRLFTVEETDGIMDRQS
RQFIDTALMGITELGYSFRICVLNAIEYGVCONRKRLITIGAAPGEELPP
FPLPTHODFFSKDPRRDLLPAVTLDDALSTITPESTDHHLNHVWQPAEWK
TPYDAHRPFKNAIRAGGGEYDIYPDGRRKFTVRELACIQGFPDEYEEFVGT
LTDKRRIIGNAVPPPLSAAIMSTLROWMTEKDFERME

WO 2024/186896
SEQ | Description
H. aegyptius
608 M Haelll
H.
609 | haemolyticu
s M Hhal
Moraxella
610 M Mspl
Ascobolus
611 Mascl
Arabidopsis
612 MET1

MVENGAKAAKRKKRPLPEIQEVEDVPRTRRPRRAAACTSFKEKSIRVCEK
SATIEVKKQQIVEEEFLALRLTALETDVEDRPTRRLNDEVLFDSDGVPQP
LEMLETIHDIFVSGAILPSDVCTDKEKEKGVRCTSFGRVEHWSISGYEDGS
PVIWISTELADYDCRKPAASYRKVYDYFYEKARASVAVYKKLSKSSGGDP
DIGLEELLAAVVRSMSSGSKYFSSGAAIIDFVISQGDFIYNQLAGLDETA
KKHESSYVEIPVLVALREKSSKIDKPLOQRERNP SNGVRIKEVSQVAESEA
LTSDQLVDGTDDDRRYAILLODEENRKSMOQOQPRKNSSSGSASNMEYIKIN
EDEIANDYPLPSYYKTSEEETDELILYDASYEVQSEHLPHRMLHNWALYN
SDLRFISLELLPMKQCDDIDVNIFGSGVVTDDNGSWISLNDPDSGSQSHD
PDGMCIFLSQIKEWMIEFGSDDIISISIRTDVAWYRLGKPSKLYAPWWKP
VLKTARVGISILTFLRVESRVARLSFADVTKRLSGLQANDKAYISSDPLA
VERYLVVHGQITILQLFAVYPDDNVKRCPFVVGLASKLEDRHHTKWITIKKK
KISLKELNLNPRAGMAPVASKRKAMQATTTRLVNRIWGEFYSNYSPEDPL
QATAAENGEDEVEEEGGNGEEEVEEEGENGLTEDTVPEPVEVQKPHTPKK
IRGSSGKREIKWDGESLGKTSAGEPLYQQALVGGEMVAVGGAVTLEVDDP
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Description
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DEMPAIYFVEYMFESTDHCKMLHGRFLORGSMTVLGNAANERELFLTNEC
MTTQLKDIKGVASFEIRSRPWGHQYRKKNITADKLDWARALERKVKDLPT
EYYCKSLYSPERGGFFSLPLSDIGRSSGFCTSCKIREDEEKRSTIKLNVS
KTGFFINGIEYSVEDFVYVNPDSIGGLKEGSKTSFKSGRNIGLRAYVVCQ
LLEIVPKESRKADLGSFDVKVRRFYRPEDVSAEKAYASDIQELYFSQDTV
VLPPGALEGKCEVRKKSDMPLSREYPISDHIFFCDLFFDTSKGSLKQLPA
NMKPKFSTIKDDTLLRKKKGKGVESEIESEIVKPVEPPKEIRLATLDIFA
GCGGLSHGLKKAGVSDAKWAIEYEEPAGQAFKQONHPESTVEVDNCNVILR
ATMEKGGDQDDCVSTTEANELAAKLTEEQKSTLPLPGQVDF INGGPPCQG
FSGMNRENQSSWSKVQCEMILAFLSFADYFRPRYFLLENVRTEVSEFNKGQ
TFQLTLASLLEMGYQVRFGILEAGAYGVSQSRKRAFIWAAAPEEVLPEWP
EPMHVFGVPKLKISLSQGLHYAAVRSTALGAPFRPITVRDTIGDLPSVEN
GDSRTNKEYKEVAVSWEQKEIRGNTIALTDHICKAMNELNLIRCKLIPTR
PGADWHDLPKRKVTLSDGRVEEMIPFCLPNTAERHNGWKGLYGRLDWQGN
FPTSVIDPQPMGKVGMCFHPEQHRILTVRECARSQGFPDSYEFAGNINHK
HRQIGNAVPPPLAFALGRKLKEALHLKKSPQHQP

613

Ascobolus
Masc2

MELTPELSGVSTDLGGGGSIFAHWRMKEESPAPTEILDDLNVLEWEKTTR
DYSKEDLRIADQLFSIEDEHQSLPFETADAEDGTPTEEEEEKELPMRTLD
NFVLYDASDLELAALDLIGTELNIHAVGTVGPIYTEGEEDEQEDEDEDVS
PPVRTGTQATSASVTOMTVELYIRNIVQYEFCENDDGTVETWIQTTNAHY
KLLOQPAKCYTSLYRPVNDCLNVITAIITLAPESTTMSLKDLLKVMDDKAQ
AVSYEEVERMSEF IVOQHLDOQWME TAPKKKSKLIEKSKVYIDLNNLAGIDM
VSGVRPPPVRRVTGRSSAPKKRIVRNMNDAVLLHONETTVTNWIHQLSAG
MEFGRALNVLGAETADVENLTCDPASAKFVVPQRRLHKRLKWETRGHIPVS
EEEYKHIYQGKKYAKFFEAVRAVDESKLTIKLGDLVYVLDQDPKVTQTQF
ATAGREGRKKGAEKEKIQVRFGRVLSIRQPDSNSKDAQNVF IHVQWLVLG
CDTILQEMASRRELFLTDSCDTVFADVIYGVAKLTPLGAKDIPTVEFHES
MATMMGENEFFVRFKYNYQDGSFTDLKDVDAEQIGTLQPRVNTHRNPGYC
SNCRIKYDNERTGDKWIYENDTEGEPRLFRSSKGWCIYAQEFVYLQPVEK
QPGTTFRVGYISEINKSSVIVELLARVDDDDKSGHISYSDPRHLYFTGTD
IKVTFDKIIRKCFVFHDSGDQKAKAPLMYGTLORDLYYYRYEKRKGKAEL
VPVREIRSTIHEQTLNDWESRTQIERHGAVSGKKLKGLDIFAGCGGLTLGL
DLSGAVDTKWDIEFAPSAANTLALNFPDAQVEFNQCANVLLSRAIQSEDEG
SLDIEYDLQGRVLPDLPKKGEVDFIYGGPPCQGFSGVNRYKKGNDIKNSL
VATFLSYVDHYKPREVLLENVKGLITTKLGNSKNAEGKWEGGI SNGVVKEFE
IYRTLISMNYQCRIGLVQSGEYGVPQSRPRVIFLAARMGERLPDLPEPMH
AFEVLDSQYALPHIKRYHTTONGVAPLPRITIGEAVSDLPKFQYANPGVW
PRHDPYSSAKAQPSDKTIEKF SVSKATSFVGYLLQPYHSRPQSEFQRRLR
TKLVPSDEPAEKTSLLTTKLVTAHVTRLENKETTQRIVCVPMWPGADHRS
LPKEMRPWCLVDPNSQAEKHRFWPGLFGRLGMEDFFSTALTDVQPCGKQG
KVLHPTOQRRVYTVRELARAQGFPDWFAFTDGDADSGLGGVKKWHRNIGNA
VPVPLGEQIGRCIGYSVWWKDDMIAQLREDGADEDEEMIDGNDQWVEELN
TOMAADMPGLPLLVTHLLNLCVYRRLYGPNAKEFLPARVYDKKLEGGRRR
LVWAML

614

Neurospora
Dim2

MDSPDRSHGGMF IDVPAETMGFQEDYLDMFASVLSQGLAKEGDYAHHQPL
PAGKEECLEPIAVATTITPSPDDPQLOLOQLELEQQFQTESGLNGVDPAPA
PESEDEADLPDGFSDESPDDDFVVQRSKHITVDLPVSTLINPRSTFQRID
ENDNLVPPPQSTPERVAVEDLLKAAKAAGKNKEDYIEFELHDEFNFYVNYA
YHPQEMRPIQLVATKVLHDKYYFDGVLKYGNTKHYVTGMQVLELPVGNYG
ASLHSVKGQIWVRSKHNAKKEIYYLLKKPAFEYQRYYQPFLWIADLGKHV
VDYCTRMVERKREVTLGCFKSDF IQWASKAHGKSKAFQNWRAQHP SDDFR
TSVAANIGYIWKEINGVAGAKRAAGDQLFREIMIVKPGQYFRQEVPPGPV
VTEGDRTVAATIVTPYIKECFGHMILGKVLRLAGEDAEKEKEVKLAKRLK
IENKNATKADTKDDMKNDTATESLPTPLRSLPVQVLEATPIESDIVSIVS
SDLPPSENNPPPLTNGSVKPKAKANPKPKPSTQPLHAAHVKYLSQELVNK
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IKVGDVISTPRDDSSNTDTKWKP TDTDDHRWEGLVQRVHTAKTKS SGRGL
NSKSEDVIWFYRPEDTPCCAMKYKWRNELFLSNHCTCQEGHHARVKGNEV
LAVHPVDWEFGTPESNKGEFFVRQLYESEQRRWITLQKDHLTCYHNQPPKP
PTAPYKPGDTVLATLSPSDKFSDPYEVVEYFTQGEKETAFVRLRKLLRRR
KVDRODAPANELVYTEDLVDVRAERIVGKCIMRCFRPDERVPSPYDRGGT
GNMFFITHRQDHGRCVPLDTLPPTLRQGF NP LGNLGKPKLRGMDLYCGGG
NFGRGLEEGGVVEMRWAND IWDKATHTYMANTPDPNKTNPFLGSVDDLLR
LALEGKFSDNVPRPGEVDF IAAGSPCPGF SLLTQDKKVLNQVKNQSLVAS
FASFVDFYRPKYGVLENVSGIVQTFVNRKQDVLSQLFCALVGMGYQAQLT
LGDAWAHGAPQSRERVFLYFAAPGLPLPDPPLPSHSHYRVKNRNIGELCN
GESYVQRSFIPTAFKFVSAGEGTADLPKIGDGKPDACVRFPDHRLASGIT
PYTRAQYACIPTHPYGMNF IKAWNNGNGVMSKSDRDLFPSEGKTRTSDAS
VGWKRLNPKTLFPTVTTTSNP SDARMGPGLHWDEDRPYTVQEMRRAQGYL
DEEVLVGRTTDOWKLVGNSVSRHMALAIGLKFREAWLGTLYDESAVVATA
TATATTAAAVGVTVPVMEEPGIGTTESSRPSRSPVHTAVDLDDSKSERSR
STTPATVLSTSSAAGDGSANAAGLEDDDNDDMEMMEVTRKRSSPAVDEEG
MRP SKVQKVEVTVASPASRRSSRQASRNPTASPSSKASKATTHEAPAPEE
LESDAESYSETYDKEGFDGDYHSGHEDQYSEEDEEEEYAEPETMTVNGMT
IVKL

615

Drosophila
dDnmt2

MVFRVLELFSGIGGMHYAFNYAQLDGQIVAALDVNTVANAVYAHNYGSNL
VKTRNIQSLSVKEVTKLOANMLLMSPPCQPHTRQGLORDTEDKRSDALTH
LCGLIPECQELEYILMENVKGFESSQARNQF IESLERSGFHWREF ILTPT
QFNVPNTRYRYYCIARKGADFPFAGGKIWEEMPGATAQNQGLSQIAETIVE
ENVSPDFLVPDDVLTKRVLVMDI IHPAQSRSMCFTKGYTHYTEGTGSAYT
PLSEDESHRIFELVKEIDTSNQDASKSEKILQQRLDLLHQVRLRYFTPRE
VARLMSFPENFEFPPETTNRQKYRLLGNSINVKVVGELIKLLTIK

616

S. pombe
Pmtl

MLSTKRLRVLELYSGIGGMHYALNLANIPADIVCAIDINPQANEIYNLNH
GKLAKHMDISTLTAKDFDAFDCKLWTMSP SCQPFTRIGNRKDILDPRSQA
FLNILNVLPHVNNLPEYILIENVQGFEESKAAEECRKVLRNCGYNLIEGTI
LSPNQFNIPNSRSRWYGLARLNFKGEWSIDDVFQF SEVAQKEGEVKRIRD
YLETERDWSSYMVLESVLNKWGHQFDIVKPDSSSCCCFTRGYTHLVQGAG
SILOMSDHENTHEQFERNRMALQLRYF TAREVARLMGFPESLEWSKSNVT
EKCMYRLLGNSINVKVVSYLISLLLEPLNF

617

Arabidopsis
DRM1

MVMSHIFLISQIQEVEHGDSDDVNWNTDDDELAIDNFQFSPSPVHISATS
PNSIONRISDETVASFVEMGF STOMIARATEETAGANMEPMMILETLENY
SASTEASSSKSKVINHF IAMGFPEEHVIKAMOQEHGDEDVGEITNALLTYA
EVDKLRESEDMNININDDDDDNLYSLSSDDEEDELNNSSNEDRILOALIK
MGYLREDAATATERCGEDASMEEVVDF ICAAQMARQFDEIYAEPDKKELM
NNNKKRRTYTETPRKPNTDQLISLPKEMIGFGVPNHPGLMMHRPVPIPDI
ARGPPFFYYENVAMTPKGVWAKISSHLYDIVPEFVDSKHFCAAARKRGYI
HNLPIQONRFQIQPPOHNTIQEAFPLTKRWWP SWDGRTKLNCLLTCIASSR
LTEKIREALERYDGETPLDVQKWVMYECKKWNLVWVGKNKLAP LDADEME
KLLGFPRDHTRGGGISTTDRYKSLGNSFQVDTVAYHLSVLKPLEPNGINV
LSLFTGIGGGEVALHRLQIKMNVVVSVEISDANRNILRSFWEQTNQKGIL
REFKDVQKLDDNTIERLMDEYGGFDLVIGGSPCNNLAGGNRHHRVGLGGE
HSSLFFDYCRILEAVRRKARHMRR

618

Arabadopsis
DRM2

MVIWNNDDDDEFLEIDNFQSSPRSSPIHAMQCRVENLAGVAVTTSSLSSPT
ETTDLVOMGEFSDEVFATLFDMGFPVEMISRATIKETGPNVETSVIIDTISK
YSSDCEAGSSKSKAIDHFLAMGFDEEKVVKATIQEHGEDNMEATANALLSC
PEAKKLPAAVEEEDGIDWSSSDDDTNYTDMLNSDDEKDPNSNENGSKIRS
LVKMGFSELEASLAVERCGENVDIAELTDFLCAAQMAREFSEFYTEHEEQ
KPRHNIKKRRFESKGEPRSSVDDEP IRLPNPMIGEFGVPNEPGLITHRSLP
ELARGPPFFYYENVALTPKGVWETISRHLFEIPPEFVDSKYFCVAARKRG
YIHNLPINNRFQIQPPPKYTIHDAFPLSKRWWPEWDKRTKLNCILTCTGS
AQLTNRIRVALEPYNEEPEPPKHVQRYVIDQCKKWNLVWVGKNKAAPLEP
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DEMESILGFPKNHTRGGGMSRTERFKSLGNSFQVDTVAYHLSVLKPIFPH
GINVLSLFTGIGGGEVALHRLQIKMKLVVSVEISKVNRNILKDFWEQTNQ
TGELIEFSDIQHLTNDTIEGLMEKYGGFDLVIGGSPCNNLAGGNRVSRVG
LEGDQSSLFFEYCRILEVVRARMRGS

619

Arabadopsis
CMT1

MAARNKQKKRAEPESDLCFAGKPMSVVESTIRWPHRYQSKKTKLOAPTKK
PANKGGKKEDEEITKQAKCHFDKALVDGVLINLNDDVYVTGLPGKLKE IA
KVIELFEADDGVPYCRFRWYYRPEDTLIERFSHLVQPKRVFLSNDENDNP
LTCIWSKVNIAKVPLPKITSRIEQRVIPPCDYYYDMKYEVPYLNEFTSADD
GSDASSSLSSDSALNCFENLHKDEKFLLDLYSGCGAMSTGEFCMGASISGV
KLITKWSVDINKFACDSLKLNHPETEVRNEAAEDFLALLKEWKRLCEKE'S
LVSSTEPVESISELEDEEVEENDDIDEASTGAELEPGEFEVEKFLGIMEG
DPQGTGEKTLQLMVRWKGYNSSYDTWEPYSGLGNCKEKLKEYVIDGFKSH
LLPLPGTVYTVCGGPPCQGISGYNRYRNNEAPLEDQKNQQLLVFLDIIDF
LKPNYVLMENVVDLLRF SKGFLARHAVASFVAMNYQTRLGMMAAGSYGLP
QLRNRVFLWAAQP SEKLPPYPLPTHEVAKKFNTPKEFKDLQVGRIQMEF' L
KLDNALTLADAISDLPPVTNYVANDVMDYNDAAPKTEFENFISLKRSETL
LPAFGGDPTRRLFDHQPLVLGDDDLERVSYIPKQKGANYRDMP GVLVHNN
KAEINPRFRAKLKSGKNVVPAYAISFIKGKSKKPFGRLWGDEIVNTVVTR
AEPHNQCVIHPMONRVLSVRENARLQGFPDCYKLCGTIKEKYIQVGNAVA
VPVGVALGYAFGMASQGLTDDEPVIKLPFKYPECMQAKDQT

620

Arabadopsis
CMT2

MLSPAKCESEEAQAPLDLHSSSRSEPECLSLVLWCPNPEEAAPSSTRELI
KLPDNGEMSLRRSTTLNCNSPEENGGEGRVSQRKSSRGKSQPLLMLTNGC
QLRRSPRFRALHANFDNVCSVPVTKGGVSQRKEF SRGKSQPLLTLTNGCQL
RRSPRFRAVDGNEDSVCSVPVTGKEFGSRKRKSNSALDKKESSDSEGLTFK
DIAVIAKSLEMEIISECQYKNNVAEGRSRLOQDPAKRKVDSDTLLYSSINS
SKQSLGSNKRMRRSQRFMKGTENEGEENLGKSKGKGMSLASCSFRRSTRL
SGTVETGNTETLNRRKDCGPALCGAEQVRGTERLVQISKKDHCCEAMKKC
EGDGLVSSKQELLVFPSGCIKKTVNGCRDRTLGKPRSSGLNTDDIHTSSL
KISKNDTSNGLTMTTALVEQDAMESLLQGKTSACGAADKGKTREMHVNST
VIYLSDSDEPSSIEYLNGDNLTQVESGSALSSGGNEGIVSLDLNNPTKST
KRKGKRVTRTAVQEQNKRSICFFIGEPLSCEEAQERWRWRYELKERKSKS
RGQQOSEDDEDKIVANVECHYSQAKVDGHTFSLGDFAYIKGEEEETHVGQI
VEFFKTTDGESYFRVOWEFYRATDTIMERQATNHDKRRLEYSTVMNDNPVD
CLISKVTVLQVSPRVGLKPNSIKSDYYFDMEYCVEYSTFQTLRNPKTSEN
KLECCADVVPTESTESILKKKSFSGELPVLDLYSGCGGMSTGLSLGAKIS
GVDVVTKWAVDONTAACKSLKLNHPNTQVRNDAAGDF LOQLLKEWDKLCKR
YVENNDQRTDTLRSVNSTKETSGSSSSSDDDSDSEEYEVEKLVDICEFGDH
DKTGKNGLKFKVHWKGYRSDEDTWELAEELSNCQDAIREFVTSGEFKSKIL
PLPGRVGVICGGPPCQGISGYNRHRNVDSPLNDERNQQIIVFMDIVEYLK
PSYVLMENVVDILRMDKGSLGRYALSRLVNMRYQARLGIMTAGCYGLSQF
RSRVEFMWGAVPNKNLPPFPLPTHDVIVRYGLPLEFERNVVAYAEGQPRKL
EKALVLKDAISDLPHVSNDEDREKLPYESLPKTDFQRYIRSTKRDLTGSA
IDNCNKRTMLLHDHRPFHINEDDYARVCQIPKRKGANFRDLPGLIVRNNT
VCRDPSMEPVILPSGKPLVPGYVFTFQOGKSKRPFARLWWDETVPTVLTV
PTCHSQALLHPEQDRVLTIRESARLQGFPDYFQFCGTIKERYCQIGNAVA
VSVSRALGYSLGMAFRGLARDEHLIKLPQNEFSHSTYPQLQETIPH

621

Arabadopsis
CMT3

MAPKRKRPATKDDTTKSIPKPKKRAPKRAKTVKEEPVTVVEEGEKHVARF
ILDEPIPESEAKSTWPDRYKPIEVQOPPKASSRKKTKDDEKVEITIRARCHYR
RATVDERQIYELNDDAYVQSGEGKDPFICKIIEMFEGANGKLYFTARWEY
RPSDTVMKEFEILIKKKRVFFSEIQDTNELGLLEKKLNILMIPLNENTKE
TIPATENCDFFCDMNYFLPYDTFEAIQQETMMAISESSTISSDTDIREGA
AATSEIGECSQETEGHKKATLLDLYSGCGAMSTGLCMGAQLSGLNLVTKW
AVDMNAHACKSLOHNHPETNVRNMTAEDF LF LLKEWEKLCIHF SLRNSPN
SEEYANLHGLNNVEDNEDVSEESENEDDGEVEFTVDKIVGISFGVPKKLLK
RGLYLKVRWLNYDDSHDTWEP IEGLSNCRGKIEEFVKLGYKSGILPLPGG
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VDVVCGGPPCQGISGHNRFRNLLDP LEDQKNKQLLVYMNIVEYLKPKFVL
MENVVDMLKMAKGYLARFAVGRLLOMNYQVRNGMMAAGAYGLAQFRLREF
LWGALPSEITPQFPLPTHDLVHRGNIVKEFQGNIVAYDEGHTVKLADKLL
LKDVISDLPAVANSEKRDEITYDKDPTTPFQKF IRLRKDEASGSQSKSKS
KKHVLYDHHPLNLNINDYERVCQVPKRKGANFRDFPGVIVGPGNVVKLEE
GKERVKLESGKTLVPDYALTYVDGKSCKPFGRLWWDEIVPTVVTRAEPHN
QVITHPEQNRVLSIRENARLQGFPDDYKLEFGPPKQKYIQVGNAVAVPVAK
ALGYALGTAFQGLAVGKDPLLTLPEGFAFMKPTLPSELA

622

Neurospora
Rid

MAEQNPFVIDDEDDVIQIHDEEEVEEEVAEVIDITEDDIEPSELDRAFGS
RPKEETLPSLLLRDQGEF IVRPGMTVELKAPIGRFAISFVRVNSIVKVRQA
HVNNVTIRGHGFTRAKEMNGMLPKQLNECCLVASIDTRDPRP

623

E. coli strain
12 hsdM

MNNNDLVAKLWKLCDNLRDGGVSYQONYVNELASLLFLKMCKETGQEAEYL
PEGYRWDDLKSRIGQEQLQFYRKMLVHLGEDDKKLVQAVFHNVSTTITEP
KQITALVSNMDSLDWYNGAHGKSRDDF GDMYEGLLQKNANETKSGAGQYF
TPRPLIKTITHLLKPQPREVVQODPAAGTAGFLIEADRYVKSQTNDLDDLD
GDTQDFQIHRAFIGLELVPGTRRLALMNCLLHD IEGNLDHGGATIRLGNTL
GSDGENLPKAHIVATNPPFGSAAGTNITRTFVHPTSNKQLCFMQHIIETL
HPGGRAAVVVPDNVLFEGGKGTDIRRDLMDKCHLHTILRLPTGIFYAQGV
KTNVLFFTKGTVANPNQDKNCTDDVWVYDLRTNMP SEGKRTPF TDEHLQP
FERVYGEDPHGLSPRTEGEWSFNAEETEVADSEENKNTDQHLATSRWRKE
SREWIRTAKSDSLDISWLKDKDSIDADSLPEPDVLAAEAMGELVQALSEL
DALMRELGASDEADLQRQLLEEAFGGVKE

624

E. coli strain
12 hsdS

MSAGKLPEGWVIAPVSTVTTLIRGVTYKKEQAINYLKDDYLPLTRANNIQ
NGKEFDTTDLVEFVPKNLVKESQKISPEDIVIAMSSGSKSVVGKSAHQHLPFE
ECSFGAFCGVLRPEKLIFSGEF IAHFTKSSLYRNKISSLSAGANINNIKPA
SFDLINIPIPPLAEQKITAEKLDTLLAQVDSTKARFEQIPQILKRFRQAV
LGGAVNGKLTEKWRNFEPQHSVFKKLNFESILTELRNGLSSKPNESGVGH
PILRISSVRAGHVDONDIRFLECSESELNRHKLODGDLLETRYNGSLEFV
GVCGLLKKLQHONLLYPDKLIRARLTKDALPEYIEIFFSSPSARNAMMNC
VKTTSGQKGISGKDIKSQVVLLPPVKEQAEIVRRVEQLFAYADTIEKQVN
NALARVNNLTQSILAKAFRGELTAQWRAENPDLISGENSAAALLEKIKAE
RAASGGKKASRKKS

625

T. aquaticus
M Taql

MGLPPLLSLPSNSAPRSLGRVETPPEVVDFMVSLAEAPRGGRVLEPACAH
GPFLRAFREAHGTAYRFVGVEIDPKALDLPPWAEGILADFLLWEPGEAFD
LILGNPPYGIVGEASKYPIHVFKAVKDLYKKAF STWKGKYNLYGAFLEKA
VRLLKPGGVLVFVVPATWLVLEDFALLREFLAREGKTSVYYLGEVFPQKK
VSAVVIRFQKSGKGLSLWDTQESESGFTPILWAEYPHWEGEIIRFETEET
RKLETISGMPLGDLFHIRFAARSPEFKKHPAVRKEPGPGLVPVLTGRNLKP
GWVDYEKNHSGLWMPKERAKELRDFYATPHLVVAHTKGTRVVAAWDERAY
PWREEFHLLPKEGVRLDPSSLVOQWLNSEAMOQKHVRTLYRDFVPHLTLRML
ERLPVRREYGFHTSPESARNF

626

E. coiM
EcoDam

MKKNRAFLKWAGGKYPLLDDIKRHLPKGECLVEPFVGAGSVFLNTDF SRY
ILADINSDLISLYNIVKMRTDEYVQAARELFVPETNCAEVYYQFREEEFNK
SODPFRRAVLFLYLNRYGYNGLCRYNLRGEFNVPFGRYKKPYFPEAELYH
FAEKAQNAFFYCESYADSMARADDASVVYCDPPYAPLSATANFTAYHTNS
FTLEQQAHLAETAEGLVERHIPVLISNHDTMLTREWYQRAKLHVVKVRRS
ISSNGGTRKKVDELLALYKPGVVSPAKK

627

C.
crescentus
M CerMI

MKFGPETITHGDCIEQMNALPEKSVDLIFADPPYNLQLGGDLLRPDNSKV
DAVDDHWDQFESFAAYDKF TREWLKAARRVLKDDGAIWVIGSYHNIFRVG
VAVODLGEFWILND IVWRKSNPMPNFKGTRFANAHETLIWASKSQNAKRYT
FNYDALKMANDEVOMRSDWTIPLCTGEERIKGADGQKAHPTQKPEALLYR
VILSTTKPGDVILDPFFGVGTTGAAAKRLGRKF IGIEREAEYLEHAKART
AKVVPIAPEDLDVMGSKRAEPRVPFGTIVEAGLLSPGDTLYCSKGTHVAK
VRPDGSITVGDLSGSIHKIGALVQSAPACNGWTYWHFKTDAGLAPIDVLR
AQVRAGMN
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628

C. difficile
CamA

MDDISQODNFLLSKEYENSLDVDTKKASGIYYTPKIIVDYIVKKTLKNHDI
IKNPYPRILDISCGCGNFLLEVYDILYDLFEENIYELKKKYDENYWTVDN
IHRHILNYCIYGADIDEKAISILKDSLTNKKVVNDLDESDIKINLECCDS
LKKKWRYKFDYIVGNPPYIGHKKLEKKYKKF LLEKYSEVYKDKADLYFCF
YKKIIDILKQGGIGSVITPRYFLESLSGKDLREYIKSNVNVQEIVDFLGA
NIFKNIGVSSCILTFDKKKTKETYIDVFKIKNEDICINKFETLEELLKSS
KFEHFNINQRLLSDEWILVNKDDETFYNKIQEKCKYSLEDIATISFQGIIT
GCDKAFILSKDDVKLNLVDDKFLKCWIKSKNINKYIVDKSEYRLIYSNDI
DNENTNKRILDEIIGLYKTKLENRRECKSGIRKWYELQWGREKLFFERKK
IMYPYKSNENRFAIDYDNNFSSADVYSFFIKEEYLDKFSYEYLVGILNSS
VYDKYFKITAKKMSKNIYDYYPNKVMKIRIFRDNNYEETENLSKQIISTIL
LNKSIDKGKVEKLQTIKMDNLIMDSLGI

629

KAP1

MAASAAAASAAAASAASGSPGPGEGSAGGEKRSTAPSAAASASASAAASS
PAGGGAEALELLEHCGVCRERLRPEREPRLLPCLHSACSACLGPAAPAAA
NSSGDGGAAGDGTVVDCPVCKQQCF SKDIVENYFMRDSGSKAATDAQDAN
QCCTSCEDNAPATSYCVECSEPLCETCVEAHQRVKYTKDHTVRSTGPAKS
RDGERTVYCNVHKHEPLVLFCESCDTLTCRDCQLNAHKDHQYQFLEDAVR
NQRKLLASLVKRLGDKHATLOKSTKEVRSSTRQVSDVQOKRVQVDVKMATL
QIMKELNKRGRVLVNDAQKVTEGQQERLERQHWTMTKIQKHQEHILRFAS
WALESDNNTALLLSKKLIYFQLHRALKMIVDPVEPHGEMKFQWDLNAWTK
SAEAFGKIVAERPGTNSTGPAPMAPPRAPGPLSKQGSGSSQPMEVQEGYG
FGSGDDPYSSAEPHVSGVKRSRSGEGEVSGLMRKVPRVSLERLDLDLTAD
SQPPVFKVFPGSTTEDYNLIVIERGAAAAATGQPGTAPAGTPGAPPLAGM
AIVKEEETEAATIGAPPTATEGPETKPVLMALAEGPGAEGPRLASPSGSTS
SGLEVVAPEGTSAPGGGPGTLDDSATICRVCQKPGDLVMCNQCEFCEFHLD
CHLPALQDVPGEEWSCSLCHVLPDLKEEDGSLSLDGADSTGVVAKLSPAN
QRKCERVLLALFCHEPCRPLHQLATDSTF SLDQPGGTLDLTLTRARLQEK
LSPPYSSPQEFAQDVGRMFKQFNKLTEDKADVQSTIIGLORFFETRMNEAF
GDTKFSAVLVEPPPMSLPGAGLSSQELSGGPGDGP

630

MECP2

MVAGMLGLREEKSEDQDLQGLKDKP LKFKKVKKDKKEEKEGKHEPVQPSA
HHSAEPAEAGKAETSEGSGSAPAVPEASASPKQRRSITIRDRGPMYDDPTL
PEGWTRKLKQRKSGRSAGKYDVYLINPQGKAFRSKVELIAYFEKVGDTSL
DPNDFDFTVTGRGSP SRREQKPPKKPKSPKAPGTGRGRGRPKGSGTTRPK
AATSEGVQVKRVLEKSPGKLLVKMPFQTSPGGKAEGGGATTSTQVMVIKR
PGRKRKAEADPQATPKKRGRKPGSVVAAAAAEAKKKAVKESSTIRSVQETV
LPIKKRKTRETVSIEVKEVVKPLLVSTLGEKSGKGLKTCKSPGRKSKESS
PKGRSSSASSPPKKEHHHHHHHSESPKAPVPLLPPLPPPPPEPESSEDPT
SPPEPQDLSSSVCKEEKMPRGGSLESDGCPKEPAKTQPAVATAATAAEKY
KHRGEGERKDIVSSSMPRPNREEPVDSRTPVTERVS

631

Linker

SGGS

632

Linker

SGGSSGSETPGTSESATPESSGGS

633

Linker

SGGSSGGSSGSETPGTSESATPESSGGSSGGS

634

Linker

GGSGGSPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSP
TSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGG
SGGS

635

G linker

GSGGG

636

GX4 linker

GGGGSGGGGSGGGGSGGGGS

637

W linker

SSGNSNANSRGPSFSSGLVPLSLRGSH

638

XTEN
linker
(XTEN16)

SGSETPGTSESATPES

639

XTEN
linker

SGGSSGGSSGSETPGTSESATPES
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640

XTEN
linker

SGGSSGGSSGSETPGTSESATPESSGGSSGGSSGGSSGGS

641

XTEN
linker

SGGSSGGSSGSETPGTSESATPESSGGSSGGSSGGSSGGSSGSETPGTSE
SATPESSGGSSGGS

642

XTEN
linker

PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEG
TSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATS

643

XTEN
linker
(XTENRSO0)

GGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGS
PAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

644

NLS

PKKKRKV

645

NLS

AVKRPAATKKAGQAKKKKLD

646

NLS

MSRRRKANPTKLSENAKKLAKEVEN

647

NLS

PAAKRVKLD

648

NLS

KLKIKRPVK

649

NLS

MDSLLMNRRKFLYQFKNVRWAKGRRETYLC

660

fusion
protein
(Configurati
on7)

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDG
IATGLLVLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQ
KHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDAR
PKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRAR
YEFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKF SKVRTITTRSNSIKQ
GKDQHFPVFMNEKED ILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRS
WSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMAA
IPALDPEAEPSMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDIC
ICCGSLQVHTQHPLFEGGICAPCKDKFLDALFLYDDDGYQSYCSICCSGE
TLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGL
LORRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRVLSLFEDIKKEL
TSLGFLESGSDPGQLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCD
RPPSWYLFQFHRLLOYARPKPGSPRPFFWMEFVDNLVLNKEDLDVASRELE
MEPVTIPDVHGGSLONAVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSS
KLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSELEDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETF
SNEMAKVDDSFFHRLEESFLVEEDKKHERHP IFGNIVDEVAYHEKYPTIY
HLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLE T
QLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNG
LEGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY
ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLK
ALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGT
EELLVKLNREDLLRKQRTEFDNGSIPHQIHLGELHATLRRQEDFYPFLKDN
REKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGA
SAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRK
PAFLSGEQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDR
FNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL
KTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDEFLKSD
GFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKG
ILOTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEE
GIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDY
DVDATIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQL
LNAKLITQRKEDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILD
SRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHD
AYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKY
FEFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVWDKGRDFATVRKV
LSMPQVNIVKKTEVQTGGEF SKESTILPKRNSDKLIARKKDWDPKKYGGFDS
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PTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKG
YKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL
YLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADAN
LDKVLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRY
TSTKEVLDATLIHQSITGLYETRIDLSQLGGDSPKKKRKVGVDGSSGSET
PGTSESATPESRTLVTFKDVEVDFTREEWKLLDTAQQIVYRNVMLENYKN
LVSLGYQLTKPDVILRLEKGEEP SADYKDDDDKAPKKKRKVPKKKRKV

661

fusion
protein
(Configurati
on9)

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDG
IATGLLVLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQ
KHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDAR
PKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRAR
YEWGNLPGMNRPLASTVNDKLELQECLEHGRIAKF SKVRTITTRSNSIKQ
GKDQHFPVFMNEKED ILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRS
WSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMAA
IPALDPEAEPSMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDIC
ICCGSLQVHTQHPLFEGGICAPCKDKFLDALFLYDDDGYQSYCSICCSGE
TLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGL
LORRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRVLSLFEDIKKEL
TSLGFLESGSDPGQLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCD
RPPSWYLFQFHRLLOQYARPKPGSPRPFEFWMEFVDNLVLNKEDLDVASRELE
MEPVTIPDVHGGSLONAVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSS
KLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSELEDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETF
SNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIY
HLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLE T
QLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNG
LEGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY
ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLK
ALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGT
EELLVKLNREDLLRKQRTEFDNGSIPHQIHLGELHATLRRQEDFYPFLKDN
REKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGA
SAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRK
PAFLSGEQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDR
FNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL
KTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSD
GFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKG
ILOTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEE
GIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDY
DVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQL
LNAKLITQRKEDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILD
SRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHD
AYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKY
FEYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVWDKGRDFATVRKV
LSMPQVNIVKKTEVQTGGEF SKESILPKRNSDKLIARKKDWDPKKYGGFDS
PTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKG
YKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALP SKYVNFL
YLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADAN
LDKVLSAYNKHRDKP IREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRY
TSTKEVLDATLIHQSITGLYETRIDLSQLGGDSPKKKRKVGVDGSSGSET
PGTSESATPESTGNKKLEAVGTGIEPKAMSQGLVTFGDVAVDF SQEEWEW
LNPIQRNLYRKVMLENYRNLASLGLCVSKPDVISSLEQGKEPWSADYKDD
DDKAPKKKRKVPKKKRKV
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662

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDG
IATGLLVLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQ
KHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDAR
PKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRAR
YEFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKF SKVRTITTRSNSIKQ
GKDQHFPVFMNEKED ILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRS
WSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMAA
IPALDPEAEPSMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDIC
ICCGSLQVHTQHPLFEGGICAPCKDKFLDALFLYDDDGYQSYCSICCSGE
TLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGL
LORRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRVLSLFEDIKKEL
TSLGFLESGSDPGQLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCD
RPPSWYLFQFHRLLOYARPKPGSPRPFFWMEFVDNLVLNKEDLDVASRFELE
MEPVTIPDVHGGSLONAVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSS
KLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSELEDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETF
SNEMAKVDDSFFHRLEESFLVEEDKKHERHP IFGNIVDEVAYHEKYPTIY
HLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLE T
QLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNG
LEGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY
ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLK
ALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGT
EELLVKLNREDLLRKQRTEFDNGSIPHQIHLGELHATLRRQEDFYPFLKDN
REKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGA
SAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRK
PAFLSGEQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDR
FNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL
KTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDEFLKSD
GFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKG
ILOTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEE
GIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDY
DVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQL
LNAKLITQRKEDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILD
SRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHD
AYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKY
FEYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVWDKGRDFATVRKV
LSMPQVNIVKKTEVQTGGEF SKESILPKRNSDKLIARKKDWDPKKYGGFDS
PTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKG
YKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL
YLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADAN
LDKVLSAYNKHRDKP IREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRY
TSTKEVLDATLIHQSITGLYETRIDLSQLGGDSPKKKRKVGVDGSSGSET
PGTSESATPESTGDSVAFEDVAVNF TLEEWALLDP SQKNLYRDVMRETFER
NLASVGKOQWEDONIEDPFKIPRRNISHIPERLCESKEGGQGEESADYKDD
DDKAPKKKRKVPKKKRKV

fusion

protein
(Configurati

on 13)

663

MGTMPKKKRKVPKKKRKVYNHDQEFDPPKVYPPVPAEKRKPIRVLSLEDG
IATGLLVLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQ
KHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDAR
PKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRAR
YFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKF SKVRTITTRSNSIKQ
GKDQHFPVFMNEKED ILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRS
WSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMAA
IPALDPEAEPSMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRNIEDIC
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SEQ

Description

Sequence

ICCGSLQVHTQHPLFEGGICAPCKDKFLDALFLYDDDGYQSYCSICCSGE
TLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCYLCLPSSRSGL
LORRRKWRSQLKAFYDRESENPLEMFETVPVWRRQPVRVLSLFEDIKKEL
TSLGFLESGSDPGQLKHVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCD
RPPSWYLFQFHRLLOYARPKPGSPRPFFWMEFVDNLVLNKEDLDVASRFELE
MEPVTIPDVHGGSLONAVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSS
KLAAKWP TKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSELEDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLEFDSGETAEATRLKRTARRRYTRRKNRICYLQETF
SNEMAKVDDSFFHRLEESFLVEEDKKHERHP IFGNIVDEVAYHEKYPTIY
HLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLE T
QLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNG
LEGNLIALSLGLTPNFKSNEFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY
ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLK
ALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGT
EELLVKLNREDLLRKQRTEFDNGSIPHQIHLGELHATLRRQEDFYPFLKDN
REKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGA
SAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRK
PAFLSGEQKKAIVDLLFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDR
FNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL
KTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDEFLKSD
GFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKG
ILOQTVKVVDELVKVMGRHKPENIVIEMARENQTTOQKGOKNSRERMKRIEE
GIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDY
DVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP SEEVVKKMKNYWRQL
LNAKLITQRKEDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILD
SRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHD
AYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKY
FEYSNIMNFFKTEITLANGEIRKRPLIETNGETGE IVWDKGRDFATVRKV
LSMPQVNIVKKTEVQTGGEF SKESILPKRNSDKLIARKKDWDPKKYGGFDS
PTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKG
YKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL
YLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADAN
LDKVLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRY
TSTKEVLDATLIHQSITGLYETRIDLSQLGGDSPKKKRKVGVDGSSGSET
PGTSESATPESTGMNNSQGRVTFEDVTVNFTQGEWQRLNPEQRNLYRDVM
LENYSNLVSVGQGETTKPDVILRLEQGKEPWLEEEEVLGSGRAEKNGDIG
GQIWKPKDVKESLSADYKDDDDKAPKKKRKVPKKKRKV

664

Linker

GGGGS

665

Linker

EAAAK

631

Linker

SGGS
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CLAIMS

A system for repressing transcription of a human PCSK9 gene in a human cell,
optionally a human hepatocyte, comprising
a) one or more fusion proteins that collectively comprise
a DNA methyltransferase (DNMT) domain and/or a domain that
recruits a DNMT, optionally wherein the DNMT domain and/or the recruiter
domain comprise a DNMT3A domain and/or a DNMT3L domain, and
optionally wherein the recruited DNMT is DNMT3A, and
a transcriptional repressor domain,
each domain being linked to a DNA-binding domain that binds to a target
sequence in the human PCSK9 gene, wherein the target sequence comprises
the sequence of SEQ ID NO: 687, SEQ ID NO: 1039, SEQ ID NO: 1044, or
SEQ ID NO: 1046; or

b) one or more nucleic acid molecules encoding the one or more fusion proteins.

The system of claim 1, wherein the DNA-binding domain comprises a dead CRISPR
Cas (dCas) domain, and wherein the system comprises a guide RNA that targets the
fusion protein to one or more sequences in the PCSK9 gene selected from SEQ ID

NOs: 1039, 1044, and 1046.

The system of claim 2, wherein the system comprises (i) one or more guide RNAs
comprising any one of SEQ ID NOs: 1491-1493, or (ii) one or more nucleic acid

molecule coding for the one or more guide RNAs of (i).

The system of claim 3, wherein the guide RNA comprises the sequence
MmA*mC*mU*rGrCrCrUrGrGrCrUrCrArCrUrCrCrUrCrCrGrUrUrUrUrArGrArGmC
mUmAMGMAMAMAMUmMAMGmCrArArGrUrUrArArArArUrArArGrGrCrUrArGr
UrCrCrGrUrUrArUrCrAmAmCmUmUmGmAmMAmMAMAMAMGMUmGrGmCmAm
CmCmGmMAMGMUmCmGmGmUmGmCmU*mU*mU*mU (mg041, SEQ ID NO:
1528).

The system of claim 3, wherein the guide RNA comprises the sequence

MmA*mU*mC*rGrUrCrCrGrArUrGrGrGrGrCrUrCrUrGrGrGrUrUrUrUrArGrArGmC
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MmUMAMGMAMAMAMUMAMGMCrArArGrUrUrArArArArUrArArGrGrCrUrArGr
UrCrCrGrUrUrArUrCrAMAMCmUmUmGmMAmMAMAMAMAMGmMUmGrGmCmAm

10.

11.

12.

13.

CmCmGmAMGMUmCmGmGmUmGmCmU*mU*mU*mU (mg049, SEQ ID
NO:1529).

The system of any one of claims 2-5, wherein the dCas domain comprises a dCas9

sequence, optionally a sequence with at least 90% identity to SEQ ID NO: 12 or 13.

The system of claim 1, wherein the DNA-binding domain comprises a ZFP domain
that binds to a nucleotide target sequence comprising the sequence of SEQ ID NO:
687.

The system of claim 7, wherein the ZFP domain comprises the F1-F6 amino acid

sequence of ZF034 as shown in Table 1.

The system of any one of claims 1-8, wherein the DNMT3A domain comprises a

sequence with at least 90% identity to SEQ ID NO: 574 or 575.

The system of any one of claims 1-9, wherein the DNMT3L domain comprises a
sequence with at least 90% identity to a sequence selected from SEQ ID NOs: 578-
581.

The system of any one of claims 1-9, wherein the DNMT3L domain comprises a
sequence with at least 90% identity to a sequence selected from SEQ ID NOs: 582-
603.

The system of any one of claims 1-8, wherein the DNMT domain comprises a
sequence with at least 90% identity to a sequence selected from SEQ ID NOs: 601-
603.

The system of any one of claims 1-12, wherein the transcriptional repressor domain
comprises a sequence with at least 90% identity to a sequence selected from SEQ ID

NOs: 33-570.

217



14.

15.

16.

17.

18.

19.

20.
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The system of any one of claims 1-12, wherein the transcriptional repressor domain

comprises a KRAB domain derived from KOX1, ZIM3, ZFP28, or ZN627.

The system of claim 14, wherein the KRAB domain comprises a sequence with at

least 90% identity to a sequence selected from SEQ ID NOs: 89, 116, 245, and 255.

The system of any one of claims 1-12, wherein the transcriptional repressor domain
comprises a fusion of the N- and C-terminal regions of ZIM3 and KOX1 KRAB, and
optionally comprises the amino acid sequence of SEQ ID NO: 571 or 572.

The system of any one of claims 1-12, wherein the transcriptional repressor domain is
derived from KAP1, MECP2, HP1a/CBXS5, HP1b, CBXS8, CDYL2, TOX, TOX3,
TOX4, EED, EZH2, RBBP4, RCOR1, or SCML2.

The system of any one of claims 1-17, wherein the system comprises
a) a fusion protein comprising the DNMT3A domain, the DNMT3L domain, the
transcriptional repressor domain, and the DNA-binding domain,
optionally wherein one or both of the DNMT3A domain and the
DNMT3L domain are human, and
wherein the DNA-binding domain is a dead CRISPR Cas domain or a
ZFP domain; or

b) a nucleic acid molecule encoding the fusion protein.

The system of claim 18, wherein the fusion protein comprises, from N-terminus to C-
terminus, the DNMT3A domain, a first peptide linker, the DNMT3L domain, a
second peptide linker, the DNA-binding domain, a third peptide linker, and the

transcriptional repressor domain.

The system of claim 19, wherein the fusion protein comprises, from N-terminus to C-
terminus, the DNMT3A domain, the first peptide linker, the DNMT3L domain, the
second peptide linker, a first nuclear localization signal (NLS), the DNA-binding
domain, a second NLS, the third peptide linker, and the transcriptional repressor

domain.
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21.

22.

23.

24,

25.

26.

27.
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The system of claim 18, wherein the fusion protein comprises, from N-terminus to C-
terminus, a first nuclear localization signal (NLS), the DNMT3A domain, the first
peptide linker, the DNMT3L domain, the second peptide linker, the DNA-binding
domain, the third peptide linker, the transcriptional repressor domain, and a second

NLS.

The system of claim 18, wherein the fusion protein comprises, from N-terminus to C-
terminus, first and second nuclear localization signals (NLSs), the DNMT3A domain,
the first peptide linker, the DNMT3L domain, the second peptide linker, the DNA-
binding domain, the third peptide linker, the transcriptional repressor domain, and

third and fourth NLSs.

The system of any one of claims 18-22, wherein the transcriptional repressor domain
is a KRAB domain, optionally a human KOX1, ZFP28, ZN627, or ZIM3 KRAB

domain.

The system of any one of claims 19-23, wherein one or both of the second and third
peptide linkers are XTEN linkers, optionally selected from XTEN80 and XTEN16,
and further optionally wherein the second peptide linker is XTENS8O, and the third
peptide linker is XTEN16.

The system of claim 18, wherein the fusion protein comprises, from N-terminus to C-
terminus, a human DNMT3A domain, a first peptide linker, a human DNMT3L
domain, an XTENSO peptide linker, a first NLS, a dSpCas9 domain, a second NLS,
an XTEN16 peptide linker, and a human KOX1 KRAB domain.

The system of any one of claims 1-6 or 9-15, wherein the fusion protein comprises

SEQ ID NO: 1519 or a sequence at least 90% identical thereto.
The system of any one of claims 1 or 7-15, wherein the fusion protein comprises SEQ

ID NO: 688 or a sequence at least 90% identical thereto and comprising the F1-F6

amino acid sequences of ZF034 as shown in Table 1.
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28. The system of any one of claims 1 or 7-15, wherein the fusion protein comprises SEQ
ID NO: 689 or a sequence at least 90% identical thereto and comprising the F1-F6

amino acid sequences of ZF034 as shown in Table 1.

29. The system of any one of claims 1 or 7-15, wherein the fusion protein comprises SEQ
ID NO: 690 or a sequence at least 90% identical thereto and comprising the F1-F6

amino acid sequences of ZF034 as shown in Table 1.

30. The system of any one of claims 1 or 7-15, wherein the fusion protein comprises SEQ
ID NO: 1527 or a sequence at least 90% identical thereto and comprising the F1-F6

amino acid sequences of ZF034 as shown in Table 1.

31. The system of claim 18, wherein the fusion protein comprises, from N-terminus to C-
terminus, a human DNMT3A domain, a first peptide linker, a human DNMT3L
domain, an XTENS8O peptide linker, a first NLS, a ZFP domain, a second NLS, an
XTEN16 linker, and a human KOX1 KRAB domain.

32. The system of claim 31, wherein the fusion protein comprises the sequence of SEQ
ID NO: 659 or a sequence at least 90% identical thereto, or SEQ ID NO: 1496 or a
sequence at least 90% identical thereto, optionally wherein the ZFP comprises the F1-

F6 amino acid sequence of ZF034 as shown in Table 1.

33. The system of claim 18, wherein the fusion protein comprises, from N-terminus to C-
terminus, first and second NLSs, a human DNMT3A domain, a first peptide linker, a
human DNMT3L domain, an XTENS8Q peptide linker, a ZFP domain, an XTEN16
peptide linker, a human KOX1 KRAB domain, and third and fourth NLSs, optionally
wherein the fusion protein comprises SEQ ID NO: 1514 or a sequence at least 90%
identical thereto, or SEQ ID NO: 1525 or a sequence at least 90% identical thereto.

34. The system of claim 18, wherein the fusion protein comprises, from N-terminus to C-
terminus, first and second NLSs, a human DNMT3A domain, a first peptide linker, a
human DNMT3L domain, an XTENS8O peptide linker, a dSpCas9 domain, an
XTEN16 peptide linker, a human ZIM3 KRAB domain, and third and fourth NLSs.
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35. The system of claim 34, wherein the fusion protein comprises SEQ ID NO: 698 or a

sequence at least 90% identical thereto.

36. A human cell comprising the system of any one of claims 1-35, or progeny of the cell,

optionally wherein the cell is a hepatocyte.

37. A pharmaceutical composition comprising the system of any one of claims 1-35 and a

pharmaceutically acceptable excipient.

38. A method of treating a patient in need thereof, comprising administering the system of
any one of claims 1-35 or the pharmaceutical composition of claim 37 to the patient,

optionally intravenously.

39. The method of claim 38, wherein the patient
has heart disease,
has elevated low-density lipoprotein cholesterol (LDL-C) or
hypercholesterolemia,
is at risk of developing myocardial infarction, stroke, or unstable angina,
and/or
has primary hyperlipidemia, optionally heterozygous familial

hypercholesterolemia (HeFH), or homozygous familial hypercholesterolemia (HoFH).

40. The system of any one of claims 1-35, or the pharmaceutical composition of claim 37,
for use in treating a patient in need thereof, optionally in the method of claim 38 or

39.

41. Use of the system of any one of claims 1-35 in the manufacture of a medicament for

treating a patient in need thereof, optionally in the method of claim 38 or 39.
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