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COMPOSITIONS AND METHODS FOR EPIGENOME EDITING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to US Application No. 63/118,832 filed November 27,
2020, and US Application No. 63/035,431 filed June 5, 2020, the disclosures of which are

incorporated by reference herein in their entirety.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT

[0002] This invention was made with government support under grant DARPA-BAA-16-59
awarded by The Defense Advanced Research Projects Agency. The government has certain

rights in the invention.

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER
PROGRAM LISTING APPENDIX SUBMITTED AS AN ASCII FILE

[0003] The Sequence Listing written in file 048536-690001WO_SequenceListing ST25 txt,
created 2021, x bytes, machine format IBM-PC, MS Windows operating system, is hereby

incorporated by reference.
BACKGROUND

[0004] Although gene editing using CRISPR-based technologies is a promising approach for
treatment of diseases, particularly genetically-defined diseases, CRISPR-based gene editing
relies on DNA breaks or base editing, which can result in off-target modifications, cell toxicity,
or unpredictable DNA repair outcomes. Further, most CRISPR-based technologies are restricted
to genome-editing, and may generate irreversible, deleterious changes. In contrast, modifications
made through epigenetic editing may be long-term and are reversible, thus providing a safer
approach to modulating gene expression. Epigenetic editing also provides opportunities for
transforming both the DNA epigenetic code and the histone code, allowing for editing using
different modalities and within various cellular and genetic contexts. Provided herein, infer alia,

are solutions to these and other problems in the art.
BRIEF SUMMARY

[0005] In an aspect is provided a fusion protein comprising from N-terminus to C-terminus, a
demethylation domain, an XTEN linker, and a nuclease-deficient RNA-guided DNA
endonuclease enzyme or a nuclease-deficient endonuclease enzyme. In aspects, the fusion

protein further comprises a transcriptional activator. In aspects, the transcriptional activator is
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VP64, p65, Rta, or a combination of two or more thereof. In aspects, the fusion protein further
comprises a nuclear localization sequence. In embodiments, the fusion protein comprises the
nuclease-deficient RNA-guided DNA endonuclease enzyme. In embodiments, the fusion protein

comprises the nuclease-deficient DNA endonuclease enzyme.

[0006] In an aspect is provided a fusion protein comprising from N-terminus to C-terminus, an
RNA-binding sequence, an XTEN linker, and a transcriptional activator. In aspects, the
transcriptional activator is VP64, p65, Rta, or a combination of two or more thereof. In aspects,
the fusion protein further comprises a demethylation domain, a nuclease-deficient RNA-guided
DNA endonuclease enzyme or a nuclease-deficient endonuclease enzyme, a nuclear localization
sequence, or a combination of two or more thereof. In embodiments, the fusion protein
comprises the nuclease-deficient RNA-guided DNA endonuclease enzyme. In embodiments, the

fusion protein comprises the nuclease-deficient DNA endonuclease enzyme.

[0007] 1In an aspect is provided a fusion protein comprising from N-terminus to C-terminus, a
demethylation domain, an XTEN linker, a nuclease-deficient RNA-guided DNA endonuclease
enzyme or a nuclease-deficient endonuclease enzyme, and a transcriptional activator. In aspects,
the transcriptional activator is VP64, p65, Rta, or a combination of two or more thereof. In
aspects, the fusion protein further comprises a nuclear localization sequence. In embodiments,
the fusion protein comprises the nuclease-deficient RNA-guided DNA endonuclease enzyme. In

embodiments, the fusion protein comprises the nuclease-deficient DNA endonuclease enzyme.

[0008] In an aspect is provided a fusion protein comprising from N-terminus to C-terminus, a
demethylation domain, an XTEN linker, a nuclease-deficient RNA-guided DNA endonuclease
enzyme or a nuclease-deficient endonuclease enzyme, and a nuclear localization sequence. In
aspects, the fusion protein further comprises a transcriptional activator. In aspects, the
transcriptional activator is VP64, p65, Rta, or a combination of two or more thereof. In
embodiments, the fusion protein comprises the nuclease-deficient RNA-guided DNA
endonuclease enzyme. In embodiments, the fusion protein comprises the nuclease-deficient

DNA endonuclease enzyme.

[0009] In an aspect is provided a method of activating a target nucleic acid sequence in a cell,
the method comprising: (i) delivering a first polynucleotide encoding a fusion protein described
herein including embodiments thereof to a cell containing the silenced target nucleic acid; and
(i1) delivering to the cell a second polynucleotide comprising: (a) a sSgRNA or (b) a cr:itracrRNA;
thereby reactivating the silenced target nucleic acid sequence in the cell. In aspects, the sgRNA

comprises at least one MS2 stem loop. In aspects, the second polynucleotide comprises a



WO 2021/248023 PCT/US2021/035937

transcriptional activator. In aspects, the second polynucleotide comprises two or more sgRNA.
In aspects, the target nucleic acid sequence comprises a CpG island. In aspects, the target nucleic
acid sequence comprises a non-CpG island. In embodiments, the fusion protein comprises the
nuclease-deficient RNA-guided DNA endonuclease enzyme. In embodiments, the method does
not comprise step (ii) when the fusion protein comprises the nuclease-deficient DNA

endonuclease enzyme.

[0010] In an aspect is provided a method of activating a target nucleic acid sequence or
reactivating a silenced target nucleic acid sequence in a cell, the method comprising delivering a
polynucleotide encoding a fusion protein described herein including embodiments thereof to a
cell containing the silenced target nucleic acid; thereby reactivating the silenced target nucleic
acid sequence in the cell. In embodiments, the fusion protein comprises a demethylation domain,
an XTEN linker, a nuclease-deficient RNA-guided DNA endonuclease enzyme, an sgRNA, and
a transcriptional activator. In aspects, the target nucleic acid sequence comprises a CpG island.

In aspects, the target nucleic acid sequence comprises a non-CpG island.

[0011] These and other embodiments and aspects of the disclosure are described in detail

herein.
BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1is a bar plot of HEK293T cells reactivating CRISPRoff-silenced H2B, Snrpn-
GFP, or CLTA 9 days after Cas9-mediated knockout of DNMT1. The error bars are SD from

three independent experiments.

[0013] FIG. 2 provides time course measurements of CLTA reactivation after increasing
doses of 5-aza-dC in HEK293T cells with CLTA silenced by CRISPRoff. Percent cells with
CLTA reactivated are shown. This plot shows that cells can reactivate the expression of CLTA
via DNA demethylation.

[0014] FIG. 3 provides median CLTA-GFP fluorescence of CLTA reactivation after
increasing doses of 5-aza-dC in HEK293T cells with CLTA silenced by CRISPRofT.

[0015] FIG. 4 is a schematic of gene reactivation experiment. Cells encoding CRISPRoff-
silenced CLTA-GFP were transfected with plasmids encoding dCas9-TET1 and sgRNAs.

[0016] FIG. 5is a schematic of four TET1 fusions to dCas9 (v1-v4) that were tested for

CRISPRon gene reactivation.

[0017] FIG. 6 is a graph showing time course of CLTA reactivation after transfection of the
four TET fusions in shown in FIG. 5 with a pool of sgRNAs targeting CL7A. The CLTA gene
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has a CpG island.

[0018] FIG 7 is a bar graph showing a comparison of CLTA reactivation using the four TET
fusions in FIG. 5 co-transfected with one sgRNA sequence or a pool of three sgRNAs. Error

bars represent the range of two technical replicates.

[0019] FIG. 8 is a representative FACS plot of CLTA reactivation measured at 28 days post-
transfection of TETv4 and targeting sgRNAs.

[0020] FIG. 9A is a bisulfite-PCR analysis of the CLTA CGI after TET1 reactivation show
high levels of cytosine demethylation (white circles) compared to CRISPRoff silenced CLTA
(black circles). Each row represents one sequencing read. The percent methylation of the locus is

represented in the horizontal bar graph.

[0021] FIG. 9B provides a schematic of the CLTA CGI (green) with sgRNA binding sites
annotated (a, b, ¢). The lollipop plot shading represents the percent of each CpG dinucleotide
with methylated cytosine, as measured by bisulfite-PCR. The promoter, splicing, and CGI

annotations were obtained from UCSC Genome Browser.

[0022] FIG. 10 is a schematic of the TETv4 and transactivator ribonucleoprotein complex
mediated by a sgRNA encoding two MS2 RNA aptamers. Transactivator domains include
monopartite, bipartite, and tripartite architectures of the VP16 tetramer VP64, the RELA

activation domain (p65), and the viral transcriptional activator Rta.

[0023] FIG. 11 is a schematic of vectors that express a CLTA4-targeting sgRNA and MS2 coat

protein (MCP) fusion to various transcriptional activators..

[0024] FIG. 12 is a Violin plot that represents median CLTA-GFP fluorescence 2 days post-
transfection of sgRNAs targeting CLTA and either dCas9 or dCas9 and MCP-fused

transactivators into cells with endogenously expressed CLTA-GFP.

[0025] FIG. 13 is a bar graph showing a comparison of fold change in the fraction of CLTA-
GFP reactivated cells measured two days post-transfection of TETv4 and MCP-fused
transactivators. The data are displayed as the fold change compared to TETv4 alone, calculated

from the mean of two technical replicates.

[0026] FIG. 14 shows bar graphs illustrating TET1 in combination with transactivators
reactivates gene expression. Gene and plasmid expression levels were measured at multiple time

points post-transfection.

[0027] FIGS. 15A-15B are violin plots illustrating that transient expression of Rta, p65-Rta

and VP64-p65 transactivators resulted in significantly increased single cell gene expression
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within reactivated cells. FIG. 15B provides a comparison of median fluorescence of single cells
that have reactivated CLTA-GFP, measured 28 days post-transfection. The data are
representative of two technical replicates. * p value < 0.05, ** p value < 0.0005, *** p value, le-
15 relative to the GFP positive population in the TETv4 condition by the Wilcoxon rank-sum

test.

[0028] FIG. 16 is a bar graph showing gene reactivation by a TET1 fusion protein in cells
with previously silenced genes. DYNC2LI1 and LAMP2 do not have a canonical CpG island.

[0029] FIG. 17 provides a time course of HEK293T cells with CLTA-GFP reactivation after
transfection of sgRNAs targeting CLTA and either TETv4 only, or TETv4 along with various
MCP-fused transactivator domains into cells with CRISPRoff-silenced CLTA. Untreated cells

are represented in white circles. The error bars are SD from three independent experiments.

[0030] FIG. 18 provides a time course of HEK293T cells with CLTA-GFP reactivation after
transfection of sgRNAs targeting CLTA and either dCas9-VPR or dCas9 along with various
MCP-fused transactivator domains, or untransfected cells. The transfections were performed in
the absence of TETv4 to measure persistent gene activation in the absence of DNA

demethylation. The error bars are SD from three independent experiments.

[0031] FIGS. 19A-19D show fusion proteins and their gene reactivation. FIG. 19D is a
graphic showing fusion proteins described herein, including GCP21 (SEQ ID NO:102),
JKNp146 (SEQ ID NO:99), and JKNp147 (SEQ ID NO:101). FIGS. 19B-19D show gene
reactivation of the CLTA gene, the DYNC2LII gene, and the histone H2B gene (respectively)

after transfection of the fusion proteins, measured 13 days post-transfection.
DETAILED DESCRIPTION
[0032] Definitions

[0033] Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which this invention belongs.
The following references provide one of skill with a general definition of many of the terms
used in this invention: Singleton et al., Dictionary of Microbiology and Molecular Biology (2nd
ed. 1994); The Cambridge Dictionary of Science and Technology (Walker ed., 1988); The
Glossary of Genetics, 5Sth Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale &
Marham, The Harper Collins Dictionary of Biology (1991). As used herein, the following terms

have the meanings ascribed to them unless specified otherwise.

[0034] The use of a singular indefinite or definite article (e.g., “a,” “an,” “the,” etc.) in this
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disclosure and in the following claims follows the traditional approach in patents of meaning “at
least one” unless in a particular instance it is clear from context that the term is intended in that
particular instance to mean specifically one and only one. Likewise, the term “comprising” is
open ended, not excluding additional items, features, components, etc. References identified
herein are expressly incorporated herein by reference in their entireties unless otherwise

indicated.

9 ¢C

[0035] The terms “comprise,” “include,” and “have,” and the derivatives thereof, are used
herein interchangeably as comprehensive, open-ended terms. For example, use of “comprising,”
“including,” or “having” means that whatever element is comprised, had, or included, is not the

only element encompassed by the subject of the clause that contains the verb.

[0036] "Nucleic acid" refers to nucleotides (e.g., deoxyribonucleotides or ribonucleotides) and

polymers thereof in either single-, double- or multiple-stranded form, or complements thereof.

2% 9 <

The terms “polynucleotide,” “oligonucleotide,” “oligo” or the like refer, in the usual and
customary sense, to a linear sequence of nucleotides. The term “nucleotide” refers, in the usual
and customary sense, to a single unit of a polynucleotide, i.e., a monomer. Nucleotides can be
ribonucleotides, deoxyribonucleotides, or modified versions thereof. Examples of
polynucleotides contemplated herein include single and double stranded DNA, single and
double stranded RNA, and hybrid molecules having mixtures of single and double stranded
DNA and RNA. Examples of nucleic acids, e.g. polynucleotides, contemplated herein include,
but are not limited to, any type of RNA, e.g., mRNA, siRNA, miRNA, sgRNA, and guide RNA
and any type of DNA, genomic DNA, plasmid DNA, and minicircle DNA, and any fragments
thereof. In aspects, the nucleic acid is messenger RNA. In aspects, the messenger RNA is
messenger ribonucleoprotein (RNP). The term “duplex” in the context of polynucleotides refers,
in the usual and customary sense, to double strandedness. Nucleic acids can be linear or
branched. For example, nucleic acids can be a linear chain of nucleotides or the nucleic acids
can be branched, e.g., such that the nucleic acids comprise one or more arms or branches of
nucleotides. Optionally, the branched nucleic acids are repetitively branched to form higher

ordered structures such as dendrimers and the like.

.

[0037] As may be used herein, the terms “nucleic acid,” “nucleic acid molecule,” “nucleic

99 < 33 .

nucleic acid sequence,

99 ¢

acid oligomer,” “oligonucleotide, nucleic acid fragment™ and
“polynucleotide™ are used interchangeably and are intended to include, but are not limited to, a
polymeric form of nucleotides covalently linked together that may have various lengths, either
deoxyribonucleotides or ribonucleotides, or analogs, derivatives or modifications thereof.

Different polynucleotides may have different three-dimensional structures, and may perform
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various functions, known or unknown. Non-limiting examples of polynucleotides include a
gene, a gene fragment, an exon, an intron, intergenic DNA (including, without limitation,
heterochromatic DNA), messenger RNA (mRNA), transfer RNA, ribosomal RNA, a ribozyme,
c¢DNA, a recombinant polynucleotide, a branched polynucleotide, a plasmid, a vector, isolated
DNA of a sequence, isolated RNA of a sequence, sgRNA, guide RNA, a nucleic acid probe, and
a primer. Polynucleotides useful in the methods of the disclosure may comprise natural nucleic
acid sequences and variants thereof, artificial nucleic acid sequences, or a combination of such

sequences.

[0038] A polynucleotide is typically composed of a specific sequence of four nucleotide bases:
adenine (A); cytosine (C); guanine (G); and thymine (T) (uracil (U) for thymine (T) when the
polynucleotide is RNA). Thus, the term “polynucleotide sequence™ is the alphabetical
representation of a polynucleotide molecule; alternatively, the term may be applied to the
polynucleotide molecule itself. This alphabetical representation can be input into databases in a
computer having a central processing unit and used for bioinformatics applications such as
functional genomics and homology searching. Polynucleotides may optionally include one or

more non-standard nucleotide(s), nucleotide analog(s) and/or modified nucleotides.

[0039] Nucleic acids, including e.g., nucleic acids with a phosphothioate backbone, can
include one or more reactive moieties. As used herein, the term reactive moiety includes any
group capable of reacting with another molecule, e.g., a nucleic acid or polypeptide through
covalent, non-covalent or other interactions. By way of example, the nucleic acid can include an
amino acid reactive moiety that reacts with an amio acid on a protein or polypeptide through a

covalent, non-covalent or other interaction.

[0040] The terms also encompass nucleic acids containing known nucleotide analogs or
modified backbone residues or linkages, which are synthetic, naturally occurring, and non-
naturally occurring, which have similar binding properties as the reference nucleic acid, and
which are metabolized in a manner similar to the reference nucleotides. Examples of such
analogs include, include, without limitation, phosphodiester derivatives including, e.g.,
phosphoramidate, phosphorodiamidate, phosphorothioate (also known as phosphorothioate
having double bonded sulfur replacing oxygen in the phosphate), phosphorodithioate,
phosphonocarboxylic acids, phosphonocarboxylates, phosphonoacetic acid, phosphonoformic
acid, methyl phosphonate, boron phosphonate, or O-methylphosphoroamidite linkages (see
Eckstein, Oligonucleotides and Analogues: A Practical Approach, Oxford University Press) as
well as modifications to the nucleotide bases such as in 5-methyl cytidine or pseudouridine; and

peptide nucleic acid backbones and linkages. Other analog nucleic acids include those with
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positive backbones; non-ionic backbones, modified sugars, and non-ribose backbones (e.g.
phosphorodiamidate morpholino oligos or locked nucleic acids (LNA) as known in the art),
including those described in U.S. Patent Nos. 5,235,033 and 5,034,506, and Chapters 6 and 7,
ASC Symposium Series 580, Carbohydrate Modifications in Antisense Research, Sanghui &
Cook, eds. Nucleic acids containing one or more carbocyclic sugars are also included within one
definition of nucleic acids. Modifications of the ribose-phosphate backbone may be done for a
variety of reasons, e.g., to increase the stability and half-life of such molecules in physiological
environments or as probes on a biochip. Mixtures of naturally occurring nucleic acids and
analogs can be made; alternatively, mixtures of different nucleic acid analogs, and mixtures of
naturally occurring nucleic acids and analogs may be made. In aspects, the internucleotide

linkages in DNA are phosphodiester, phosphodiester derivatives, or a combination of both.

[0041] Nucleic acids can include nonspecific sequences. As used herein, the term "nonspecific
sequence" refers to a nucleic acid sequence that contains a series of residues that are not
designed to be complementary to or are only partially complementary to any other nucleic acid
sequence. By way of example, a nonspecific nucleic acid sequence is a sequence of nucleic acid
residues that does not function as an inhibitory nucleic acid when contacted with a cell or

organism.

[0042] The term “complementary”™ or “complementarity” refers to the ability of a nucleic acid
to form hydrogen bond(s) with another nucleic acid sequence by either traditional Watson-Crick
or other non-traditional types. For example, the sequence A-G-T is complementary to the
sequence T-C-A. A percent complementarity indicates the percentage of residues in a nucleic
acid molecule which can form hydrogen bonds (e.g., Watson-Crick base pairing) with a second
nucleic acid sequence (e.g., 5, 6, 7, 8, 9, 10 out of 10 being 50%, 60%, 70%, 80%, 90%, and
100% complementary, respectively). “Perfectly complementary” means that all the contiguous
residues of a nucleic acid sequence will hydrogen bond with the same number of contiguous
residues in a second nucleic acid sequence. “Substantially complementary™ as used herein refers
to a degree of complementarity that is at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%.
97%., 98%, 99%, or 100% over a region of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 30, 35, 40, 45, 50, or more nucleotides, or refers to two nucleic acids that hybridize

under stringent conditions (i.e., stringent hybridization conditions).

[0043] The phrase “stringent hybridization conditions™ refers to conditions under which a
probe will hybridize to its target subsequence, typically in a complex mixture of nucleic acids,
but to no other sequences. Stringent conditions are sequence-dependent and will be different in

different circumstances. Longer sequences hybridize specifically at higher temperatures. An
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extensive guide to the hybridization of nucleic acids is found in Tijssen, Techniques in
Biochemistry and Molecular Biology--Hybridization with Nucleic Probes, “Overview of
principles of hybridization and the strategy of nucleic acid assays™ (1993). Generally, stringent
conditions are selected to be about 5-10°C lower than the thermal melting point (Twm) for the
specific sequence at a defined ionic strength pH. The T is the temperature (under defined ionic
strength, pH, and nucleic concentration) at which 50% of the probes complementary to the target
hybridize to the target sequence at equilibrium (as the target sequences are present in excess, at
Tm, 50% of the probes are occupied at equilibrium). Stringent conditions may also be achieved
with the addition of destabilizing agents such as formamide. For selective or specific
hybridization, a positive signal is at least two times background, preferably 10 times background
hybridization. Exemplary stringent hybridization conditions can be as following: 50%
formamide, 5x SSC, and 1% SDS, incubating at 42°C, or, 5x SSC, 1% SDS, incubating at 65°C,
with wash in 0.2x SSC, and 0.1% SDS at 65°C.

[0044] Nucleic acids that do not hybridize to each other under stringent conditions are still
substantially identical if the polypeptides which they encode are substantially identical. This
occurs, for example, when a copy of a nucleic acid is created using the maximum codon
degeneracy permitted by the genetic code. In such cases, the nucleic acids typically hybridize
under moderately stringent hybridization conditions. Exemplary “moderately stringent
hybridization conditions™ include a hybridization in a buffer of 40% formamide, 1 M NaCl, 1%
SDS at 37°C, and a wash in 1X SSC at 45°C. A positive hybridization is at least twice
background. One of ordinary skill will readily recognize that alternative hybridization and wash
conditions can be utilized to provide conditions of similar stringency. Additional guidelines for
determining hybridization parameters are provided in numerous references, e.g., Current

Protocols in Molecular Biology, ed. Ausubel, et al., supra.

[0045] The term "gene" means the segment of DNA involved in producing a protein; it
includes regions preceding and following the coding region (leader and trailer) as well as
intervening sequences (introns) between individual coding segments (exons). The leader, the
trailer as well as the introns include regulatory elements that are necessary during the
transcription and the translation of a gene. Further, a "protein gene product” is a protein

expressed from a particular gene.

[0046] The word “expression” or “expressed” as used herein in reference to a gene means the
transcriptional and/or translational product of that gene. The level of expression of a DNA
molecule in a cell may be determined on the basis of either the amount of corresponding mRNA

that is present within the cell or the amount of protein encoded by that DNA produced by the
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cell. The level of expression of non-coding nucleic acid molecules (e.g., sgRNA) may be
detected by standard PCR or Northern blot methods well known in the art. See, Sambrook et al.,
1989 Molecular Cloning: A Laboratory Manual, 18.1-18.88.

[0047] The term “transcriptional regulatory sequence” as provided herein refers to a segment
of DNA that is capable of increasing or decreasing transcription (e.g., expression) of a specific
gene within an organism. Non-limiting examples of transcriptional regulatory sequences include

promoters, enhancers, and silencers.

[0048] The terms “transcription start site” and transcription initiation site” may be used
interchangeably to refer herein to the 5° end of a gene sequence (e.g., DNA sequence) where
RNA polymerase (e.g., DNA-directed RNA polymerase) begins synthesizing the RNA
transcript. The transcription start site may be the first nucleotide of a transcribed DNA sequence
where RNA polymerase begins synthesizing the RNA transcript. A skilled artisan can determine
a transcription start site via routine experimentation and analysis, for example, by performing a

run-off transcription assay or by definitions according to FANTOMS database.

[0049] The term “promoter” as used herein refers to a region of DNA that initiates
transcription of a particular gene. Promoters are typically located near the transcription start site
of a gene, upstream of the gene and on the same strand (i.e., 5° on the sense strand) on the DNA.

Promoters may be about 100 to about 1000 base pairs in length.

[0050] A "guide RNA" or "gRNA" as provided herein refers to any polynucleotide sequence
having sufficient complementarity with a target polynucleotide sequence to hybridize with the
target sequence and direct sequence-specific binding of a CRISPR complex to the target
sequence. In aspects, the degree of complementarity between a guide sequence and its
corresponding target sequence, when optimally aligned using a suitable alignment algorithm, is

about or more than about 50%, 60%, 75%, 80%, 85%, 90%, 95%, 97.5%, 99%, or more.

[0051] In embodiments, the polynucleotide (e.g., gRNA) is a single-stranded ribonucleic acid.
In aspects, the polynucleotide (e.g., gRNA) is from about 10 to about 200 nucleic acid residues
in length. In aspects, the polynucleotide (e.g., gRNA) is from about 50 to about 150 nucleic acid
residues in length. In aspects, the polynucleotide (e.g., gRNA) is from about 80 to about 140
nucleic acid residues in length. In aspects, the polynucleotide (e.g., gRNA) is from about 90 to
about 130 nucleic acid residues in length. In aspects, the polynucleotide (e.g., gRNA) is from
about 100 to about 120 nucleic acid residues in length. In aspects, the length of the
polynucleotide (e.g., gRNA) is about 113 nucleic acid residues in length.

[0052] In general, a guide sequence (i.e., a DNA-targeting sequence) is any polynucleotide

10
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sequence having sufficient complementarity with a target polynucleotide sequence to hybridize
with the target sequence (e.g., a genomic or mitochondrial DNA target sequence) and direct
sequence-specific binding of a complex (e.g., CRISPR complex) to the target sequence. In
aspects, the degree of complementarity between a guide sequence and its corresponding target
sequence, when optimally aligned using a suitable alignment algorithm, is about or more than
about 50%, 60%, 75%, 80%, 85%, 90%, 95%, 97.5%, 99%, or more. In aspects, the degree of
complementarity between a guide sequence and its corresponding target sequence, when
optimally aligned using a suitable alignment algorithm, is at least about 80%, 85%, 90%, 95%,
or 100%. In aspects, the degree of complementarity is at least 90%. Optimal alignment may be
determined with the use of any suitable algorithm for aligning sequences, non-limiting example
of which include the Smith-Waterman algorithm, the Needleman-Wunsch algorithm, algorithms
based on the Burrows-Wheeler Transform (e.g. the Burrows Wheeler Aligner), ClustalW,
Clustal X, BLAT, Novoalign (Novocraft Technologies, ELAND (Illumina, San Diego, Calif.),
SOAP (available at soap.genomics.org.cn), and Maq (available at maq.sourceforge.net). In
aspects, a guide sequence is about or more than about 10, 20, 30, 35, 40, 45, 50, 75, or more
nucleotides in length. In aspects, a guide sequence is about 10 to about 150, about 15 to about
100 nucleotides in length. In aspects, a guide sequence is less than about 75, 50, 45, 40, 35, 30,
25, 20, 15, 12, or fewer nucleotides in length. In aspects, the guide sequence is about or more
than about 20 nucleotides in length. The ability of a guide sequence to direct sequence-specific
binding of a complex (e.g., CRISPR complex) to a target sequence may be assessed by any
suitable assay. For example, the components of a CRISPR system sufficient to form a complex
(e.g., CRISPR complex), including the guide sequence to be tested, may be provided to a host
cell having the corresponding target sequence, such as by transfection with vectors encoding the
components of the CRISPR sequence, followed by an assessment of preferential cleavage within
the target sequence, such as by Surveyor assay known in the art. Similarly, cleavage of a target
polynucleotide sequence may be evaluated in a test tube by providing the target sequence,
components of a complex (e.g., CRISPR complex), including the guide sequence to be tested
and a control guide sequence different from the test guide sequence, and comparing binding or
rate of cleavage at the target sequence between the test and control guide sequence reactions.

Other assays are possible, and will occur to those skilled in the art.

[0053] The terms “sgRNA,” “single guide RNA,” and “single guide RNA sequence” are used
interchangeably and refer to the polynucleotide sequence including the crRNA sequence and
optionally the tracrRNA sequence. The crRNA sequence includes a guide sequence (i.e., “guide”

or “spacer”) and a tracr mate sequence (i.e., direct repeat(s)”). The term “guide sequence” refers

11
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to the sequence that specifies the target site. In aspects, the two RNA can be encoded separately
by a crRNA and tracrRNA as 2 RNA molecules which then form an RNA/RNA complex due to
complementary base pairing between the crRNA and tracrRNA (i.e., before being competent to

bind to nuclease-deficient RNA-guided DNA endonuclease enzyme). In aspects, a first nucleic

acid includes a tracrRNA sequence, and a separate second nucleic acid includes a gRNA

sequence lacking a tractrRNA sequence. In aspects, the first nucleic acid including the tractrRNA

sequence and the second nucleic acid including the gRNA sequence interact with one another,

and optionally are included in a complex (e.g., CRISPR complex). Exemplary sgRNA, and their

targeted sequences, are shown in Tables 2, 3, and 4.

[0054] Table 2
Name Targeted sequence (5' to 3") sgRNA sequence (5' to 3")
ACTGCGGAAATTTGAGCGT | ACGCUCAAAUUUCCGCAGU
A (JKNgl156) | (SEQ ID NO: 37) (SEQ ID NO: 38)
AGGCAATGGCTGCACATGC | GCAUGUGCAGCCAUUGCCU
B (JKNg158) | (SEQ ID NO: 39) (SEQ ID NO: 40)
GACGCTTGGTTCTGAGGAG | CUCCUCAGAACCAAGCGUC
C (JKNgl60) | (SEQ ID NO: 41) (SEQ ID NO: 42)
[0055] Table 3
Name Targeted sequence (5' to 3') sgRNA sequence (5'to 3")
TCCGGAAACGCATTCCTCT | AGAGGAAUGCGUUUCCGGA
CD29, sgRNA-A | (SEQ ID NO: 43) (SEQ ID NO: 44)
CCGCGTCAGCCCGGCCCGG | CCGGGCCGGGCUGACGCGG
CD29, sgRNA-B (SEQ ID NO: 45) (SEQ ID NO: 46)
CGACTCCCGCTGGGCCTCT | AGAGGCCCAGCGGGAGUCG
CD29, sgRNA-C (SEQ ID NO: 47) (SEQ ID NO: 48)
cegttgegegetegetete gagagegagegegeaacgs
CD81, sgRNA-A | (SEQ ID NO: 49) (SEQ ID NO: 50)
CCGCGCATCCTGCCAGGCC | GGCCUGGCAGGAUGCGCGG
CD81, sgRNA-B (SEQ ID NO: 51) (SEQ ID NO: 52)
CCAACTTGGCGCGTTTCGG | CCGAAACGCGCCAAGUUGG
CDS81, sgRNA-C (SEQ ID NO:53) (SEQ ID NO: 54)
ACCACGCGTCCGAGTCCGG | CCGGACUCGGACGCGUGGU
CD151, sgRNA-A | (SEQ ID NO: 55) (SEQ ID NO: 56)
TGCTCATTGTCCCTGGACA | UGUCCAGGGACAAUGAGCA
CDI151, sgRNA-B | (SEQ IDNO: 57) (SEQ ID NO: 58)
GGACACCCTGCTCATTGTC | GACAAUGAGCAGGGUGUCC
CDI151, sgRNA-C | (SEQ ID NO: 59) (SEQ ID NO: 60)
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Name Targeted sequence (5' to 3") sgRNA sequence (5' to 3)
TCCGGAAACGCATTCCTCT | AGAGGAAUGCGUUUCCGGA
Pcsk9 sgRNA-1 | (SEQ ID NO:43) (SEQ ID NO:44)
ACCGGCAGCCTGCGCGTCC | GGACGCGCAGGCUGCCGGU
Pcsk9 sgRNA-2 | (SEQ ID NO: 61) (SEQ ID NO: 62)
CGATGGGCACCCACTGCTC | GAGCAGUGGGUGCCCAUCG
Pcsk9 sgRNA-3 | (SEQ ID NO: 63) (SEQ ID NO: 64)
CCTTCACGTGGACGCGCAG | CUGCGCGUCCACGUGAAGG
Pcsk9 sgRNA-4 | (SEQ ID NO: 65) (SEQ ID NO: 66)
CGTGAAGGTGGAAGCCTTC | GAAGGCUUCCACCUUCACG
Pcsk9 sgRNA-5 | (SEQ ID NO: 67) (SEQ ID NO: 68)
CTCCTTGGTCAGGCGCCGG | CCGGCGCCUGACCAAGGAG
Npcl sgRNA-1 | (SEQ ID NO: 69) (SEQ ID NO: 70)
TGGTCAGGCGCCGGTTCCG | CGGAACCGGCGCCUGACCA
Npcl sgRNA-2 [ (SEQID NO: 71) (SEQ ID NO: 72)
TAGAGGTCGCCTTCTCCTC | GAGGAGAAGGCGACCUCUA
Npcl sgRNA-3 | (SEQ ID NO: 73) (SEQ ID NO: 74)
CGACGCTCGGGTCGCGAGTG | CACCGCGACCCGAGCGUCG
Npcl sgRNA-4 | (SEQ ID NO:75) (SEQ ID NO:76)
ATGCTGTCGCCGCGCGGGG | CCCCGCGCGGCGACAGCAU
Npcl sgRNA-5 | (SEQ ID NO:77) (SEQ ID NO:78)
CTCACCCTCACCGGAGCCA | UGGCUCCGGUGAGGGUGAG
Spcsl sgRNA-1 | (SEQ ID NO:79) (SEQ ID NO:80)
CCGCAAACTTTACTCCTTA | UAAGGAGUAAAGUUUGCGG
Spcsl sgRNA-2 | (SEQ ID NO:81) (SEQ ID NO:82)
CTCGGAGACATCCGCTTCC | GGAAGCGGAUGUCUCCGAG
Spcs1 sgRNA-3 | (SEQ ID NO: 60) (SEQ ID NO: 60)
CTCCTAAGATTGGCTTCAC | GUGAAGCCAAUCUUAGGAG
Spcsl sgRNA-4 | (SEQ ID NO:83) (SEQ ID NO:84)
CCGGAGCCACTCCTAAGAT | AUCUUAGGAGUGGCUCCGG
Spcsl sgRNA-5 | (SEQ ID NQ:85) (SEQ ID NO:86)
TTCTCTACCCTACGTCTCA | UGAGACGUAGGGUAGAGAA
Cd81 sgRNA-1 | (SEQ ID NO:87) (SEQ ID NO:88)
TACGTCTCATTCTCCGCAA | UUGCGGAGAAUGAGACGUA
Cd81 sgRNA-2 | (SEQ ID NO:89) (SEQ ID NO:90)
GCTAGGCCTCCAGCCCTTC | GAAGGGCUGGAGGCCUAGC
Cd81 sgRNA-3 | (SEQ ID NO:91) (SEQ ID NO:92)
ACAGGTGGCGCCGCAACTT | AAGUUGCGGCGCCACCUGU
Cd81 sgRNA-4 | (SEQ ID NO:93) (SEQ ID NO:94)
AGCCGGAGGCGCGAGAGTC | GACUcCUcCGCGCcUcCCcGaGCU
Cd81 sgRNA-5 | (SEQ ID NO:95) (SEQ ID NO:96)

[0057]
example, the full single guide RNA (sgRNA) for SEQ ID NO:38 is:

GACGCUCAAAUUUCCGCAGUGUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGU
UUAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUU

The sequences in Tables 2, 3, and 4 are the targeting crRNA sequences. As an
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UUUUU (SEQ ID NO:114). A common tracr sequence of each single guide for Sp Cas9 is
GUUUAAGAGCUAAGCUGGAAACAGCAUAGCAAGUUUAAAUAAGGCUAGUCCGUU
AUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUUU (SEQ ID NO:115). The
skilled artisan will appreciate that the sgRNA sequences in Tables 2, 3, and 4 are 19 base pairs
and do not reflect that each sgRNA starts with a G which is required if expressed from a pol-III
promoter for initiation of transcription. Thus, for SEQ ID NO:38, the sequence would be
GACGCUCAAAUUUCCGCAGU (SEQ ID NO:116) rather than
ACGCUCAAAUUUCCGCAGU (SEQ ID NO:38). In embodiments, SEQ ID NOS:38, 40, 42,
44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 63, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94,

and 96 each contain a G as the first nucleotide.

[0058] In general, a tracr mate sequence includes any sequence that has sufficient
complementarity with a tractRNA sequence to promote one or more of: (1) excision of a guide
sequence flanked by tracr mate sequences in a cell containing the corresponding tracr sequence;
and (2) formation of a complex (e.g., CRISPR complex) at a target sequence, wherein the
complex (e.g., CRISPR complex) comprises the tracr mate sequence hybridized to the tracr
sequence. In general, degree of complementarity is with reference to the optimal alignment of
the tracr mate sequence and tractrRNA sequence, along the length of the shorter of the two
sequences. Optimal alignment may be determined by any suitable alignment algorithm, and may
further account for secondary structures, such as self-complementarity within either the
tracrRNA sequence or tracr mate sequence. In aspects, the degree of complementarity between
the tracrRNA sequence and tracr mate sequence along the length of the shorter of the two when
optimally aligned is about or more than about 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95%, 97.5%, 99%, or higher. In aspects, the degree of complementarity is about or at least about
80%, 90%, 95%, or 100%. In aspects, the tracrRNA sequence is about or more than about 5, 10,
15, 20, 30, 40, 50, or more nucleotides in length. In aspects, the tracrRNA sequence and tracr
mate sequence are contained within a single transcript, such that hybridization between the two

produces a transcript having a secondary structure, such as a hairpin.

[0059] The term "amino acid" refers to naturally occurring and synthetic amino acids, as well
as amino acid analogs and amino acid mimetics that function in a manner similar to the naturally
occurring amino acids. Naturally occurring amino acids are those encoded by the genetic code,
as well as those amino acids that are later modified, e.g., hydroxyproline, y-carboxy glutamate,
and O-phosphoserine. Amino acid analogs refers to compounds that have the same basic
chemical structure as a naturally occurring amino acid, i.e., an o, carbon that is bound to a

hydrogen, a carboxyl group, an amino group, and an R group, e.g., homoserine, norleucine,
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methionine sulfoxide, methionine methyl sulfonium. Such analogs have modified R groups (e.g.,
norleucine) or modified peptide backbones, but retain the same basic chemical structure as a
naturally occurring amino acid. Amino acid mimetics refers to chemical compounds that have a
structure that is different from the general chemical structure of an amino acid, but that functions
in a manner similar to a naturally occurring amino acid. The terms “non-naturally occurring
amino acid” and “unnatural amino acid” refer to amino acid analogs, synthetic amino acids, and

amino acid mimetics which are not found in nature.

[0060] Amino acids may be referred to herein by either their commonly known three letter
symbols or by the one-letter symbols recommended by the TUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be referred to by their commonly

accepted single-letter codes.

[0061] The terms "polypeptide,” "peptide" and "protein" are used interchangeably herein to
refer to a polymer of amino acid residues, wherein the polymer may, in aspects, be conjugated to
a moiety that does not consist of amino acids. The terms apply to amino acid polymers in which
one or more amino acid residue is an artificial chemical mimetic of a corresponding naturally
occurring amino acid, as well as to naturally occurring amino acid polymers and non-naturally
occurring amino acid polymers. A "fusion protein" refers to a chimeric protein encoding two or

more separate protein sequences that are recombinantly expressed as a single moiety.

[0062] "Conservatively modified variants" applies to both amino acid and nucleic acid
sequences. With respect to particular nucleic acid sequences, "conservatively modified variants"
refers to those nucleic acids that encode identical or essentially identical amino acid sequences.
Because of the degeneracy of the genetic code, a number of nucleic acid sequences will encode
any given protein. For instance, the codons GCA, GCC, GCG and GCU all encode the amino
acid alanine. Thus, at every position where an alanine is specified by a codon, the codon can be
altered to any of the corresponding codons described without altering the encoded polypeptide.
Such nucleic acid variations are "silent variations," which are one species of conservatively
modified variations. Every nucleic acid sequence herein which encodes a polypeptide also
describes every possible silent variation of the nucleic acid. One of skill will recognize that each
codon in a nucleic acid (except AUG, which is ordinarily the only codon for methionine, and
TGG, which is ordinarily the only codon for tryptophan) can be modified to yield a functionally
identical molecule. Accordingly, each silent variation of a nucleic acid which encodes a

polypeptide is implicit in each described sequence.

[0063] As to amino acid sequences, one of skill will recognize that individual substitutions,
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deletions or additions to a nucleic acid, peptide, polypeptide, or protein sequence which alters,
adds or deletes a single amino acid or a small percentage of amino acids in the encoded
sequence is a "conservatively modified variant" where the alteration results in the substitution of
an amino acid with a chemically similar amino acid. Conservative substitution tables providing
functionally similar amino acids are well known in the art. Such conservatively modified
variants are in addition to and do not exclude polymorphic variants, interspecies homologs, and
alleles of the disclosure. The following eight groups each contain amino acids that are
conservative substitutions for one another: (1) Alanine (A), Glycine (G); (2) Aspartic acid (D),
Glutamic acid (E); (3) Asparagine (N), Glutamine (Q); (4) Arginine (R), Lysine (K); (5)
Isoleucine (I), Leucine (L), Methionine (M), Valine (V); (6) Phenylalanine (F), Tyrosine (Y),
Tryptophan (W); (7) Serine (S), Threonine (T); and (8) Cysteine (C), Methionine (M) (see, e.g.,
Creighton, Proteins (1984)).

[0064] "Percentage of sequence identity" is determined by comparing two optimally aligned
sequences over a comparison window, wherein the portion of the polynucleotide or polypeptide
sequence in the comparison window may comprise additions or deletions (i.e., gaps) as
compared to the reference sequence (which does not comprise additions or deletions) for optimal
alignment of the two sequences. The percentage is calculated by determining the number of
positions at which the identical nucleic acid base or amino acid residue occurs in both sequences
to yield the number of matched positions, dividing the number of matched positions by the total
number of positions in the window of comparison and multiplying the result by 100 to yield the

percentage of sequence identity.

[0065] The terms "identical" or percent "identity," in the context of two or more nucleic acids
or polypeptide sequences, refer to two or more sequences or subsequences that are the same or
have a specified percentage of amino acid residues or nucleotides that are the same (i.e., about
60% identity, preferably 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or higher identity over a specified region, when compared and aligned for
maximum correspondence over a comparison window or designated region) as measured using a
BLAST or BLAST 2.0 sequence comparison algorithms with default parameters described
below, or by manual alignment and visual inspection (see, e.g., NCBI web site
ncbi.nlm.nih.gov/BLAST/ or the like). Such sequences are then said to be "substantially
identical." This definition also refers to, or may be applied to, the compliment of a test sequence.
The definition also includes sequences that have deletions and/or additions, as well as those that
have substitutions. As described below, the preferred algorithms can account for gaps and the

like. Preferably, identity exists over a region that is at least about 25 amino acids or nucleotides
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in length, or more preferably over a region that is 50-100 amino acids or nucleotides in length.

[0066] An amino acid or nucleotide base "position" is denoted by a number that sequentially
identifies each amino acid (or nucleotide base) in the reference sequence based on its position
relative to the N-terminus (or 5'-end). Due to deletions, insertions, truncations, fusions, and the
like that must be taken into account when determining an optimal alignment, in general the
amino acid residue number in a test sequence determined by simply counting from the N-
terminus will not necessarily be the same as the number of its corresponding position in the
reference sequence. For example, in a case where a variant has a deletion relative to an aligned
reference sequence, there will be no amino acid in the variant that corresponds to a position in
the reference sequence at the site of deletion. Where there is an insertion in an aligned reference
sequence, that insertion will not correspond to a numbered amino acid position in the reference
sequence. In the case of truncations or fusions there can be stretches of amino acids in either the
reference or aligned sequence that do not correspond to any amino acid in the corresponding

sequence.

[0067] The terms "numbered with reference to" or "corresponding to," when used in the
context of the numbering of a given amino acid or polynucleotide sequence, refers to the
numbering of the residues of a specified reference sequence when the given amino acid or

polynucleotide sequence is compared to the reference sequence.

[0068] For specific proteins described herein (e.g., TET1, dCas9), the named protein includes
any of the protein’s naturally occurring forms, or variants or homologs that maintain the protein
activity (e.g., within at least 50%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or 100% activity
compared to the native protein). In aspects, variants or homologs have at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% amino acid sequence
identity across the whole sequence or a portion of the sequence (e.g. a 50, 100, 150 or 200
continuous amino acid portion) compared to a naturally occurring form. In aspects, the protein is
the protein as identified by its NCBI sequence reference. In aspects, the protein is the protein as

identified by its NCBI sequence reference or functional fragment or homolog thereof.

[0069] The term “RNA-guided DNA endonuclease™ and the like refer, in the usual and
customary sense, to an enzyme that cleave a phosphodiester bond within a DNA polynucleotide
chain, wherein the recognition of the phosphodiester bond is facilitated by a separate RNA

sequence (for example, a single guide RNA).

[0070] The term “Class II CRISPR endonuclease” refers to endonucleases that have similar

endonuclease activity as Cas9 and participate in a Class IT CRISPR system. An example Class II
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CRISPR system is the type II CRISPR locus from Streptococcus pyogenes SF370, which
contains a cluster of four genes Cas9, Casl, Cas2, and Csnl, as well as two non-coding RNA
elements, tractrRNA and a characteristic array of repetitive sequences (direct repeats) interspaced
by short stretches of non-repetitive sequences (spacers, about 30 bp each). The Cpfl enzyme
belongs to a putative type V CRISPR-Cas system. Both type H and type V systems are included
in Class H of the CRISPR-Cas system.

[0071] A “nuclear localization sequence™ or “nuclear localization signal” or “NLS” is a
peptide that directs proteins to the nucleus. In aspects, the NLS includes five basic, positively
charged amino acids. The NLS may be located anywhere on the peptide chain. In aspects, the
NLS is an NLS derived from SV40. In aspects, the NLS includes the sequence set forth by SEQ
ID NO:4. In aspects, the NLS is the sequence set forth by SEQ ID NO:4. In aspects, NLS has an
amino acid sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:4. In
aspects, NLS has an amino acid sequence that has at least 75% sequence identity to SEQ ID
NO:4. In aspects, NLS has an amino acid sequence that has at least 80% sequence identity to
SEQ ID NO:4. In aspects, NLS has an amino acid sequence that has at least 85% sequence
identity to SEQ ID NO:4. In aspects, NLS has an amino acid sequence that has at least 90%
sequence identity to SEQ ID NO:4. In aspects, NLS has an amino acid sequence that has at least
95% sequence identity to SEQ ID NO:4. In aspects, NLS has an amino acid sequence of SEQ ID
NO:4.

[0072] A “cell” as used herein, refers to a cell carrying out metabolic or other function
sufficient to preserve or replicate its genomic DNA. A cell can be identified by well-known
methods in the art including, for example, presence of an intact membrane, staining by a
particular dye, ability to produce progeny or, in the case of a gamete, ability to combine with a
second gamete to produce a viable offspring. Cells may include prokaryotic and eukaryotic cells.
Prokaryotic cells include but are not limited to bacteria. Eukaryotic cells include but are not
limited to yeast cells and cells derived from plants and animals, for example mammalian, insect
(e.g., spodoptera) and human cells. Cells may be useful when they are naturally nonadherent or

have been treated not to adhere to surfaces, for example by trypsinization.

[0073] As used herein, the term “vector” refers to a nucleic acid molecule capable of
transporting another nucleic acid to which it has been linked. One type of vector is a “plasmid”,
which refers to a linear or circular double stranded DNA loop into which additional DNA
segments can be ligated. Another type of vector is a viral vector, wherein additional DNA

segments can be ligated into the viral genome. Certain vectors are capable of autonomous
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replication in a host cell into which they are introduced (e.g., bacterial vectors having a bacterial
origin of replication and episomal mammalian vectors). Other vectors (e.g., non episomal
mammalian vectors) are integrated into the genome of a host cell upon introduction into the host
cell, and thereby are replicated along with the host genome. Moreover, certain vectors are
capable of directing the expression of genes to which they are operatively linked. Such vectors
are referred to herein as “expression vectors.” In general, expression vectors of utility in
recombinant DNA techniques are often in the form of plasmids. In the present specification,
“plasmid” and “vector” can be used interchangeably as the plasmid is the most commonly used
form of vector. However, the invention is intended to include such other forms of expression
vectors, such as viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno-
associated viruses), which serve equivalent functions. Additionally, some viral vectors are
capable of targeting a particular cells type either specifically or non-specifically. Replication-
incompetent viral vectors or replication-defective viral vectors refer to viral vectors that are
capable of infecting their target cells and delivering their viral payload, but then fail to continue

the typical lytic pathway that leads to cell lysis and death.

[0074] The terms "transfection”, "transduction", "transfecting" or "transducing" can be used
interchangeably and are defined as a process of introducing a nucleic acid molecule and/or a
protein to a cell. Nucleic acids may be introduced to a cell using non-viral or viral-based
methods. The nucleic acid molecule can be a sequence encoding complete proteins or functional
portions thereof. Typically, a nucleic acid vector, comprising the elements necessary for protein
expression (e.g., a promoter, transcription start site, etc.). Non-viral methods of transfection
include any appropriate method that does not use viral DNA or viral particles as a delivery
system to introduce the nucleic acid molecule into the cell. Exemplary non-viral transfection
methods include nanoparticle encapsulation of the nucleic acids that encode the fusion protein
(e.g., lipid nanoparticles, gold nanoparticles, and the like), calcium phosphate transfection,
liposomal transfection, nucleofection, sonoporation, transfection through heat shock,
magnetifection and electroporation. For viral-based methods, any useful viral vector can be used
in the methods described herein. Examples of viral vectors include, but are not limited to
retroviral, adenoviral, lentiviral and adeno-associated viral vectors. In aspects, the nucleic acid
molecules are introduced into a cell using a retroviral vector following standard procedures well
known in the art. The terms "transfection" or "transduction" also refer to introducing proteins
into a cell from the external environment. Typically, transduction or transfection of a protein
relies on attachment of a peptide or protein capable of crossing the cell membrane to the protein
of interest. See, e.g., Ford et al. (2001) Gene Therapy 8:1-4 and Prochiantz (2007) Nat. Methods
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4:119-20.

[0075] A “peptide linker” as provided herein is a linker including a peptide moiety. In
embodiments, the peptide linker is a divalent peptide, such as an amino acid sequence attached
at the N-terminus and the C-terminus to the remainder of the compound (e.g., fusion protein
provided herein. The peptide linker may be a peptide moiety (a divalent peptide moiety) capable
of being cleaved (e.g., a P2A cleavable polypeptide). A peptide linker as provided herein may
also be referred to interchangeably as an amino acid linker. In aspects, the peptide linker
includes 1 to about 80 amino acid residues. In aspects, the peptide linker includes 1 to about 70
amino acid residues. In aspects, the peptide linker includes 1 to about 60 amino acid residues. In
aspects, the peptide linker includes 1 to about 50 amino acid residues. In aspects, the peptide
linker includes 1 to about 40 amino acid residues. In aspects, the peptide linker includes 1 to
about 30 amino acid residues. In aspects, the peptide linker includes 1 to about 25 amino acid
residues. In aspects, the peptide linker includes 1 to about 20 amino acid residues. In aspects, the
peptide linker includes about 2 to about 20 amino acid residues. In aspects, the peptide linker
includes about 2 to about 19 amino acid residues. In aspects, the peptide linker includes about 2
to about 18 amino acid residues. In aspects, the peptide linker includes about 2 to about 17
amino acid residues. In aspects, the peptide linker includes about 2 to about 16 amino acid
residues. In aspects, the peptide linker includes about 2 to about 15 amino acid residues. In
aspects, the peptide linker includes about 2 to about 14 amino acid residues. In aspects, the
peptide linker includes about 2 to about 13 amino acid residues. In aspects, the peptide linker
includes about 2 to about 12 amino acid residues. In aspects, the peptide linker includes about 2
to about 11 amino acid residues. In aspects, the peptide linker includes about 2 to about 10
amino acid residues. In aspects, the peptide linker includes about 2 to about 9 amino acid
residues. In aspects, the peptide linker includes about 2 to about 8 amino acid residues. In
aspects, the peptide linker includes about 2 to about 7 amino acid residues. In aspects, the
peptide linker includes about 2 to about 6 amino acid residues. In aspects, the peptide linker
includes about 2 to about 5 amino acid residues. In aspects, the peptide linker includes about 2 to
about 4 amino acid residues. In aspects, the peptide linker includes about 2 to about 3 amino
acid residues. In aspects, the peptide linker includes about 3 to about 19 amino acid residues. In
aspects, the peptide linker includes about 3 to about 18 amino acid residues. In aspects, the
peptide linker includes about 3 to about 17 amino acid residues. In aspects, the peptide linker
includes about 3 to about 16 amino acid residues. In aspects, the peptide linker includes about 3
to about 15 amino acid residues. In aspects, the peptide linker includes about 3 to about 14

amino acid residues. In aspects, the peptide linker includes about 3 to about 13 amino acid
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residues. In aspects, the peptide linker includes about 3 to about 12 amino acid residues. In
aspects, the peptide linker includes about 3 to about 11 amino acid residues. In aspects, the
peptide linker includes about 3 to about 10 amino acid residues. In aspects, the peptide linker
includes about 3 to about 9 amino acid residues. In aspects, the peptide linker includes about 3 to
about 8 amino acid residues. In aspects, the peptide linker includes about 3 to about 7 amino
acid residues. In aspects, the peptide linker includes about 3 to about 6 amino acid residues. In
aspects, the peptide linker includes about 3 to about 5 amino acid residues. In aspects, the
peptide linker includes about 3 to about 4 amino acid residues. In aspects, the peptide linker
includes about 10 to about 20 amino acid residues. In aspects, the peptide linker includes about
15 to about 20 amino acid residues. In aspects, the peptide linker includes about 2 amino acid
residues. In aspects, the peptide linker includes about 3 amino acid residues. In aspects, the
peptide linker includes about 4 amino acid residues. In aspects, the peptide linker includes about
5 amino acid residues. In aspects, the peptide linker includes about 6 amino acid residues. In
aspects, the peptide linker includes about 7 amino acid residues. In aspects, the peptide linker
includes about 8 amino acid residues. In aspects, the peptide linker includes about 9 amino acid
residues. In aspects, the peptide linker includes about 10 amino acid residues. In aspects, the
peptide linker includes about 11 amino acid residues. In aspects, the peptide linker includes
about 12 amino acid residues. In aspects, the peptide linker includes about 13 amino acid
residues. In aspects, the peptide linker includes about 14 amino acid residues. In aspects, the
peptide linker includes about 15 amino acid residues. In aspects, the peptide linker includes
about 16 amino acid residues. In aspects, the peptide linker includes about 17 amino acid
residues. In aspects, the peptide linker includes about 18 amino acid residues. In aspects, the
peptide linker includes about 19 amino acid residues. In aspects, the peptide linker includes
about 20 amino acid residues. In aspects, the peptide linker includes about 21 amino acid
residues. In aspects, the peptide linker includes about 22 amino acid residues. In aspects, the
peptide linker includes about 23 amino acid residues. In aspects, the peptide linker includes
about 24 amino acid residues. In aspects, the peptide linker includes about 25 amino acid

residues.

[0076] The terms “XTEN,” “XTEN linker,” or “XTEN polypeptide” as used herein refer to an
recombinant polypeptide (e.g. unstructured recombinant peptide) lacking hydrophobic amino
acid residues. The development and use of XTEN can be found in, for example, Schellenberger
et al., Nature Biotechnology 27, 1186-1190 (2009). In aspects, the XTEN linker includes the
sequence set forth by SEQ ID NO:5, 6, or 98.

[0077] “Epitope tag” refers to a biological moiety, such as a peptide, that is genetically
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engineered into a recombinant protein and that functions as a universal epitope that is easily
detected by commercially available assays or antibodies and that generally does not compromise

the native structure or function of the protein.

[0078] A “detectable agent™ or “detectable moiety™ is a composition detectable by appropriate
means such as spectroscopic, photochemical, biochemical, immunochemical, chemical,
magnetic resonance imaging, or other physical means. For example, useful detectable agents
include '8F, 2P, 3P, 43Ti, #’Sc, *?Fe, *°Fe, *?Cu, *Cu, “/Cu, °’Ga, *Ga, " As, Y, Y. #Sr, 3Zr,
94TC, 94TC, 99m’1“c’ 99MO7 105Pd’ IOSRh’ lllAg7 11111,1’ 1231) 12417 IZSL 13117 142PI', 143Pr’ 149Pm’ 153Sm’
154-1581Gq 161 T}, 166Dy 166Ho, 169Er, 175Ly, 1771y, 136Re, 1%8Re, 189Re, 1%Ir, 198 A, Au, 21AL,
2lipy, 212B;, 212pp, 213B4, 223Ra, 22 Ac, Cr, V, Mn, Fe, Co, Ni, Cu, La, Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, *?P, fluorophore (e.g. fluorescent dyes), electron-dense
reagents, enzymes (e.g., as commonly used in an ELISA), biotin, digoxigenin, paramagnetic
molecules, paramagnetic nanoparticles, ultrasmall superparamagnetic iron oxide ("USPIO")
nanoparticles, USPIO nanoparticle aggregates, superparamagnetic iron oxide ("SPIO")
nanoparticles, SPIO nanoparticle aggregates, monochrystalline iron oxide nanoparticles,
monochrystalline iron oxide, nanoparticle contrast agents, liposomes or other delivery vehicles
containing Gadolinium chelate ("Gd-chelate") molecules, Gadolinium, radioisotopes,
radionuclides (e.g. carbon-11, nitrogen-13, oxygen-15, fluorine-18, rubidium-82),
fluorodeoxyglucose (e.g. fluorine-18 labeled), any gamma ray emitting radionuclides, positron-
emitting radionuclide, radiolabeled glucose, radiolabeled water, radiolabeled ammonia,
biocolloids, microbubbles (e.g. including microbubble shells including albumin, galactose,
lipid, and/or polymers; microbubble gas core including air, heavy gas(es), perfluorcarbon,
nitrogen, octafluoropropane, perflexane lipid microsphere, perflutren, etc.), iodinated contrast
agents (e.g., iohexol, iodixanol, ioversol, iopamidol, ioxilan, iopromide, diatrizoate, metrizoate,
ioxaglate), barium sulfate, thorium dioxide, gold, gold nanoparticles, gold nanoparticle
aggregates, fluorophores, two-photon fluorophores, or haptens and proteins or other entities
which can be made detectable, e.g., by incorporating a radiolabel into a peptide or antibody

specifically reactive with a target peptide.

[0079] A detectable moiety is a monovalent detectable agent or a detectable agent capable of
forming a bond with another composition. In aspects, the detectable agent is an epitope tag. In
aspects, the epitope tag is an HA tag. In aspects, the HA tag includes the sequence set forth by
SEQ ID NO:7. In aspects, the HA tag is the sequence set forth by SEQ ID NO:7. In aspects, the
HA tag has an amino acid sequence that has at least 80% sequence identity to SEQ ID NO:7. In

aspects, the HA tag has an amino acid sequence that has at least 85% sequence identity to SEQ
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ID NO:7. In aspects, the HA tag has an amino acid sequence that has at least 90% sequence
identity to SEQ ID NO:7. In aspects, the HA tag has an amino acid sequence that has at least
95% sequence identity to SEQ ID NO:7.

[0080] In aspects, the detectable agent is a fluorescent protein. In aspects, the fluorescent
protein is blue fluorescent protein (BFP). In aspects, the BFP includes the sequence set forth by
SEQ ID NO:8. In aspects, the BFP is the sequence set forth by SEQ ID NO:8. In aspects, the
BFP has an amino acid sequence that has at least 80% sequence identity to SEQ ID NO:8. In
aspects, the BFP has an amino acid sequence that has at least 85% sequence identity to SEQ ID
NO:8. In aspects, the BFP has an amino acid sequence that has at least 90% sequence identity to
SEQ ID NO:8. In aspects, the BFP has an amino acid sequence that has at least 95% sequence
identity to SEQ ID NO:8.

[0081] Radioactive substances (e.g., radioisotopes) that may be used as imaging and/or
labeling agents in accordance with the aspects of the disclosure include, but are not limited to,
ISF, 32P7 BP, 45'1"1’ 47SC, 52Fe’ 59Fe’ 62CU, 64Cu7 67CU., 67Ga’ 68Ga7 77AS, 86Y’ 90Y‘ 89sr’ SQZI-’ 94TC,
%, 9MTc, ¥Mo, 19Pd, 195Rh, 111 Ag, 11ln, 1231, 1241, 125], 131[, 142py 143y 149ppy 153Gy, 15¢-
181G, 161Th, 166Dy, 166Ho, 69Er, 175 u, 177Lu, 86Re, 18Re, ¥'Re, 1*Ir, BAu, 9 Au, 211 At,
21ipp, 212Bj, 212pb, 213Bi, 22*Ra and ?*3Ac. Paramagnetic ions that may be used as additional
imaging agents in accordance with the aspects of the disclosure include, but are not limited to,
ions of transition and lanthanide metals (e.g., metals having atomic numbers of 21-29, 42, 43,
44, or 57-71). These metals include ions of Cr, V, Mn, Fe, Co, Ni, Cu, La, Ce, Pr, Nd, Pm, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu.

[0082] "Contacting" is used in accordance with its plain ordinary meaning and refers to the
process of allowing at least two distinct species to become sufficiently proximal to react, interact
or physically touch. It should be appreciated, however, the resulting reaction product can be
produced directly from a reaction between the added reagents or from an intermediate from one

or more of the added reagents which can be produced in the reaction mixture.

[0083] The term “contacting” may include allowing two species to react, interact, or
physically touch, wherein the two species may be, for example, a fusion protein as provided
herein and a nucleic acid sequence (e.g., target DNA sequence).

113

[0084] As defined herein, the term "activation", "activate", "activating," “enhance,”

2 EENES

“reactivation,” “reactivate,” “reactivating” and the like when used in reference to a composition
as provided herein (e.g., fusion protein, complex, nucleic acid, vector) refer to positively

affecting (e.g., increasing) the activity (e.g., transcription) of a nucleic acid sequence (e.g.,
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increasing transcription of a gene) relative to the activity of the nucleic acid sequence (e.g.,
transcription of a gene) in the absence of the composition (e.g., fusion protein, complex, nucleic
acid, vector). Thus, activation or reactivation includes, at least in part increasing or upregulating
(e.g., transcription) the expression, or preventing or reversing the decrease or delay of the
expression (e.g., transcription) of the nucleic acid sequence. The activated or reactivated activity
(e.g., transcription) may be 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, or more than
that in a control. In aspects, the activation or reactivation is 1.5-fold, 2-fold, 3-fold, 4-fold, 5-
fold, 10-fold, or more in comparison to a control. In embodiments, activation may be activation
of a gene that was previously silenced. In embodiments, reactivation may be reactivation of a

gene that was previously silenced.

[0085] The term “enhancer” or “activator” as used herein refers to a region of DNA that may
be bound by proteins (e.g., transcriptional activators) and/or polynucleotides to increase the
likelihood that transcription of a gene will occur. Enhancers may be about 50 to about 35,000
base pairs in length. In embodiments, enhancers may be about 50 to about 1500 base pairs in
length. Enhancers may be located downstream or upstream of the transcription initiation site that
it regulates and may be hundreds to at least a million base pairs away from the transcription
initiation site. In embodiments, the enhancer may be several hundreds of base pairs away from
the transcription initiation site. In embodiments, the enhancer may be bound by at least one
transcriptional activator (e.g., VP64, p65, Rta). In embodiments, the enhancer may be a target
polynucleotide sequence suitable for epigenome editing. In embodiments, the enhancer may be
targeted by one or more proteins and/or polynucleotides which may activate or reactivate
transcription of a gene.

[0086] As defined herein, the term "inhibition", "inhibit", "inhibiting," “repression,”

9% ¢ 23 <

repressing,” “silencing,” “silence” and the like when used in reference to a composition as
provided herein (e.g., fusion protein, complex, nucleic acid, vector) refer to negatively affecting
(e.g., decreasing) the activity (e.g., transcription) of a nucleic acid sequence (e.g., decreasing
transcription of a gene) relative to the activity of the nuclei acid sequence (e.g., transcription of a
gene) in the absence of the composition (e.g., fusion protein, complex, nucleic acid, vector). In
aspects, inhibition refers to reduction of a disease or symptoms of disease (e.g., cancer). Thus,
inhibition includes, at least in part, partially or totally blocking activation (e.g., transcription), or
decreasing, preventing, or delaying activation (e.g., transcription) of the nucleic acid sequence.
The inhibited activity (e.g., transcription) may be 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%,
10%, or less than that in a control. In aspects, the inhibition is 1.5-fold, 2-fold, 3-fold, 4-fold, 5-

fold, 10-fold, or more in comparison to a control.

24



WO 2021/248023 PCT/US2021/035937

[0087] The term “silencer” as used herein refers to a DNA sequence capable of binding
transcription regulation factors known as repressors, thereby negatively effecting transcription of
a gene. Silencer DNA sequences may be found at many different positions throughout the DNA,
including, but not limited to, upstream of a target gene for which it acts to repress transcription

of the gene (e.g., silence gene expression).

[0088] A "control" sample or value refers to a sample that serves as a reference, usually a
known reference, for comparison to a test sample. For example, a test sample can be taken from
a test condition, e.g., in the presence of a test compound, and compared to samples from known
conditions, e.g., in the absence of the test compound (negative control), or in the presence of a
known compound (positive control). A control can also represent an average value gathered
from a number of tests or results. One of skill in the art will recognize that controls can be
designed for assessment of any number of parameters. For example, a control can be devised to
compare therapeutic benefit based on pharmacological data (e.g., half-life) or therapeutic
measures (e.g., comparison of side effects). One of skill in the art will understand which
controls are valuable in a given situation and be able to analyze data based on comparisons to
control values. Controls are also valuable for determining the significance of data. For example,
if values for a given parameter are widely variant in controls, variation in test samples will not

be considered as significant.

[0089] The term “demethylation domain™ refers to a part of a protein sequence or structure
that is capable of DNA demethylation. For example, a demethylation domain may remove a
methyl group from a nucleobase (i.e. conversion of 5-methylcytosine to cytosine). In
embodiments, demethylation domains include Ten-eleven translocation (TET) enzymes or
functional domains of TET enzymes. In embodiments, the demethylation domain is a bacterial

DNA demethylase.

[0090] The term “Ten-eleven translocation” or “TET" refers to the family of enzymes
including TET1, TET2 and TET3. Without intending to be bound by any theory, TET enzymes
may remove respressive SmC marks and/or catalyze the oxidization of the methyl group of 5-
methylcytosine (SmC) to yield 5-hydroxymethylcytosine (ShmC) and other oxidized

methylcytosines, facilitating demethylation.

[0091] The term “TET1” or “TET1 protein” as provided herein includes any of the
recombinant or naturally-occurring forms of Ten-eleven translocation methylcytosine
dioxygenase 1 (TET1), also known as Methylcytosine dioxygenase TET1, CXXC-type zinc

finger protein 6, Leukemia-associated protein with a CXXC domain, or variants or homologs
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thereof that maintain TET1 protein activity (e.g. within at least 50%, 80%, 90%, 95%, 96%,
97%, 98%, 99% or 100% activity compared to TET1 protein). In aspects, the variants or
homologs have at least 90%, 95%, 96%, 97%, 98%, 99% or 100% amino acid sequence identity
across the whole sequence or a portion of the sequence (e.g. a 50, 100, 150 or 200 continuous
amino acid portion) compared to a naturally occurring TET1 protein polypeptide. In
embodiments, TET1 protein is the protein as identified by the UniProt reference number
Q8NFU?7, or a variant, homolog or functional fragment thereof. In aspects, TET1 includes the
amino acid sequence of SEQ ID NO:1. In aspects, TET1 has the amino acid sequence of SEQ ID
NO:1. In aspects, TET1 has an amino acid sequence that has at least 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to SEQ ID NO:1. In aspects, TET1 has an amino acid sequence that has at
least 75% sequence identity to SEQ ID NO:1. In aspects, TET1 has an amino acid sequence that
has at least 80% sequence identity to SEQ ID NO:1. In aspects, TET1 has an amino acid
sequence that has at least 85% sequence identity to SEQ ID NO:1. In aspects, TET1 has an
amino acid sequence that has at least 90% sequence identity to SEQ ID NO:1. In aspects, TET1
has an amino acid sequence that has at least 95% sequence identity to SEQ ID NO:1. In aspects,
TET1 includes the amino acid sequence of SEQ ID NO:86. In aspects, TET1 has the amino acid
sequence of SEQ ID NO:86. In aspects, TET1 has an amino acid sequence that has at least 50%,
55%., 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% sequence identity to SEQ ID NO:86. In aspects, TET1 has an amino acid
sequence that has at least 75% sequence identity to SEQ ID NO:86. In aspects, TET1 has an
amino acid sequence that has at least 80% sequence identity to SEQ ID NO:86. In aspects, TET1
has an amino acid sequence that has at least 85% sequence identity to SEQ ID NO:86. In
aspects, TET1 has an amino acid sequence that has at least 90% sequence identity to SEQ ID
NO:86. In aspects, TET1 has an amino acid sequence that has at least 95% sequence identity to
SEQ ID NO:86. In aspects, TET1 includes the amino acid sequence of SEQ ID NO:97. In
aspects, TET1 has the amino acid sequence of SEQ ID NO:97. In aspects, TET1 has an amino
acid sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:97. In
aspects, TET1 has an amino acid sequence that has at least 75% sequence identity to SEQ ID
NO:97. In aspects, TET1 has an amino acid sequence that has at least 80% sequence identity to
SEQ ID NO:97. In aspects, TET1 has an amino acid sequence that has at least 85% sequence
identity to SEQ ID NO:97. In aspects, TET1 has an amino acid sequence that has at least 90%
sequence identity to SEQ ID NO:97. In aspects, TET1 has an amino acid sequence that has at
least 95% sequence identity to SEQ ID NO:97.
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[0092] The term “TET2” or “TET2 protein™ as provided herein includes any of the
recombinant or naturally-occurring forms of Ten-eleven translocation methylcytosine
dioxygenase 2 (TET2), also known as Methylcytosine dioxygenase TET2, or variants or
homologs thereof that maintain TET2 protein activity (e.g. within at least 50%, 80%, 90%, 95%,
96%, 97%, 98%, 99% or 100% activity compared to TET2 protein). In aspects, the variants or
homologs have at least 90%, 95%, 96%, 97%, 98%, 99% or 100% amino acid sequence identity
across the whole sequence or a portion of the sequence (e.g. a 50, 100, 150 or 200 continuous
amino acid portion) compared to a naturally occurring TET2 protein polypeptide. In
embodiments, TET2 protein is the protein as identified by the UniProt reference number
Q6NO021, or a variant, homolog or functional fragment thereof. In aspects, TET2 includes the
amino acid sequence of SEQ ID NO:2. In aspects, TET2 has the amino acid sequence of SEQ ID
NO:2. In aspects, TET2 has an amino acid sequence that has at least 50%, 55%, 60%, 65%,
70%., 75%, 80%, 85%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to SEQ ID NO:2. In aspects, TET2 has an amino acid sequence that has at
least 75% sequence identity to SEQ ID NO:2. In aspects, TET2 has an amino acid sequence that
has at least 80% sequence identity to SEQ ID NO:2. In aspects, TET2 has an amino acid
sequence that has at least 85% sequence identity to SEQ ID NO:2. In aspects, TET2 has an
amino acid sequence that has at least 90% sequence identity to SEQ ID NO:2. In aspects, TET2
has an amino acid sequence that has at least 95% sequence identity to SEQ ID NO:2.

[0093] The term “TET3” or “TET3 protein™ as provided herein includes any of the
recombinant or naturally-occurring forms of Ten-eleven translocation methylcytosine
dioxygenase 3 (TET3), also known as Methylcytosine dioxygenase TET3, or variants or
homologs thereof that maintain TET3 protein activity (e.g. within at least 50%, 80%, 90%, 95%,
96%, 97%, 98%, 99% or 100% activity compared to TET3 protein). In aspects, the variants or
homologs have at least 90%, 95%, 96%, 97%, 98%, 99% or 100% amino acid sequence identity
across the whole sequence or a portion of the sequence (e.g. a 50, 100, 150 or 200 continuous
amino acid portion) compared to a naturally occurring TET3 protein polypeptide. In
embodiments, TET3 protein is the protein as identified by the UniProt reference number
043151, or a variant, homolog or functional fragment thereof. In aspects, TET3 includes the
amino acid sequence of SEQ ID NO:3. In aspects, TET3 has the amino acid sequence of SEQ ID
NO:3. In aspects, TET3 has an amino acid sequence that has at least 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to SEQ ID NO:3. In aspects, TET3 has an amino acid sequence that has at
least 75% sequence identity to SEQ ID NO:3. In aspects, TET3 has an amino acid sequence that
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has at least 80% sequence identity to SEQ ID NO:3. In aspects, TET3 has an amino acid
sequence that has at least 85% sequence identity to SEQ ID NO:3. In aspects, TET3 has an
amino acid sequence that has at least 90% sequence identity to SEQ ID NO:3. In aspects, TET3
has an amino acid sequence that has at least 95% sequence identity to SEQ ID NO:3.

99 ¢

[0094] The term “transcriptional activator,” “activator” and the like refer, in the usual and
customary sense, to a protein (i.e. a transcription factor) that increases gene transcription of a
gene or set of genes. For example, transcriptional activators may be DNA-binding proteins that
bind to enhancers or promoter-proximal elements. In embodiments, the transcriptional activator
is VP64, p63, or Rta. In embodiments, the transcriptional activator may increase gene
transcription of a gene or a set of genes that was/were previously silenced. Transcriptional
activators and uses thereof may be found, for example, in Tanenbaum et al., A Protein-Tagging
System for Signal Amplification in Gene Expression and Fluorescence Imaging. Cell. 2014 Oct
23:159(33.635-46 and Zalatan et al., Engineering Complex Synthetic Transcniptional Programs
With CRISPR RNA Scaffolds. Cell. 2015 Jan 15;160{1-2):339-30, which are incorporated

herein by reference in their entirety and for all purposes.

[0095] The term “p65” or “p65 protein” as provided herein includes any of the recombinant or
naturally-occurring forms of Transcription factor p65 (p65), also known as Nuclear factor NF-
kappa-B p65 subunit, or variants or homologs thereof that maintain p65 protein activity (e.g.
within at least 50%, 80%, 90%, 95%, 96%, 97%, 98%., 99% or 100% activity compared to p65
protein). In aspects, the variants or homologs have at least 90%, 95%, 96%, 97%., 98%, 99% or
100% amino acid sequence identity across the whole sequence or a portion of the sequence (e.g.
a 50, 100, 150 or 200 continuous amino acid portion) compared to a naturally occurring p65
protein polypeptide. In embodiments, p65 protein is the protein as identified by the UniProt
reference number Q04206, or a variant, homolog or functional fragment thereof. In aspects, p65
includes the amino acid sequence of SEQ ID NO:13. In aspects, p65 has the amino acid
sequence of SEQ ID NO:13. In aspects, p65 has an amino acid sequence that has at least 50%,
55%., 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% sequence identity to SEQ ID NO:13. In aspects, p65 has an amino acid sequence
that has at least 75% sequence identity to SEQ ID NO:13. In aspects, p65 has an amino acid
sequence that has at least 80% sequence identity to SEQ ID NO:13. In aspects, p65 has an amino
acid sequence that has at least 85% sequence identity to SEQ ID NO:13. In aspects, p65 has an
amino acid sequence that has at least 90% sequence identity to SEQ ID NO:13. In aspects, p65
has an amino acid sequence that has at least 95% sequence identity to SEQ ID NO:13. In
aspects, p65 includes the amino acid sequence of SEQ ID NO:14. In aspects, p65 has the amino
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acid sequence of SEQ ID NO:14. In aspects, p65 has an amino acid sequence that has at least
50%, 55%, 60%, 65%., 70%, 75%, 80%, 85%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%., 99% or 100% sequence identity to SEQ ID NO:14. In aspects, p65 has an amino acid
sequence that has at least 75% sequence identity to SEQ ID NO:14. In aspects, p65 has an amino
acid sequence that has at least 80% sequence identity to SEQ ID NO:14. In aspects, p65 has an
amino acid sequence that has at least 85% sequence identity to SEQ ID NO:14. In aspects, p65
has an amino acid sequence that has at least 90% sequence identity to SEQ ID NO:14. In
aspects, p65 has an amino acid sequence that has at least 95% sequence identity to SEQ ID
NO:14. In aspects, p65 includes the amino acid sequence of SEQ ID NO:100. In aspects, p65
has the amino acid sequence of SEQ ID NO:100. In aspects, p65 has an amino acid sequence
that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:100. In aspects, p65 has an
amino acid sequence that has at least 75% sequence identity to SEQ ID NO:100. In aspects, p65
has an amino acid sequence that has at least 80% sequence identity to SEQ ID NO:100. In
aspects, p65 has an amino acid sequence that has at least 85% sequence identity to SEQ ID
NO:100. In aspects, p65 has an amino acid sequence that has at least 90% sequence identity to
SEQ ID NO:100. In aspects, p65 has an amino acid sequence that has at least 95% sequence
identity to SEQ ID NO:100.

[0096] The term “Rta” or “Rta protein™ as provided herein includes any of the recombinant or
naturally-occurring forms of Replication and transcription activator (Rta), also known as R
transactivator, Immediate-early protein Rta, or variants or homologs thereof that maintain Rta
protein activity (e.g. within at least 50%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or 100%
activity compared to Rta protein). In aspects, the variants or homologs have at least 90%, 95%,
96%, 97%, 98%, 99% or 100% amino acid sequence identity across the whole sequence or a
portion of the sequence (e.g. a 50, 100, 150 or 200 continuous amino acid portion) compared to
a naturally occurring Rta protein polypeptide. In embodiments, Rta protein is the protein as
identified by the UniProt reference number P03209, or a variant, homolog or functional
fragment thereof. In aspects, Rta includes the amino acid sequence of SEQ ID NO:15. In
aspects, Rta has the amino acid sequence of SEQ ID NO:15. In aspects, Rta has an amino acid
sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:15. In aspects, Rta
has an amino acid sequence that has at least 75% sequence identity to SEQ ID NO:15. In
aspects, Rta has an amino acid sequence that has at least 80% sequence identity to SEQ ID

NO:15. In aspects, Rta has an amino acid sequence that has at least 85% sequence identity to
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SEQ ID NO:15. In aspects, Rta has an amino acid sequence that has at least 90% sequence
identity to SEQ ID NO:15. In aspects, Rta has an amino acid sequence that has at least 95%
sequence identity to SEQ ID NO:15. In aspects, Rta includes the amino acid sequence of SEQ
ID NO:16. In aspects, Rta has the amino acid sequence of SEQ ID NO:16. In aspects, Rta has an
amino acid sequence that has at least 50%, 55%, 60%, 65%., 70%, 75%, 80%, 85%., 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:16. In
aspects, Rta has an amino acid sequence that has at least 75% sequence identity to SEQ ID
NO:16. In aspects, Rta has an amino acid sequence that has at least 80% sequence identity to
SEQ ID NO:16. In aspects, Rta has an amino acid sequence that has at least 85% sequence
identity to SEQ ID NO:16. In aspects, Rta has an amino acid sequence that has at least 90%
sequence identity to SEQ ID NO:16. In aspects, Rta has an amino acid sequence that has at least

95% sequence identity to SEQ ID NO:16.

[0097] The term “VP64” or “VP64 protein™ as provided herein includes any of the
recombinant or naturally-occurring forms of Tegument protein VP16 (VP64), also known as
Alpha trans-inducing protein, Alpha-TIF, or variants or homologs thereof that maintain VP64
protein activity (e.g. within at least 50%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or 100%
activity compared to VP64 protein). In aspects, the variants or homologs have at least 90%,
95%., 96%, 97%, 98%, 99% or 100% amino acid sequence identity across the whole sequence or
a portion of the sequence (e.g. a 50, 100, 150 or 200 continuous amino acid portion) compared
to a naturally occurring VP64 protein polypeptide. In embodiments, VP64 protein is the protein
as identified by the UniProt reference number P06492, or a variant, homolog or functional
fragment thereof. In aspects, VP64 includes the amino acid sequence of SEQ ID NO:17. In
aspects, VP64 has the amino acid sequence of SEQ ID NO:17. In aspects, VP64 has an amino
acid sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:17. In
aspects, VP64 has an amino acid sequence that has at least 75% sequence identity to SEQ ID
NO:17. In aspects, VP64 has an amino acid sequence that has at least 80% sequence identity to
SEQ ID NO:17. In aspects, VP64 has an amino acid sequence that has at least 85% sequence
identity to SEQ ID NO:17. In aspects, VP64 has an amino acid sequence that has at least 90%
sequence identity to SEQ ID NO:17. In aspects, VP64 has an amino acid sequence that has at
least 95% sequence identity to SEQ ID NO:17. In aspects, VP64 includes the amino acid
sequence of SEQ ID NO:18. In aspects, VP64 has the amino acid sequence of SEQ ID NO:18.
In aspects, VP64 has an amino acid sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity
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to SEQ ID NO:18. In aspects, VP64 has an amino acid sequence that has at least 75% sequence
identity to SEQ ID NO:18. In aspects, VP64 has an amino acid sequence that has at least 80%
sequence identity to SEQ ID NO:18. In aspects, VP64 has an amino acid sequence that has at
least 85% sequence identity to SEQ ID NO:18. In aspects, VP64 has an amino acid sequence
that has at least 90% sequence identity to SEQ ID NO:18. In aspects, VP64 has an amino acid
sequence that has at least 95% sequence identity to SEQ ID NO:18.

[0098] The term “MCP ~ or “MCP protein” as provided herein includes any of the
recombinant or naturally-occurring forms of Capsid protein (MCP), also known as CP, coat
protein, or variants or homologs thereof that maintain MCP protein activity (e.g. within at least
50%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or 100% activity compared to MCP protein). In
aspects, the variants or homologs have at least 90%, 95%, 96%, 97%, 98%, 99% or 100% amino
acid sequence identity across the whole sequence or a portion of the sequence (e.g. a 50, 100,
150 or 200 continuous amino acid portion) compared to a naturally occurring MCP protein
polypeptide. In embodiments, MCP protein is the protein as identified by the UniProt reference
number P03612, or a variant, homolog or functional fragment thereof. In aspects, MCP includes
the amino acid sequence of SEQ ID NO:21. In aspects, MCP has the amino acid sequence of
SEQ ID NO:21. In aspects, MCP has an amino acid sequence that has at least 50%, 55%, 60%,
65%., 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to SEQ ID NO:21. In aspects, MCP has an amino acid sequence that has at
least 75% sequence identity to SEQ ID NO:21. In aspects, MCP has an amino acid sequence that
has at least 80% sequence identity to SEQ ID NO:21. In aspects, MCP has an amino acid
sequence that has at least 85% sequence identity to SEQ ID NO:21. In aspects, MCP has an
amino acid sequence that has at least 90% sequence identity to SEQ ID NO:21. In aspects, MCP
has an amino acid sequence that has at least 95% sequence identity to SEQ ID NO:21

[0099] The term “nuclease-deficient RNA-guided DNA endonuclease enzyme™ and the like
refer, in the usual and customary sense, to an RNA-guided DNA endonuclease (e.g. a mutated
form of a naturally occurring RNA-guided DNA endonuclease) that targets a specific
phosphodiester bond within a DNA polynucleotide, wherein the recognition of the
phosphodiester bond is facilitated by a separate polynucleotide sequence (for example, a RNA
sequence (e.g., single guide RNA (sgRNA)), but is incapable of cleaving the target
phosphodiester bond to a significant degree (e.g. there is no measurable cleavage of the
phosphodiester bond under physiological conditions). A nuclease-deficient RNA-guided DNA
endonuclease thus retains DNA-binding ability (e.g. specific binding to a target sequence) when

complexed with a polynucleotide (e.g., sgRNA), but lacks significant endonuclease activity (e.g.
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any amount of detectable endonuclease activity). In aspects, the nuclease-deficient RN A-guided
DNA endonuclease enzyme is a CRISPR-associated protein. In aspects, the nuclease-deficient
RNA-guided DNA endonuclease enzyme is dCas9, dCas12a, dCpfl, ddCpfl, Cas-phi, a
nuclease-deficient Cas9 variant, a nuclease-deficient Class II CRISPR endonuclease, a leucine
zipper domain, a winged helix domain, a helix-turn-helix motif, a helix-loop-helix domain, an
HMB-box domain, a Wor3 domain, an OB-fold domain, an immunoglobulin domain, or a B3
domain. In aspects, the nuclease-deficient RNA-guided DNA endonuclease enzyme is a a
leucine zipper domain, a winged helix domain, a helix-turn-helix motif, a helix-loop-helix
domain, an HMB-box domain, a Wor3 domain, an OB-fold domain, an immunoglobulin
domain, or a B3 domain. In aspects, the nuclease-deficient RNA-guided DNA endonuclease
enzyme is a leucine zipper domain. In aspects, the nuclease-deficient RNA-guided DNA
endonuclease enzyme is a winged helix domain. In aspects, the nuclease-deficient RNA-guided
DNA endonuclease enzyme is a helix-turn-helix motif. In aspects, the nuclease-deficient RNA-
guided DNA endonuclease enzyme is a helix-loop-helix domain. In aspects, the nuclease-
deficient RNA-guided DNA endonuclease enzyme is an HMB-box domain. In aspects, the
nuclease-deficient RNA-guided DNA endonuclease enzyme is a Wor3 domain. In aspects, the
nuclease-deficient RNA-guided DNA endonuclease enzyme is an OB-fold domain. In aspects,
the nuclease-deficient RNA-guided DNA endonuclease enzyme is an immunoglobulin domain.
In aspects, the nuclease-deficient RNA-guided DNA endonuclease enzyme is a B3 domain. In
aspects, the nuclease-deficient RNA-guided DNA endonuclease enzyme is dCas9, dCas12a,
ddCpfl, Cas-phi, a nuclease-deficient Cas9 variant, or a nuclease-deficient Class II CRISPR
endonuclease. In aspects, the nuclease-deficient RNA-guided DNA endonuclease enzyme is
dCas9. In aspects, the nuclease-deficient RNA-guided DNA endonuclease enzyme is dCas9
from S. pyogenes. In aspects, the nuclease-deficient RNA-guided DNA endonuclease enzyme is
dCas9 from S. aureus. In aspects, the nuclease-deficient RNA-guided DNA endonuclease
enzyme is dCas12a. In aspects, the nuclease-deficient RNA-guided DNA endonuclease enzyme
is dCas12a from Lachnospiraceae bacterium. In aspects, the nuclease-deficient RNA-guided
DNA endonuclease enzyme is dCas12. In aspects, the nuclease-deficient RNA-guided DNA
endonuclease enzyme is ddCas12a. In aspects, the nuclease-deficient RNA-guided DNA

endonuclease enzyme is Cas-phi.

[0100] The term “CRISPR-associated protein” or “CRISPR protein” refers to any CRISPR
protein that functions as a nuclease-deficient RNA-guided DNA endonuclease enzyme, i.€., a
CRISPR protein in which catalytic sites for endonuclease activity are defective or lack activity.
Exemplary CRISPR proteins include dCas9, dCpfl, ddCpfl, dCas12, ddCas12, dCas12a Cas-
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phi, a nuclease-deficient Cas9 variant, a nuclease-deficient Class II CRISPR endonuclease, and
the like.

[0101] The term “nuclease-deficient DNA endonuclease enzyme” refers to a DNA
endonuclease (e.g. a mutated form of a naturally occurring DNA endonuclease) that targets a
specific phosphodiester bond within a DNA polynucleotide, but that does not require an RNA
guide. In embodiments, the “nuclease-deficient DNA endonuclease enzyme™ is a zinc finger

domain or a transcription activator-like effector (TALE).

[0102] In embodiments, the nuclease-deficient DNA endonuclease enzyme is a “zinc finger
domain.” The term “zinc finger domain™ or “zinc finger binding domain™ or “zinc finger DNA
binding domain™ are used interchangeably and refer to a protein, or a domain within a larger
protein, that binds DNA in a sequence-specific manner through one or more zinc fingers, which
are regions of amino acid sequence within the binding domain whose structure is stabilized
through coordination of a zinc ion. In embodiments, the zinc finger domain is non-naturally
occurring in that it is engineered to bind to a target site of choice. In aspects, the zinc finger
binding domain refers to a protein, a domain within a larger protein, or a nuclease-deficient
RNA-guided DNA endonuclease enzyme that is capable of binding to any zinc finger known in

the art, such as the C2H2 type, the CCHC type, the PHD type, or the RING type of zinc fingers.

[0103] As used herein, a “zinc finger™ is a polypeptide structural motif folded around a bound
zinc cation. In embodiments, the polypeptide of a zinc finger has a sequence of the form X3-Cys-
X4 -Cys-Xi12-His-X3.5-His-X4, wherein X is any amino acid (e.g., X2+ indicates an oligopeptide
2-4 amino acids in length). There is generally a wide range of sequence variation in the 28-31
amino acids of the known zinc finger polypeptides. Only the two consensus histidine residues
and two consensus cysteine residues bound to the central zinc atom are invariant. Of the
remaining residues, three to five are highly conserved, while there may be significant variation
among the other residues. Despite the wide range of sequence variation in the polypeptide, zinc
fingers of this type have a similar three dimensional structure. However, there is a wide range of
binding specificities among the different zinc fingers, i.e. different zinc fingers bind double
stranded polynucleotides having a wide range of nucleotides sequences. In aspects, the zinc
finger is the C2H2 type. In aspects, the zinc finger is the CCHC type. In aspects, the zinc finger
is the PHD type. In aspects, the zinc finger is the RING type.

[0104] In embodiments, the nuclease-deficient DNA endonuclease enzyme is a TALE.
“TALE” or “transcription activator-like effector” refer to artificial restriction enzymes generated

by fusing the TAL effector DNA binding domain to a BN A clzavage domain. TALES enable

33



WO 2021/248023 PCT/US2021/035937

efficient, progranunable. and specific DNA cleavage and represent powerful tools for genoms
editing in sitw. Transcription activator-like effectors (TALES) can be quickiy engineered (o bind
prachically any DNA sequence. The term TALE, as used heren, i3 broad and includes a
monomeric TALE that can ¢leave double stranded DNA without assistance from another TALE.
The term TALE ts also used to refer to one or both members of a pair of TALEs that are
engineered to work fogether (o cleave DNA af the same site. TALEs that work together may be
referred to as g Jelt-TALE and a night-TALE, which references the bandedoess of DINA. TALE
are proteins secreted by Xanthomonas bacteria. The DNA binding domain contains a highly
conserved 33-34 amino acid sequence with the excepiion of the 12th and 153th amino acids.
These two locations are highly variable {repeat variable diresidue (RVD)) and show a strong
correlation with specific nucleotide recogmtion. This simple relationship betwaen amino acid
sequence and DNA recognition has allowed for the engineering of specific BMNA binding

domains by selecting a combination of repeat segments containing the appropriate RV,

[0105] In embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme is
dCas9. The terms “dCas9” or “dCas9 protein™ as referred to herein is a Cas9 protein in which
both catalytic sites for endonuclease activity are defective or lack activity. In aspects, the dCas9
protein has mutations at positions corresponding to D10A and H840A of S. pyogenes Cas9. In
aspects, the dCas9 protein lacks endonuclease activity due to point mutations at both
endonuclease catalytic sites (RuvC and HNH) of wild type Cas9. The point mutations can be
DI10A and H840A. In aspects, the dCas9 has substantially no detectable endonuclease (e.g.,
endodeoxyribonuclease) activity. In aspects, dCas9 includes the amino acid sequence of SEQ ID
NO:9. In aspects, dCas9 has the amino acid sequence of SEQ ID NO:9. In aspects, dCas9 has an
amino acid sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%., 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:9. In
aspects, dCas9 has an amino acid sequence that has at least 75% sequence identity to SEQ ID
NO:9. In aspects, dCas9 has an amino acid sequence that has at least 80% sequence identity to
SEQ ID NO:9. In aspects, dCas9 has an amino acid sequence that has at least 85% sequence
identity to SEQ ID NO:9. In aspects, dCas9 has an amino acid sequence that has at least 90%
sequence identity to SEQ ID NO:9. In aspects, dCas9 has an amino acid sequence that has at
least 95% sequence identity to SEQ ID NO:9.

[0106] A “CRISPR associated protein 9,” “Cas9,” “Csnl” or “Cas9 protein™ as referred to
herein includes any of the recombinant or naturally-occurring forms of the Cas9 endonuclease or
variants or homologs thereof that maintain Cas9 endonuclease enzyme activity (e.g. within at
least 50%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or 100% activity compared to Cas9). In
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aspects, the variants or homologs have at least 90%, 95%, 96%, 97%, 98%, 99% or 100% amino
acid sequence identity across the whole sequence or a portion of the sequence (e.g. a 50, 100,
150 or 200 continuous amino acid portion) compared to a naturally occurring Cas9 protein. In
aspects, the Cas9 protein is substantially identical to the protein identified by the UniProt
reference number Q99ZW?2 or a variant or homolog having substantial identity thereto. In
aspects, the Cas9 protein has at least 75% sequence identity to the amino acid sequence of the
protein identified by the UniProt reference number Q99ZW2. In aspects, the Cas9 protein has at
least 80% sequence identity to the amino acid sequence of the protein identified by the UniProt
reference number Q99ZW2. In aspects, the Cas9 protein has at least 85% sequence identity to
the amino acid sequence of the protein identified by the UniProt reference number Q99ZW2. In
aspects, the Cas9 protein has at least 90% sequence identity to the amino acid sequence of the
protein identified by the UniProt reference number Q99ZW2. In aspects, the Cas9 protein has at
least 95% sequence identity to the amino acid sequence of the protein identified by the UniProt

reference number Q99ZW2.

[0107] In embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme is
“ddCpfl” or “ddCasl12a”. The terms “DNAse-dead Cpfl” or “ddCpf1” refer to mutated
Acidaminococcus sp. Cpfl (AsCpfl) resulting in the inactivation of Cpfl DNAse activity. In
aspects, ddCpf1 includes an E993 A mutation in the RuvC domain of AsCpfl. In aspects, the
ddCpfl has substantially no detectable endonuclease (e.g., endodeoxyribonuclease) activity. In
aspects, ddCpfl includes the amino acid sequence of SEQ ID NO:10. In aspects, ddCpfl has the
amino acid sequence of SEQ ID NO:10. In aspects, ddCpf1 has an amino acid sequence that has
at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%., 98%, 99% or 100% sequence identity to SEQ ID NO:10. In aspects, ddCpfl has an amino
acid sequence that has at least 75% sequence identity to SEQ ID NO:10. In aspects, ddCpfl has
an amino acid sequence that has at least 80% sequence identity to SEQ ID NO:10. In aspects,
ddCpfl has an amino acid sequence that has at least 85% sequence identity to SEQ ID NO:10.
In aspects, ddCpf1 has an amino acid sequence that has at least 90% sequence identity to SEQ
ID NO:10. In aspects, ddCpf1 has an amino acid sequence that has at least 95% sequence
identity to SEQ ID NO:10.

[0108] In embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme is
dLbCpfl. The term “dLbCpfl: refers to mutated Cpfl from Lachnospiraceae bacterium ND2006
(LbCpfl) that lacks DNAse activity. In aspects, dLbCpfl includes a D§832A mutation. In
aspects, the dLbCpfl has substantially no detectable endonuclease (e.g., endodeoxyribo-

nuclease) activity. In aspects, dLbCpf1 includes the amino acid sequence of SEQ ID NO:11. In
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aspects, dLbCpfl has the amino acid sequence of SEQ ID NO:11. In aspects, dLbCpfl has an
amino acid sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:11. In
aspects, dLbCpf1 has an amino acid sequence that has at least 75% sequence identity to SEQ ID
NO:11. In aspects, dLbCpfl has an amino acid sequence that has at least 80% sequence identity
to SEQ ID NO:11. In aspects, dLbCpf1 has an amino acid sequence that has at least 85%
sequence identity to SEQ ID NO:11. In aspects, dLbCpfl has an amino acid sequence that has at
least 90% sequence identity to SEQ ID NO:11. In aspects, dLbCpfl has an amino acid sequence
that has at least 95% sequence identity to SEQ ID NO:11.

[0109] In embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme is
dFnCpfl. The term “dFnCpfl” refers to mutated Cpfl from Francisella novicida U112 (FnCpfl)
that lacks DN Ase activity. In aspects, dFnCpf1 includes a D917 A mutation. In aspects, the
dFnCpfl has substantially no detectable endonuclease (e.g., endodeoxyribo-nuclease) activity.
In aspects, dFnCpf1 includes the amino acid sequence of SEQ ID NO: 12. In aspects, dFnCpf1l
has the amino acid sequence of SEQ ID NO:12. In aspects, dFnCpf1 has an amino acid sequence
that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:12. In aspects, dFnCpfl has an
amino acid sequence that has at least 75% sequence identity to SEQ ID NO:12. In aspects,
dFnCpfl has an amino acid sequence that has at least 80% sequence identity to SEQ ID NO:12.
In aspects, dFnCpf1 has an amino acid sequence that has at least 85% sequence identity to SEQ
ID NO:12. In aspects, dFnCpf1 has an amino acid sequence that has at least 90% sequence
identity to SEQ ID NO:12. In aspects, dFnCpf1l has an amino acid sequence that has at least
95% sequence identity to SEQ ID NO:12.

[0110] A "Cpfl" or" Cpfl protein" as referred to herein includes any of the recombinant or
naturally-occurring forms of the Cpfl (CRISPR from Prevotella and Francisella 1)
endonuclease or variants or homologs thereof that maintain Cpfl endonuclease enzyme activity
(e.g. within at least 50%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or 100% activity compared to
Cpfl). In aspects, the variants or homologs have at least 90%, 95%, 96%, 97%, 98%, 99% or
100% amino acid sequence identity across the whole sequence or a portion of the sequence (e.g.
a 50, 100, 150 or 200 continuous amino acid portion) compared to a naturally occurring Cpf1
protein. In aspects, the Cpfl1 protein is substantially identical to the protein identified by the
UniProt reference number U2UMQ6 or a variant or homolog having substantial identity thereto.
In aspects, the Cpfl protein is identical to the protein identified by the UniProt reference number

U2UMQ6. In aspects, the Cpfl protein has at least 75% sequence identity to the amino acid
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sequence of the protein identified by the UniProt reference number U2UMQ6. In aspects, the
Cpf1 protein has at least 80% sequence identity to the amino acid sequence of the protein
identified by the UniProt reference number U2UMQ6. In aspects, the Cpfl protein is identical to
the protein identified by the UniProt reference number U2UMQ6. In aspects, the Cpf1 protein
has at least 85% sequence identity to the amino acid sequence of the protein identified by the
UniProt reference number U2UMQ6. In aspects, the Cpfl protein is identical to the protein
identified by the UniProt reference number U2UMQ6. In aspects, the Cpfl protein has at least
90% sequence identity to the amino acid sequence of the protein identified by the UniProt
reference number U2UMQ6. In aspects, the Cpfl protein is identical to the protein identified by
the UniProt reference number U2UMQ6. In aspects, the Cpfl protein has at least 95% sequence
identity to the amino acid sequence of the protein identified by the UniProt reference number
U2UMQ6.

[0111] In embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme is a
nuclease-deficient Cas9 variant. The term “nuclease-deficient Cas9 variant” refers to a Cas9
protein having one or more mutations that increase its binding specificity to PAM compared to
wild type Cas9 and further include mutations that render the protein incapable of or having
severely impaired endonuclease activity. Without wishing to be bound by theory, it is believed
that the target sequence should be associated with a PAM (protospacer adjacent motif); that is, a
short sequence recognized by the CRISPR complex. The precise sequence and length
requirements for the PAM differ depending on the CRISPR enzyme used, but PAMs are
typically 2-5 base pair sequences adjacent the protospacer (that is, the target sequence). The
binding specificity of nuclease-deficient Cas9 variants to PAM can be determined by any
method known in the art. Descriptions and uses of known Cas9 variants may be found, for
example, in Shmakov et al., Diversity and evolution of class 2 CRISPR-Cas systems. Nat. Rev.
Microbiol. 15, 2017 and Cebrian-Serrano et al, CRISPR-Cas orthologues and variants:
optimizing the repertoire, specificity and delivery of genome engineering tools. Mamm. Genome
7-8, 2017, which are incorporated herein by reference in their entirety and for all purposes.

Exemplary Cas9 variants are listed in the Table 1 below.

[0112] Table 1

Cas9 Variants PAM domains | References
Strep pyogenes (Sp) Cas9 NGG . Hsu et al. 2014 Cell
NNGRRT or NNGRR
NNGGGT, NNGAAT, NNGAGT Ran et al. 2015 Nature
Staph aureus (Sa) Cas9 (Zetsche)

37



WO 2021/248023 PCT/US2021/035937
SpCas9 VQR mutant NGAG>NGAT=NGAA>NGAC  Kleinstiver et al. 2015
(D1135V, R1335Q, T1337R) | NGCG Nature
SpCas9 VRER mutant

(D1135V/G1218R/R1335E/T
1337R)

NGCG

Kleinstiver et al. 2015

Nature

NGG, greater fidelity, less cutting at

. Kleinstiver et al. 2015

SpCas9 D1135E NAG and NGA sites Nature
eSpCas9 1.1 mutant Slaymaker et al. Science
(K848A/K1003A/R1060A) NGG 2015
SpCas9 HF1 5
(Q695A, Q926A, N497A, Kleinstiver et al. 2016
R661A) Nature

NGG 1

AsCpfl

TTTN (5' of sgRNA)

| Zetsche et al. 2015 Cell

HypaCas9 (N692A, M694A,
Q695A, H698A)

Chen et al., Nature
volume 550, pages 407—
410 (19 October 2017)

[0113]

In embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme is a

nuclease-deficient Class II CRISPR endonuclease. The term “nuclease-deficient Class 11

CRISPR endonuclease™ as used herein refers to any Class II CRISPR endonuclease having

mutations resulting in reduced, impaired, or inactive endonuclease activity.

[0114]

In embodiments, the peptide linker is a XTEN linker. In aspects, the XTEN linker

includes about 16 to about 864 amino acid residues. In aspects, the XTEN linker includes about

16 to about 80 amino acid residues. In aspects, the XTEN linker includes about 17 to about 80

amino acid residues. In aspects, the XTEN linker includes about 18 to about 80 amino acid

residues. In aspects, the XTEN linker includes about 19 to about 80 amino acid residues. In

aspects, the XTEN linker includes about 20 to about 80 amino acid residues. In aspects, the

XTEN linker includes about 30 to about 80 amino acid residues. In aspects, the XTEN linker

includes about 40 to about 80 amino acid residues. In aspects, the XTEN linker includes about

50 to about 80 amino acid residues. In aspects, the XTEN linker includes about 60 to about 80

amino acid residues. In aspects, the XTEN linker includes about 70 to about 80 amino acid

residues. In aspects, the XTEN linker includes about 16 to about 70 amino acid residues. In

aspects, the XTEN linker includes about 16 to about 60 amino acid residues. In aspects, the

XTEN linker includes about 16 to about 50 amino acid residues. In aspects, the XTEN linker

includes about 16 to about 40 amino acid residues. In aspects, the XTEN linker includes about

16 to about 35 amino acid residues. In aspects, the XTEN linker includes about 16 to about 30

amino acid residues. In aspects, the XTEN linker includes about 16 to about 25 amino acid

residues. In aspects, the XTEN linker includes about 16 to about 20 amino acid residues. In
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aspects, the XTEN linker includes about 16 amino acid residues. In aspects, the XTEN linker
includes about 17 amino acid residues. In aspects, the XTEN linker includes about 18 amino
acid residues. In aspects, the XTEN linker includes about 19 amino acid residues. In aspects, the

XTEN linker includes about 20 amino acid residues.

[0115] In aspects, the fusion protein comprises at least two XTEN linkers that are the same or
different. In aspects, the fusion protein comprises a first XTEN linker having more amino acid
residues than a second XTEN linker. In aspects, the fusion protein comprises a first XTEN
linker having 10 to 150 amino acid residues than a second XTEN linker. In aspects, the fusion
protein comprises a first XTEN linker having 20 to 120 amino acid residues than a second
XTEN linker. In aspects, the fusion protein comprises a first XTEN linker having 30 to 110
amino acid residues than a second XTEN linker. In aspects, the fusion protein comprises a first
XTEN linker having 40 to 110 amino acid residues than a second XTEN linker. In aspects, the
fusion protein comprises a first XTEN linker having 50 to 100 amino acid residues than a
second XTEN linker. In aspects, the fusion protein comprises a first XTEN linker having 60 to

100 amino acid residues than a second XTEN linker.

[0116] In embodiments, the XTEN linker comprises from about 50 to about 864 amino acid
residues. In aspects, the XTEN linker comprises from about 50 to about 200 amino acid
residues. In aspects, the XTEN linker comprises from about 55 to about 180 amino acid
residues. In aspects, the XTEN linker comprises from about 60 to about 150 amino acid
residues. In aspects, the XTEN linker comprises from about 60 to about 120 amino acid
residues. In aspects, the XTEN linker comprises from about 60 to about 110 amino acid
residues. In aspects, the XTEN linker comprises from about 60 to about 100 amino acid
residues. In aspects, the XTEN linker comprises from about 70 to about 90 amino acid residues.
In aspects, the XTEN linker comprises from about 75 to about 85 amino acid residues. In
aspects, the XTEN linker comprises about 80 amino acid residues. In aspects, when a fusion
protein comprises at least two XTEN peptide linkers, then the XTEN linker that comprise from

about 50 to about 200 amino acid residues is referred to as a first XTEN peptide linker.

[0117] In embodiments, the XTEN linker comprises from about 5 to about 55 amino acid
residues. In aspects, the XTEN linker comprises from about 5 to about 50 amino acid residues.
In aspects, the XTEN linker comprises from about 5 to about 40 amino acid residues. In aspects,
the XTEN linker comprises from about 10 to about 30 amino acid residues. In aspects, the
XTEN linker comprises from about 10 to about 25 amino acid residues. In aspects, the XTEN
linker comprises from about 10 to about 20 amino acid residues. In aspects, the XTEN linker

comprises from about 14 to about 18 amino acid residues. In aspects, the XTEN linker
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comprises about 16 amino acid residues. In aspects, when a fusion protein comprises at least two
XTEN peptide linkers, then the XTEN linker that comprise from about 5 to about 55 amino acid

residues is referred to as a second XTEN peptide linker.

[0118] In embodiments, the XTEN linker includes the sequence set forth by SEQ ID NO:5. In
aspects, the XTEN linker is the sequence set forth by SEQ ID NO:5. In aspects, the XTEN
linker has an amino acid sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID
NO:5. In aspects, the XTEN linker has an amino acid sequence that has at least 75% sequence
identity to SEQ ID NO:5. In aspects, the XTEN linker has an amino acid sequence that has at
least 80% sequence identity to SEQ ID NO:5. In aspects, the XTEN linker has an amino acid
sequence that has at least 85% sequence identity to SEQ ID NO:5. In aspects, the XTEN linker
has an amino acid sequence that has at least 90% sequence identity to SEQ ID NO:S5. In aspects,
the XTEN linker has an amino acid sequence that has at least 95% sequence identity to SEQ ID
NO:5.

[0119] In embodiments, the XTEN linker includes the sequence set forth by SEQ ID NO:6. In
aspects, the XTEN linker is the sequence set forth by SEQ ID NO:6. In aspects, the XTEN
linker has an amino acid sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID
NO:6. In aspects, the XTEN linker has an amino acid sequence that has at least 75% sequence
identity to SEQ ID NO:6. In aspects, the XTEN linker has an amino acid sequence that has at
least 80% sequence identity to SEQ ID NO:6. In aspects, the XTEN linker has an amino acid
sequence that has at least 85% sequence identity to SEQ ID NO:6. In aspects, the XTEN linker
has an amino acid sequence that has at least 90% sequence identity to SEQ ID NO:6. In aspects,
the XTEN linker has an amino acid sequence that has at least 95% sequence identity to SEQ ID
NO:6.

[0120] In embodiments, the XTEN linker includes the sequence set forth by SEQ ID NO:98.
In aspects, the XTEN linker is the sequence set forth by SEQ ID NO:98. In aspects, the XTEN
linker has an amino acid sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID
NO:98. In aspects, the XTEN linker has an amino acid sequence that has at least 75% sequence
identity to SEQ ID NO:98. In aspects, the XTEN linker has an amino acid sequence that has at
least 80% sequence identity to SEQ ID NO:98. In aspects, the XTEN linker has an amino acid
sequence that has at least 85% sequence identity to SEQ ID NO:98. In aspects, the XTEN linker
has an amino acid sequence that has at least 90% sequence identity to SEQ ID NO:98. In
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aspects, the XTEN linker has an amino acid sequence that has at least 95% sequence identity to
SEQ ID NO:98.

[0121] The fusion protein may include amino acid sequences useful for targeting the fusion
protein to specific regions of a cell (e.g., cytoplasm, nucleus). Thus, in aspects, the fusion
protein further includes a nuclear localization signal (NLS) peptide. In aspects, the NLS includes
the sequence set forth by SEQ ID NO:4. In aspects, the NLS is the sequence set forth by SEQ ID
NO:4. In aspects, the NLS has an amino acid sequence that has at least 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%. 98%, 99% or 100%
sequence identity to SEQ ID NO:4. In aspects, the NLS has an amino acid sequence that has at
least 75% sequence identity to SEQ ID NO:4. In aspects, the NLS has an amino acid sequence
that has at least 80% sequence identity to SEQ ID NO:4. In aspects, the NLS has an amino acid
sequence that has at least 85% sequence identity to SEQ ID NO:4. In aspects, the NLS has an
amino acid sequence that has at least 90% sequence identity to SEQ ID NO:4. In aspects, the
NLS has an amino acid sequence that has at least 95% sequence identity to SEQ ID NO:4.

[0122] Fusion Proteins

[0123] Provided herein are, infer alia, fusion proteins that can be targeted to any locus in the
human genome to activate the expression of human genes long term (i.e. inherited through
multiple cell divisions), and which can be transiently delivered as mRNA, DNA or RNP. The
fusion proteins have multiplex epigenetic editing capabilities for activating transcription, and
control transcription by removing epigenetic marks, including methyl groups on nucleobases
and repressive histone modifications. The fusion proteins provided herein further comprise

multiple domains acting in concert to robustly activate transcription.

[0124] In embodiments, the disclosure provides a fusion protein comprising from N-terminus
to C-terminus, a demethylation domain, and a nuclease-deficient RNA-guided DNA
endonuclease enzyme. In embodiments, the fusion protein comprises from N-terminus to C-
terminus, a demethylation domain, an XTEN linker, and a nuclease-deficient RNA-guided DNA
endonuclease enzyme. In embodiments, the nuclease-deficient RN A-guided endonuclease
enzyme is a CRISPR-associated protein. In embodiments, the demethylation domain is a TET1
domain, a TET2 domain, a TET3 domain, or a combination of two or more thereof. In
embodiments, the demethylation domain is a TET1 domain. In embodiments, the demethylation
domain is a TET2 domain. In embodiments, the demethylation domain is a TET3 domain. In
aspects, the fusion protein further comprises a nuclear localization sequence. In aspects, the

fusion protein further comprises two or three nuclear localization sequences. In embodiments,
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the fusion protein has at least 85% sequence identity to the compound of Formula (I): RI-L!-R?;
wherein R! comprises SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:86, or SEQ ID
NO:97; Ll is absent, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID NO:98; and R? comprises SEQ
ID NO:9. In embodiments, the fusion protein has at least 90% sequence identity to the
compound of Formula (I). In embodiments, the fusion protein has at least 92% sequence identity
to the compound of Formula (I). In embodiments, the fusion protein has at least 94% sequence
identity to the compound of Formula (I). In embodiments, the fusion protein has at least 95%
sequence identity to the compound of Formula (I). In embodiments, the fusion protein has at
least 96% sequence identity to the compound of Formula (I). In embodiments, the fusion protein

has at least 98% sequence identity to the compound of Formula (I).

[0125] In embodiments, the disclosure provides a fusion protein comprising from N-terminus
to C-terminus, an RNA-binding sequence, and at least one transcriptional activator. In
embodiments, the fusion protein comprises from N-terminus to C-terminus, an RNA-binding
sequence, an XTEN linker, and at least one transcriptional activator. In embodiments, the fusion
protein comprises from N-terminus to C-terminus, an RNA-binding sequence, an XTEN linker,
and at least one transcriptional activator selected from the group consisting of VP64, p65, Rta,
or a combination of two or more thereof. In embodiments, the transcriptional activator is VP64,
p65, Rta, or a combination of two or more thereof. In embodiments, the transcriptional activator
is VP64, In embodiments, the transcriptional activator is p65. In embodiments, the
transcriptional activator is Rta. In embodiments, the transcriptional activator comprises VP64,
p63, Rta, or a combination of two or more thereof. In embodiments, the transcriptional activator
comprises VP64. In embodiments, the transcriptional activator comprises p65. In embodiments,
the transcriptional activator comprises Rta. In embodiments, the transcriptional activator
comprises VP64 and p65. In embodiments, the transcriptional activator comprises VP64 and
Rta. In embodiments, the transcriptional activator comprises p65 and Rta. In embodiments, the
transcriptional activator comprises VP64, p65, and Rta. In embodiments, the fusion protein has
at least 85% sequence identity to the compound of Formula (II): R*-L!-R?; wherein R*
comprises SEQ ID NO:21; L' is absent, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID NO:98; and
R3 comprises SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO: 15, SEQ ID NO:16, SEQ ID NO:17,
SEQ ID NO:18, SEQ ID NO:100, or a combination of two or more thereof. In embodiments, R?
comprises SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:100, or a combination
of two or more thereof. In embodiments, the fusion protein has at least 90% sequence identity to
the compound of Formula (II). In embodiments, the fusion protein has at least 92% sequence

identity to the compound of Formula (II). In embodiments, the fusion protein has at least 94%
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sequence identity to the compound of Formula (II). In embodiments, the fusion protein has at
least 95% sequence identity to the compound of Formula (I1). In embodiments, the fusion
protein has at least 96% sequence identity to the compound of Formula (IT). In embodiments, the

fusion protein has at least 98% sequence identity to the compound of Formula (IIT).

[0126] In embodiments, the fusion protein having from N-terminus to C-terminus, an RNA-
binding sequence, an XTEN linker, and at least one transcriptional activator comprises SEQ ID
NO:104, SEQ ID NO:105, SEQ ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID
NO:109, or SEQ ID NO:110. In aspects, the fusion protein comprises an amino acid sequence
having at least 80% sequence identity to SEQ ID NO:104, SEQ ID NO:105, SEQ ID NO:106,
SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, or SEQ ID NO:110. In aspects, the fusion
protein comprises an amino acid sequence having at least 85% sequence identity to SEQ ID
NO:104, SEQ ID NO:105, SEQ ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID
NO:109, or SEQ ID NO:110. In aspects, the fusion protein comprises an amino acid sequence
having at least 90% sequence identity to SEQ ID NO:104, SEQ ID NO:105, SEQ ID NO:106,
SEQ ID NO:107, SEQ ID NO:108, SEQ ID NO:109, or SEQ ID NO:110. In aspects, the fusion
protein comprises an amino acid sequence having at least 95% sequence identity to SEQ ID
NO:104, SEQ ID NO:105, SEQ ID NO:106, SEQ ID NO:107, SEQ ID NO:108, SEQ ID
NO:109, or SEQ ID NO:110.

[0127] In embodiments, the disclosure provides a fusion protein comprising from N-terminus
to C-terminus, a demethylation domain, a nuclease-deficient RNA-guided DNA endonuclease
enzyme, and a transcriptional activator. In embodiments, the fusion protein comprises from N-
terminus to C-terminus, a demethylation domain, an XTEN linker, a nuclease-deficient RNA-
guided DNA endonuclease enzyme, and a transcriptional activator. In embodiments, the
nuclease-deficient RNA-guided endonuclease enzyme is a CRISPR-associated protein. In
embodiments, the demethylation domain is a TET1 domain, a TET2 domain, a TET3 domain, or
a combination of two or more thereof. In embodiments, the demethylation domain is a TET1
domain. In embodiments, the demethylation domain is a TET2 domain. In embodiments, the
demethylation domain is a TET3 domain. In embodiments, the transcriptional activator
comprises VP64, p65, Rta, or a combination of two or more thereof. In embodiments, the
transcriptional activator comprises VP64, p65, Rta, or a combination of two or more thereof. In
embodiments, the transcriptional activator comprises VP64. In embodiments, the transcriptional
activator comprises p65. In embodiments, the transcriptional activator comprises Rta. In
embodiments, the transcriptional activator comprises VP64 and p65. In embodiments, the

transcriptional activator comprises VP64 and Rta. In embodiments, the transcriptional activator
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comprises p65 and Rta. In embodiments, the transcriptional activator comprises VP64, p65, and
Rta. In aspects, the fusion protein further comprises a nuclear localization sequence. In aspects,
the fusion protein further comprises two or three nuclear localization sequences. In
embodiments, the fusion protein has at least 85% sequence identity to the compound of Formula
(IID): R!-L!-R2-R?; wherein R! comprises SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID
NO:86, SEQ ID NO:97; L! is absent, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID NO:98; R?
comprises SEQ ID NO:9; and R? comprises SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15,
SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:100, or a combination of two or
more thereof. In embodiments, R? comprises SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:17,
SEQ ID NO:100, or a combination of two or more thereof. In embodiments, the fusion protein
has at least 90% sequence identity to the compound of Formula (III). In embodiments, the fusion
protein has at least 92% sequence identity to the compound of Formula (III). In embodiments,
the fusion protein has at least 94% sequence identity to the compound of Formula (III). In
embodiments, the fusion protein has at least 95% sequence identity to the compound of Formula
(II). In embodiments, the fusion protein has at least 96% sequence identity to the compound of
Formula (IIT). In embodiments, the fusion protein has at least 98% sequence identity to the

compound of Formula (III).

[0128] In embodiments, the fusion protein comprising from N-terminus to C-terminus, a
demethylation domain, an XTEN linker, and a nuclease-deficient RNA-guided DNA
endonuclease enzyme. In embodiments, the nuclease-deficient RNA-guided endonuclease
enzyme is a CRISPR-associated protein. In embodiments, the demethylation domain is a TET1
domain, a TET2 domain, a TET3 domain, or a combination of two or more thereof. In
embodiments, the demethylation domain is a TET1 domain. In embodiments, the demethylation
domain is a TET2 domain. In embodiments, the demethylation domain is a TET3 domain. In
embodiments, the fusion protein further comprises a transcriptional activator. In embodiments,
the transcriptional activator comprises VP64, p65, Rta, or a combination of two or more thereof.
In aspects, the fusion protein further comprises a nuclear localization sequence. In aspects, the

fusion protein further comprises two or three nuclear localization sequences.

[0129] In embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme is
dCas9, dCas12a, dCpf1, a zinc finger domain, a leucine zipper domain, a winged helix domain,
TALE, a helix-turn-helix motif, a helix-loop-helix domain, an HMB-box domain, a Wor3
domain, an OB-fold domain, an immunoglobulin domain, or a B3 domain. In embodiments, the
nuclease-deficient RNA-guided DNA endonuclease enzyme is a CRISPR-associated protein. In

embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme is dCas9. In
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embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme is dCpfl. In
embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme is Cas-phi. In
embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme is a leucine
zipper domain. In embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme
is a winged helix domain. In embodiments, the nuclease-deficient RNA-guided DNA
endonuclease enzyme is a helix-turn-helix motif. In embodiments, the nuclease-deficient RNA-
guided DNA endonuclease enzyme is a helix-loop-helix domain. In embodiments, the nuclease-
deficient RNA-guided DNA endonuclease enzyme is an HMB-box domain. In embodiments, the
nuclease-deficient RNA-guided DNA endonuclease enzyme is a Wor3 domain. In embodiments,
the nuclease-deficient RNA-guided DNA endonuclease enzyme is an OB-fold domain. In
embodiments, the nuclease-deficient RNA-guided DNA endonuclease enzyme is an
immunoglobulin domain. In embodiments, the nuclease-deficient RNA-guided DNA

endonuclease enzyme is a B3 domain.

[0130] In embodiments, the fusion protein comprising from N-terminus to C-terminus, a
demethylation domain, an XTEN linker, and a nuclease-deficient DNA endonuclease enzyme. In
embodiments, the nuclease-deficient endonuclease enzyme is a zinc finger domain. In
embodiments, the nuclease-deficient endonuclease enzyme is a TALE. In embodiments, the
demethylation domain is a TET1 domain, a TET2 domain, a TET3 domain, or a combination of
two or more thereof. In embodiments, the demethylation domain is a TET1 domain. In
embodiments, the demethylation domain is a TET2 domain. In embodiments, the demethylation
domain is a TET3 domain. In aspects, the fusion protein further comprises a nuclear localization
sequence. In aspects, the fusion protein further comprises two or three nuclear localization

sequences.

[0131] In embodiments, the fusion protein comprising from N-terminus to C-terminus, a
demethylation domain, an XTEN linker, a nuclease-deficient DNA endonuclease enzyme, and a
transcriptional activator. In embodiments, the nuclease-deficient endonuclease enzyme is a zinc
finger domain. In embodiments, the nuclease-deficient endonuclease enzyme is a TALE. In
embodiments, the demethylation domain is a TET1 domain, a TET2 domain, a TET3 domain, or
a combination of two or more thereof. In embodiments, the demethylation domain is a TET1
domain. In embodiments, the demethylation domain is a TET2 domain. In embodiments, the
demethylation domain is a TET3 domain. In embodiments, the transcriptional activator
comprises VP64, p65, Rta, or a combination of two or more thereof. In embodiments, the
transcriptional activator comprises VP64, p65, Rta, or a combination of two or more thereof. In

embodiments, the transcriptional activator comprises VP64. In embodiments, the transcriptional
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activator comprises p65. In embodiments, the transcriptional activator comprises Rta. In
embodiments, the transcriptional activator comprises VP64 and p65. In embodiments, the
transcriptional activator comprises VP64 and Rta. In embodiments, the transcriptional activator
comprises p65 and Rta. In embodiments, the transcriptional activator comprises VP64, p65, and
Rta. In aspects, the fusion protein further comprises a nuclear localization sequence. In aspects,

the fusion protein further comprises two or three nuclear localization sequences.

[0132] In embodiments, the fusion protein comprising from N-terminus to C-terminus, a
demethylation domain, an XTEN linker, and a nuclease-deficient DNA endonuclease enzyme. In
embodiments, the nuclease-deficient endonuclease enzyme is a zinc finger domain. In
embodiments, the nuclease-deficient endonuclease enzyme is a TALE. In embodiments, the
demethylation domain is a TET1 domain, a TET2 domain, a TET3 domain, or a combination of
two or more thereof. In embodiments, the demethylation domain is a TET1 domain. In
embodiments, the demethylation domain is a TET2 domain. In embodiments, the demethylation
domain is a TET3 domain. In embodiments, the fusion protein further comprises a
transcriptional activator. In embodiments, the transcriptional activator comprises VP64, p65,
Rta, or a combination of two or more thereof. In aspects, the fusion protein further comprises a
nuclear localization sequence. In aspects, the fusion protein further comprises two or three

nuclear localization sequences.

[0133] In embodiments, the XTEN linker comprises from about 5 to about 864 amino acid
residues. In aspects, the XTEN linker comprises from about 10 to about 864 amino acid
residues. In aspects, the XTEN linker comprises from about 20 to about 864 amino acid
residues. In aspects, the XTEN linker comprises from about 30 to about 864 amino acid
residues. In aspects, the XTEN linker comprises from about 40 to about 864 amino acid
residues. In aspects, the XTEN linker comprises from about 50 to about 200 amino acid
residues. In aspects, the XTEN linker comprises from about 55 to about 180 amino acid
residues. In aspects, the XTEN linker comprises from about 60 to about 150 amino acid
residues. In aspects, the XTEN linker comprises from about 60 to about 120 amino acid
residues. In aspects, the XTEN linker comprises from about 60 to about 110 amino acid
residues. In aspects, the XTEN linker comprises from about 60 to about 100 amino acid
residues. In aspects, the XTEN linker comprises from about 70 to about 90 amino acid residues.
In aspects, the XTEN linker comprises from about 75 to about 85 amino acid residues. In
aspects, the XTEN linker comprises about 80 amino acid residues. In aspects, when a fusion
protein comprises at least two XTEN peptide linkers, then the XTEN linker that comprise from

about 50 to about 200 amino acid residues is referred to as a first XTEN peptide linker.
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[0134] In embodiments, the XTEN linker comprises from about 5 to about 55 amino acid
residues. In aspects, the XTEN linker comprises from about 5 to about 50 amino acid residues.
In aspects, the XTEN linker comprises from about 5 to about 40 amino acid residues. In aspects,
the XTEN linker comprises from about 10 to about 30 amino acid residues. In aspects, the
XTEN linker comprises from about 10 to about 25 amino acid residues. In aspects, the XTEN
linker comprises from about 10 to about 20 amino acid residues. In aspects, the XTEN linker
comprises from about 14 to about 18 amino acid residues. In aspects, the XTEN linker
comprises about 16 amino acid residues. In aspects, when a fusion protein comprises at least two
XTEN peptide linkers, then the XTEN linker that comprise from about 5 to about 55 amino acid

residues is referred to as a second XTEN peptide linker.

[0135] For the fusion protein provided herein, in embodiments, the fusion protein further
comprises an epitope tag, a 2A peptide, a fluorescent protein tag, a nuclear localization signal
peptide, or a combination of two or more thereof. In embodiments, the fusion protein further
comprises an epitope tag. In embodiments, the fusion protein further comprises a 2A peptide.
In embodiments, the fusion protein further comprises a fluorescent protein tag. In embodiments,

the fusion protein further comprises a nuclear localization signal peptide.

[0136] For the fusion protein provided herein, in embodiments, the fusion protein further
comprises at least one transcriptional activator. In embodiments, the transcriptional activator
comprises VP64, p65, Rta, or a combination of two or more thereof. In embodiments, the
transcriptional activator comprises VP64, p65, Rta, or a combination of two or more thereof. In
embodiments, the transcriptional activator comprises VP64. In embodiments, the transcriptional
activator comprises p65. In embodiments, the transcriptional activator comprises Rta. In
embodiments, the transcriptional activator comprises VP64 and p65. In embodiments, the
transcriptional activator comprises VP64 and Rta. In embodiments, the transcriptional activator
comprises p65 and Rta. In embodiments, the transcriptional activator comprises VP64, p65, and

Rta.

[0137] In embodiments, the RNA-binding sequence is an MS2 RNA-binding sequence. In
embodiments, the MS2 RNA-binding sequence comprises MCP protein.

[0138] The fusion protein may comprise an XTEN linker as described herein. In
embodiments, the XTEN linker comprises from about 10 amino acid residues to about 864

amino acid residues.

[0139] In embodiments, the fusion protein comprises, from N-terminus to C-terminus, a TET1

domain, an XTEN linker, a CRISPR-asociated protein, an XTEN linker, a nuclear localization
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sequence, a transcriptional activator, and a nuclear localization sequence. In embodiments, the
fusion protein comprises, from N-terminus to C-terminus, a TET1 domain, an XTEN linker, a
zinc finger domain, an XTEN linker, a nuclear localization sequence, a transcriptional activator,
and a nuclear localization sequence. In embodiments, the fusion protein comprises, from N-
terminus to C-terminus, a TET1 domain, an XTEN linker, a TALE, an XTEN linker, a nuclear
localization sequence, Rta, and a nuclear localization sequence. In embodiments, the fusion
protein comprises, from N-terminus to C-terminus, a TET1 domain, an XTEN linker, dCas9, an
XTEN linker, a nuclear localization sequence, a transcriptional activator, and a nuclear
localization sequence. In embodiments, the transcriptional activator comprises VP64, p65, Rta,
or a combination of two or more thereof. In embodiments, the transcriptional activator
comprises Rta. In embodiments, the transcriptional activator comprises VP64. In embodiments,
the transcriptional activator comprises p65. In embodiments, the transcriptional activator
comprises VP64 and p65. In embodiments, the transcriptional activator comprises VP64 and
Rta. In embodiments, the transcriptional activator comprises p65 and Rta. In embodiments, the
transcriptional activator comprises VP64, p65, and Rta. In embodiments, the fusion protein
comprises, from N-terminus to C-terminus, SEQ ID NO:97, SEQ ID NO:98, SEQ ID NO:9,
SEQ ID NO:6, SEQ ID NO:4, SEQ ID NO:15, and SEQ ID NO:4. In embodiments, the fusion
protein comprises SEQ ID NO:99. In embodiments, the fusion protein is SEQ ID NO:99. In
aspects, the fusion protein has an amino acid sequence that has at least 50%, 55%, 60%, 65%,
70%., 75%, 80%, 85%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to SEQ ID NO:99. In aspects, the fusion protein has an amino acid sequence
that has at least 75% sequence identity to SEQ ID NO:99. In aspects, the fusion protein has an
amino acid sequence that has at least 80% sequence identity to SEQ ID NO:99. In aspects, the
fusion protein has an amino acid sequence that has at least 85% sequence identity to SEQ ID
NO:99. In aspects, the fusion protein has an amino acid sequence that has at least 90% sequence
identity to SEQ ID NO:99. In aspects, the fusion protein has an amino acid sequence that has at
least 95% sequence identity to SEQ ID NO:99.

[0140] In embodiments, the fusion protein comprises, from N-terminus to C-terminus, a TET1
domain, an XTEN linker, a CRISPR-associated protein, an XTEN linker, a nuclear localization
sequence, two transcriptional activators, and a nuclear localization sequence. In embodiments,
the fusion protein comprises, from N-terminus to C-terminus, a TET1 domain, an XTEN linker,
a zinc finger domain, an XTEN linker, a nuclear localization sequence, p65, Rta, and a nuclear
localization sequence. In embodiments, the fusion protein comprises, from N-terminus to C-

terminus, a TET1 domain, an XTEN linker, a TALE, an XTEN linker, a nuclear localization
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sequence, two transcriptional activators, and a nuclear localization sequence. In embodiments,
the fusion protein comprises, from N-terminus to C-terminus, a TET1 domain, an XTEN linker,
dCas9, an XTEN linker, a nuclear localization sequence, two transcriptional activators, and a
nuclear localization sequence. In embodiments, the transcriptional activator comprises at least
two of VP64, p65, and Rta. In embodiments, the transcriptional activator comprises VP64 and
p65. In embodiments, the transcriptional activator comprises VP64 and Rta. In embodiments,
the transcriptional activator comprises p65 and Rta. In embodiments, the transcriptional
activator comprises VP64, p65, and Rta. In embodiments, the fusion protein comprises, from N-
terminus to C-terminus, SEQ ID NO:97, SEQ ID NO:98, SEQ ID NO:9, SEQ ID NO:6, SEQ ID
NO:4, SEQ ID NO:100, SEQ ID NO:15, and SEQ ID NO:4. In embodiments, the fusion protein
comprises SEQ ID NO:101. In embodiments, the fusion protein is SEQ ID NO:101. In aspects,
the fusion protein has an amino acid sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99% or 100% sequence identity
to SEQ ID NO:101. In aspects, the fusion protein has an amino acid sequence that has at least
75% sequence identity to SEQ ID NO:101. In aspects, the fusion protein has an amino acid
sequence that has at least 80% sequence identity to SEQ ID NO:101. In aspects, the fusion
protein has an amino acid sequence that has at least 85% sequence identity to SEQ ID NO:101.
In aspects, the fusion protein has an amino acid sequence that has at least 90% sequence identity
to SEQ ID NO:101. In aspects, the fusion protein has an amino acid sequence that has at least

95% sequence identity to SEQ ID NO:101.

[0141] In embodiments, the fusion protein comprises, from N-terminus to C-terminus, a TET1
domain, an XTEN linker, a CAS-associated protein, and from 1 to 3 nuclear localization
sequences. In embodiments, the fusion protein comprises, from N-terminus to C-terminus, a
TET1 domain, an XTEN linker, a zinc finger domain, and from 1 to 3 nuclear localization
sequences. In embodiments, the fusion protein comprises, from N-terminus to C-terminus, a
TET1 domain, an XTEN linker, a TALE, and from 1 to 3 nuclear localization sequences. In
embodiments, the fusion protein comprises, from N-terminus to C-terminus, a TET1 domain, an
XTEN linker, dCas9, and from 1 to 3 nuclear localization sequences. In embodiments, the fusion
protein further comprises a transriptional activator. In embodiments, the fusion protein
comprises, from N-terminus to C-terminus, SEQ ID NO:97, SEQ ID NO:98, SEQ ID NO:9, and
SEQ ID NO:4. In embodiments, the fusion protein comprises SEQ ID NO:102. In embodiments,
the fusion protein is SEQ ID NO:102. In aspects, the fusion protein has an amino acid sequence
that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:102. In aspects, the fusion
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protein has an amino acid sequence that has at least 75% sequence identity to SEQ ID NO:102.
In aspects, the fusion protein has an amino acid sequence that has at least 80% sequence identity
to SEQ ID NO:102. In aspects, the fusion protein has an amino acid sequence that has at least
85% sequence identity to SEQ ID NO:102. In aspects, the fusion protein has an amino acid
sequence that has at least 90% sequence identity to SEQ ID NO:102. In aspects, the fusion
protein has an amino acid sequence that has at least 95% sequence identity to SEQ ID NO:102.

[0142] In embodiments, the fusion protein comprises SEQ ID NO:103. In embodiments, the
fusion protein is SEQ ID NO:103. In aspects, the fusion protein has an amino acid sequence that
has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:103. In aspects, the fusion
protein has an amino acid sequence that has at least 75% sequence identity to SEQ ID NO:103.
In aspects, the fusion protein has an amino acid sequence that has at least 80% sequence identity
to SEQ ID NO:103. In aspects, the fusion protein has an amino acid sequence that has at least
85% sequence identity to SEQ ID NO:103. In aspects, the fusion protein has an amino acid
sequence that has at least 90% sequence identity to SEQ ID NO:103. In aspects, the fusion
protein has an amino acid sequence that has at least 95% sequence identity to SEQ ID NO:103.

[0143] In embodiments, the fusion protein comprises SEQ ID NO:111. In embodiments, the
fusion protein is SEQ ID NO:111. In aspects, the fusion protein has an amino acid sequence that
has at least 50%, 55%, 60%, 65%, 70%, 75%., 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:111. In aspects, the fusion
protein has an amino acid sequence that has at least 75% sequence identity to SEQ ID NO:111.
In aspects, the fusion protein has an amino acid sequence that has at least 80% sequence identity
to SEQ ID NO:111. In aspects, the fusion protein has an amino acid sequence that has at least
85% sequence identity to SEQ ID NO:111. In aspects, the fusion protein has an amino acid
sequence that has at least 90% sequence identity to SEQ ID NO:111. In aspects, the fusion
protein has an amino acid sequence that has at least 95% sequence identity to SEQ ID NO:111.

[0144] In embodiments, the fusion protein comprises SEQ ID NO:112. In embodiments, the
fusion protein is SEQ ID NO:112. In aspects, the fusion protein has an amino acid sequence that
has at least 50%, 55%, 60%, 65%, 70%, 75%., 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:112. In aspects, the fusion
protein has an amino acid sequence that has at least 75% sequence identity to SEQ ID NO:112.
In aspects, the fusion protein has an amino acid sequence that has at least 80% sequence identity
to SEQ ID NO:112. In aspects, the fusion protein has an amino acid sequence that has at least

85% sequence identity to SEQ ID NO:112. In aspects, the fusion protein has an amino acid
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sequence that has at least 90% sequence identity to SEQ ID NO:112. In aspects, the fusion
protein has an amino acid sequence that has at least 95% sequence identity to SEQ ID NO:112.

[0145] In embodiments, the fusion protein comprises SEQ ID NO:113. In embodiments, the
fusion protein is SEQ ID NO:113. In aspects, the fusion protein has an amino acid sequence that
has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:113. In aspects, the fusion
protein has an amino acid sequence that has at least 75% sequence identity to SEQ ID NO:113.
In aspects, the fusion protein has an amino acid sequence that has at least 80% sequence identity
to SEQ ID NO:113. In aspects, the fusion protein has an amino acid sequence that has at least
85% sequence identity to SEQ ID NO:113. In aspects, the fusion protein has an amino acid
sequence that has at least 90% sequence identity to SEQ ID NO:113. In aspects, the fusion
protein has an amino acid sequence that has at least 95% sequence identity to SEQ ID NO:113.

[0146] Provided herein are compounds of Formula (IIT) or compounds having at least 85%
sequence identity to the compound of Formula (IIT), wherein the compound of Formula (III) is
RIO-LLRM-RPZ-L2-L3-(RP-L4)-R *-X1-L3-X2-L6-X3-L7-R >, In embodiments, the compounds
have at least 90% sequence identity to the compound of Formula (III). In embodiments, the
compounds have at least 92% sequence identity to the compound of Formula (ITT). In
embodiments, the compounds have at least 94% sequence identity to the compound of Formula
(II). In embodiments, the compounds have at least 95% sequence identity to the compound of
Formula (IIT). In embodiments, the compounds have at least 96% sequence identity to the
compound of Formula (IIT). In embodiments, the compounds have at least 98% sequence
identity to the compound of Formula (IIT). In embodiments, the compounds are of Formula (IIT).
R!? is a demethylation domain. In embodiments R'° comprises SEQ ID NO:1, 2, 3, 86, 97
(including embodiments thereof). In embodiments R'° comprises SEQ ID NO:97 (including
embodiments thereof). L! is a bond or a peptide linker. In embodiments, L' is a bond. R!! is an
XTEN linker. In embodiments, R!! comprises SEQ ID NO:5, 6, or 98 (including embodiments
thereof. In embodiments, R!! comprises SEQ ID NO:5 (including embodiments thereof. In
embodiments, R!! comprises SEQ ID NO:6 (including embodiments thereof. In embodiments,
R comprises SEQ ID NO:98 (including embodiments thereof). R'? comprises a nuclease-
deficient RNA-guided DNA endonuclease enzyme or a nuclease-deficient endonuclease
enzyme. In embodiments, R'?> comprises a nuclease-deficient RNA-guided DNA endonuclease
enzyme. In embodiments, R!> comprises a CRISPR-associated protein. In embodiments, R
comprises SEQ ID NO:9 (including embodiments thereof). In embodiments, R'> comprises a

nuclease-deficient endonuclease enzyme. In embodiments, R'? comprises a zinc finger domain
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or a TALE. In embodiments, R'? comprises a zinc finger domain. In embodiments, R'?
comprises a TALE. L? is a bond or an XTEN linker. In embodiments, L? is a bond or an XTEN
linker. In embodiments, L2 is a bond. In embodiments, L? is an XTEN linker. In embodiments,
L? comprises SEQ ID NO:5, 6, or 98 (including embodiments thereof). In embodiments, L2
comprises SEQ ID NO:5 (including embodiments thereof. In embodiments, L? comprises SEQ
ID NO:6 (including embodiments thereof. In embodiments, L? comprises SEQ ID NO:98
(including embodiments thereof). L? is a bond or a peptide linker. In embodiments, L? is a bond.
In embodiments, L is a peptide linker. In embodiments, L? is a peptide linker comprising from 1
amino acid to about 10 amino acids. In embodiments, L? is a peptide linker comprising from 3
amino acids to about 5 amino acids. R!> comprises a nuclear localization sequence. In
embodiments, R comprises SEQ ID NO:4 (including embodiments thereof). L* is absent or a
peptide linker. In embodiments, L* is absent. In embodiments, L* is a peptide linker. In
embodiments, L* is a peptide linker comprising from 1 amino acid to about 10 amino acids. In
embodiments, L* is a peptide linker comprising from 1 amino acid to about 5 amino acids. In
embodiments, L* is a peptide linker comprising 1 amino acid to about 4 amino acids. x is an
integer from 0 to 4. In embodiments, x is 0. In embodiments, x is 1. In embodiments, x is 2. In
embodiments, x is 3. R1* is absent or a nuclear localization sequence. In embodiments, R is
absent. In embodiments, R is a nuclear localization sequence. In embodiments, R™ comprises
SEQ ID NO:4 (including embodiments thereof). X!, X2, and X? are independently absent or a
transcriptional activator. In embodiments, X', X2, and X are independently a transcriptional
activator. In embodiments, X!, X2, and X? are independently p65, Rta, or VP64. In
embodiments, X!, X?, and X? are independently p65, Rta, or VP64, wherein each of X', X2, and
X3 are different. In embodiments, X! and X? are independently p65, Rta, or VP64, and X3 is
absent. In embodiments, X' and X? are independently p65, Rta, or VP64; X3 is absent; and X!
and X2 are different. In embodiments, X' is p65, Rta, or VP64; X is absent; and X° is absent. In
embodiments, p65 comprises SEQ ID NO:13, 14, or 100 (including embodiments thereof). In
embodiments, p65 comprises SEQ ID NO:13 (including embodiments thereof). In embodiments,
p65 comprises SEQ ID NO:14 (including embodiments thereof). In embodiments, p65
comprises SEQ ID NO:100 (including embodiments thereof). In embodiments, Rta comprises
SEQ ID NO:15 or 16 (including embodiments thereof). In embodiments, Rta comprises SEQ ID
NO:15 (including embodiments thereof). In embodiments, Rta comprises SEQ ID NO:16
(including embodiments thereof). In embodiments, VP64 comprises SEQ ID NO:17 or 18
(including embodiments thereof). In embodiments, VP64 comprises SEQ ID NO:17 (including
embodiments thereof). In embodiments, VP64 comprises SEQ ID NO:18 (including

embodiments thereof). L’ is absent or a peptide linker. In embodiments, L’ is absent. In
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embodiments, L comprises a peptide linker. In embodiments, peptide linker comprises from 1
amino acid to about 10 amino acids. In embodiments, the peptide linker comprises from 3 amino
acids to about 5 amino acids. L° is absent or a peptide linker. In embodiments, L¢ is absent. In
embodiments, L comprises a peptide linker. In embodiments, peptide linker comprises from 1
amino acid to about 10 amino acids. In embodiments, the peptide linker comprises from 3 amino
acids to about 5 amino acids. L7 is absent or a peptide linker. In embodiments, L7 is absent. In
embodiments, L7 comprises a peptide linker. In embodiments, peptide linker comprises from 1
amino acid to about 10 amino acids. In embodiments, the peptide linker comprises from 3 amino
acids to about 5 amino acids. In embodiments, when X! is absent, then L’ is absent. In
embodiments, when X? is absent, then L¢ is absent. In embodiments, when X3 is absent, then L’
is absent. In embodiments, when X2 is absent, then X’ is absent, and L® and L7 are absent. In
embodiments, when X! is absent, then X? and X° are absent, and L3, L®, and L7 are absent. R' is
absent or a nuclear localization sequence. In embodiments, R3 is absent. In embodiments, R'3 is
anuclear localization sequence. In embodiments, R'> comprises SEQ ID NO:4 (including

embodiments thereof).

[0147] In the sequences listed herein, the skilled artisan will appreciate that a methionine (M)
can be present on the N-terminus of the protein in order to initiate translation. Thus, the

sequences described herein can optionally further comprise a methionone on the N-terminus.
[0148] Complexes

[0149] In order for the fusion protein to carry out epigenome editing, the fusion protein
interacts with (e.g. is non-covalently bound to) a polynucleotide (e.g., sgRNA) that is
complementary to a target polynucleotide sequence (e.g., a target DNA sequence to be edited)
and further includes a sequence (i.e., a binding sequence) to which the nuclease-deficient RNA-
guided DNA endonuclease enzyme of the fusion protein as described herein can bind. In aspects,
the polynucleotide that is complementary to a target polynucleotide sequence (e.g., a target
genomic DNA sequence to be edited) and further includes a binding sequence to which the
nuclease-deficient RNA-guided DNA endonuclease enzyme of the fusion protein as described
herein can bind is sgRNA. In aspects, the polynucleotide that is complementary to a target
polynucleotide sequence (e.g., a target DNA sequence to be edited) and further includes a
binding sequence to which the nuclease-deficient RNA-guided DNA endonuclease enzyme of
the fusion protein as described herein can bind is cr:tractRNA. By forming this complex, the
fusion protein is appropriately positioned to perform epigenome editing. The term “complex”
refers to a composition that includes two or more components, where the components bind

together to make a functional unit. In aspects, a complex described herein includes a fusion
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protein described herein and a polynucleotide described herein. Thus, in an aspect is provided a
fusion protein as described herein, including embodiments and aspects thereof, and sgRNA or
cr:tractRNA (i.e., a polynucleotide including: (1) a DNA-targeting sequence that is
complementary to a target polynucleotide sequence; and (2) a binding sequence for the nuclease-
deficient RNA-guided DNA endonuclease enzyme, wherein the nuclease-deficient RNA-guided
DNA endonuclease enzyme is bound to the polynucleotide via the binding sequence (e.g., an
amino acid sequence capable of binding to the DN A-targeting sequence)). In aspects the

polynucleotide comprises at least one MS2 loop.

[0150] In aspects, a complex described herein includes a fusion protein described herein, a
polynucleotide described herein, and a second fusion protein described herein. In aspects, the

second fusion protein comprises a transcriptional activator described herein.

[0151] A DNA-targeting sequence refers to a polynucleotide that includes a nucleotide
sequence complementary to the target polynucleotide sequence (DNA or RNA). In aspects, a
DNA-targeting sequence can be a single RNA molecule (single RNA polynucleotide), which
may include a “single-guide RNA,” or “sgRNA.” In aspects, the DNA-targeting sequence
includes two RNA molecules (e.g., two sgRNA), referred to as a guide RNA (gRNA) (e.g.,
joined together via hybridization at the binding sequence (e.g., dCas9-binding sequence). In
aspects, the DNA-targeting sequence (e.g., sgRNA) is at least 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% complementary to the target polynucleotide
sequence. In aspects, the DNA-targeting sequence (e.g., sgRNA) is at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% complementary to the
sequence of a cellular gene. In aspects, the DNA-targeting sequence (e.g., sgRNA) binds a
cellular gene sequence. In aspects, the DNA-targeting sequence (e.g., sgRNA) is at least 75%
complementary to the sequence of a cellular gene. In aspects, the DNA-targeting sequence (e.g.,
sgRNA) is at least 80% complementary to the sequence of a cellular gene. In aspects, the DNA-
targeting sequence (e.g., sgRNA) binds a cellular gene sequence. In aspects, the DNA-targeting
sequence (e.g., sgRNA) is at least 85% complementary to the sequence of a cellular gene. In
aspects, the DNA-targeting sequence (e.g., sgRNA) binds a cellular gene sequence. In aspects,
the DN A-targeting sequence (e.g., sgRNA) is at least 90% complementary to the sequence of a
cellular gene. In aspects, the DNA-targeting sequence (e.g., sSgRNA) binds a cellular gene
sequence. In aspects, the DNA-targeting sequence (e.g., sgRNA) is at least 95% complementary
to the sequence of a cellular gene. In aspects, the DNA-targeting sequence (e.g., sgRNA) binds a
cellular gene sequence. In aspects, the DNA-targeting sequence (e.g., sgRNA) comprises at least

one MS2 stem loop. In embodiments, the MS2 stem loop comprises the sequence of SEQ ID
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NO:19. In embodiments, the MS2 stem loop has the sequence of SEQ ID NO:19. In aspects, the
MS2 stem loop has a sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID
NO:19.

[0152] A "target polynucleotide sequence" as provided herein is a nucleic acid sequence
present in, or expressed by, a cell, to which a guide sequence (or a DNA-targeting sequence) is
designed to have complementarity, where hybridization between a target sequence and a guide
sequence (or a DNA-targeting sequence) promotes the formation of a complex (e.g., CRISPR
complex). Full complementarity is not necessarily required, provided there is sufficient
complementarity to cause hybridization and promote formation of a complex (e.g., CRISPR
complex). In aspects, the target polynucleotide sequence is an exogenous nucleic acid sequence.

In aspects, the target polynucleotide sequence is an endogenous nucleic acid sequence.

[0153] The target polynucleotide sequence may be any region of the polynucleotide (e.g.,
DNA sequence) suitable for epigenome editing. In aspects, the target polynucleotide sequence is
part of a gene. In aspects, the target polynucleotide sequence is part of a transcriptional
regulatory sequence. In aspects, the target polynucleotide sequence is part of a promoter,
enhancer or silencer. In aspects, the target polynucleotide sequence is part of a promoter. In
aspects, the target polynucleotide sequence is part of an enhancer. In aspects, the target

polynucleotide sequence is part of a silencer.

[0154] In embodiments, the target polynucleotide sequence is a hypermethylated nucleic acid
sequence. A “hypermethylated nucleic acid sequence” is used herein according to the standard
meaning in the art and refers to frequent methylation of cytosine to 5- methylcytosine (e.g., in
CpG). The frequency or occurrence of methyl groups may be relative to a standard control.
Hypermethylation may occur, for example, in cancer (e.g., in DNA repair or apoptosis
pathways) relative to the non-cancer cell, respectively. Thus, the complex may be useful for

reestablishing normal (e.g. non-diseased) methylation levels.

[0155] In embodiments, the target polynucleotide sequence is within or adjacent to a
transcription start site. In aspects, the target polynucleotide sequence is within about 3000, 2500,
2000, 1500, 500, 100, 80, 70, 60, 50, 40, 30, 20, 10, or fewer base pairs (bp) flanking a

transcription start site.

[0156] In embodiments, the target polynucleotide sequence is at, near, or within a promoter
sequence. In aspects, the target polynucleotide sequence is within a CpG island. In aspects, the

target polynucleotide sequence is within a non-CpG island. In aspects, the target polynucleotide
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sequence is known to be associated with a disease or condition characterized by DNA

hypermethylation or hypomethylation.

[0157] In embodiments, the complex includes dCas9 bound to the polynucleotide through
binding a binding sequence of the polynucleotide and thereby forming a ribonucleoprotein
complex. In aspects, the binding sequence forms a hairpin structure. In aspects, the binding
sequence is 10-200 nt, 15-150 nt, 20-140 nt, 30-100 nt in length.

[0158] In embodiments, the binding sequence (e.g., Cas9-binding sequence) interacts with or
binds to a Cas9 protein (e.g., dCas9 protein), and together they bind to the target polynucleotide
sequence recognized by the DN A-targeting sequence. The binding sequence (e.g., Cas9-binding
sequence) includes two complementary stretches of nucleotides that hybridize to one another to
form a double stranded RNA duplex (a dsRNA duplex). These two complementary stretches of
nucleotides may be covalently linked by intervening nucleotides known as linkers or linker
nucleotides (e.g., in the case of a single-molecule polynucleotide), and hybridize to form the
double stranded RNA duplex (dsRNA duplex, or “Cas9-binding hairpin™) of the binding
sequence (e.g., Cas9-binding sequence), thus resulting in a stem-loop structure. Alternatively, in
some aspects, the two complementary stretches of nucleotides may not be covalently linked, but
instead are held together by hybridization between complementary sequences (e.g., a two-

molecule polynucleotide).

[0159] The binding sequence (e.g., Cas9-binding sequence) can have a length of from 10
nucleotides to 200 nucleotides, e.g., from 20 nucleotides (nt) to 150 nt. In aspects, the binding
sequence has a length of from 80 nucleotides (nt) to 100 nt. The dsSRNA duplex of the binding
sequence (e.g., Cas9-binding sequence) can have a length from 6 base pairs (bp) to 200 bp. For
example, the dsRNA duplex of the binding sequence (e.g., Cas9-binding sequence) can have a
length from 6 bp to 200 bp, from 10 bp to 180 bp, from 10 bp to 150 bp, from 80 bp to 100 bp,
and the like.

[0160] Nucleic Acids and Vectors

[0161] The fusion protein described herein, including embodiments thereof, may be delivered
to the cell in a variety of methods known in the art. The fusion protein may be expressed
transiently, bypassing the necessity of viral delivery methods. The fusion protein may be
encoded on RNA or DNA delivered to cells as a modified or unmodified RNA or plasmid DNA.
The RNA or DNA encoding the protein may be delivered by transfection, lipid nanoparticle,
virus like particle (VLP) or virus. In theory, the protein may also be directly delivered via

transfection or lipid nanoparticle or VLP.
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[0162] The fusion protein described herein, including embodiments and aspects thereof, may
be provided as a nucleic acid sequence that encodes for the fusion protein. Thus, in an aspect is
provided a nucleic acid sequence encoding the fusion protein described herein, including
embodiments and aspects thereof. In an aspect is provided a nucleic acid sequence encoding the
fusion protein described herein (including the DNA-targeting sequence), including embodiments
and aspects thereof. In aspects, the nucleic acid sequence encodes for a fusion protein described
herein, including fusion proteins having amino acid sequences with certain % sequence
identities described herein. In aspects, the nucleic acid is RNA. In aspects, the nucleic acid is
messenger RNA. In aspects, fusion protein is delivered as DNA, mRNA, protein or an RNP. For
RNP the protein would be dCas9 and the RNA would encode an sgRNA. Similarly the sgRNA
could be delivered as DNA encoding a promoter and an sSgRNA, RNA encoding a promoter and
an sgRNA. In aspects, the nucleic acid sequence encodes for the fusion proteins described

herein, including embodiments and aspects thereof.

[0163] In aspects, the fusion proteins and sgRNA or cr:tracrRNA provided herein including
embodiments thereof may be provided as a single nucleic acid that encodes for the fusion
protein and sgRNA or cr:tractRNA. In aspects, the fusion proteins and sgRNA or cr:tractrRNA
provided herein including embodiments thereof may be provided as multiple nucleic acids that
encode for the fusion protein and sgRNA or cr:itractrRNA. In embodiments, the fusion protein

and sgRNA or cr:tracrRNA are provided as separate transcripts.

[0164] In an aspect is provided a nucleic acid encoding a fusion protein comprising a
demethylation domain, an XTEN linker, and a nuclease-deficient RNA-guided DNA

endonuclease enzyme.

[0165] In an aspect is provided a second nucleic acid encoding an sgRNA or a cr:itracrRNA. In
embodiments, the sgRNA comprises at least one MS2 sequence. In embodiments, the sgRNA
comprises two MS2 sequences. In embodiments, the second nucleic acid sequence further
encodes an MS2-RNA binding sequence, and at least one transcriptional activator provided

herein.

[0166] In an aspect is provided a third nucleic acid encoding a transcriptional activator. In
embodiments, the third nucleic acid further encodes an RNA-binding sequence and an XTEN

linker. In embodiments, the RNA-binding sequence is an MS2 RNA-binding sequence.

[0167] It is further contemplated that the nucleic acid sequence encoding the fusion protein as
described herein, including embodiments and aspects thereof, may be included in a vector.

Therefore, in an aspect is provided a vector including a nucleic acid sequence as described
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herein, including embodiments and aspects thereof. In aspects, the vector comprises a nucleic
acid sequence that encodes for a fusion protein described herein, including fusion proteins
having amino acid sequences with certain % sequence identities described herein. In aspects, the

nucleic acid is messenger RNA. In aspects, the messenger RNA is messenger RNP.

[0168] In embodiments, the vector further includes a polynucleotide, wherein the
polynucleotide includes: (1) a DNA-targeting sequence that is complementary to a target
polynucleotide sequence; and (2) a binding sequence for the nuclease-deficient RNA-guided
DNA endonuclease enzyme. In aspects, the vector further includes a polynucleotide, wherein the
polynucleotide includes sgRNA. In aspects, the vector further includes a polynucleotide,
wherein the polynucleotide includes cr:tractRNA. Thus, one or more vectors may include all

necessary components for preforming epigenome editing.
[0169] Cells

[0170] The compositions described herein may be incorporated into a cell. Inside the cell, the
compositions as described herein, including embodiments and aspects thereof, may perform
epigenome editing. Accordingly, in an aspect is provided a cell including a fusion protein as
described herein, including embodiments and aspects thereof, a nucleic acid as described herein,
including embodiments and aspects thereof, a complex as described herein, including
embodiments and aspects thereof, or a vector as described herein, including embodiments and
aspects thereof. In aspects is provided a cell including a fusion protein as described herein,
including embodiments and aspects thereof. In aspects is provided a cell including a nucleic acid
as described herein, including embodiments and aspects thereof. In aspects is provided a cell
including a complex as described herein, including embodiments and aspects thereof. In aspects
is provided a cell including a vector as described herein, including embodiments and aspects

thereof. In aspects, the cell is a eukaryotic cell.

[0171] In aspects, the cell is a mammalian cell. In embodiments, the mammalian cell is a
HEK293T cell. In embodiments, the mammalian cell is a T cell. In embodiments, the
mammalian cell is a hematopoietic stem cell. In embodiments, the mammalian cell is an induced

pluripotent stem cell. In embodiments, the mammalian cell is an embryonic stem cell.
[0172] Methods

[0173] It is contemplated that the methods described herein may be used for epigenome
editing, and more particularly epigenome editing resulting in the activation or reactivation of
target nucleic acid sequences (e.g., genes). The methods provided herein include recruitment of

one or more fusion proteins for multiplex editing of the DNA epigenetic code and the histone
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code. The methods allow for long-term but reversible activation of transcription, and may be
used to activate previously silenced genes. The methods provided herein may be used for
therapeutic purposes. For example, recruitment of one or more fusion proteins provided herein
may activate gene expression by editing negative regulatory sequences. This method may be

used for editing sequences that block expression of genes.

[0174] The fusion proteins described herein program a durable memory of gene activation
over time. Gene activation (or reactivation) is achieved by transfection of mRNA encoding the
fusion proteins described herein. Thus, transient expression of the fusion protein leads to
effective gene activation (or reactivation). CRISPRon epigenetic memory using the fusion

proteins described herein is propagated by the cell rather than by sustained transgene expression.

[0175] In embodiments, the disclosure provides methods of activating a target nucleic acid
sequence in a cell, the method comprising: (i) delivering a first polynucleotide encoding a fusion
protein, as described herein, including all embodiments and aspects thereof (e.g., comprising a
nuclease-deficient RNA-guided DNA endonuclease enzyme), to a cell containing the target
nucleic acid; and (i) delivering to the cell a second polynucleotide comprising: (a) a sgRNA or
(b) a critractrRNA; thereby activating the target nucleic acid sequence in the cell. In
embodiments, the second polynucleotide comprises the sgRNA. In embodiments, the sgRNA
comprises at least one MS2 stem loop. In embodiments, the sgRNA comprises two MS2 stem
loops. In aspects, the target nucleic acid sequence comprises a CpG island. In aspects, the target

nucleic acid sequence comprises a non-CpG island.

[0176] In embodiments, the disclosure provides methods of activating a target nucleic acid
sequence in a cell, the method comprising delivering a polynucleotide encoding a fusion protein,
as described herein, including all embodiments and aspects thereof (e.g., comprising a nuclease-
deficient DNA endonuclease enzyme), to a cell containing the target nucleic acid; thereby
activating the target nucleic acid sequence in the cell. In aspects, the target nucleic acid sequence
comprises a CpG island. In aspects, the target nucleic acid sequence comprises a non-CpG

1sland.

[0177] In embodiments, the disclosure provides methods of reactivating a silenced target
nucleic acid sequence in a cell, the method comprising: (i) delivering a first polynucleotide
encoding a fusion protein, as described herein, including all embodiments and aspects thereof
(e.g., comprising a nuclease-deficient RNA-guided DNA endonuclease enzyme), to a cell
containing the silenced target nucleic acid; and (ii) delivering to the cell a second polynucleotide

comprising: (a) a sgRNA or (b) a cr:tracrRNA; thereby reactivating the silenced target nucleic
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acid sequence in the cell. In embodiments, the second polynucleotide comprises the sgRNA. In
embodiments, the sgRNA comprises at least one MS2 stem loop. In embodiments, the sgRNA
comprises two MS2 stem loops. In aspects, the target nucleic acid sequence comprises a CpG

island. In aspects, the target nucleic acid sequence comprises a non-CpG island.

[0178] In embodiments, the disclosure provides methods of reactivating a target nucleic acid
sequence in a cell, the method comprising delivering a polynucleotide encoding a fusion protein,
as described herein, including all embodiments and aspects thereof (e.g., comprising a nuclease-
deficient DNA endonuclease enzyme), to a cell containing the target nucleic acid; thereby
reactivating the target nucleic acid sequence in the cell. In aspects, the target nucleic acid
sequence comprises a CpG island. In aspects, the target nucleic acid sequence comprises a non-
CpG island.

[0179] In embodiments, the disclosure provides methods of activating a target nucleic acid
sequence in a cell, the method comprising: (i) delivering a polynucleotide encoding a fusion
protein, as described herein, including all embodiments and aspects thereof (e.g., comprising a
nuclease-deficient RNA-guided DNA endonuclease enzyme), to a cell containing the target
nucleic acid; wherein the polynucleotide further encodes (a) a sgRNA or (b) a cr:itractrRNA;
thereby activating the target nucleic acid sequence in the cell. In embodiments, the
polynucleotide comprises the sgRNA. In embodiments, the sgRNA comprises at least one MS2
stem loop. In embodiments, the sgRNA comprises two MS2 stem loops. In aspects, the target
nucleic acid sequence comprises a CpG island. In aspects, the target nucleic acid sequence

comprises a non-CpG island.

[0180] In embodiments, the disclosure provides methods of reactivating a silenced target
nucleic acid sequence in a cell, the method comprising: delivering a polynucleotide encoding a
fusion protein, as described herein, including all embodiments and aspects thereof (e.g.,
comprising a nuclease-deficient RNA-guided DNA endonuclease enzyme), to a cell containing
the silenced target nucleic acid; wherein the polynucleotide further encodes (a) a sgRNA or (b) a
cr:tractRNA; thereby reactivating the silenced target nucleic acid sequence in the cell. In
embodiments, the polynucleotide comprises the sgRNA. In embodiments, the sgRNA
comprises at least one MS2 stem loop. In embodiments, the sgRNA comprises two MS2 stem
loops. In aspects, the target nucleic acid sequence comprises a CpG island. In aspects, the target

nucleic acid sequence comprises a non-CpG island.

[0181] In the methods of activing a target nucleic acid sequence or reactivating a silenced

target nucleic acid sequence described herein, the target nucleic acid comprises a CpG island
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and a non-CpG island. “Comprises a CpG island” or “comprises a non-CpG island” refers to one
or more CpG islands or non-CpG islands, respectively. In aspects, the target nucleic acid
sequence comprises a plurality of CpG islands (e.g., 2, 3, 4, 5, or more CpG islands). In aspects,
the target nucleic acid sequence comprises a plurality of non-CpG islands (e.g., 2, 3.4, 5, or
more non-CpG islands). In aspects, the target nucleic acid sequence does not comprise a CpG

island and does not comprises a non-CpG island.

[0182] In embodiments, the MS2 stem loop comprises the sequence of SEQ ID NO:19. In
embodiments, the MS2 stem loop has the sequence of SEQ ID NO:19. In aspects, the MS2 stem
loop has a sequence that has at least 50%, 55%, 60%, 65%, 70%, 75%., 80%., 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO:19. In
aspects, the MS2 stem loop has a sequence that has at least 85% sequence identity to SEQ ID
NO:19. In aspects, the MS2 stem loop has a sequence that has at least 90% sequence identity to
SEQ ID NO:19. In aspects, the MS2 stem loop has a sequence that has at least 95% sequence
identity to SEQ ID NO:19. In aspects, the MS2 stem loop has a sequence that has at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% sequence identity to SEQ ID NO:20. In aspects, the MS2 stem loop has a
sequence that has at least 85% sequence identity to SEQ ID NO:20. In aspects, the MS2 stem
loop has a sequence that has at least 90% sequence identity to SEQ ID NO:20. In aspects, the
MS2 stem loop has a sequence that has at least 95% sequence identity to SEQ ID NO:20.

[0183] In embodiments, the second polynucleotide further encodes a second fusion protein
which comprises a transcriptional activator. In embodiments, the transcriptional activator is
VP64, p65, Rta, or a combination of two or more thereof. In embodiments, the transcriptional
activator is VP64. In embodiments, the transcriptional activator is p65. In embodiments, the
transcriptional activator is Rta. In embodiments, the transcriptional activator comprises VP64,
p635, Rta, or a combination of two or more thereof. In embodiments, the transcriptional activator
comprises VP64. In embodiments, the transcriptional activator comprises p65. In embodiments,
the transcriptional activator comprises Rta. In embodiments, the transcriptional activator
comprises VP64 and p65. In embodiments, the transcriptional activator comprises VP64 and
Rta. In embodiments, the transcriptional activator comprises p65 and Rta. In embodiments, the

transcriptional activator comprises VP64, p65, and Rta.

[0184] In embodiments, the second fusion protein comprises an MS2 RNA-binding sequence.
In embodiments, the MS2 RNA-binding sequence comprises MCP protein or a functional

fragment thereof.
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[0185] In embodiments, the method further comprises delivering to the cell a third
polynucleotide encoding a second fusion protein which comprises a transcriptional activator. In
embodiments, the transcriptional activator is VP64, p65, Rta, or a combination of two or more
thereof. In embodiments, the transcriptional activator is VP64. In embodiments, the
transcriptional activator is p65. In embodiments, the transcriptional activator is Rta. In
embodiments, the transcriptional activator comprises VP64, p65, Rta, or a combination of two or
more thereof. In embodiments, the transcriptional activator comprises VP64. In embodiments,
the transcriptional activator comprises p65. In embodiments, the transcriptional activator
comprises Rta. In embodiments, the transcriptional activator comprises VP64 and p65. In
embodiments, the transcriptional activator comprises VP64 and Rta. In embodiments, the
transcriptional activator comprises p65 and Rta. In embodiments, the transcriptional activator

comprises VP64, p65, and Rta.

[0186] For the methods provided herein, in embodiments the second fusion protein further
comprises an XTEN linker, an epitope tag, a 2A peptide, a fluorescent protein tag, a nuclear
localization signal peptide, or a combination of two or more thereof. In embodiments, the second
fusion protein further comprises an XTEN linker. In embodiments the second fusion protein
further comprises an epitope tag. In embodiments the second fusion protein further comprises a
2A peptide. In embodiments the second fusion protein further comprises a fluorescent protein
tag. In embodiments the second fusion protein further comprises a nuclear localization signal

peptide.

[0187] The term “CpG island™ is used in its customary sense to refer to regions in an nucleic
acid that have a high frequency of the nucleotides G and C next to one another (i.e., CpG
dinucleotides). In aspects, a Cp(G island refers to a region of a nucleic acid sequence having at
least 200 base pair, and a GC content greater than 50%, with an observed-to-expected CpG ratio
greater than 60%. The percentage CpG is the ratio of CpG nucleotide bases (twice the CpG
count) to the length. The ratio of observed to expected CpG is calculated according to the
formula:

Obs/Exp CpG = Number of CpG * N / (Number of C * Number of G),
where N = length of sequence. See Gardiner-Garden et al, Journal of Molecular Biology,

196(2):261-282 (1987)).

[0188] The phrase “target nucleic acid does not comprise a CpG island”™ or “target nucleic acid
that does not comprise a CpG island” or “non-CpG island” refers to a target nucleic acid that
does not contain a “CpG island” as that term is defined herein. This region can be any region

encoded by a mammalian (e.g., human) genome. In aspects, the phrase “target nucleic does not

62



WO 2021/248023 PCT/US2021/035937

comprise a CpG island” refers to regions in a target nucleic acid that have do not have the
nucleotides G and C next to one another (i.e., CpG dinucleotides) or that have a low freguency
of the nucleotides G and C next to one another. In aspects, a non-CpG island refers to regions of
a target nucleic acid having a region with a GC dinucleotide content less than 50%, with an
observed-to-expected CpG ratio less than 60%. In aspects, a non-Cp(G island refers to regions of
a target nucleic acid having a GC dinucleotide content less than 50%, with an observed-to-
expected CpG ratio less than 60%. In aspects, a non-Cp(G island refers to regions of a target
nucleic acid having a GC dinucleotide content less than 50%, with an observed-to-expected CpG
ratio less than 60%. In aspects, a non-CpG island refers to regions of a target nucleic acid having
a GC dinucleotide content less than 50%, with an observed-to-expected CpG ratio less than
60%. In aspects, a non-Upés 1sland refers to regions of a target nucleic acid having a GC
dinucleotide content less than 50%, with an observed-to-expected Cp( ratio less than 60%. In
aspects, a non~Cp(s island refers (o regions of a target nucleic acid having a GC dinucleotide
content less than 45%, with an observed-to-expected CpG ratio less than 55%. In aspects, a noxn-
CpG island refers to regions of a target nucleic acid having a GC dinucleotide content less than
40%, with an observed-to-expected CpG ratio less than 50%. In aspects, a non-Cp( island refers
to regions of a target nucleic acid having a GC dinucleotide content of 1% to 45%, with an
observed-to-expected CpG ratio of less than 60%. in aspects. a non-CpG island refers to regions
of a target nucleic acid having a GC dinucleotide content of 1% to 45%, with an observed-to-
expected CpG ratio less than 55%. In aspects, a non-Cp(G island refers to regions of a target
nucleic acid a GC dinucleotide content of 1% to 45%, with an observed-to-expected CpG ratio
less than 50%. In aspects, a non-CpG island refers to regions of a target nucleic acid having a
GC dinucleotide content of 5% to 40%, with an observed-to-expected CpG ratio less than 60%.
In aspects, a non-CpG istand refers 1o regions of a target nucleic acid having a GC dinucleotide
content of 5% to 40%, with an observed-to-expected CpG ratio less than 55%. In aspacts, a non-
Cp( island refers to regions of a target nucleic acid having a GC dinucleotide content of 5% to
40%, with an observed-to-expected CpG ratio less than 50%. In aspecis, a non-CpG sland refers
to regions of a target nucleic acid having a GC dinucleotide content of 10% to 40%, with an
observed-to-expected CpG ratio less than 60%. In aspects, a non-CpG island refers to regions of
a target nucleic acid having a GC dinucleotide content of 10% to 40%, with an observed-to-
expected CpG ratio less than 55%. in aspects, a non-Cpé island refers to regions of a target
nucleic acid having a GC dinucleotide content of 10% to 40%, with an observed-to-expected
CpG ratio less than 50%. In aspects, the target nucleic acid that does not comprise a CpG island

has less than 200 base pairs.
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[0189] Embodiments 1-69.

[0190] Embodiment 1. A fusion protein comprising from N-terminus to C-terminus, a
demethylation domain, an XTEN linker, and a nuclease-deficient RNA-guided DNA

endonuclease enzyme.

[0191] Embodiment 2. The fusion protein of Embodiment 1, wherein the demethylation
domain is a TET1 domain, a TET2 domain, a TET3 domain, or a combination of two or more

thereof.

[0192] Embodiment 3. The fusion protein of Embodiment 2, wherein the demethylation

domain is a TET1 domain.

[0193] Embodiment 4. The fusion protein of Embodiment 2, wherein the TET1 domain
comprises an amino acid sequence having at least 90% sequence identity to SEQ ID NO:1, SEQ

ID NO:86, or SEQ ID NO:97.

[0194] Embodiment 5. The fusion protein of any one of Embodiments 1 to 4, wherein the
nuclease-deficient RNA-guided DNA endonuclease enzyme is dCas9, dCas12a, dCpfl, Cas-phi,
a helix-turn-helix motif, a helix-loop-helix domain, an HMB-box domain, a Wor3 domain, an

OB-fold domain, an immunoglobulin domain, or a B3 domain.

[0195] Embodiment 6. The fusion protein of Embodiment 5, wherein the nuclease-deficient

RNA-guided DNA endonuclease enzyme is dCas9.

[0196] Embodiment 7. The fusion protein of any one of Embodiments 1 to 6, wherein the

XTEN linker comprises from about 10 amino acid residues to about 864 amino acid residues.

[0197] Embodiment 8. The fusion protein of Embodiment 7, wherein the XTEN linker
comprises an amino acid sequence having at least 90% sequence identity to SEQ ID NO:5, SEQ

ID NO:6 or SEQ ID NO:98.

[0198] Embodiment 9. The fusion protein of any one of Embodiments 1 to 8, wherein the
fusion protein further comprises an epitope tag, a 2A peptide, a fluorescent protein tag, a nuclear

localization signal peptide, or a combination of two or more thereof.

[0199] Embodiment 10. A fusion protein comprising from N-terminus to C-terminus, an

RNA-binding sequence, an XTEN linker, and at least one transcriptional activator.

[0200] Embodiment 11. The fusion protein of Embodiment 10, wherein the transcriptional

activator is VP64, p65, Rta, or a combination of two or more thereof.

[0201] Embodiment 12. The fusion protein of Embodiment 11, wherein p65 comprises an
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amino acid sequence having at least 90% sequence identity to SEQ ID NO:13, SEQ ID NO:14,
or SEQ ID NO:100.

[0202] Embodiment 13. The fusion protein of Embodiment 11 or 12, wherein Rta comprises
an amino acid sequence having at least 90% sequence identity to SEQ ID NO:15 or SEQ ID
NO:16.

[0203] Embodiment 14. The fusion protein of any one of Embodiments 11 to 13, wherein
VP64 comprises an amino acid sequence having at least 90% sequence identity to SEQ ID

NO:17 or SEQ ID NO:18.

[0204] Embodiment 15. The fusion protein of any one of Embodiments 10 to 14, wherein the
RNA-binding sequence is an MS2 RNA-binding sequence.

[0205] Embodiment 16. The fusion protein of Embodiment 15, wherein the MS2 RNA-

binding sequence comprises the amino acid sequence of SEQ ID NO:21.

[0206] Embodiment 17. The fusion protein of any one of Embodiments 10 to 16, wherein the

XTEN linker comprises from about 10 amino acid residues to about 864 amino acid residues.

[0207] Embodiment 18. The fusion protein of Embodiment 10 having an amino acid sequence
with at least 90% sequence identity to SEQ ID NO:104, SEQ ID NO:105, SEQ ID NO:106, SEQ
ID NO:107, SEQ ID NO:108, SEQ ID NO:109, or SEQ ID NO:110.

[0208] Embodiment 19. The fusion protein of any one of Embodiments 10 to 18, wherein the
fusion protein further comprises an epitope tag, a 2A peptide, a fluorescent protein tag, a nuclear

localization signal peptide, or a combination of two or more thereof.

[0209] Embodiment 20. A fusion protein comprising from N-terminus to C-terminus, a
demethylation domain, a first XTEN linker, a nuclease-deficient RNA-guided DNA

endonuclease enzyme, a second XTEN linker, and a transcriptional activator.

[0210] Embodiment 21. The fusion protein of Embodiment 20, wherein the transcriptional

activator is VP64, p65, Rta, or a combination of two or more thereof.

[0211] Embodiment 22. A fusion protein comprising from N-terminus to C-terminus, a
demethylation domain, an XTEN linker, and a nuclease-deficient RNA-guided DNA

endonuclease enzyme.

[0212] Embodiment 23. The fusion protein of any one of Embodiments 20 to 22, further

comprising a nuclear localization sequence.

[0213] Embodiment 24. The fusion protein of any one of Embodiments 20 to 23, wherein the
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demethylation domain is a TET1 domain, a TET2 domain, a TET3 domain, or a combination of

two or more thereof.

[0214] Embodiment 25. The fusion protein of Embodiment 24, wherein the demethylation

domain is a TET1 domain.

[0215] Embodiment 26. The fusion protein of any one of Embodiments 20 to 25, wherein the
nuclease-deficient RNA-guided DNA endonuclease enzyme is dCas9, dCas12a, dCpfl, Cas-phi,
a leucine zipper domain, a winged helix domain, a helix-turn-helix motif, a helix-loop-helix
domain, an HMB-box domain, a Wor3 domain, an OB-fold domain, an immunoglobulin

domain, or a B3 domain.

[0216] Embodiment 27. The fusion protein of Embodiment 26, wherein the nuclease-deficient

RNA-guided DNA endonuclease enzyme is dCas9.

[0217] Embodiment 28. The fusion protein of any one of Embodiments 20 to 27, wherein the
first XTEN linker and the second XTEN linker each independently comprise from about 10

amino acid residues to about 864 amino acid residues.

[0218] Embodiment 29. The fusion protein of any one of Embodiments 20 to 28, wherein the
fusion protein further comprising an epitope tag, a 2A peptide, a fluorescent protein tag, or a

combination of two or more thereof.

[0219] Embodiment 30. A fusion protein comprising an amino acid sequence having at least
90% sequence identity to SEQ ID NO:99, SEQ ID NO:101, SEQ ID NO:102, SEQ ID NO:111,
SEQ ID NO:112, or SEQ ID NO:113.

[0220] Embodiment 31. The fusion protein of Embodiment 30, comprising an amino acid
sequence having at least 95% sequence identity to SEQ ID NO:99, SEQ ID NO:101, SEQ ID
NO:102, SEQID NO:111, SEQ ID NO:112, or SEQ ID NO:113.

[0221] Embodiment 32. The fusion protein of Embodiment 31 comprising SEQ ID NO:99,
SEQ ID NO:101, SEQ ID NO:102, SEQ ID NO:111, SEQ ID NO:112, or SEQ ID NO:113.

[0222] Embodiment 33. A method of activating or reactivating a target nucleic acid sequence
in a cell, the method comprising: (i) delivering a first polynucleotide encoding a fusion protein
of any one of Embodiments 1 to 32 to a cell containing the target nucleic acid; and (i)
delivering to the cell a second polynucleotide comprising: (a) a sgRNA or (b) a cr:tracrRNA;

thereby activating or reactivating the target nucleic acid sequence in the cell.

[0223] Embodiment 34. The method of Embodiment 32, wherein the target nucleic acid

sequence comprises a CpG island.
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[0224] Embodiment 35. The method of Embodiment 32, wherein the target nucleic acid

sequence comprises a non-CpG island.

[0225] Embodiment 36. The method of any one of Embodiments 32 to 35, wherein the second
polynucleotide comprises the sgRNA.

[0226] Embodiment 37. The method of any one of Embodiments 32 to 36, wherein the sgRNA

comprises at least one MS2 stem loop.

[0227] Embodiment 38. The method of Embodiment 37, wherein the sgRNA comprises two
MS2 stem loops.

[0228] Embodiment 39. The method of any one of Embodiments 32 to 38, wherein the second
polynucleotide encodes a transcriptional activator.

[0229] Embodiment 40. The method of Embodiment 39, wherein the transcriptional activator
is VP64, p65, Rta, or a combination of two or more thereof.

[0230] Embodiment 41. The method of any one of Embodiments 32 to 40, wherein the second
polynucleotide further encodes an MS2 RNA-binding sequence.

[0231] Embodiment 42. The method of Embodiment 41, wherein the MS2 RNA-binding

sequence comprises the amino acid sequence of SEQ ID NO:21.

[0232] Embodiment 43. The method of any one of Embodiments 32 to 42, wherein the second
polynucleotide further encodes for an XTEN linker, an epitope tag, a 2A peptide, a fluorescent

protein tag, a nuclear localization signal peptide, or a combination of two or more thereof.

[0233] Embodiment 44. The method of any one of Embodiments 32 to 43, further comprising
delivering to the cell a third polynucleotide encoding a second fusion protein which comprises a
transcriptional activator.

[0234] Embodiment 45. The method of Embodiment 44, wherein the transcriptional activator

is VP64, p65, Rta, or a combination of two or more thereof.

[0235] Embodiment 46. The method of Embodiment 44 or 45, wherein the second fusion
protein further comprises an MS2 RNA-binding sequence.

[0236] Embodiment 47. The method of Embodiment 46, wherein the MS2 RNA-binding

sequence comprises the amino acid sequence of SEQ ID NO:21.

[0237] Embodiment 48. The method of any one of Embodiments 44 to 47, wherein the second
fusion protein further comprises an XTEN linker, an epitope tag, a 2A peptide, a fluorescent

protein tag, a nuclear localization signal peptide, or a combination of two or more thereof.
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[0238] Embodiment 49. A fusion protein comprising from N-terminus to C-terminus, a

demethylation domain, an XTEN linker, and a nuclease-deficient DNA endonuclease enzyme.

[0239] Embodiment 50. The fusion protein of Embodiment 49, wherein the demethylation
domain is a TET1 domain, a TET2 domain, a TET3 domain, or a combination of two or more
thereof.

[0240] Embodiment 51. The fusion protein of Embodiment 49, wherein the demethylation

domain is a TET1 domain.

[0241] Embodiment 52. The fusion protein of Embodiment 51, wherein the TET1 domain
comprises an amino acid sequence having at least 90% sequence identity to SEQ ID NO:1, SEQ
ID NO:86, or SEQ ID NO:97.

[0242] Embodiment 53. The fusion protein of any one of Embodiments 49 to 52, wherein the

nuclease-deficient DNA endonuclease enzyme is a zinc finger domain.

[0243] Embodiment 54. The fusion protein of any one of Embodiments 49 to 52, wherein the

nuclease-deficient DNA endonuclease enzyme is a TALE.

[0244] Embodiment 55. The fusion protein of any one of Embodiments 49 to 54, wherein the

XTEN linker comprises from about 10 amino acid residues to about 864 amino acid residues.

[0245] Embodiment 56. The fusion protein of Embodiment 55, wherein the XTEN linker
comprises an amino acid sequence having at least 90% sequence identity to SEQ ID NO:5, SEQ

ID NO:6 or SEQ ID NO:98.

[0246] Embodiment 57. The fusion protein of any one of Embodiments 49 to 56 wherein the
fusion protein further comprises an epitope tag, a 2A peptide, a fluorescent protein tag, a nuclear

localization signal peptide, or a combination of two or more thereof.

[0247] Embodiment 58. A fusion protein comprising from N-terminus to C-terminus, a
demethylation domain, a first XTEN linker, a nuclease-deficient DNA endonuclease enzyme, a

second XTEN linker, and a transcriptional activator.

[0248] Embodiment 59. The fusion protein of Embodiment 58, wherein the transcriptional

activator is VP64, p65, Rta, or a combination of two or more thereof.

[0249] Embodiment 60. A fusion protein comprising from N-terminus to C-terminus, a

demethylation domain, an XTEN linker, and a nuclease-deficient DNA endonuclease enzyme.

[0250] Embodiment 61. The fusion protein of any one of Embodiments 58 to 60, further

comprising a nuclear localization sequence.
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[0251] Embodiment 62. The fusion protein of any one of Embodiments 58 to 61, wherein the
demethylation domain is a TET1 domain, a TET2 domain, a TET3 domain, or a combination of

two or more thereof.

[0252] Embodiment 63. The fusion protein of Embodiment 62, wherein the demethylation

domain is a TET1 domain.

[0253] Embodiment 64. The fusion protein of any one of Embodiments 58 to 63, wherein the

nuclease-deficient DNA endonuclease enzyme is a zinc finger domain.

[0254] Embodiment 65. The fusion protein of any one of Embodiments 58 to 63, wherein the

nuclease-deficient DNA endonuclease enzyme is a TALE.

[0255] Embodiment 66. The fusion protein of any one of Embodiments 58 to 65, wherein the
first XTEN linker and the second XTEN linker each independently comprise from about 10

amino acid residues to about 864 amino acid residues.

[0256] Embodiment 67. The fusion protein of any one of Embodiments 58 to 66, wherein the
fusion protein further comprising an epitope tag, a 2A peptide, a fluorescent protein tag, or a
combination of two or more thereof.

[0257] Embodiment 68. A method of activating or reactivating a target nucleic acid sequence
in a cell, the method comprising delivering a polynucleotide encoding a fusion protein of any
one of Embodiments 58 to 67 to a cell containing the target nucleic acid; thereby activating or

reactivating the target nucleic acid sequence in the cell.

[0258] Embodiment 69. The method of Embodiment 68, wherein the transcriptional activator

is VP64, p65, Rta, or a combination of two or more thereof.
EXAMPLES

[0259] Embodiments and aspects herein are further illustrated by the following examples. The
examples are merely intended to illustrate embodiments and aspects, and are not to be construed

to limit the scope herein.
[0260] Example 1
[0261] Gene silencing is reversible by targeted DNA methylation

[0262] An attractive property of epigenome editing is the ability to reverse the epigenetic
changes induced by artificial editors. To test the reversibility of CRISPRoff-mediated gene
silencing, we first utilized global methods to block DNA methylation maintenance during cell

division. We used Cas9 gene editing to inactivate DNMT1 — the main DNA methylation
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maintenance enzyme in mammalian cells — in HEK293T cells with previously silenced H2B,
CLTA, or Snrpn-GFP. At 9 days post knock-out of DNMTT1, 60-80% of cells reactivate gene
expression. Loss of DNMTT1, which is an essential gene, has a noticeable cytotoxic effect and
precludes DNMT1 knockout as a feasible method of reactivating CRISPRoff-silenced genes
(FIG. 1). Similarly, treatment of cells with a small molecule inhibitor of DNMT1, 5-aza-2'-
deoxycytidine (5-aza-dC), reactivated CLTA gene expression albeit at lower efficiency
compared to a DNMT1 knockout (FIGS. 2-3). These results demonstrate depletion of DNA
methylation is sufficient to reverse CRISPRoff gene silencing. Therefore, we sought to engineer

gene-specific and programmable tools for reactivation of CRISPRoff-silenced genes.
[0263] Example 2

{6264] DNA methylation of cytosines within a cytosine-guanine dyad can be actively removed
by the TET (ten-eleven translocation) family enzymes, which have been repurposed for
programmable demethylation of human gene promoters for gene activation. We tested whether
we could reactivate CRISPRoff-silenced genes by targeted DNA demethylation of CL7A4, a gene
that we silenced for more than 1 year. Initially, we used a previously reported dCas9 fusion to
the TET1 DNA demethylase catalytic domain (TETv1) (Liu et al, Cell, 167-233-247 (2016)).
We co-transfected plasmids expressing TETv1 and sgRNAs targeting the CLTA promoter, and
measured CLTA protein levels (GFP) over time. (FIGS. 4-5). Our results demonstrate targeted
DNA demethylation by TETv1 reactivated gene expression, however at 28 days post-
transfection, only about 20% of the transfected cells maintain CLTA expression consistent with
the variable reactivation typical in previous studies. (FIG. 6) To improve reactivation, we
optimized the fusion proteins by encoding XTEN linkers between dCas9 and TET1, and
repositioned TET1 at the N-terminus of dCas9. Placing TET1 at the N-terminus with a 16 amino
acid XTEN16 linker (TETv3) improved CLTA reactivation to about 50% of cells. Moreover,
separating TET1 and dCas9 with an 80 amino acid XTENS8O linker (TETv4) resulted in stable
CLTA reactivation in more than 70% of cells. CLTA reactivation was stable for at least 28 days
post-transfection (FIGS. 6-8). Gene reactivation was achieved in up to 60% of TETv4-
transfected cells with one sgRNA sequence, but was improved by pooling three sgRNAs across

a gene promoter (FIG. 7).

[0265] To assess the extent of DNA demethylation across the silenced gene, we performed
bisulfite sequencing of the CLTA locus before and after dCas9-TET-mediated reactivation. We
observed high levels of DNA methylation along the entire CLTA CGI after CRISPRoff-
mediated silencing, including >400 bp downstream of the sgRNA binding sites. (FIGS. 9A-9B)

After TET1-mediated gene reactivation, the CGI is demethylated to near-completion, correlating
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with full reactivation of CLTA expression (FIG. 9A).

[0266] We observed that CLTA reactivation consistently peaks and stabilizes starting at 9
days post-TET1 treatment. (FIG. 6). We hypothesized that gene expression could be reactivated
at earlier time points by recruiting transcriptional activator domains to TET1v4. In an effort to
modulate the kinetics of gene reactivation, we designed a system called CRISPRon, composed
of TETv4, a previously reported modified sgRNA that encodes two MS2 stem sequences, and
MS?2 coat protein (MCP) fused to various combinations of transcriptional transactivator domains
VP64, p65 (p65-AD), and Rta (Konermann et al., 2015a) (FIGS. 10-11). We first confirmed that
co-expression of dCas9 and MCP-transactivator fusion proteins could increase gene expression
in the absence of TET1, we fused the domains to the MS2 coat protein (MCP) and recruited the
fusions to dCas9 targeted to the promoter of endogenously expressed CLTA with sgRNAs
encoding MS2 loops. Two days post transfection of dCas9, the MCP fusions, and sgRNAs, we
detect increased endogenous expression of the CLTA gene with each transactivator combination
with highest reactivation using VPR and p65-Rta (FIG. 12), indicating that these proteins are

functional for recruiting the transcriptional machinery.

[0267] We then expressed negative control (NT) or CLTA-targeting sgRNAs (sg-A) along
with various CRISPRon combinations or TETv4 only in CLTA silenced cells and monitored
CLTA expression over time. Unexpectedly, we observed that select CRISPRon combinations,
such as TETv4 with p65-Rta and TETv4 with VPR, robustly reactivated CLTA expression
within 2 days. Meanwhile, TETv4 showed little gene reactivation at this time point (FIGS. 13
and 17). We next co-recruited the transactivators and TETv4 to the CRISPRoff-silenced CLTA
promoter. Two days post transfection, CLTA expression reactivates only in the presence of
TETv4 and transactivators (FIGS. 13 and 14). Each transactivator combination increases the
fraction of cells with CLTA reactivated at varying levels, ranging from 2- to 46-fold compared
to TETv4 only, with VPR and p65-Rta eliciting the highest levels of CLTA expression. By eight
days post transfection, recruitment of monopartite Rta or VP64-p65 results in the highest
increase in the fraction of reactivated cells compared to the other transactivators (FIGS. 14 and
15A). TETv4 and sgRNA-coactivator are present at low levels in cells at this time point (<10%
of cells), signifying that increased expression of the reactivated gene using TETv4 with p65-Rta
or VP64-p65 is inheritable and memorized by cells. By 28 days post-transfection, the median
fluorescence of reactivated CLTA-GFP was significantly higher with CRISPRon combinations
of TETv4 with Rta and TETv4 with p65-Rta compared to TETv4 only (FIG. 15B). We do not
detect TETv4 or MCP fusion protein expression at this time point. As a further control, co-

expressing the MCP transactivator fusions with dCas9 (no TET), or a single fusion dCas9-VPR,

71



WO 2021/248023 PCT/US2021/035937

showed only transient activation of CLTA and by 10 days post-transfection, CLTA levels revert
to the silenced state (FIG. 18). Together, these results show that our optimized TET1-dCas9
fusion proteins can robustly reactivate CRISPRoff-silenced genes as a form of transcriptional
memory and the dynamics of reactivation can be further modulated using our CRISPRon
combinations. Taken together, these data highlight our ability to modulate the dynamics of
reactivation of CRISPRoff-silenced genes and encode cellular memory of gene expression, akin

to hit-and-run CRISPRa.
[0268] Example 3
[0269] Silencing and re-activating genes that lack a CpG annotation

[0270] To validate our observation that CRISPRoff can turn off genes without annotated
CGls, we endogenously tagged five genes with no annotated CGI in HEK293T with
mNeonGreen (MNG) and assessed durable silencing by CRISPRoff. At 9 days post-transfection,
we detect high percentage of cells that have turned off DYNC2LI1, LAMP2, MYL6, and
VPS25. Silencing of DYNC2LI1 and LAMP2 remains stable through 14 days post-transfection
and MYL6 and VPS25 displayed cell growth defects upon knockdown. Transfection of the
CRISPRoff Dnmt3 A mutant does not sustain gene silencing and thus, the observed durable
phenotype is DNA methylation-dependent. In contrast, CRISPRoff transfection into CALD1-
mNG cells did not result in silencing with CRISPRoff or CRISPRoff mutant, suggesting that the

gene is not amenable to DNA methylation-dependent hit-and-run epigenome editing.

[0271] We isolated cells that have turned off LAMP2, DYNC2LII1, and MYL6 by CRISPRoff
and profiled the DNA methylation status of the promoters by bisulfite sequencing. Analysis of
cytosines within a CG context were highly methylated in silenced cells. Moreover, we treated
DYNC2LI1 and LAMP2-off cells with TETv4 and about 70% of cells reactivate the silenced
gene by 14 days post transfection of TETv4 (FIG. 16).

[0272] Materials and Methods for Examples
[0273] Plasmid Design and Construction

[0274] The TETv1 design was constructed by PCR amplification of the dCas9-TET1CD
sequence from Fuw-dCas9-Tet1CD (Addgene #84475) and assembled into a CAG-expression
plasmid. XTEN linker sequences were previously published (Schellenberger et al). All
CRISPRoff and TET1 fusion proteins include BFP as either a direct fusion or with a P2A-
cleavage sequence to measure transfection efficiency by flow cytometry. The dSaCas9 (D10A,
N508A) sequence was PCR amplified from pX603 (Addgene #61594) and the dLbCas12a
sequence was PCR amplified from Tak et al. VP64, p65, and Rta were PCR amplified from SP-
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dCas9-VPR (Addgene #63798). The GAPDH-Snrpn-GFP lentiviral reporter originated from
Addgene #70148 (Liu et al., 2016; Stelzer et al., 2015).

[0275] The sgRNA plasmids were constructed by restriction cloning of protospacers
downstream of a U6 promoter using BstXI and Blpl cut sites, as previously described. The
sgRNA expression plasmids also express a T2A-mCherry marker to measure transfection
efficiency. The sgRNA sequences used for CRISPRoff and CRISPRon experiments are listed in
Table 1. The sgRNA sequences were chosen based on our previous algorithm to predict active

CRISPRi sgRNAs (Horlbeck et al., 2016).

[0276] The MS2 plasmids were constructed by first transferring the mU6 promoter-sgRNA-
EFla-puromycin-T2A-mCherry cassette into a non-lentiviral vector by restriction cloning. The
MCP-XTENSO-NLS-(transactivator domain)-2xP2A cassette was ordered as four gBlocks (IDT)
and cloned into the aforementioned non-lentiviral plasmid by Gibson assembly. The sgRNA-
MS2 loops sequence was designed based on the SAM system (Konermann et al., 2015b) with
the BstXI and BlplI restriction sites incorporated from our previous mU6 sgRNA expression
design (Addgene #84832). The DNA sequence encoding the MS2-sgRNA scaffold is SEQ ID
NO:117. For construction of the transactivator plasmids, each domain or combination of
domains was PCR amplified and cloned by Gibson assembly into a plasmid that encodes the
sgRNA and MS2 coat protein (MCP). Guide sequences were cloned by double digest and

ligation of annealed oligos, as previously described.

[0277] All mRNA constructs were synthesized using the mMESSAGE mMachine™ T7 Ultra
Transcription Kit (Thermo Fisher Scientific). The T7 promoter sequence (SEQ ID NO:118) was
first cloned upstream of the CRISPRoff sequence. The T7-CRISPRoff sequence was PCR
amplified and used as template for in vitro synthesis reactions. Following the manufacturer
protocol for synthesis, the reactions were cleaned by chloroform extraction and isopropanol

precipitation.
[0278] Cell culture, DNA transfections, and flow cytometry

[0279] All cell lines were cultured at 37 °C with 5% CO2 tissue culture incubators. HEK293T
(female), HeLa (female), and U20S (female) cells were cultured in Dulbecco’s modified eagle
medium (DMEM) in 10% FBS (HyClone), 100 units/mL streptomycin, 100 pg/ml penicillin,
and 2 mM glutamine. K562 (female) cells were maintained in RPMI-1640 with 25 mM HEPES
and 2.0 g/L NaHCo3 in 10% FBS, 2 mM glutamine, 100 units/mL streptomycin, and 100
mg/mL penicillin. WTC Genlc iPSCs (male) were cultured in mTESR media (STEMCELL

Technologies) under feeder-free conditions on growth factor-reduced Matrigel (BD
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Biosciences). Cells were passaged using Accutase (STEMCELL Technologies) and seeded on
Matrigel coated plates with mTESR media supplemented with pl6-Rho-associated coiled-coil
kinase (ROCK) inhibitor Y-27632 (10 uM; Selleckchem).

[0280] Lentiviral particles were produced by transfecting standard packaging vectors into
HEK293T using 7ransIT-LT1 Transfection Reagent (Mirus, MIR2306). Media was changed 24
hours post-transfection with complete DMEM supplemented with 15 mM HEPES. Viral
supernatants were harvested 48-60 hours after transfection and filtered through a 0.45 um PVDF

syringe filter. Lentiviral infections included polybrene (8 ug/ml).
[0281] CRISPRon

[0282] All CRISPRon experiments were conducted in 24-well plates. Briefly, 1x10° CLTA-
GFP-silenced HEK293T cells were seeded in each well. When cells reached 60-80% confluency
the next day, cells were transfected with 500 ng of dCas9 plasmid (dCas9 or TETv1-4) and 300
ng of sgRNA-transactivator plasmid (sgRNA only, VP64, p65, Rta, VP64-p65, p65-Rta, or
VPR). Cells were monitored for BFP (dCas9 or TETv1-4) and mCherry (guide-transactivator)
expression 24 hours after transfection. Two days post-transfection, 7.5x10* BFP and mCherry
double positive cells were sorted using a BD FACSAria Fusion sorter. Cells were allowed to
recover for 4 days after the sort and were subsequently analyzed every 2-3 days using flow
cytometry on a Attune NxT cytometer (Thermo Fisher Scientific). All flow cytometry data were

analyzed using Flowjo.
[0283] RNA sequencing

[0284] HEK293T cells that have maintained stable silencing of target genes were harvested 33
days ({TGB1, CD81, and CD151 ) or 28 days (CLTA, HIST2H2BE, RAB114, and VIM) post
CRISPRoff transfection. Cells were dislodged from plates with PBS, centrifuged at 500 x g for 5
min and washed again with PBS. Total RNA was extracted using Direct-zol RNA MiniPrep
(Zymo R2051). Library preparations were carried out using TruSeq Stranded mRNA Library
Preparation Kit (Illumina RS-111-2101), starting with 1000 ng total RNA. Final libraries were
assessed using a 2100 Bioanalyzer (Agilent), quantified using Qubit dsSDNA HS Assay Kit
(Thermo Fisher Scientific), and sequenced as single end 50 base pair reads on a HiSeq 4000
(Illumina). For processing the sequencing reads, linker sequences (SEQ ID NO:119) were
removed using FASTX-clipper (FASTX-Toolkit). The reads were then aligned to the human
genome (GRCh37) using the STAR (Spliced Transcripts Alignment to a Reference, version 2.5)
aligner against the Gencode Gene V24lift37 transcriptome annotation. Read quantification was

carried out with featureCounts (Liao et al., 2014). All downstream analyses were performed with
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Python (version 2.7) using a combination of Numpy (v1.12.1), Pandas (v0.17.1), and Scipy
(v0.17.0) libraries. Knockdown efficiency was calculated by normalizing gene Transcripts per
Million (TPM) for the experimental samples with the mean TPM of the control (non-targeting)

samples. Differential expression analysis was performed using DESeq2 (Love et al., 2014).
[0285] Quantitative PCR

[0286] For quantitative PCR (qPCR) measurements, total RN A was first extracted using
RNeasy Micro Kit (Qiagen) from cells. Reverse transcription of 1 pg total RNA was performed
using Superscript™ III Reverse Transcriptase kit (Thermo Fisher Scientific) supplemented with
RNaseOut ™ Recombinant Ribonuclease Inhibitor (Thermo Fisher Scientific). Reverse
transcription was primed using oligo(dT)o. Quantitative PCR reactions were prepared with
KAPA SYBR FAST gqPCR Master Mix (2X) and run on a LightCycler 480 Instrument (Roche).

Primer sequences for qPCR experiments are listed in Table 2.
[0287] Bisulfite sequencing PCR

[0288] For methylation analysis of the CLTA CGI, ~2x10% CRISPRoff-silenced cells and
TET-reactivated cells were isolated by FACS. Genomic DNA was extracted from cells
according to manufacturer’s instructions using the PureLink Genomic DNA Mini Kit
(Invitrogen). For each condition, 1 ug genomic DNA underwent bisulfite conversion and
cleanup according to manufacturer’s instructions using the EpiTect Bisulfite kit (Qiagen).
Purified bisulfite-converted DNA was amplified using EpiMark Hot Start Taq (NEB) with a
nested PCR method (Liu et al., 2016). Amplicons were gel purified using a Gel DNA Recovery
Kit (Zymo) and PCR amplified again using EpiMark Hot Start Taq. Amplicons were cloned into
the pCR2.1 TOPO vector according to manufacturer’s instructions using the TOPO TA Cloning
Kit (Invitrogen). Cloning products were transformed into Stellar . coli cells (Takara) and plated
on blue-white carbenicillin plates. 20 colonies were picked per condition and sequenced by
Sanger sequencing. Primer sequences for bisulfite-PCR amplification are listed in Table 2. The

primer sequences for amplifying the GAPDH-Snrpn fragment was obtained from Liu et al.
[0289] Cas9 genome editing and 5-aza-dC treatments

[0290] Lentiviral particles expressing Cas9 from S. pyogenes were transduced into HEK293T
cells that have CRISPRoff-silenced Snrpn-GFP or GFP-tagged CLTA and H2B. Cas9-
expressing cells, marked by BFP fluorescence in the lentivirus vector, were FACS-sorted. To
inactive DNMT1, lentiviral particles expressing a sgRNA that targets DNMT'! were infected into
the cell lines. Reactivation of the silenced genes was assessed by GFP activation, measured by

flow cytometry. The last time point was taken at 9 days post sgRNA infection, as cell viability
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was severely reduced past this time point.

[0291] For 5-aza-dC treatment, 1x103 CRISPRoff-silenced CLTA-GFP HEK293T cells were
seeded in each well of a 24-well plate. 24 hours later, the media was aspirated and replaced with
media supplemented aqueous 5-Aza-2’-deoxycytidine (5-aza-dC) for a final volume of 500 ml
per well. The following day, 5-aza-dC-containing media was aspirated, cells were detached and
analyzed for viability and GFP activation on a Attune NxT flow cytometer (Thermo Fisher
Scientific). Cells were subsequently passaged with fresh media every 2-3 days and analyzed on a

Attune cytometer.

[0292] While various embodiments and aspects of the present invention are shown and
described herein, it will be obvious to those skilled in the art that such embodiments and aspects
are provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the invention described herein may be employed

in practicing the invention.

[0293] The section headings used herein are for organizational purposes only and are not to be
construed as limiting the subject matter described. All documents, or portions of documents,
cited in the application including, without limitation, patents, patent applications, articles, books,
manuals, and treatises are hereby expressly incorporated by reference in their entirety for any
purpose.
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[0296] Informal Sequence Listing

[0297] In the sequences listed herein, the skilled artisan will appreciate that a methionine (M)
can be present on the N-terminus of protein in order to initiate translation. Thus, the sequences

described herein can optionally further comprise a methionone on the N-terminus.
[0298] SEQID NO: 1=TETI (UniProt: Q8NFU7)

MSRSRHARPSRLVRKEDVNKKKKNS QLRKTTKGANKNVASVKTLS PGKLKQLIQERDVKKKTEP
KPPVPVRSLLTRAGAARMNLDRTEVLEQONPESLTCNGETMALRSTSLSRRLSQPPLVVAKSKKV
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PLSKGLEKQHDCDYKILPALGVKHSENDSVPMQDTQVLPDIETLIGVONPSLLKGKSQETTQEW
SQRVEDSKINIPTHSGPAAETILPGPLEGTRCGEGLESEETLNDTSGSPKMFAQDTVCAPEPQRA
TPKVTSQGNPSIQLEELGSRVESLKLSDSYLDPIKSEHDCYPTSSLNKVIPDLNLRNCLALGGS
TSPTSVIKFLLAGSKQATLGAKPDHQEAFEATANQQEVSDTTSEFLGQAFGATIPHQWELPGADPV
HGEALGETPDLPEIPGAIPVQGEVEFGTILDQQETLGMSGSVVPDLPVELPVPPNPIATENAPSK
WPEPQSTVSYGLAVQGAIQILPLGSGHTPQSSSNSEKNSLPPVMATISNVENEKQVHISEFLPANT
QGEFPLAPERGLFHASLGIAQLSQAGPSKSDRGSSQVSVTSTVHVVNTTVVTMPVPMVSTSSSSY
TTLLPTLEKKKRKRCGVCEPCQQKTNCGECTYCKNRKNSHQICKKRKCEELKKKPSVVVPLEVI
KENKRPQREKKPKVLKADFDNKPVNGPKSESMDY SRCGHGEEQKLELNPHTVENVTKNEDSMTG
IEVEKWTONKKSQLTDHVKGDEFSANVPEAEKSKNSEVDKKRTKSPKLEVQTVRNGIKHVHCLPA
ETNVSFKKENIEEFGKTLENNSYKFLKDTANHKNAMS SVATDMSCDHLKGRSNVLVEQQPGENC
SSIPHSSHSIINHHASTHNEGDQPKTPENIPSKEPKDGSPVQPSLLSLMKDRRLTLEQVVATEA
LTQLSEAPSENSSPSKSEKDEESEQRTASLLNSCKAILYTVRKDLODPNLQGEPPKLNHCPSLE
KQSSCNTVVENGQTTTLSNSHINSATNQASTKSHEYSKVTNSLSLEFIPKSNSSKIDTNKSIAQG
ITTLDNCSNDLHQLPPRNNEVEYCNQLLDSSKKLDSDDLSCQDATHTQIEEDVATQLTQLASTI
KINYIKPEDKKVESTPTSLVTCNVQQOKYNQEKGTIQQKPPSSVHNNHGSSLTKQKNPTQKKTKS
TPSRDRRKKKPTVVSYQENDROQKWEKLSYMYGTICDIWIASKEFQONEFGQFCPHDEPTVEGKISSS
TKIWKPLAQTRSIMQPKTVFPPLTQIKLQRYPESAEEKVKVEPLDSLSLEFHLKTESNGKAFTDK
AYNSQVQLTVNANQKAHPLTQPSSPPNQCANVMAGDDQIREQOVVKEQLMHQRLPTLPGISHET
PLPESALTLRNVNVVCSGGITVVSTKSEEEVCSSSEFGTSEFSTVDSAQKNEFNDYAMNEFFTNPTK
NLVSITKDSELPTCSCLDRVIQKDKGPYYTHLGAGPSVAAVREIMENRYGOKGNATIRIEIVVYT
GKEGKSSHGCPIAKWVLRRSSDEEKVLCLVRQRTGHHCPTAVMVVLIMVWDGI PLPMADRLYTE
LTENLKSYNGHPTDRRCTLNENRTCTCQGIDPETCGASESEFGCSWSMYFNGCKFGRSPSPRRFER
IDPSSPLHEKNLEDNLQSLATRLAPIYKQYAPVAYQONQVEYENVARECRLGSKEGRPESGVTAC
LDFCAHPHRDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAK
IKSGAIEVLAPRRKKRTCETQPVPRSGKKRAAMMTEVLAHKIRAVEKKPIPRIKRKNNSTTTNN
SKPSSLPTLGSNTETVQPEVKSETEPHFILKSSDNTKTYSLMPSAPHPVKEASPGEFSWS PKTAS
ATPAPLKNDATASCGEFSERSSTPHCTMPSGRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEP
LINSEPSTGVTEPLTPHQPNHQPSFLTSPQDLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAE
EKLPHIDEYWSDSEHIFLDANIGGVAIAPAHGSVLIECARRELHATTPVEHPNRNHPTRLSLVE
YQHKNLNKPQHGFELNKIKFEAKEAKNKKMKASEQKDQAANEGPEQS SEVNE
LNQIPSHKALTLTHDNVVTVSPYALTHVAGPYNHWV

[0299] SEQ ID NO: 2 = TET2 (UniProt Q6N021)

YGIPCMKGSQNSRVSPDEFTQESRGY SKCLONGGIKRTVSEPSLSGLLOQIKKLKQDQOKANGERRN
FGVSQERNPGESSQPNVSDLSDKKESVSSVAQENAVKDETSFSTHNCSGPENPELQILNEQEGK
SANYHDKNIVLLKNKAVLMPNGATVSASSVEHTHGELLEKTLSQYYPDCVSIAVQKTTSHINATL
NSQATNELSCEITHPSHTSGQINSAQTSNSELPPKPAAVVSEACDADDADNASKLAAMLNTCSE
QKPEQLQQQOKSVFEICPSPAENNIQGTTKLASGEEFCSGSSSNLQAPGGS SERYLKQONEMNGAY
FKQSSVFTKDSESATTTPPPPSQLLLSPPPPLPQVPQLPSEGKSTLNGGVLEEHHHY PNQSNTT
LLREVKIEGKPEAPPSQSPNPSTHVCSPSPMLSERPOQNNCVNRNDIQTAGTMTVPLCSEKTRPM
SEHLKHNPPIFGSSGELQODNCQQLMRNKEQETILKGRDKEQTRDLVPPTQHYLKPGWIELKAPRE
HOAESHLKRNEASLPSILQYQPNLSNQMTSKQYTGNSNMPGGLPROAYTQKTTQLEHKSQMY QV
EMNQGQSQOGTVDQHLQFOKPSHQVHESKTDHLPKAHVQOSLCGTRFHFQORADSQTEKLMSPVLK
QHLNQOASETEPFSNSHLLOHKPHKQAAQTQPSQSSHLPONQOQQOKLOTIKNKEEILQT FPHPQ
SNNDQQOREGSFEFGQTKVEECFHGENQYSKSSEFETHNVOMGLEEVONINRRNSPYSQTMKSSAC
KIQVSCSNNTHLVSENKEQTTHPELFAGNKTONLHHMQY FPNNVIPKQDLLHRCEFQEQEQKSQQ
ASVLQGYKNRNQDMSGQQAAQLAQQORY LIHNHANVEPVPDQGGSHTQTPPOKDTQKHAALRWHL
LOKQEQQQTQOPOTESCHSOMHRPIKVEPGCKPHACMHTAPPENKTWKKVTKQENPPASCDNVQ
QKSITETMEQHLKQFHAKSLEDHKALTLKSQKQVKVEMSGPVIVLTRQTTAAELDSHTPALEQQ
TTSSEKTPTKRTAASVLNNFIESPSKLLDTPIKNLLDTPVKTQYDEPSCRCVEQITEKDEGPEY
THLGAGPNVAATIREIMEERFGQKGKATIRIERVIYTGKEGKS SQGCPIAKWVVRRSSSEEKLLCL
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VRERAGHTCEAAVIVILILVWEGIPLSLADKLYSELTETLRKYGTLTNRRCALNEERTCACQGL
DPETCGASEFSFGCSWSMYYNGCKFARSKIPRKFKLLGDDPKEEEKLESHLONLSTLMAPTYKKL
APDAYNNQIEYEHRAPECRLGLKEGRPFSGVTACLDFCAHAHRDLHNMONGSTLVCTLTREDNR
EFGGKPEDEQLHVLPLYKVSDVDEFGSVEAQEEKKRSGAIQVLSSFRRKVRMLAEPVKT CRQRK
LEAKKAAAEKLSSLENSSNKNEKEKSAPSRTKQTENASQAKQLAELLRLSGPVMQQOSQQPQPLQ
KQPPOPQOOORPOOOOPHHPQTESVNSYSASGSTNPYMRRPNPVSPYPNSSHTSDIYGSTSPMN
FYSTSSQAAGSYLNSSNPMNPYPGLLNONTQYPSYQCNGNLSVDNCSPYLGSYSPQSQPMDLYR
YPSQDPLSKLSLPPIHTLYQPREGNSQSEFTSKYLGYGNQNMQOGDGEFSSCTIRPNVHHVGKLPPY
PTHEMDGHFMGAT SRLPPNLSNPNMDYKNGEHHSPSHITHNYSAAPGMENSSLHALHLONKEND
MLSHTANGLSKMLPALNHDRTACVQGGLHKLSDANGQEKQPLALVQGVASGAEDNDEVWSDSEQ
SFLDPDIGGVAVAPTHGSILIECAKRELHATTPLKNPNRNHPTRISLVEYQHKSMNEPKHGLAL
WEAKMAEKAREKEEECEKYGPDYVPQKSHGKKVKREPAEPHETSEPTYLREFIKSLAERTMSVTT
DSTVTTSPYAFTRVIGPYNRYT

[0300] SEQ ID NO:3 = TET3 (Uniprot 043151)

MSQFQVPLAVQPDLPGLYDEFPQROQVMVGS FPGSGLSMAGSESQLRGGGDGRKKRKRCGTCEPCR
RLENCGACTSCTNRRTHQICKLRKCEVLKKKVGLLKEVEIKAGEGAGPWGQGAAVKTGSELSPV
DGPVPGOMDSGPVYHGDSRQLSASGVPVNGAREPAGPSLLGTGGPWRVDQKPDWEAAPGPAHTA
RLEDAHDLVAFSAVAEAVSSYGALSTRLYETFNREMSREAGNNSRGPRPGPEGCSAGSEDLDTL
QTALALARHGMKPPNCNCDGPECPDYLEWLEGKIKSVVMEGGEERPRLPGPLPPGEAGLPAPST
RPLLSSEVPQISPQEGLPLSQSALSTIAKEKNISLOQTATATEALTQLSSALPQPSHSTPQASCPL
PEALSPPAPFRSPQSYLRAPSWPVVPPEEHSSFAPDSSAFPPATPRTEFPEAWGTDTPPATPRS
SWPMPRPSPDPMAELEQLLGSASDY IQSVEFKRPEALPTKPKVKVEAPSSSPAPAPSPVLQREAP
TPSSEPDTHQKAQTALQQOHLHHKRSLFLEQVHDTSFPAPSEPSAPGWWPPPSSPVPRLPDRPPK
EKKKKLPTPAGGPVGTEKAAPGIKPSVRKPIQIKKSRPREAQPLEPPVRQIVLEGLRSPASQEV
QAHPPAPLPASQGSAVPLPPEPSLALFAPSPSRDSLLPPTQEMRSPSPMTALQPGSTGPLPPAD
DKLEELIRQFEAEFGDSFGLPGPPSVPIQDPENQQTCLPAPESPFATRSPKQIKIESSGAVTVL
STTCFHSEEGGQEAT PTKAENPLTPTLSGEFLESPLKYLDTPTKSLLDTPAKRAQAEFPTCDCVE
QIVEKDEGPYYTHLGSGPTVASTIREILMEERYGEKGKATIRIEKVIYTGKEGKSSRGCPIAKWVIR
RHTLEEKLLCLVRHRAGHHCONAVIVILILAWEGIPRSLGDTLYQELTDTLRKYGNPTSRRCGL
NDDRTCACQGKDPNTCGASEFSEFGCSWSMY FNGCKYARSKTPRKFRLAGDNPKEEEVLRKSFQDL
ATEVAPLYKRLAPQAYONQVINEETIATIDCRLGLKEGRPFAGVTACMDEFCAHAHKDQHNLYNGCT
VVCTLTKEDNRCVGKIPEDEQLHVLPLYKMANTDEFGSEENQONAKVGSGAIQVLTAFPREVRRL
PEPAKSCRQRQLEARKAAAEKKKIQKEKLSTPEKIKQEALELAGITSDPGLSLKGGLSQQGLKP
SLKVEPQONHEFSSFKYSGNAVVESYSVLGNCRPSDPYSMNSVYSYHSYYAQPSLTSVNGFHSKYA
LPSEFSYYGFPSSNPVEPSQFLGPGAWGHSGSSGSFEKKPDLHALHNSLSPAYGGAEFAELPSQA
VPTDAHHPTPHHQQPAYPGPKEYLLPKAPLLHSVSRDPSPFAQSSNCYNRSIKQEPVDPLTQAE
PVPRDAGKMGKTPLSEVSQNGGPSHLWGQYSGGPSMSPKRTNGVGGSWGVESSGESPATVPDKL
SSFGASCLAPSHEFTDGOWGLEFPGEGQQAASHSGGRLRGKPWSPCKEGNSTSALAGPSLTEKPWA
LGAGDFNSALKGS PGFQDKLWNPMKGEEGRIPAAGASQLDRAWQSFGLPLGSSEKLEFGALKSEE
KLWDPFSLEEGPAEEPPSKGAVKEEKGGGGAEEEEEELWSDSEHNFLDENIGGVAVAPAHGSIL
IECARRELHATTPLKKPNRCHPTRISLVEYQHKNLNQPNHGLALWEAKMKQLAERARARQEEAA
RLGLGQQEAKLYGKKRKWGGTVVAEPQQKEKKGVVPTRQALAVPTDSAVIVSSYAYTKVTGPYS
RWI

[0301] SEQ ID NO:4 (SV40 NLS)
PKKKRKV
[0302] SEQ ID NO:5 (XTEN16 (16 amino acid sequence))

SGSETPGTSESATPES
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[0303] SEQ ID NO:6 (XTENSO (80 amino acid sequence))

GGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT ST
EPSEGSAPGTSTEPSE

[0304] SEQ ID NO:7 (HA tag)
YPYDVPDYA
[0305] SEQ ID NO:8 (BFP)

SELTKENMHMKLYMEGTVDNHHFKCTSEGEGKPYEGTQTMRIKVVEGGPLPFAFDILATSEFLYG
SKTFINHTQGIPDFFKQSEFPEGETWERVITYEDGGVLTATQDTSLODGCLIYNVKIRGVNETSN
GPVMQOKKTLGWEAFTETLYPADGGLEGRNDMALKLVGGSHLTIANIKTTYRSKKPAKNLKMPGVY
YVDYRLERIKEANNETYVEQHEVAVARYCDLPSKLGHKLN*

[0306] SEQ ID NO:9 (dCas9)

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIGALLEDSGETAEATRL
KRTARRRYTRRKNRICYLQEIFSNEMAKVDDSEFEFHRLEESFLVEEDKKHERHPIFGNIVDEVAY
HEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLEIQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNFKSNE
DLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSAS
MIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMD
GTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDEFYPEFLKDNREKIEKILTEFRI
PYYVGPLARGNSRFAWMTRKSEETITPWNEFEEVVDKGASAQSEFIERMTNEDKNLPNEKVLPKHS
LLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVTIVKQLKEDYFKKIECED
SVEISGVEDRFNASLGTYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYA
HLEDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLTHDDSLTE
KEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQ
TTOKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINR
LSDYDVDAIVPQSEFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK
FDNLTKAERGGLSELDKAGEFTIKRQLVETRQITKHVAQILDSRMNTKYDENDKLTIREVKVITLKS
KLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFEFYSNIMNEFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLS
MPQVNIVKKTEVQTGGESKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI IKLPKYSLFELENGRKRMLAS
AGELOQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLEFVEQHKHYLDEITEQISEEFSKRV
ILADANLDKVLSAYNKHRDKPIREQAENIITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLD
ATLIHQSITGLYETRIDLSQLGGD

[0307] SEQ ID NO:10 (ddAsCfpl)

MTQFEGEFTNLYQVSKTLRFELIPOQGKT LKHIQEQGFIEEDKARNDHYKELKPITDRIYKTYADQ
CLQLVQLDWENLSAATIDSYRKEKTEETRNALIEEQATYRNATHDYFIGRTDNLTDAINKRHAET
YKGLFKAELFNGKVLKQLGTVTTTEHENALLRSEDKETTYESGEYENRKNVESAEDTISTATPHR
IVODNFPKFKENCHIFTRLITAVPSLREHFENVKKAIGIFVSTSIEEVESFPEYNQLLTQTQID
LYNQLLGGISREAGTEKIKGLNEVLNLAIQKNDETAHITASLPHRFIPLEFKQILSDRNTLSEIL
EEFKSDEEVIQSFCKYKTLLRNENVLETAEALFNELNSIDLTHIFISHKKLETISSALCDHWDT
LRNALYERRISELTGKITKSAKEKVORSLKHEDINLQETIISAAGKELSEAFKQKTSEILSHAHA
ALDQPLPTTLKKQEEKEILKSQLDSLLGLYHLLDWFAVDESNEVDPEFSARLTGIKLEMEPSLS
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FYNKARNYATKKPYSVEKFKLNFOMPTLASGWDVNKEKNNGAILEVKNGLYYLGIMPKQKGRYK
ALSFEPTEKTSEGEFDKMYYDYFPDAAKMIPKCSTQLKAVTAHFQTHTTPILLSNNEFIEPLETITK
EIYDLNNPEKEPKKEFQTAYAKKTGDOKGYREALCKWIDFTRDELSKYTKTTSIDLSSLRPSSQY
KDLGEYYAELNPLLYHISFQRIAEKEIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGL
FSPENLAKTSIKLNGQAELFYRPKSRMKRMAHRLGEKMLNKKLKDQKTPIPDTLYQELYDYVNH
RLSHDLSDEARALLPNVITKEVSHEITKDRRETSDKEFFHVPITLNYQAANSPSKENQRVNAYL
KEHPETPIIGIDRGERNLIYITVIDSTGKILEQRSLNTIQQFDYQKKLDNREKERVAARQAWSV
VGTIKDLKQGYLSQVIHEIVDLMIHYQAVVVLANLNEGEFKSKRTGIAEKAVYQQFEKMLIDKLN
CLVLKDYPAEKVGGVLNPYQLTDQFTSFAKMGTQSGELEFYVPAPYTSKIDPLTGEVDPEVWKT I
KNHESRKHFLEGEFDFLHYDVKTGDFILHFKMNRNLSEFQRGLPGEMPAWDIVEFEKNETQFDAKGT
PFIAGKRIVPVIENHRFTGRYRDLY PANELTALLEEKGIVFRDGSNILPKLLENDDSHAIDTMV
ALIRSVLOMRNSNAATGEDYINSPVRDLNGVCEDSRFQNPEWPMDADANGAYHTALKGQLLLNH
LKESKDLKLONGISNQDWLAYIQELRN

[0308] SEQ ID NO:11 (ddLbCfpl)

MSKLEKEFTNCYSLSKTLRFKATI PVGKTQENIDNKRLLVEDEKRAEDYKGVKKLLDRYYLSEFIND
VLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLRKEIAKAFKGNEGYKSLFKKDIIETIL
PEFLDDKDETALVNSENGETTAFTGEFEFDNRENMESEEAKSTSTIAFRCINENLTRYISNMDIFEK
VDATFDKHEVQEIKEKILNSDYDVEDFFEGEFENFVLTQEGIDVYNATIIGGEVTESGEKIKGLN
EYINLYNQKTKOKLPKFKPLYKQVLSDRESLSEYGEGYTSDEEVLEVERNTLNKNSEIFSSIKK
LEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWNAEYDDIHLKKKAVVTEKYEDD
RRKSFKKIGSESLEQLQEYADADLSVVEKLKEITIIQKVDEIYKVYGSSEKLEFDADEFVLEKSLKK
NDAVVAIMKDLLDSVKSFENYIKAFFGEGKETNRDESFYGDEVLAYDILLKVDHIYDAIRNYVT
QKPYSKDKFKLYFONPQFMGGWDKDKETDYRATILRYGSKYYLATMDKKYAKCLQKIDKDDVNG
NYEKINYKLLPGPNKMLPKVEESKKWMAYYNPSEDIQKIYKNGT FKKGDMENLNDCHKLIDFFK
DSISRYPKWSNAYDFNFSETEKYKDIAGEYREVEEQGYKVSFESASKKEVDKLVEEGKLYMEQT
YNKDEFSDKSHGTPNLHTMY FKLLEDENNHGQIRLSGGAELEFMRRASLKKEELVVHPANSPTANK
NPDNPKKTTTLSYDVYKDKRESEDQYELHIPIAINKCPKNIFKINTEVRVLLKHDDNPYVIGIA
RGERNLLYTIVVVDGKGNIVEQYSLNEIINNENGIRIKTDYHSLLDKKEKERFEARQNWT STENT
KELKAGYISQVVHKICELVEKYDAVIALADLNSGEFKNSRVKVEKQVYQKFEKMLIDKLNYMVDK
KSNPCATGGALKGYQITNKFESFKSMSTONGFIFYIPAWLTSKIDPSTGEVNLLKTKYTSIADS
KKEFISSEFDRIMYVPEEDLFEFALDYKNEFSRTDADY IKKWKLYSYGNRIRI FRNPKKNNVEDWEE
VCLTSAYKELENKYGINYQQGDIRALLCEQSDKAFYSSFMALMSLMLOMRNSITGRTDVDEFLIS
PVKNSDGIFYDSRNYEAQENATILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIATISNK
EWLEYAQTSVKH

[0309] SEQ ID NO:12 (ddFnCfpl)

MYPYDVPDYASGSGMSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKA
KQIIDKYHQFFIEEILSSVCISEDLLONYSDVYFKLKKSDDDNLQKDEFKSAKDTIKKQISEYIK
DSEKFKNLENOQNLIDAKKGQESDLILWLKQSKDNGIELFKANSDITDIDEALEITIKSFKGWTTY
FKGFHENRKNVYSSNDIPTSIIYRIVDDNLPKFLENKAKYESLKDKAPEAINYEQIKKDLAEEL
TEDIDYKTSEVNQRVESLDEVFEIANENNYLNQSGITKENTIIGGKEVNGENTKRKGINEYINL
YSQQOINDKTLKKYKMSVLEFKQILSDTESKSEVIDKLEDDSDVVTTMQSEFYEQIAAFKTVEEKST
KETLSLLFDDLKAQKLDLSKIYFKNDKSLTDLSQQVEDDYSVIGTAVLEY ITQQIAPKNLDNPS
KKEQELTAKKTEKAKYLSLETIKLALEEFNKHRDIDKQCRFEEILANFAATPMIFDE IAQNKDN
LAQISTIKYONQGKKDLLQASAEDDVKATIKDLLDQTNNLLHKLKIFHISQSEDKANILDKDEHEY
LVFEECYFELANIVPLYNKIRNYITQKPYSDEKFKLNFENSTLANGWDKNKEPDNTAILEFTIKDD
KYYLGVMNKKNNKIEFDDKATKENKGEGYKKIVYKLLPGANKMLPKVEEFSAKSTIKFYNPSEDILR
IRNHSTHTKNGSPQKGYEKFEFNIEDCRKEIDEFYKQSISKHPEWKDEFGEFRESDTQRYNSIDEEY
REVENQGYKLTFENISESYIDSVVNQGKLYLFQIYNKDESAYSKGRPNLHTLYWKALEDERNLQ
DVVYKLNGEAELFYRKQSIPKKITHPAKEATANKNKDNPKKESVFEYDLIKDKRETEDKEFEEFHC
PITINFKSSGANKENDEINLLLKEKANDVHILSIARGERHLAYYTLVDGKGNITIKQDTENIIGN
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DRMKTNYHDKLAATEKDRDSARKDWKKINNIKEMKEGYLSQVVHETAKLVIEYNAIVVFEDLNE
GFKRGREFKVEKQVYQKLEKMLIEKLNY LVEFKDNEFDKTGGVLRAYQLTAPFET FKKMGKQTGIT
YYVPAGEFTSKICPVTGEVNQLYPKYESVSKSQEFFSKEFDKICYNLDKGYFEFSFDYKNEFGDKAA
KGKWTIASFGSRLINFRNSDKNHNWDTREVYPTKELEKLLKDYSTIEYGHGECIKAATCGESDKK
FEFAKLTSVLNT ILOMRNSKTGTELDYLISPVADVNGNEFEDSRQAPKNMPQDADANGAYHIGLKG
LMLLGRIKNNQEGKKLNLVIKNEEYFEEFVONRNN

[0310] SEQ ID NO:13 (p65; UniProt: Q04206)

MDELFPLIFPAEPAQASGPYVEITEQPKQRGMREFRYKCEGRSAGSIPGERSTDTTKTHPT
IKINGYTGPGTVRISLVTKDPPHRPHPHELVGKDCRDGEYEAELCPDRCIHSFONLGIQC
VKKRDLEQAISQRIQTNNNPFQVPIEEQRGDYDLNAVRLCEFQVTVRDPSGRPLRLPPVLS
HPIFDNRAPNTAELKICRVNRNSGSCLGGDEIFLLCDKVQKEDIEVYEFTGPGWEARGSES
QADVHRQVAIVFRTPPYADPSLQAPVRVSMQLRRPSDRELSEPMEFQYLPDTDDRHRIEE
KRKRTYETFKSIMKKSPESGPTDPRPPPRRIAVPSRSSASVPKPAPQPYPFTSSLSTINY
DEFPTMVEPSGQISQASALAPAPPOQVLPOQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAPP
APKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVEFTDLASVDNSEFQQLLNQGIPVAPHT
TEPMLMEYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGLLSGDEDFSSIADM DESALLSQISS

[0311] SEQ ID NO:14 (p65; from Addgene)

PTOQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVETDLASVDNSEFQQLLNQGIPVAPHTTEP
MLMEYPEATTRLVTGAQRPPDPAPAPLGAPGLPNGLLSGDEDEFSSTIADMDESALL

[0312] SEQ ID NO:15 (Rta; from Addgene)

RDSREGMFLPKPEAGSAISDVFEGREVCQPKRIRPFHPPGSPWANRPLPASLAPTPTGPVHEPV
GSLTPAPVPQPLDPAPAVTPEASHLLEDPDEETSQAVKALREMADTVIPOQKEEAATCGOMDLSH
PPPRGHLDELTTTLESMTEDLNLDSPLTPELNEILDTFLNDECLLHAMHISTGLSIFDTSLE

[0313] SEQ ID NO:16 (Rta; UniProt P03209)

MRPKKDGLEDFLRLTPEIKKQLGSLVSDYCNVLNKEFTAGSVEITLRSYKICKAFINEAKAHGR
EWGGLMATLNICNEWAILRNNRVRRRAENAGNDACSIACPIVMRYVLDHLIVVTDREFFIQAPSN
RVMIPATIGTAMYKLLKHSRVRAYTYSKVLGVDRAAIMASGKQVVEHLNRMEKEGLLSSKEFKAF
CKWVEFTYPVLEEMEFQTMVSSKTGHLTDDVKDVRALIKTLPRASYSSHAGQRSYVSGVLPACLLS
TKSKAVETPILVSGADRMDEELMGNDGGASHTEARYSESGQFHAFTDELESLPSPTMPLKPGAQ
SADCGDSSSSSSDSGNSDTEQSEREEARAEAPRLRAPKSRRTSRPNRGQTPCPSNAAEPEQPWI
AAVHQESDERPIFPHPSKPTFLPPVKRKKGLRDSREGMEFLPKPEAGSAISDVEFEGREVCQPKRI
RPFHPPGSPWANRPLPASLAPTPTGPVHEPVGSLTPAPVPQPLDPAPAVT PEASHLLEDPDEET
SQAVKALREMADTVIPQKEEAATCGOMDLSHPPPRGHLDELTTTLESMTEDLNLDSPLT PELNE
ILDTFLNDECLLHAMHISTGLSIEFDTSLFE
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[0314] SEQID NO: 17 (VP64; from Addgene)
DALDDFDLDMLGSDALDDFDLDMLGSDALDDEDLDMLGSDALDDEDLDML
[0315] SEQ ID NO: 18 (Full length Tegument protein VP16; VP64; UniProt P06492)

MDLLVDELFADMNADGASPPPPRPAGGPKNTPAAPPLYATGRLSQAQLMPSPPMPVPPAALENR
LLDDLGEFSAGPALCTMLDTWNEDLEFSALPTNADLYRECKFLSTLPSDVVEWGDAYVPERTQIDIT
RAHGDVAFPTLPATRDGLGLYYEALSRFFHAELRAREESYRTVLANFCSALYRYLRASVRQLHR
QAHMRGRDRDLGEMLRATTIADRYYRETARLARVLFLHLYLFLTREILWAAYAEQMMRPDLEDCL
CCDLESWRQLAGLEFQPFMEFVNGALTVRGVPIEARRLRELNHIREHLNLPLVRSAATEEPGAPLT
TPPTLHGNQARASGYFMVLIRAKLDSYSSFTTSPSEAVMREHAYSRARTKNNYGSTIEGLLDLP
DDDAPEEAGLAAPRLSFLPAGHTRRLSTAPPTDVSLGDELHLDGEDVAMAHADALDDEFDLDMLG
DGDSPGPGFTPHDSAPYGALDMADFEFEQMETDALGIDEYGG

[0316] SEQ ID NO:19 (MS2 stem loop 1)
AGCCAACATGAGGATCACCCATGTCTGCAGGGC
[0317] SEQ ID NO:20 (MS2 stem loop 2)
GGCCAACATGAGGATCACCCATGTCTGCAGGGCC
[0318] SEQID NO:21 (MS2 coat protein (MCP))

MASNEFTQEVLVDNGGTGDVIVAPSNEFANGVAEWISSNSRSQAYKVTCSVRQSSAQKRKYTIKVE
VPKVATQTVGGVELPVAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKDGNPIPSATAANSG
1Y

[0319] SEQ ID NO: 86 (TET1 catalytic domain (TET1CD))

LPTCSCLDRVIQKDKGPYYTHLGAGPSVAAVREIMENRYGQKGNAIRIETIVVYTGKEGKSSHGC
PITAKWVLRRSSDEEKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSYNG
HPTDRRCTLNENRTCTCQGIDPETCGASEFSFGCSWSMY FNGCKEGRSPSPRRFRIDPSSPLHEK
NLEDNLQSLATRLAPIYKQYAPVAYQONQVEYENVARECRLGSKEGRPEFSGVTACLDFCAHPHRD
ITHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAKTIKSGATIEVLA
PRRKKRTCEFTQPVPRSGKKRAAMMTEVLAHKIRAVEKKPTIPRIKRKNNSTTTNNSKPSSLPTLG
SNTETVQPEVKSETEPHFILKSSDNTKTYSLMPSAPHPVKEASPGESWSPKTASATPAPLKNDA
TASCGEFSERSSTPHCTMPSGRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPSTGV
TEPLTPHOPNHQPSFLTSPOQDLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPHIDEYW
SDSEHIFLDANIGGVAIAPAHGSVLIECARRELHATTPVEHPNRNHPTRLSLVEYQHKNLNKPQ
HGFELNKIKFEAKEAKNKKMKASEQKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVIVSP
YALTHVAGPYNHWV

[0320] SEQIDNO:97  (TETI)
MALPTCSCLDRVIQKDKGPYYTHLGAGPSVAAVREIMENRYGQKGNATRIEIVVYTGKEGKSSH

GCPIAKWVLRRSSDEEKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSY
NGHPTDRRCTLNENRTCTCQGIDPETCGASEFSFGCSWSMYFNGCKEFGRSPSPRREFRIDPSSPLH
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EKNLEDNLQOSLATRLAPIYKQYAPVAYQONQVEYENVARECRLGSKEGRPEFSGVTACLDFCAHPH
RDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAKIKSGATEV
LAPRRKKRTCEFTQPVPRSGKKRAAMMTEVLAHKIRAVEKKPTIPRIKRKNNSTTTNNSKPSSLPT
LGSNTETVQPEVKSETEPHFILKSSDNTKTYSLMPSAPHPVKEASPGESWSPKTASATPAPLKN
DATASCGESERSSTPHCTMPSGRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPST
GVTEPLTPHQPNHQPSFLTSPQDLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPHIDE
YWSDSEHIFLDANIGGVAIAPAHGSVLIECARRELHATTPVEHPNRNHPTRLSLVEYQHKNLNK
POHGFELNKIKFEAKEAKNKKMKASEQKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVTV
SPYALTHVAGPYNHWV

[0321] SEQID NO:98 XTEN100

GGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTS
TEPSEGSAPGTSESATPESGPGSEPATSGSETPGSE

[0322] SEQ ID NO:99 Fusion Protein JKNp146

MALPTCSCLDRVIQKDKGPYYTHLGAGPSVAAVREIMENRYGQKGNATIRIEIVVYTGKEGKSSH
GCPIAKWVLRRSSDEEKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSY
NGHPTDRRCTLNENRTCTCQGIDPETCGASESEFGCSWSMYEFNGCKEGRSPSPRRERIDPSSPLH
EKNLEDNLOSLATRLAPIYKQYAPVAYQONQVEYENVARECRLGSKEGRPEFSGVTACLDFCAHPH
RDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAKIKSGATEV
LAPRRKKRTCETQPVPRSGKKRAAMMT EVLAHKIRAVEKKPTPRIKRKNNSTTTNNSKPSSLPT
LGSNTETVQPEVKSETEPHFILKSSDNTKTYSLMPSAPHPVKEASPGESWSPKTASATPAPLKN
DATASCGESERSSTPHCTMPSGRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPST
GVTEPLTPHQPNHQPSFLTSPQDLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPHIDE
YWSDSEHIFLDANIGGVATIAPAHGSVLIECARRELHATTPVEHPNRNHPTRLSLVEYQHKNLNK
POHGFELNKIKFEAKEAKNKKMKASEQKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVTV
SPYALTHVAGPYNHWVGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTE
EGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEMDKKYSIGLAIG
TNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDSGETAEATRLKRTARRRYTRRK
NRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRK
KLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLEIQLVQTYNQLEFEENPINAS
GVDAKATILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNFKSNFDLAEDAKLQLSK
DTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSASMIKRYDEHHQDL
TLLKALVRQQLPEKYKETIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNRE
DLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNS
RFAWMTRKSEETITPWNEFEEVVDKGASAQSEFIERMTNEFDKNLPNEKVLPKHSLLYEYFTVYNEL
TKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDREN
ASLGTYHDLLKITKDKDEFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEMQLIHDDSLT FKEDIQKAQVSGQ
GDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQ
SFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKEDNLTKAERGGL
SELDKAGETIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQF
YKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQETGKATAKY
FEYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEV
QTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAYSVLVVAKVEKGKSKKLKSVKELL
GITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELAL
PSKYVNFLYLASHYEKLKGSPEDNEQKQLEVEQHKHYLDEITIEQISEFSKRVILADANLDKVLS
AYNKHRDKPIREQAENTITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLY
ETRIDLSQLGGDGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPA
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GSPTSTEEGTSTEPSEGSAPGTSTEPSEGSGPKKKRKVAGSRDSREGMEFLPKPEAGSAISDVEE
GREVCQPKRIRPFHPPGSPWANRPLPASLAPTPTGPVHEPVGSLTPAPVPQPLDPAPAVTPEAS
HLLEDPDEETSQAVKALREMADTVIPQKEEAATICGOMDLSHPPPRGHLDELTTTLESMTEDLNL
DSPLTPELNEILDTFLNDECLLHAMHISTGLSIFDTSLEASGSGPKKKRKV

SEQ ID NO:99 comprises the following SEQ ID NOS and spacers:

97-98-9-6-GSG-4-AGS-15-ASGSG-4; where GSG, AGS, and ASGSG are peptide linkers.

[0323] SEQIDNO:100  (p65)

SQYLPDTDDRHRIEEKRKRTYETFKSIMKKSPEFSGPTDPRPPPRRIAVPSRSSASVPKPAPQPY
PEFTSSLSTINYDEFPTMVEPSGQISQASALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVL
APGPPQAVAPPAPKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVETDLASVDNSEFQQL
LNQGIPVAPHTTEPMIMEYPEATTRLVTGAQRPPDPAPAPLGAPGLPNGLLSGDEDESSTADMD
F'SALL

[0324] SEQID NO:101  Fusion Protein JKNp147

MALPTCSCLDRVIQKDKGPYYTHLGAGPSVAAVREIMENRYGQKGNATIRIEIVVYTGKEGKSSH
GCPIAKWVLRRSSDEEKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSY
NGHPTDRRCTLNENRTCTCQGIDPETCGASESEFGCSWSMYEFNGCKEGRSPSPRREFRIDPSSPLH
EKNLEDNLOSLATRLAPIYKQYAPVAYQNQVEYENVARECRLGSKEGRPEFSGVTACLDFCAHPH
RDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAKIKSGATEV
LAPRRKKRTCETQPVPRSGKKRAAMMT EVLAHKIRAVEKKPTPRIKRKNNSTTTNNSKPSSLPT
LGSNTETVQPEVKSETEPHFILKSSDNTKTYSLMPSAPHPVKEASPGESWSPKTASATPAPLKN
DATASCGESERSSTPHCTMPSGRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPST
GVTEPLTPHQPNHQPSFLTSPQDLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPHIDE
YWSDSEHIFLDANIGGVATIAPAHGSVLIECARRELHATTPVEHPNRNHPTRLSLVEYQHKNLNK
POHGFELNKIKFEAKEAKNKKMKASEQKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVTV
SPYALTHVAGPYNHWVGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTE
EGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEMDKKYSIGLAIG
TNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDSGETAEATRLKRTARRRYTRRK
NRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRK
KLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLEIQLVQTYNQLEFEENPINAS
GVDAKATILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNFKSNFDLAEDAKLQLSK
DTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSASMIKRYDEHHQDL
TLLKALVRQQLPEKYKETIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNRE
DLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNS
RFAWMTRKSEETITPWNEFEEVVDKGASAQSEFIERMTNEFDKNLPNEKVLPKHSLLYEYFTVYNEL
TKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIVKQLKEDYFKKIECEFDSVEISGVEDREN
ASLGTYHDLLKITKDKDELDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEMQLIHDDSLTFKEDIQKAQVSGQ
GDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQ
SFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKEDNLTKAERGGL
SELDKAGEIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQF
YKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQETGKATAKY
FEYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEV
QTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAYSVLVVAKVEKGKSKKLKSVKELL
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GITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELAL
PSKYVNFLYLASHYEKLKGSPEDNEQKQLEVEQHKHYLDEITEQISEFSKRVILADANLDKVLS
AYNKHRDKPIREQAENTITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLY
ETRIDLSQLGGDGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPA
GSPTSTEEGTSTEPSEGSAPGTSTEPSEGSGPKKKRKVAGSSQYLPDTDDRHRIEEKRKRTYET
FKSIMKKSPFSGPTDPRPPPRRIAVPSRSSASVPKPAPQPYPFTSSLSTINYDEFPTMVEPSGQ
ISQASALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPOAVAPPAPKPTQAGEGTL
SEALLQLQFDDEDLGALLGNSTDPAVEFTDLASVDNSEFQQOLLNQGIPVAPHTTEPMLMEYPEAT
TRLVTGAQRPPDPAPAPLGAPGLPNGLLSGDEDFSSIADMDESALLGSGSGSRDSREGMEFLPKP
EAGSAISDVFEGREVCQPKRIRPEFHPPGSPWANRPLPASLAPTPTGPVHEPVGSLTPAPVPQPL
DPAPAVTPEASHLLEDPDEETSQAVKALREMADTVIPQKEEAATCGOMDLSHPPPRGHLDELTT
TLESMTEDLNLDSPLTPELNEILDTFLNDECLLHAMHISTGLSIFDTSLFASGSGPKKKRKV

SEQ ID NO:101 comprises the following SEQ ID NOS and spacers:

97-98-9-6-GSG-4-AGS-100-GSGSGS-15-ASGSG-4; where GSG, AGS, GSGSGS, and ASGSG
are peptide linkers.

[0325] SEQID NO:102  Fusion Protein GCP21

MALPTCSCLDRVIQKDKGPYYTHLGAGPSVAAVREIMENRYGQKGNATIRIEIVVYTGKEGKSSH
GCPIAKWVLRRSSDEEKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSY
NGHPTDRRCTLNENRTCTCQGIDPETCGASFSFGCSWSMYFNGCKEFGRSPSPRREFRIDPSSPLH
EKNLEDNLOSLATRLAPIYKQYAPVAYQNQVEYENVARECRLGSKEGRPEFSGVTACLDFCAHPH
RDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAKIKSGATEV
LAPRRKKRTCETQPVPRSGKKRAAMMT EVLAHKIRAVEKKPTPRIKRKNNSTTTNNSKPSSLPT
LGSNTETVQPEVKSETEPHFILKSSDNTKTYSLMPSAPHPVKEASPGESWSPKTASATPAPLKN
DATASCGESERSSTPHCTMPSGRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPST
GVTEPLTPHQPNHQPSFLTSPQDLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPHIDE
YWSDSEHIFLDANIGGVATIAPAHGSVLIECARRELHATTPVEHPNRNHPTRLSLVEYQHKNLNK
POHGFELNKIKFEAKEAKNKKMKASEQKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVTV
SPYALTHVAGPYNHWVGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTE
EGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPGSEMDKKYSIGLAIG
TNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLEDSGETAEATRLKRTARRRYTRRK
NRICYLQEIFSNEMAKVDDSFEFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRK
KLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLEIQLVQTYNQLEFEENPINAS
GVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEGNLIALSLGLTPNFKSNFDLAEDAKLQLSK
DTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDL
TLLKALVRQQLPEKYKETIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNRE
DLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTEFRIPYYVGPLARGNS
RFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNEL
TKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDREN
ASLGTYHDLLKITKDKDELDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLK
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RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNEMQLIHDDSLTFKEDIQKAQVSGQ
GDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQ
SFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKEDNLTKAERGGL
SELDKAGEFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEQF
YKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQETGKATAKY
FEYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEV
QTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAYSVLVVAKVEKGKSKKLKSVKELL
GITIMERSSFEKNPIDFLEAKGYKEVKKDLITIKLPKYSLFELENGRKRMLASAGELQKGNELAL
PSKYVNFLYLASHYEKLKGSPEDNEQKQLEVEQHKHYLDEITEQISEFSKRVILADANLDKVLS
AYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLY
ETRIDLSQLGGDGGGGS PKKKRKVDPKKKRKVDPKKKRKV

SEQ ID NO:102 comprises the following SEQ ID NOS and spacers:
97-98-9-GGGGS-4-D-4-D-4; where GGGGS, D, and D are peptide linkers.
[0326] SEQ ID NO:103 - JKNp84: dCas9-TET1

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIGALLEDSGETAEATRL
KRTARRRYTRRKNRICYLQEIFSNEMAKVDDSEFEFHRLEESFLVEEDKKHERHPIFGNIVDEVAY
HEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLEIQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNFKSNFE
DLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSAS
MIKRYDEHHODLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMD
GTEELLVKLNREDLLRKQRTEFDNGSIPHQIHLGELHAILRRQEDEFYPEFLKDNREKIEKILTEFRI
PYYVGPLARGNSRFAWMTRKSEETITPWNEEEVVDKGASAQSFIERMTITNEDKNLPNEKVLPKHS
LLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVTIVKQLKEDYEFKKIECED
SVEISGVEDRFNASLGTYHDLLKITKDKDEFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYA
HLEDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLTIHDDSLTEFE
KEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQ
TTOKGQOKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINR
LSDYDVDAIVPQSEFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK
FDNLTKAERGGLSELDKAGEFTIKRQLVETRQITKHVAQILDSRMNTKYDENDKLTIREVKVITLKS
KLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEEVYGDYKVYDVRKMIAK
SEQEIGKATAKYFEFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLS
MPQVNIVKKTEVQTGGESKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI IKLPKYSLEFELENGRKRMLAS
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AGELOKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLEFVEQHKHYLDEITEQISEFSKRV
ILADANLDKVLSAYNKHRDKPIREQAENI IHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLD
ATLIHQOSITGLYETRIDLSQLGGDGGGGS PKKKRKVDPKKKRKVDPKKKRKVGSLPTCSCLDRV
IQOKDKGPYYTHLGAGPSVAAVREIMENRYGQKGNATIRIETVVYTGKEGKSSHGCPIAKWVLRRS
SDEEKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSYNGHPTDRRCTLN
ENRTCTCQGIDPETCGASEFSFGCSWSMY FNGCKEFGRSPSPRREFRIDPSSPLHEKNLEDNLQSLA
TRLAPIYKQYAPVAYQONQVEYENVARECRLGSKEGRPEFSGVTACLDEFCAHPHRDIHNMNNGSTV
VCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAKIKSGATEVLAPRRKKRTCET
QPVPRSGKKRAAMMT EVLAHKIRAVEKKPIPRIKRKNNSTTTNNSKPSSLPTLGSNTETVQPEV
KSETEPHFILKSSDNTKTYSLMPSAPHPVKEASPGEFSWSPKTASATPAPLKNDATASCGESERS
STPHCTMPSGRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPSTGVTEPLT PHQPN
HQPSFLTSPQDLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPHIDEYWSDSEHIFLDA
NIGGVATIAPAHGSVLIECARRELHATT PVEHPNRNHPTRLSLVEYQHKNLNKPQHGFELNKIKE
EAKEAKNKKMKASEQKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVTVSPYALTHVAGPY
NHWV

SEQ ID NO:103 comprises the following SEQ ID NOS and spacers:
9-GGGGS-4-D-4-D-4-GS-86; where GGGGS, D, D, and GS are peptide linkers.

[0327] SEQID NO:104 = GCPp3: MCP-XTEN80-VP64
MASNFTQFVLVDNGGTGDVIVAPSNFANGVAEWISSNSRSQAYKVTCSVRQSSAQKRKYTIKVE
VPKVATQTVGGVELPVAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKDGNPIPSATAANSG
IYGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT

STEPSEGSAPGTSTEPSEGSGPKKKRKVAGSDALDDEFDLDMLGSDALDDEFDLDMLGSDALDDED
LDMLGSDALDDEFDLDMLASGSGPKKKRKV

SEQ ID NO:104 comprises the following SEQ ID NOS and spacers:

21-6-GSG-4-AGS-17-ASGSGPKKKRKYV; where GSG, AGS, and ASGSGPKKKRKY are
peptide linkers.

[0328] SEQ ID NO:105 = GCPp4: MCP-XTENS80-VP64-p65

MASNFTQEVLVDNGGTGDVIVAPSNEFANGVAEWISSNSRSQAYKVTCSVRQSSAQKRKYTIKVE
VPKVATQTVGGVELPVAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKDGNPIPSATIAANSG
IYGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
STEPSEGSAPGTSTEPSEGSGPKKKRKVAGSDALDDEFDLDMLGSDALDDEFDLDMLGSDALDDED
LDMLGSDALDDFDLDMLINSRSSGS PKKKRKVGSQYLPDTDDRHRIEEKRKRTYETFKS IMKKS
PEFSGPTDPRPPPRRIAVPSRSSASVPKPAPQPYPFTSSLSTINYDEFPTMVEPSGQISQASALA
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PAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPAPKPTQAGEGTLSEALLQLQ
FDDEDLGALLGNSTDPAVETDLASVDNSEFQOLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQ
RPPDPAPAPLGAPGLPNGLLSGDEDEFSSIADMDESALLASGSGPKKKRKV

SEQ ID NO:105 comprises the following SEQ ID NOS and spacers:

21-6-GSG-4-AGS-17-INSRSSGS-4-G-100-ASGSG-4; where GSG, AGS, INSRSSGS, G, and
ASGSG are peptide linkers.

[0329] SEQ ID NO:106 = GCPp5: MCP-XTEN80-VP64-p65p-Rta

MASNETQFVLVDNGGTGDVTVAPSNFANGVAEWISSNSRSQAYKVTCSVRQSSAQKRKYTIKVE
VPKVATQTVGGVELPVAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKDGNPIPSATAANSG
IYGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
STEPSEGSAPGTSTEPSEGSGPKKKRKVAGSDALDDFDLDMLGSDALDDEFDLDMLGSDALDDED
LDMLGSDALDDEFDLDMLINSRSSGS PKKKRKVGSQYLPDTDDRHRIEEKRKRTYETFKS IMKKS
PEFSGPTDPRPPPRRIAVPSRSSASVPKPAPQPYPFTSSLSTINYDEFPTMVEPSGQISQASALA
PAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPAPKPTQAGEGTLSEALLQLQ
FDDEDLGALLGNSTDPAVETDLASVDNSEFQOLLNQGIPVAPHTTEPMLMEYPEATITRLVTGAQ
RPPDPAPAPLGAPGLPNGLLSGDEDEFSSIADMDESALLGSGSGSRDSREGMEFLPKPEAGSAISD
VFEGREVCQPKRIRPFHPPGSPWANRPLPASLAPTPTGPVHEPVGSLTPAPVPQPLDPAPAVTP
EASHLLEDPDEETSQAVKALREMADTVIPQKEEAATICGOMDLSHPPPRGHLDELTTTLESMTED
LNLDSPLTPELNEILDTFLNDECLLHAMHISTGLSIEFDTSLFASGSGPKKKRKV

SEQ ID NO:106 comprises the following SEQ ID NOS and spacers:

21-6-GSG-4-AGS-17-INSRSSGS-4-G-100-GSGS GS-15-ASGSG-4; where GSG, AGS,
INSRSSGS, G, GSGSGS, and ASGSG are peptide linkers.

[0330] SEQ ID NO:107 = GCPp6: MCP-XTENS0-p65

MASNFTQEVLVDNGGTGDVIVAPSNFANGVAEWISSNSRSQAYKVTCSVRQSSAQKRKYTIKVE
VPKVATQTVGGVELPVAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKDGNPIPSATAANSG
IYGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
STEPSEGSAPGTSTEPSEGSGPKKKRKVAGSSQYLPDTDDRHRIEEKRKRTYETEFKS IMKKSPF
SGPTDPRPPPRRIAVPSRSSASVPKPAPQPYPFTSSLSTINYDEFPTMVEPSGQISQASALAPA
PPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPAPKPTQAGEGTLSEALLQLQFED
DEDLGALLGNSTDPAVEFTDLASVDNSEFQQLLNQGIPVAPHTTEPMILMEYPEATTRLVT GAQRP
PDPAPAPLGAPGLPNGLLSGDEDEFSSIADMDESALLASGSGPKKKRKV

SEQ ID NO:107 comprises the following SEQ ID NOS and spacers:
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21-6-GSG-4-AGS-100-ASGSG-4; where GSG, AGS, and ASGSG are peptide linkers.
[0331] SEQ ID NO:108 = GCPp7: MCP-XTENS&0-Rta

MASNEFTQEVLVDNGGTGDVIVAPSNEFANGVAEWISSNSRSQAYKVTCSVRQSSAQKRKYTIKVE
VPKVATQTVGGVELPVAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKDGNPIPSATAANSG
IYGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
STEPSEGSAPGTSTEPSEGSGPKKKRKVAGSRDSREGMELPKPEAGSAISDVEFEGREVCQPKRI
RPFHPPGSPWANRPLPASLAPTPTGPVHEPVGSLTPAPVPQPLDPAPAVT PEASHLLEDPDEET
SQAVKALREMADTVIPQKEEAATICGOMDLSHPPPRGHLDELTTTLESMTEDLNLDSPLT PELNE
ILDTFLNDECLLHAMHISTGLSIFDTSLEASGSGPKKKRKV

SEQ ID NO:108 comprises the following SEQ ID NOS and spacers:
21-6-GSG-4-AGS-15-ASGSG-4; where GSG, AGS, and ASGSG are peptide linkers.
[0332] SEQ ID NO:109 = GCPp8: MCP-XTEN8&0-p65-Rta

MASNEFTQEVLVDNGGTGDVIVAPSNEFANGVAEWISSNSRSQAYKVTCSVRQSSAQKRKYTIKVE
VPKVATQTVGGVELPVAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKDGNPIPSATAANSG
IYGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
STEPSEGSAPGTSTEPSEGSGPKKKRKVAGSSQYLPDTDDRHRIEEKRKRTYETEFKS IMKKSPFE
SGPTDPRPPPRRIAVPSRSSASVPKPAPQPYPFTSSLSTINYDEFPTMVEPSGQISQASALAPA
PPOQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPAPKPTQAGEGTLSEALLQLQFED
DEDLGALLGNSTDPAVEFTDLASVDNSEFQQLLNQGIPVAPHTTEPMLMEYPEATTRLVT GAQRP
PDPAPAPLGAPGLPNGLLSGDEDEFSSIADMDESALLGSGSGSRDSREGMEFLPKPEAGSAISDVE
EGREVCQPKRIRPFHPPGSPWANRPLPASLAPTPTGPVHEPVGSLTPAPVPQPLDPAPAVTPEA
SHLLEDPDEETSQAVKALREMADTVIPQKEEAATICGOMDLSHPPPRGHLDELTTTLESMTEDLN
LDSPLTPELNEILDTFLNDECLLHAMHISTGLSIFDTSLEFASGSGPKKKRKV

SEQ ID NO:109 comprises the following SEQ ID NOS and spacers:

21-6-GSG-4-AGS-100-GSGSGS-15-ASGSG-4; where GSG, AGS, GSGSGS, and ASGSG are
peptide linkers.

[0333] SEQID NO:110 = GCPp9: MCP-XTENS80-NLS

MASNFTQEVLVDNGGTGDVIVAPSNFANGVAEWISSNSRSQAYKVTCSVRQSSAQKRKYTIKVE
VPKVATQTVGGVELPVAAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKDGNPIPSATAANSG
IYGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
STEPSEGSAPGTSTEPSEGSGPKKKRKVAGSASGSGPKKKRKV

SEQ ID NO:110 comprises the following SEQ ID NOS and spacers:
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21-6-GSG-4-AGSASGSG-4; where GSG and AGSASGSG are peptide linkers.
[0334] SEQID NO:111 =GCPpl1: dCas9-XTEN16-TET1

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIGALLEDSGETAEATRL
KRTARRRYTRRKNRICYLQEIFSNEMAKVDDSEFEFHRLEESFLVEEDKKHERHPIFGNIVDEVAY
HEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLEIQLVQTY
NQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNFKSNE
DLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSAS
MIKRYDEHHODLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMD
GTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDEFYPEFLKDNREKIEKILTEFRI
PYYVGPLARGNSRFAWMTRKSEETITPWNEFEEVVDKGASAQSEFIERMTNEDKNLPNEKVLPKHS
LLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLEKTNRKVIVKQLKEDY FKKIECED
SVEISGVEDRFNASLGTYHDLLKITKDKDEFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYA
HLEDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLTHDDSLTE
KEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQ
TTOKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINR
LSDYDVDAIVPQSEFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK
FDNLTKAERGGLSELDKAGEFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKS
KLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFEFYSNIMNEFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLS
MPQVNIVKKTEVQTGGESKESILPKRNSDKLIARKKDWDPKKYGGEFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI IKLPKYSLFELENGRKRMLAS
AGELOKGNELALPSKYVNEFLYLASHYEKLKGSPEDNEQKQLEFVEQHKHYLDEITEQISEEFSKRV
ILADANLDKVLSAYNKHRDKPIREQAENIITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLD
ATLIHOSITGLYETRIDLSQLGGDGGGGS PKKKRKVDPKKKRKVDPKKKRKVGSGSETPGTSES
ATPESSLPTCSCLDRVIQKDKGPYYTHLGAGPSVAAVREIMENRYGQKGNAIRIEIVVYTGKEG
KSSHGCPIAKWVLRRSSDEEKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTEN
LKSYNGHPTDRRCTLNENRTCTCQGIDPETCGASEFSEGCSWSMYFENGCKFGRSPSPRREFRIDPS
SPLHEKNLEDNLQSLATRLAPIYKQYAPVAYQONQVEYENVARECRLGSKEGRPEFSGVTACLDEC
AHPHRDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAKIKSG
ATEVLAPRRKKRTCEFTQPVPRSGKKRAAMMTEVLAHKIRAVEKKPTIPRIKRKNNSTTTNNSKPS
SLPTLGSNTETVQPEVKSETEPHFILKSSDNTKTYSLMPSAPHPVKEASPGEFSWS PKTASATPA
PLKNDATASCGESERSSTPHCTMPSGRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEPLINS
EPSTGVTEPLTPHQPNHQPSFLTSPQODLASSPMEEDEQHSEADEPPSDEPLSDDPLS PAEEKLP
HIDEYWSDSEHIFLDANIGGVATIAPAHGSVLIECARRELHATTPVEHPNRNHPTRLSLVEYQHK
NLNKPQHGFELNKIKFEAKEAKNKKMKASEQKDQAANEGPEQSSEVNELNQTPSHKALTLTHDN
VVTVSPYALTHVAGPYNHWV

SEQ ID NO:111 comprises the following SEQ ID NOS and spacers:
9-GGGGS-4-D-4-D-4-G-5-86; where GGGGS, D, D, and G are peptide linkers.
[0335] SEQID NO:112 = GCPpl6: TET1-XTEN16-dCas9

MALPTCSCLDRVIQKDKGPYYTHLGAGPSVAAVREIMENRYGQKGNATIRIEIVVYTGKEGKSSH
GCPIAKWVLRRSSDEEKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSY
NGHPTDRRCTLNENRTCTCQGIDPETCGASEFSEFGCSWSMYEFNGCKEGRSPSPRREFRIDPSSPLH
EKNLEDNLQSLATRLAPIYKQYAPVAYQONQVEYENVARECRLGSKEGRPEFSGVTACLDFCAHPH
RDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAKIKSGATEV
LAPRRKKRTCEFTQPVPRSGKKRAAMMTEVLAHKIRAVEKKPTIPRIKRKNNSTTTNNSKPSSLPT
LGSNTETVQPEVKSETEPHFILKSSDNTKTYSLMPSAPHPVKEASPGESWSPKTASATPAPLKN
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DATASCGESERSSTPHCTMPSGRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPST
GVTEPLTPHQPNHQPSFLTSPQDLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPHIDE
YWSDSEHIFLDANIGGVATIAPAHGSVLIECARRELHATTPVEHPNRNHPTRLSLVEYQHKNLNK
POHGFELNKIKFEAKEAKNKKMKASEQKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVTV
SPYALTHVAGPYNHWVSGSETPGTSESATPESMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKE
KVLGNTDRHSIKKNLIGALLEFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDS
FFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAH
MIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLEN
LIAQLPGEKKNGLEGNLIALSLGLT PNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYAD
LFLAAKNLSDATLLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFF
DOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTEFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNEFEE
VVDKGASAQSEFIERMTNEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQ
KKAIVDLLEFKTNRKVTVKQLKEDYFKKIECEFDSVEISGVEDREFNASLGTYHDLLKITKDKDEFLD
NEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLKRRRYTGWGRLSRKLINGIRD
KQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPATIKKG
ILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOKNSRERMKRIEEGIKELGSQILKEHP
VENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNR
GKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKEDNLTKAERGGLSELDKAGEIKRQLVETRQIT
KHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDEFQFYKVREINNY HHAHDAYLNAV
VGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNEFFKTEITLANGE
IRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGEFSKESTILPKRNSDKLI
ARKKDWDPKKYGGFEDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEA
KGYKEVKKDLITKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGS
PEDNEQKQLEFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITHL
FTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDGGGGSPKK
KRKVDPKKKRKVDPKKKRKV

SEQ ID NO:112 comprises the following SEQ ID NOS and spacers:
97-5-9-GGGGS-4-D-4-D-4; where GGGGS, D, and D are peptide linkers.
[0336] SEQ ID NO:113 = GCP20: TET1-XTEN80-dCas9

MALPTCSCLDRVIQKDKGPYYTHLGAGPSVAAVREIMENRYGQKGNAIRIEIVVYTGKEGKSSH
GCPIAKWVLRRSSDEEKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSY
NGHPTDRRCTLNENRTCTCQGIDPETCGASEFSFGCSWSMYEFNGCKEGRSPSPRREFRIDPSSPLH
EKNLEDNLQSLATRLAPIYKQYAPVAYQONQVEYENVARECRLGSKEGRPEFSGVTACLDEFCAHPH
RDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAKIKSGAIEV
LAPRRKKRTCETQPVPRSGKKRAAMMT EVLAHKIRAVEKKPTPRIKRKNNSTTTNNSKPSSLPT
LGSNTETVQPEVKSETEPHFILKSSDNTKTYSLMPSAPHPVKEASPGESWSPKTASATPAPLKN
DATASCGESERSSTPHCTMPSGRLSGANAAAADGPGISQLGEVAPLPTLSAPVMEPLINSEPST
GVTEPLTPHQPNHQPSFLTSPQDLASSPMEEDEQHSEADEPPSDEPLSDDPLSPAEEKLPHIDE
YWSDSEHIFLDANIGGVATIAPAHGSVLIECARRELHATTPVEHPNRNHPTRLSLVEYQHKNLNK
POHGFELNKIKFEAKEAKNKKMKASEQKDQAANEGPEQSSEVNELNQIPSHKALTLTHDNVVTV
SPYALTHVAGPYNHWVGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAP
GSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKE
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KVLGNTDRHSIKKNLIGALLEFDSGETAEATRLKRTARRRYTRRKNRICYLQETIFSNEMAKVDDS
FFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAH
MIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLEN
LIAQLPGEKKNGLEGNLIALSLGLT PNFKSNEFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYAD
LEFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFF
DOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTEFDNGSIPHQIHL
GELHATILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNEFEE
VVDKGASAQSEFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQ
KKAIVDLLEFKTNRKVIVKQLKEDYFKKIECEFDSVEISGVEDREFNASLGTYHDLLKITKDKDEFLD
NEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLKRRRYTGWGRLSRKLINGIRD
KQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPATIKKG
ILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHP
VENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNR
GKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKEDNLTKAERGGLSELDKAGEFIKRQLVETRQIT
KHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAV
VGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFEFYSNIMNEFFKTEITLANGE
IRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDEFLEA
KGYKEVKKDLITKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGS
PEDNEQKQLEFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITHL
FTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDGGGGSPKK
KRKVDPKKKRKVDPKKKRKV

SEQ ID NO:113 comprises the following SEQ ID NOS and spacers:
97-6-9-GGGGS-4-D-4-D-4; where GGGGS, D, and D are peptide linkers.
[0337] SEQIDNO:114

GACGCTCAAATTTCCGCAGTGTTTAAGAGCTAAGCTGGAAACAGCATAGCAAGTTT
AAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT

[0338] SEQ ID NO:115
GTTTAAGAGCTAAGCTGGAAACAGCATAGCAAGTTTAAATAAGGCTAGTCCGTTAT
CAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT

[0339] SEQIDNO:116
GACGCTCAAATTTCCGCAGT

[0340] SEQIDNO:117  (DNA sequence encoding the MS2-sgRNA scaffold)
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5
GTTTAAGAGCTAaGCCAACATGAGGATCACCCATGTCTGCAGGGCaTAGCAAGTTTA
AATAAGGCTAGTCCGTTATCAACTTGGCCAACATGAGGATCACCCATGTCTGCAGG
GCCAAGTGGCACCGAGTCGGTGCTTTTTTT-3"

[0341] SEQID NO:118  (T7 promoter sequence)
5-TAATACGACTCACTATAGG-3’
[0342] SEQIDNO:119

AGATCGGAAGAGCACACGTCTGAACTC
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CLAIMS

What is claimed is:

1. A fusion protein comprising from N-terminus to C-terminus, a demethylation

domain, an XTEN linker, and a nuclease-deficient RNA-guided DNA endonuclease enzyme.

2. The fusion protein of claim 1, wherein the demethylation domain is a TET1

domain, a TET2 domain, a TET3 domain, or a combination of two or more thereof.

2

3. The fusion protein of claim 2, wherein the demethylation domain is a TET1

domain.

4. The fusion protein of claim 2, wherein the TET1 domain comprises an amino
acid sequence having at least 90% sequence identity to SEQ ID NO:1, SEQ ID NO:86, or SEQ
ID NO:97.

5. The fusion protein of claim 1, wherein the nuclease-deficient RNA-guided DNA
endonuclease enzyme is dCas9, dCas12a, dCpfl, Cas-phi, a helix-turn-helix motif, a helix-loop-
helix domain, an HMB-box domain, a Wor3 domain, an OB-fold domain, an immunoglobulin

domain, or a B3 domain.

6. The fusion protein of claim 5, wherein the nuclease-deficient RNA-guided DNA

endonuclease enzyme is dCas9.

7. The fusion protein of claim 1, wherein the XTEN linker comprises from about 10

amino acid residues to about 864 amino acid residues.

8. The fusion protein of claim 7, wherein the XTEN linker comprises an amino acid
sequence having at least 90% sequence identity to SEQ ID NO:5, SEQ ID NO:6 or SEQ ID
NO:98.

9. The fusion protein of claim 1, wherein the fusion protein further comprises an
epitope tag, a 2A peptide, a fluorescent protein tag, a nuclear localization signal peptide, or a

combination of two or more thereof.

10. A fusion protein comprising from N-terminus to C-terminus, an RNA-binding

sequence, an XTEN linker, and at least one transcriptional activator.
11.  The fusion protein of claim 10, wherein the transcriptional activator is VP64,
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p65, Rta, or a combination of two or more thereof.

12. The fusion protein of claim 11, wherein p65 comprises an amino acid sequence

having at least 90% sequence identity to SEQ ID NO:13, SEQ ID NO:14, or SEQ ID NO:100.

13. The fusion protein of claim 11, wherein Rta comprises an amino acid sequence

having at least 90% sequence identity to SEQ ID NO:15 or SEQ ID NO:16.

14. The fusion protein of claim 11, wherein VP64 comprises an amino acid sequence

having at least 90% sequence identity to SEQ ID NO:17 or SEQ ID NO:18.

15. The fusion protein of claim 10, wherein the RNA-binding sequence is an MS2
RNA-binding sequence.

16. The fusion protein of claim 15, wherein the MS2 RN A-binding sequence
comprises the amino acid sequence of SEQ ID NO:21.

17.  The fusion protein of claim 10, wherein the XTEN linker comprises from about

10 amino acid residues to about 864 amino acid residues.

18. The fusion protein of claim 10 having an amino acid sequence with at least 90%
sequence identity to SEQ ID NO:104, SEQ ID NO:105, SEQ ID NO:106, SEQ ID NO:107, SEQ
ID NO:108, SEQ ID NO:109, or SEQ ID NO:110.

19. The fusion protein of claim 10, wherein the fusion protein further comprises an
epitope tag, a 2A peptide, a fluorescent protein tag, a nuclear localization signal peptide, or a

combination of two or more thereof.

20. A fusion protein comprising from N-terminus to C-terminus, a demethylation
domain, a first XTEN linker, a nuclease-deficient RNA-guided DNA endonuclease enzyme, a

second XTEN linker, and a transcriptional activator.

21.  The fusion protein of claim 20, wherein the transcriptional activator is VP64,

p65, Rta, or a combination of two or more thereof.

22. A fusion protein comprising from N-terminus to C-terminus, a demethylation

domain, an XTEN linker, and a nuclease-deficient RNA-guided DNA endonuclease enzyme.

23. The fusion protein of claim 20, further comprising a nuclear localization
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sequence

24, The fusion protein of claim 20, wherein the demethylation domain is a TET1

domain, a TET2 domain, a TET3 domain, or a combination of two or more thereof.

25. The fusion protein of claim 24, wherein the demethylation domain is a TET1

domain.

26.  The fusion protein of claim 20, wherein the nuclease-deficient RNA-guided DNA
endonuclease enzyme is dCas9, dCas12a, dCpfl, Cas-phi, a leucine zipper domain, a winged
helix domain, a helix-turn-helix motif, a helix-loop-helix domain, an HMB-box domain, a Wor3

domain, an OB-fold domain, an immunoglobulin domain, or a B3 domain.

27.  The fusion protein of claim 26, wherein the nuclease-deficient RNA-guided DNA

endonuclease enzyme is dCas9.

28.  The fusion protein of claim 20, wherein the first XTEN linker and the second
XTEN linker each independently comprise from about 10 amino acid residues to about 864

amino acid residues.

29. The fusion protein of claim 20, wherein the fusion protein further comprising an

epitope tag, a 2A peptide, a fluorescent protein tag, or a combination of two or more thereof.

30. A fusion protein comprising an amino acid sequence having at least 90%
sequence identity to SEQ ID NO:99, SEQ ID NO:101, SEQ ID NO:102, SEQ ID NO:111, SEQ
IDNO:112, or SEQ ID NO:113.

31. The fusion protein of claim 30, comprising an amino acid sequence having at
least 95% sequence identity to SEQ ID NO:99, SEQ ID NO:101, SEQ ID NO:102, SEQ ID
NO:111, SEQID NO:112, or SEQ ID NO:113.

32. The fusion protein of claim 31 comprising SEQ ID NO:99, SEQ ID NO:101,
SEQ ID NO:102, SEQ ID NO:111, SEQ ID NO:112, or SEQ ID NO:113.

33. A method of activating or reactivating a target nucleic acid sequence in a cell, the
method comprising:
1) delivering a first polynucleotide encoding a fusion protein of claim 1 to a cell
containing the target nucleic acid; and

(i1) delivering to the cell a second polynucleotide comprising: (a) a sSgRNA or (b) a
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cr:itractrRNA,;

thereby activating or reactivating the target nucleic acid sequence in the cell.

34. The method of claim 32, wherein the target nucleic acid sequence comprises a
CpG island.
35. The method of claim 32, wherein the target nucleic acid sequence comprises a

non-CpG island.

36. The method of claim 32, wherein the second polynucleotide comprises the
sgRNA.

37. The method of claim 32, wherein the sgRNA comprises at least one MS2 stem
loop.

38. The method of claim 37, wherein the sgRNA comprises two MS2 stem loops.

39. The method of claim 32, wherein the second polynucleotide encodes a

transcriptional activator.

40. The method of claim 39, wherein the transcriptional activator is VP64, p65, Rta,

or a combination of two or more thereof.

41. The method of claim 32, wherein the second polynucleotide further encodes an

MS2 RNA-binding sequence.

42, The method of claim 41, wherein the MS2 RNA-binding sequence comprises the
amino acid sequence of SEQ ID NO:21.

43, The method of claim 32, wherein the second polynucleotide further encodes for
an XTEN linker, an epitope tag, a 2A peptide, a fluorescent protein tag, a nuclear localization

signal peptide, or a combination of two or more thereof.

44.  The method of claim 32, further comprising delivering to the cell a third

polynucleotide encoding a second fusion protein which comprises a transcriptional activator.

45, The method of claim 44, wherein the transcriptional activator is VP64, p65, Rta,

or a combination of two or more thereof.

46. The method of claim 44, wherein the second fusion protein further comprises an
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MS2 RNA-binding sequence.

47. The method of claim 46, wherein the MS2 RNA-binding sequence comprises the
amino acid sequence of SEQ ID NO:21.

48 . The method of claim 44, wherein the second fusion protein further comprises an
XTEN linker, an epitope tag, a 2A peptide, a fluorescent protein tag, a nuclear localization

signal peptide, or a combination of two or more thereof.

49. A fusion protein comprising from N-terminus to C-terminus, a demethylation

domain, an XTEN linker, and a nuclease-deficient DNA endonuclease enzyme.

50. The fusion protein of claim 49, wherein the demethylation domain is a TET1

domain, a TET2 domain, a TET3 domain, or a combination of two or more thereof.

51. The fusion protein of claim 49, wherein the demethylation domain is a TET1

domain.

52.  The fusion protein of claim 51, wherein the TET1 domain comprises an amino
acid sequence having at least 90% sequence identity to SEQ ID NO:1, SEQ ID NO:86, or SEQ
ID NO:97.

53. The fusion protein of claim 49, wherein the nuclease-deficient DNA

endonuclease enzyme is a zinc finger domain.

54. The fusion protein of claim 49, wherein the nuclease-deficient DNA

endonuclease enzyme is a TALE.

55.  The fusion protein of claim 49, wherein the XTEN linker comprises from about

10 amino acid residues to about 864 amino acid residues.

56. The fusion protein of claim 55, wherein the XTEN linker comprises an amino
acid sequence having at least 90% sequence identity to SEQ ID NO:5, SEQ ID NO:6 or SEQ ID
NO:98.

57. The fusion protein of claim 49, wherein the fusion protein further comprises an
epitope tag, a 2A peptide, a fluorescent protein tag, a nuclear localization signal peptide, or a

combination of two or more thereof.
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58. A fusion protein comprising from N-terminus to C-terminus, a demethylation
domain, a first XTEN linker, a nuclease-deficient DNA endonuclease enzyme, a second XTEN

linker, and a transcriptional activator.

59.  The fusion protein of claim 58, wherein the transcriptional activator is VP64,

P65, Rta, or a combination of two or more thereof.

60. A fusion protein comprising from N-terminus to C-terminus, a demethylation

domain, an XTEN linker, and a nuclease-deficient DNA endonuclease enzyme.

61. The fusion protein of claim 58, further comprising a nuclear localization

sequence.

62. The fusion protein of claim 58, wherein the demethylation domain is a TET1

domain, a TET2 domain, a TET3 domain, or a combination of two or more thereof.

63. The fusion protein of claim 62, wherein the demethylation domain is a TET1

domain.

64. The fusion protein of claim 58, wherein the nuclease-deficient DNA

endonuclease enzyme is a zinc finger domain.

65. The fusion protein of claim 58, wherein the nuclease-deficient DNA

endonuclease enzyme is a TALE.

66. The fusion protein of claim 58, wherein the first XTEN linker and the second
XTEN linker each independently comprise from about 10 amino acid residues to about 864

amino acid residues.

67. The fusion protein of claim 58, wherein the fusion protein further comprising an

epitope tag, a 2A peptide, a fluorescent protein tag, or a combination of two or more thereof.

68. A method of activating or reactivating a target nucleic acid sequence in a cell, the
method comprising delivering a polynucleotide encoding a fusion protein of claim 58 to a cell
containing the target nucleic acid; thereby activating or reactivating the target nucleic acid

sequence in the cell.

69. The method of claim 68, wherein the transcriptional activator is VP64, p65, Rta,

or a combination of two or more thereof.
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